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Abstract

Introduction

Bumnout was first described in 1974 by the clinical psychologist Herbert

Freudenberger. Bumout is a state of physical, emotional, and mental exhaustion that

results from long-term involvement in work situations that are emotionally demanding.

Burnout [ y (CBI) were

Maslach Burnout Inventory (MBI) and Cop

most used instruments to assess burnout.

Burnout cause total losses of US$4.6 billion in the United States each year and

and other clinici In addition,

afffects approximately half of all nurses, physici
burnout also affects patient-related quality of care. The previous studics demonstrated
burnout is related to work-related injurics (WRIs) and increase in the risk of injury. The
present study would establish the relationship models of burnout to identify risk factors

of burnout and explore the relationship between burnout and WRIs/sharps injuries (SIs)

for medical worker.

Methods and materials

This is an observational and cross-sectional study which was based on members

at a hospital affiliated with a medical university in Taichung, Taiwan, in 2021. 1633

1nckeletal

individuals pleted the  questi i includi Nordic M
Questionnaire (NMQ) and the Copenhagen burnout inventory (CBI). CBI included
three burnout scales that are personal burnout (PB). work-related burnout (WB) and
client burnout (CB), respectively. Among them, 1250 questionnaires were determined
{0 be valid after exclusion for missing data. Statistical methods included t test, chi-
square testor fisher exact test, factor analysis, linear regression, and Sobel test. Analysis

was conducted using SAS Enterprise Guide 6.1 software, and significance was setatP




<0.03.

Results

The present study demonstrated participants with master’s degree or above or
married or parenthood significantly reported low level for WB and CB than others and
those with regular exercise every week (REW) reported low level for PB, WB and CB
than others. Participants with chronic discases (CD) or ever alcohol use (AU) or sleep
duration per day less than 6 h (SSLD) or work overtime (OT) or shift work including
imregular shift (IRS) and regular shift (RS) work or physicians/nurses reported high

level for PB, WB and CB than others. Work experience (WE) and engaging in leisure
activities with family or friends (LAFF) in vacation were negatively related to PB, WB
and CB. Neck and both shoulders pain (NBSP) was positively related to PB, WB and
CB. Both ankles pain (BAP) and both knees pain (BKP) was positively related to PB

. 0 1 X P 1 n:
and WB. Sex difference of burnout was d with sex--¢ F

Under low proportion of women than men in physician field, women physicians
significantly reported high WB than man physicians. PB/WB/CB was closely relevant
to WRIs/SIs and was mediation factors between WRIs/SIs and SSLD, or work OT, or
IRS work, or Nurse, or NBSP. PB/WRB mediated the relationship between WRIs/SIs and

CD or BKP, too. However, PB/WR only mediated the relationship between WRIs and
BAP.

Conclusion

The present study has determined the reasons of burnout development by three
burnout scales and statistical methods. In addition, we also determined seldom
engaging in leisure activity with family and friends, lack of sleep, AU, OT and shift,

CD, and MS pain will increase burnout degree, which will further raise incidence of

include the high-risk
WRIs/SIs. Therefore, the prevention plans of WRIs should inc

dentificati hi f d carly find the h|gh~nsk employce of work
identification mechanism of burnout an y
1

)
uries 0 Vi d effectivel avoid occurrence for
inj i her relieve burnout symptoms an vely
n| to furt

injuries.
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1.Introduction

1.1 History, Measured Methods and Definition of Burnout

Rumout was first described in 1974 by the clinical psychologist Hcrbcﬂ
Frendenberger, who found emotional depletion and accompanying psychosomati,
symptoms among the clinic’s volunteer saff. He called the phenomenon “bumoyy»
which borrowed the term from drug-addict slang. In addition, he defined bumnout a5
exhaustion resulting from “excessive demands on cAcrgY: strength, or resources™ in the

workplace, characterizing it by a set of symptoms including malaise, fatigue, frustration,

cymicism, and inefficacy[1]. The social psychologist Christina Maslach and her

colleagues came across the same term "bumout” in California when interviewing a

variety of human services workers and developed a model of bumout consisting of three

diminished sense of

dimensions: emotional exhaustion, depersonalization. and a
personal accomplishment(2]. In 1981, she proposed the Maslach Burnout Inventory

MBI hi <
(MBI), which consists of three subscales including emotional exhaustion,

depersonalization, and a diminished sense of p 1 accomplish to the
extent of an individual’s symptoms along each dimension[2). The MBI remains the one
of most used instruments 1o assess burnout to this day. However. MBI has been cast
rubm on its temporal and sequential consistency[3] and has been pointed to
dlﬁiﬂl‘llts‘ when it is used outside of a human service setting[4). In addition, the
) :SOIAImunn and exhaustion subscale items are all negatively keyed, the personal

mplishment subscale items are all positively keyed. This structure has been

criticized as leadin ifici
¢ 1o artificial factor solutions[5], and inflated intrascale

correlations[6].

2 5
Considerin, exhaustion as the core of the burnout concept, researchers from

doi:10.6834/csmu202200004

Denmark developed the Copenhagen Burnout Inventory (CBI) (7] which is a new

burnout questionnaire and allows measuring burnout in different scttings (not just the

than MBI. In addition, CBI also overcomes

CBI has

service professions) and higher accuracy
the limitations of MBI and satisfics the need to measure burnout suitably(7].
extremely high internal reliability and low nonresponse rate, a questionnaire with three

sub-dimensions. The three separate parts of the questionnaire including personal
burnout (PB), work-related burnout (WB) and client burnout (WB) were designed to be
applied in different domains. PB dimension is defined in the following way: “PB is the
degree of physical and psychological fatigue and exhaustion experienced by the

person”, whose questionnaire were formulated in a way so that all human beings can

answer them(7]. WB dimension was defined as “The degree of physical and

chological fatigue and exhaustion that is perceived by the person as related to his/her

ork of some kind[7]. CB dimension

psy!
work”, which assume that the respondent has paid w
was defined as “The degree of physical and psychological fatigue and exhaustion that
is perceived by the person as related to his/her work with clients”, whose questionnaire

includes the term client (or a similar term such as patient, student, inmate, etc.)[7]. CBI

ometric properties and scems (0 be an more appropriate

th Maslach

possesses excellent psych
measure of burnout in populations of health professionals compared wil

Burnout Inventory[8]. Except to English version, CBI has been translated several

language versions such as Malay([9], Greek[10], Chinese[11] [12]. Portuguese[13],

Korean[14], and Spanish([15] etc.

In May 2018, burnout was recognized as an “occupational phenomenon™ in the

International Classification of Diseases, 11th Revision (ICD-11) of the World Health

Organization. Burnout is a state of physical, 1. and mental exhaustion that

results from long-term involvement in work situations that are emotionally

3
doi:10.6834/csmu202200004
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1.2 Background

Burout 1§ responsible for i
mxmmlcly US

mately half of all nurses, physiciang -

ici er and reduced clin;
gh physician turnov Inica] h"“rs,
billion in the United §
hich cause total losses of app 346 tates cay
which G
1 affects 3pPro!

o ul
). Moreover, burnd i
tand sclf-GConed quality of health care iy

study about burno!

vear(18

other clinicians{19). A :
/i llustrat
n surgery In Germany H1usf ed about 4879, ;

e of 1311 clinicirmsi
r bumom(ZO]. A syst

4 one-tenth of the nurses Worldwiq
e

pationwide sampl . .
ematic review and meta- ;
ana])’sls

the clinicians meet the criteria fo
for 45,539 nurses across 49 countries suggeste
suffered high burnout symptoms[l]]. Studies on resident physicians and nurses bl
indicated that most cases of burnout are personal o work related. Studies have aoi
that WB and PB occur in 30% and 50% of individuals with burnout, respeCliVelysz
of care[20].

Notably, burnout also affects paﬁcm-rclated quality

1.3 Literature Review

According to numerous literatures, the influence ranges were very widely for

burnout which included sex, family, living habits, workplace, and physical health e(c,

The present study will review literatures about burnout following above order step by

step and further determined research objective.
4
doi:10.6834/csmu202200004

Sex difference for burnout

There were numerous reasons for the develoy t of burnout ding to

previous studies. An early study suggested the sex of the employee is not a major factor

Is have d d

in burnout [23]. However, studies in human service proft
higher burnout in women than in men [24], and that the burnout level is significantly
higher among female resident physicians [22]. A previous study reported that women
in male-dominated occupations experience higher psychological distress than women

in female-dominated occupations [25].

Burnout and family factors

Marital state and parenthood also impact developing burnout and 57.26% health
workers reported that they could minimize burnout by getting support from family[26].
Aimed women nurses study found family members and friend play a vital role for
developing burnout which could predict 299% of the variance of burnout[27]. A cross-
sectional study of 563 working doctors suggested disturbance of home and family life

by work is related to high burnout.[28]

Burnout and living habits

Short sleep duration (SSLD) impacts several domains of psychological health
such as stress and burnout. A study in USA for 32,749 people aged 18 years or older
found association between sleep duration per day less than 6 hours and high self-
reported stress[29]. A study for 2268 full-time nurses in 39 hospitals demonstrated
nurses who slept less than 6 h per working day experienced higher risk for PB (odds
ratio= 3.0, P <0.05), WB (odds ratio= 3.4, P <0.05), and CB (odds ratio= 2.0,P<0.05)

than those who slept more than 7 h per working day(30].

5
doi:10.6834/csmu202200004
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 §3% of doctors i medical centers and regional hogpjy
¢ and 83% )

| Inaddion, an OT work's study for 1560 gy

In Taiwan, 97%

respectively, work overtime (onpEs

time employees found less than 40, berween40and 60, and more than 60 weekly Work

2 i endent
iy e signincantly correlated with burnout In & dose-dep manner (oddg

ratios for upper against lower tertile Were 1.58 and 229, P<0.01) [39]-

Shift work is 2 common work schedule for hospital worker to support 24 hoyyg

service. In total, 684 nurses study demonstrated irregular shift (IRS) working schedy]e
was also related to 2 significantly higher bumout syndrome[40]. The positive
relationship between burmout and shift work was also observed in policemen, A

burnout's study about 3140 police officers found irregular schedules and long shifis

were associated with increased risk of overall bumout[41].

Burnout and physical health

doi:10.6834/csmu202200004

Physical health is also related to burnout, including musculoskeletal (MS) pain
and chronic diseases (CD). Lower back (26.9%), shoulders (20.9%) and neck (20.6%)
were most reported one of pain sites based on the point prevalence([42]. A study aimed
to 4507 lawyers, physicians, nurses, teachers, church ministers, bus drivers, and
information technology workers in Norway suggested burnout is related to MS pain[43].
In addition, a prospective study for 650 employed men and women found burnout
symptoms were associated with a 1.67-fold increased risk of MS pain which illustrated
burnout is a risk factor for the development of MS pain in seemingly healthy
individuals[44].

A Finland’s survey for 3368 employees aged 30-64 years suggested the
prevalence of diseases was related to the severity of burnout; about half (54%) of those
with no burnout had at least one physical illness compared to 63% of those with mild
burnout and 71% of those with severe burnout[45]. In specific chronic diseases, burnout
is an independent risk factor for future incidence of coronary heart disease[46] and type

2 diabetes[47], too.

Burnout and work-related injuries

There was evidence shown burnout is related to work-related injuries. In USA,

682 employ in cross-units of the administrative services d survey of
burnout found that workload and exhaustion was related to the incidence of injuries
during the subsequent year[48]. A prospective cohort study for a total of 10,062 forest

industry employees in Finnish d d each iti in the burnout score

was related to a 9% increase in the risk of injury[49] which shown burnout could be
closely relevant to WRIs.
Sharps injuries (SIs), which frequently occur among health care workers,

constitute a critical problem. SI occurrence has been reported to be associated with

7
doi:10.6834/csmu202200004
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2. Materials and Methods

2.1 Source and Valid Samples for Participants

This manuscript is an observational and cross-sectional study, which was based
on members at a hospital affiliated with a medical university in Taichung, Taiwan, in
2021 and had been approved with the expedited review by Institutional Review Board
of the Chung Shan Medical University Hospital on Aug 25, 2021 (No: CS1-21108). Of

the 2531 individuals to whom the questionnaires including Copent Burnout

P

Inventory (CBI) and Nordic M loskeletal Questi

(NMQ) were sent, 1633
(64.52%) pleted the questionnaires. After excl

for missing data, 1250

questionnaires (49.39%) were determined to be valid.

2.2 Questionnaires Design

The questionnai d several i includi

the general basic
demographic variables, family variables, living habits variables, work-related variables,

physical health variables, variables for NMQ, CBI, and work-related injuries.

Demographic and family factors

The general basic demographic and living/work-related variables questionnaire
included the participants' work experience, occupational category, height (cm), and
body weight (kg). The education degree was also included in questionnaire that the
response options are “Below high school”, “Bachelor”, “Master”, and “PhD”.
Participants were asked whether he/she has married? The responses’ options were
"married" and “others”. In addition, participants also were asked whether he/she raises
the children? The responses’ options were “without child”, “one child”, “two children”,

“three children”, and “over three children™. The questionnaire also surveys whether

9
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R ivitie 0,
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Sc]dﬁnp
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” gage N L "
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N options -
ime? The resp s
00, 75 50,

cored 38 1 i
B responses’ oPU

= ons were “at ]cm[ Once X
C
tionnalr®:

R in ques! . >

exercise frequene « “Jess than once amonth” ang .
ccamonti » Neye s,

agt least onc ep

gt least once 3 week',

respectiv ely

- tles for living habits .
Variables fo dked whether they drunk coffee ffcqucnuyv
pants Were also 8 e

The particy

I “sometimes”, “One cup a day
nses’ options 10 the questo

> tw(!
ored s 0, 25,50, 75, and 100 Poings .
- In

n Were “never s
respo!
ocups 3 day”" -are ¢

~at least W o
it, option Was smoking in past month”, “ne

cups a day”,
question on smoking hab k.

response to the i )
| Use (AU) habit in past month also was inclugeg o3

or “have quit smoking”™. Alcoho

coccasionally”, and “never”. In response 1g

responses’ options Were “everyday s
ay for participants, Options were classifjeq 3

question on sleep duration (SLD) per d

les 5 hours", “between 5 and 6 bous”, “between 6 and 7 hours”, “between 7 g 4

hours”, and “above 8 hours™

Variables for work-related factors

Possible responses to the question on overtime (OT) work was the following:
seldom, fewer than 45 h per month, 45-80 h per month, and more than 80 h per mong,
As for work schedule, the options given were day shift (DS) work, night shift work,

irregular shift (IRS) work, and regular shift (RS) work.

Variables for physical health

On the questionnaire, the participants were asked whether they had a listed
10
doi:10.6834/csmu202200004

chronic disease (CD), with the selection of one or more diseases classified as a “yes”

response.

Nordic MS Questionnaire (NMQ)

This study adopted the NMQ modified and translated by the Taiwan Institute of
Occupational Safety and Health[57]. The NMQ, which is used in the investigation of
the site and frequency of MS pain, was developed in a project funded by the Nordic
Council of Ministers. The NMQ has acceptable reliability[57] and has been applied in

a wide range of occupational groups, including nurses[58].

[tems on the NMQ include questions on the presence of pain attributable to work-
related factors in the preceding year and on the pain sites, the options for which were
the:

neck (N1), left shoulder (N2), right shoulder (N3),

upper back (N4), waist or lower back (N5),

left elbow (N6), right elbow (N7), left wrist (N8), right wrist (N9).
left hip/thigh/buttock (N'10), right hip/thigh/buttock (N11),
left knee (N12), right knee (N13),

left ankle (N14), and right ankle (N15).

If a participant answered “yes” to the question on the experience of work-related
pain over the past year, they were instructed to indicate its frequency: every day, once
a week, once a month, or once every half year, or at least once every half year -are

scored as 100, 80, 60, 40, and 20 points, respectively.

In the present study, factor analysis was conducted on the NMQ results to

1
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Variables for three burnout scales

i ire
Copenhagen burnout inventory (CBD questionna

stdy used the Chinese versi
¢ burnout problems: [11, 12] thus, it was useq o

The on of CBI, which has proven to , ;
present

reliable and valid tool for assessment 0
evaluate burnout in the present study. Regarding CB. client was defined as patient -

had been denoted on questionnaire.

The first six items, which concern PB, ar¢ as follows:
C1: “How often do you feel tired?”
C2: “How often are you physically exhausted?”
€3: “How often are you emotionally exhausted?”
C4: “How often do you think ‘T can’t take it anymore’?”
C5: “How offen do you feel wom out?”

and susceptible to illness?”

you feel weak
; 12
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Items 7-13, which concern WB, are as follows:
C7: “Is your work emotionally exhausting?”
C8: “Do you feel burnt out because of your work?”
C9: “Does your work frustrate you?”
C10: “Do you feel worn out at the end of the working day?”
C11: “Are you exhausted in the morning at the thought of another day at work?”
C12: “Do you feel that every working hour is tiring for you?”
C13: “Do you have enough energy for family and friends during leisure time?”
Items 14-19, which concern CB, are as follows:
C14:” Do you find it hard to work with clients?”
C15: Does it drain your energy to work with clients?”
C16:” Do you find it frustrating to work with clients?”
C17” Do you feel that you give more than you get back when you work with
clients?”
C18:” Are you tired of working with clients?”
C19:” Do you sometimes wonder how long you will be able to continue working

with clients?”

Regarding the calculated method for three burnout scales

The response  options—"always”, “often”, “sometimes”,  “seldom”,
and “never/almost never”—are scored as 100, 75, 50, 25, and 0 points, respectively,
except for item C13, which is inverse scored (ie, the responses are scored as 0, 25, 50,
75, and 100 points, respectively). Levels of PB, WB, and CB are represented by the
mean of the total PB, WB, and CB scores (the sum of scores on items C1-C6, items

C7-C13, and items C14-C19), respectively.

doi:10.6834/csmu202200004




2.3 Statistical Methods

The categorical varisbles were subjected to the chi-square test or Fisher €Xact ey

Significance in the differences among the means of continuous. variapeg Wag
determined using the I test of on-Way ANOVA. Multiple linear or logistic Tegressigy
s conducted to control the interference of potential risk factors in the associgy,
berween the independent variable (IV) and the dependent vaniable (DV)-specif; cally, iy

determine whether adjustments to variables significantly affected IV-DV associationg

Mediation analysis
Mediation effects were analyzed on the basis of the strategy proposed by Barop
and Kenny [60], m which:
(1) the IV significantly affects the mediator (first-stage effect)
(2) the IV significantly affects the DV in the absence of the mediator
(3) the mediator has a significant unique effect on the DV (second-stage effect)
(4) the effect of the IV on the DV weakens upon addition of a mediator to the

model (direct effect).

A mediation model suitable for the combination of categorical and continuous
variables was developed by Tacobucci (2012) [61]; the formulas are as follows:
? = by +cX
M =byy+ax

¥ =bos +c'X + bM

Z,=4afs,
2,=5f5;

doi:10.6834/csmu202200004

of Xagainst © with @ as the adjusting variable. The standard errors of a and b are represented by sa
and s, respectively.

If @ and ¥ are all continuous variables, the original formula of the Sobel test

is applicable:
. axb

7 ——
Jb?s.? + a’sy?

If M and ¥ are categorical variables or a combination of categorical and

continuous variables, the original formula of the Sobel test is rederived into a new

formula:

a

a b
Sa__Sp

Zmediation (Zm) =
22+ 2 +1

The results exceeding |1.96], |2.57|, and [3.90] (fora two-tailed test) are significant

ata =0.05,0.01, and 0.0001, respectively.

Suppression effect
The traditional mediation effect is generally recognized as a, b, ¢, and ¢’ in the

effect would be present when the direct and

same direction. However, a supp
mediated effects of an IV on a DV have opposite signs [62, 63], and the suppression
variable would increase the predictive validity of another variable (or a set of variables)

in a regression equation [62]. For clearly judging the suppression effect.

by its i
a study examining statistical similarities among mediating, confounding, and

- bles indicated that when a X b has the opposite sign to that of ¢’,

PP

a x b is an estimate of the suppressor effect [63], whose statistical significance could

be verified using the Sobel test.
doi:10.6834/csmu202200004
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Analysis was performed using SAS Enterprise Guide 6.1 software (SAS Institute

Inc_. Cary, NC, USA), and significance was set at P < 0.05.

doi: 10.6334/csmu202200004

3. Results and Discussion

3.1 Basic Variables Descriptions
Sex and family factors

As shown in Table 1, Women was much higher proportion (81 .28%) than men for
participants. The proportion of married was 48.96% for all participants. Participants
without child reached 55.76%. The proportion of raising two children (24.56%) was
highest among participants with raising the child. There were 84.24% participants for
sometimes, or often, or always engaging in leisure activities with family or friends

(LAFF) in vacation.

Living habits

The proportion of exercise frequency at least once a week was highest and was
46.80%, next to at less than once a month was 19.52%. The proportion was 17.84% for
participants who never have drunk coffee in a month and was 40.56% for those who
have drunk coffee at least one cup a day. The mean of drink coffee frequency score was
32.26:21.15. The proportion was 62.08% for participants who never reported alcohol

use (AU) in a month and was 37.92% for those who reported AU occasionally or every

day in a month. The proportion was highest for particip with sleep duration (SLD)
per day between 6and 7 h and reached 44.64%, next to those with SLD per day between
5 and 6 h and reached 34.80%. The proportion was only 3.68% for participants with

SLD per day less 5 h.

Work-related factors
The mean of work experience (WE) is 10.88£9.51 years for all participants. The

highest proportion of WE were in 1-3 years, which reaches 28.48%. The proportion was

17
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12.96% for WE less than 1 year and was over 40% for WE less than S years, For
cducation degree, 78.80% participants had bachelor’s degree. The proportion wag
16 80% for above master’s degree. The participants who seldom work overtime (OT)
per month were 63.28% for all participants. The participants who work OT per month
was less 45h. or between 45 and 80h, or more than 80h were 36.72% for all participants,
The participants with day shift (DS) work were 63.12% for all participants, which is
highest proportion, next to was regular shift (RS) work, irregular shift (IRS) work, and

night shift work, which were 13.20%, 12.32%, and 11.36%, respectively.

Professional fields

The professional fields were classified to 13 fields, respectively. Among them,
Nurses were largest group and were 40.96% for all participants, next to Administration
(ADS) staff and others and were 31.84% for all participants. Physician including
attending and resident were third big group and were 8.96% for all participants. The

other professi : i
other professional fields were reclassified to professional and technical personnel (PTs)
s,

and were 18.24% for all participants,

Healthy factors

The proportio; 2 ici
portion was 39.28% for participants with at least one listed chronic

disease (CD).

Work-related and sharps injuries

The proportion was 48.24% ici
as 48.24% for participants who never have experienced work-

e njuries  ( )
ated uries (WRIs) in past year. The Proportion for participants  who

always/ i 0m experience Wi . c mean o S
ys/ofien/sometimes/ seldom ienced WRIs as 51.76%. Th
» . T f WRIs
score was 16.48+18. y was 7. ¥ who
6.48+18.65. In past year, the proportion was 73.36% fi ici
i -2070 Ior participants wh
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never experienced sharps injuries (SIs) and was 26.24% for those who ever have

experience Sls. The mean of SIs score was 7.60+13.54.

3.2 Factor Analysis for NMQ

Table 3 d ated M loskeletal (MS) pain’s incidence in a year for both

shoulders, neck, waist or lower back, upper back was 42.24%, 35.60%, 29.12%, and
16.72%, respectively. The mean score of frequency for neck, waist or lower back, right
shoulders, left shoulder, and upper back was 26.21+37.41, 20.90£35.01, 16.96+33.42,
15.15431.87, and 12.86+29.81, respectively. Because the eigenvalues of factors 1 and

2 exceeded 1, these factors were retained. Although the cigenvalue of factor 3 was lower

than 1, it was retained for maximum explaining q The factor loadings were

converted into standardized scoring coefficients through varimax rotation. The
relatively large factor loading values in bold for factors 1, 2, and 3 correspond to
frequency score for neck and both shoulders pain (NBSP), both ankles pain (BAP), and
both knees pain (BKP), respectively. The explained variation in FNBS pain, FBA pain,

and FBK pain was 73.86%, 23.11%, and 8.67%. respectively.

3.3 Association Between Burnout and Surveyed Variables
Synthesized Table 2 and Table 4 that AU (c= 4.35, P <0.001), SSLD (c=8.11. P
<0.0001), work OT (¢= 10.53, P < 0.0001), IRS work (c= 7.66, P < 0.0001). CD (c=
539, P < 0.0001), physician (c= 10.17, P < 0.0001), and NBSP (c= 8.27, P < 0.0001).
BAP (c= 1.59, P <0.01), and BKP (c=2.29, P <0.01) are risk factors of PB. The risk
factors of WB included AU (¢=347,P < 0.01), SSLD (c=6.52, P < 0.0001), work OT
(¢=9.50,P<0.0001),CD (¢=4.01,P< 0.0001), physician (c= 9.94, P <0.0001), NBSP
(c=6:49, P <0.0001), BAP (c= 1.49, P < 0.01), and BKP (¢= 1.57. P < 0.001). AU (c=

3.68, P <0.01), SSLD (c=3.84,P<0.01), work OT (c= 6.51, P <0.0001), RS work (c=

19
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6.36. P < 0.0001), nurses (c= 7.74, P <0.0001), and NBSP (¢=3.79, P < 0.0001) were
risk factors of CB. It is worth mentioning that WE (c=-0.11, P<0.035), LAFF (c=-0.13
P <0.0001), and REW (c=-6.04, P < 0.0001) were protective factors of PB. WE (c= ‘
0.19. P <0.01). Master’s degree or above (c= -2.56, P <0.05), married (c=-3.70, p <
0.0001), parenthood (¢= -4.19. P < 0.0001), LAFF (¢=-0.16, P < 0.0001), and REW
(¢=-5.88, P<0.0001) were protective factors of WB. WE (¢=-0.14, P < 0.01), Master’s
degree or above (c=-3.45, P<0.01), married (c=-3.63, P< 0.01), parenthood (c=-5.12
P < 0.0001), LAFF (c= -0.14, P < 0.0001), and REW (c= -5.43, P < 0.0001) \ver;
protective factors of CB. No matter PB, WB and CB were risk factors of WRIs and SJs
Therefore, these risk and protective factors would be added to models of MLR and.
mediation/suppression for burnout to further explore the reasons for developing or

relieving burnout and whether bumout play a key role for WRIs and SIs

3.4 Models of Burnout Established

3.4.1 Linear regression models

Table 5 showy i i
able 5 showed the independent risk factor of PB/WB/CB in ULR and multipl
multiple

linear regression (MLR) models. In MLR model, WE, parenthood, LAFF,
. WE, g , SSLD,

sorkiiig ol
working OT, IRS work, RS work. Physician, Nurse, PTs, NBSP, BAP, and BKP
. PTs, 5 4 were

independent risk/ protective factors for PB. WE, LAFF, SSLD. working OT, IRS worl
s . worki; LIRS k.
S work, e - ‘
RS work Physician, Nurse, PTs, NBSP, BAP, and BKP were independen
risk/protective f T FF, T | P !
e factors for WB. Parenthood, LA » working OT, RS work hysici:
5 4 /sician,

Nurse, PTs, vere i
s, and NBSP were independent risk/protective factors for CB

4.2 P-4 <t of mediation an, suppression mo,
irst-stage effect of mediat, d !
3.4.2F de

Mcdlatcd/suppr:sscd models would be establish auses for
ed to explore possible c:

agent variable:
s affect bumout. Table 6 shown WE was statisti i
= tistically associated with
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parenthood, LAFF, REW, suffering CD, ever AU, IRS work, DS work, and BKP, that

d was statistically associated with

met so-call "the first-stage effect”. (1) F

LAFF, suffering CD, EAU, SSLD, working OT, IRS work, DS work, and NBSP, that
met so-call "the first-stage effect", too; (2) Working OT was statistically associated with
parenthood, LAFF, REW. ever AU, SSLD, IRS work, and NBSP, that met so-call "the
first-stage effect”, too; (3) IRS work was statistically associated with parenthood, REW,
SSLD, working OT, and NBSP, that met so-call "the first-stage effect”, too; (4) DS work

hood, LAFF, REW, ever AU. and SSLD, that

was statistically d with p

met so-call "the first-stage effect”, too; (5) Physician was statistically associated with
REW, ever AU, SSLD, working OT, that met so-call “the first-stage effect”, too; (6)
Nurse was statistically associated with parenthood. LAFF, REW, working OT, IRS
work, DS work, and NBSP, that met so-call "the first-stage effect". too. All variables
satisfied the first-stage effect would be selected to as possible mediated factors to

further test.

3.4.3 Direct / second-stage effect of mediation and suppression effect

Table 6-1, Table 6-2. and Table 6-3 shown the direct effect and the second-stage
effect for PB/WB/CB. According 10 a, sa. b, and ss values in Table 6-1~6-3, P value was
calculated by Z or Zmeaiation [61] formulates to test the statistic significant of
mediated/suppressed effect. 1f b is a logistic regression coefficient, Z is a value
caleulated by Zmediation (61 If b is a linear regression coefficient, Z is value

calculated by the original formula of the Sobel test.

3.4.4 Simple mediated and suppressed models for burnout

Table 7 showed all models of mediation and suppression effect for PB/WB/CB.
The sign in “()" represents the positive or negative ionship b independ!
21
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sariable (IV) and mediated factor. “m” represents mediated effect is exist in 1y g
dependent variable (DV) and *S" represents suppressed effect is exist in IV anq DV
“NS™ represents mediated or suppressed cffect is not statistically significant in [v ﬂnd.
DV. The presentation of Table 7 is advantage to descript full picture for mediation and

suppression effect. Follow chapters will through these models to explore
xplore the

relationship between risk factors and bumnout.

Followed Sections will further explore the association between burnout ang
women/men, family, living habits, personal health, and workplace. In addition, study
also will assess whether burnout will impact work-related injuries and will try by
statistical methods to identify whether there are existed significant relationship between

mental health and work-related injuries.

3.5 Sex Difference for Burnout

3.5.1 Association between sex and burnout

As sh i
own in Table 2, there was not statistically significant sex difference for PB
3 or
(=230, P> 0.05), W =
). WB (c= 1.88, P> 0.05) and CB (c= 1.53, P> 0.05) despite women
reported high PB,
g . WB, and CB level than men. As shown in Table 2-1 compared with
2-1, ed wi

man physicians, woman s
< » physicians were signi
gnificantly relevant to WB (c=
0.05). Table 2-2 0 (c=8.42, P <

re: Ve i PB (c=
presented there were not significant differences of PB (c=-3.06
=-3.06, P >

0.05), WB (c=-3.90, P>
. P>0.05), and CB (c= -7.53, P> 0.05) between man’s nurses and

woman’s nurses.

3.5.2 Di i
2 Discussion for sex difference of burnout

Was there diffe
erent
t level for bumnout between women and ?
men? An carly study

suggested the sex of th amajor factor in bum women
f the em) i j
ployee is not factor i il
out [23]. Despite wome:
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reported high PB/WB/CB than men in Table 2, there was not significant difference in
ed higher

statistic. However, studies in human service p Is have d

burnout in women than in men [24]. The studies seemed different results. However,

another study reported that women in male-dominated occupations experience higher

psychological distress than women in female-dominated occupations [25]. Table 2-1

presented that the proportion of women physician was only 34.82% which is a few

groups. In addition, despite woman physicians common reported high level for PB (c=

7,69, P>0.05), WB (c=8.42.P< 0.05), and CB (¢= 7.09, P> 0.05) than man physicians,

Jino nurses, the proportion of woman

only WB was lly significant. Reg:

nurses was 96.48%, which instead is a very majority. As shown in Table 2, despite

there were not statistically significant, woman nurses common reported low level of PB

(c= -3.06, P> 0.05), WB (c= -3.99, P > 0.05) and CB (c= -7.53, P> 0.05) than man
nurses. That could result from the samples of men were only 18 persons which were

much less than women. Therefore, nurse occupation to be in female-dominated

occupation.

Table 5-2 presented the effect of woman physicians for WB could be fully
explained by WE (¢= -0.18, P < 0.05), RS work (¢= 15.86. P < 0.01), and NBSP (c=
6.50, P < 0.0001). Woman physicians had less WE. more RS work, and reported high

ding to a prospective cohort study of workers from

NBSP than man physicians. A
industrial and service companies in Denmark illustrated a high level of distress

g i
P

t neck/shoulder pain[64] that might imply woman physicians could
bear more distress than men physicians in present study. In addition, WE was low for
woman physicians than man physicians (6.53£7.03 vs 10.28+11.06, P < 0.05) and
woman physicians had more RS work compared with man physicians (odds ratio=3.35,
P <0.05, not in the Table). The difference for work experience and stress between

women and men imply physician professi

ional field could be a male-dominated
23
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oaccupation. The previous study also demonstrated even when women constig
1lute g by
igh
proportion of the physician workforee, they may continue to be underrep
) resenteq ;
~ . 0 c In
positions of leadership and prestige[65). Based on this, we suggested sex diff
== X difference
of

burnout was associated with sex--dominated occup

3.6 Family-Related Factors and Burnout
3.6.1-1 Association between burnout, marriage state, and parenthood

\ 2 R
s shown in Table 2, participants who have married reported |
ow WR

(323241541 v 36.02416.96, P < 0.0001) and CB (28.00+16.28 vs 31.64£17.90, p
0.01) than those who have not married. Compared to unmarried, marri d. ]
protective factor for WB (¢ =-3.70, P < 0.0001) and CB (c=-3.63 P‘< 0. Ol)c T
The raising one child, two children, three children, and over three children wer
vere

reclassified 1o a n i
i i "
variable “parenthood” due to less sample number f
or every group,

able 2 shown participants who are parenthood sustained lower Vs
a
b hi h thood sustained lowe; WB (31.87+15.74

36.06£16.54, P < 0.000
» P < 00001) and CB (27.00+16
27.00£16.48 vs 32.12+17.46.
- 46, P < 0.0001)

respectively. Theref ¢
- clore, parenthood was a protective factor for WB and CB
-5.12; both for P <0.0001). il
As shown in Table §, i
e 3, the regression coefficient ¢ for parenthood
was -0.30 (P >

0.05) in ULR mod
odel for PB, however, which was 2.41(P<0.05)in MLR
.05) in model for PB.

That demonstrated that parenthood Was an in r for PB instead of
p independent risk factor fc

protecti j
ve factor afer adjusting other risk factors

S shown in Table 5-1, after Tespectively ad usting LAFF, SS
As shy ble 5-1, aft 1§ ), OT, three shift
wor Y vanables, €e pr 1 Yy Vi C:
k dumm bles, and three ofessional field du
: P mmy variables, the regression
coefficient ¢ original value was -0.30) of "parenthood were to 0.6 s 4
. Te to 0.66, 0.17, 0.42, 1.08
and 0.97, their ¢ mbol is all o posite before ot statistical
Sy P and after. De: I{
8 Spite ne
signification, these ljusting v, ference th Ve or negative
f thy ad ng variables could interferen
the positi 2
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lationship t hood itself and PB.

re )
P

models (Table 5) of parenthood to WB/CB shown that parenthood

ULR and MLR

effect to WB/CB could be explained by other risk factors due to the ¢ absolute value

was reduced. The mediated/suppressed models in Table 7 could further explore

relationship among WB/CB, parenthood and explain variable. As shown in Table 7,
under mediation effect, the reasons of parenthood sustaining low level for WB/CB were

positively engaging in LAFF (impacting WB and CB), less AU (impacting WB), less
reporting SSLD (impacting WB), less work OT (impacting WB and CB), less IRS work

(impacting WB), and more DS work (impacting WB and CB). However, under

suppression effect, participants who were parenthood would casily suffer CD

(impacting WB) and sustain high NBSP (impacting WB and CB) which would further
increase level of WB or CB.

Parenthood was an important stage to life. However, the present study found that

the process seems 0 impact differently development for PB/WB/CB, respectively.

These results seem to imply the complex and different relationship among burnout,

work, family, and children.

hip b burnout and p d

3.6.1-2 Di: ion for the

A multidimensional conception of burnout implies a work-restricted scope is

deconstructed. In addition, the burnout is a chronic, unresolvable stress according t0

the putative cause of burnout, which is not limited to work[66]. Personal burnout is the

degree of physical and psychological fatigue and exhaustion experienced by the

person[7]. In ddition, p: hood is a both plex and ful activity, which causes

to chronic p: stress and form so-call “parental

parents enduring exf

burnout” and there was statistically significant and positive correlations between

haustion dimension [67]. These

1 burnout in

parental burnout and p!
25
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results imply parental burnout and personal burnout could have impacted each othe,
have common outcomes or damages for parents. S
The present study also found parenthood was an independent risk factor for PR
which obviously be related to worsen PB. This important find is echo each other wj
previous study’s' results regarding parent burnout. In addition, parenthood was inslc:::
favorable to relieve CB. We reviewed the definition about CB, the definition foll
ow:
“The degree of physical and psychological fatigue and exhaustion that bR b 3
the person as related to his/her work with clients™. The source for fatigue and exhausti :
) on

come from client and do not come from child. Partic pants played two r s,
Y oles aren
P it

. prrtin ide: i f K-f hm 6.
and service provider. According 1o a theory of work-family enric ent[68] illus
d ry 'y lustrated
that partic i ¢ may enri ¢ quality of life in the Ther
participation in one role may enrich th quality of life in the other role. Thereft
. clore,

the role for parent wi enr role for service provider, that w: nsistent wi
ent would enrich the role for service d at was col
p p ith

our find in present study.

3.6.2-1 Associati i
ssociation between leisure activities and burnout

¢ Irequency for engaging in leisure activities with famlly or friends was score
he f f ds d

y 100, 75, 50, 2 ( nts and was define: ew tinuous variable — leisure
by - 73,30, 25, and 0 po ‘anable — leisu
W efined as a n continuous

activities with famil i
ily or friends (LAFF). The result in Table 2 presented LAFF
negative relevant to PB (¢ = -0 o
=-0.13,P<0.0001), WB
. 5 (¢=-0.16, P <0.0001),
5 ;i , and CB (¢

-0.14,P<0
.0001). It was a protective factor for PB/WB/CB

As shown in Table 5 LAFF was an independent Totective factor for =
: .
pe; protective factor for PB (c

0.06, P < (. ), c= = - < ¢
(s -9, P <0.0001), and CB (c=-0.08, ) i
06, P < 0.01), WB 0.09, P < 0.000 I P <0.01). This result

represen t 1tself could play ar mportant role for relicy 0f
ted that LAFF its, 1f Id lieving burnout. The
mediation/s uppression models (Table 7) could help us to further understand the possible
reasons for relieving burnout. As § OWN in Tl nder on ¢
g
for LAFF re] b L As sh Table 7, uj c
, under mediati flect

negatively en; ng in one of cause work OT wors
gaging in LAFF js f causes for k

26 ening PB/WB/CB.
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.

is one of causes for married/parenthood relieving WB/CB.

Positively engaging in LAFF
mediation effect in Table 7, participants with DS worl

r relieve WB/CB. However,

According to k could positively

cngage in LAFF which could help participants to furthel

nurse reported highest CB level which could result from nurses negatively engaged in

LAFF (Table 7, mediation effect).

3.6.2-2 Discussion for the relationship between burnout and leisure activities

The present study found positively engaging in LAFF had important function for

relieving burnout from personal, work-related, and client. According to questionnaire's

content, LAFF included two element, leisure activities and interaction/support with

friends and family. Greater friend-based and colleague-based social support were both

indirectly associated with lower personal and work-related burnout scores(69]. People
feel more stress, participating in leisure activities will relieve the stress and cope with

and mod ly maintai physical and mental health [70, 71]. By providing

to better manage work pressure,

leisure benefits, org can facilitate empl

boost employce morale, help to reduce role conflict, and enhance employee's

satisfaction with life[72]. A study for flight attendants in Taiwan demonstrated leisure

d is—bumnout—health problems and when

coping gies can regulate job

flight attendants suffer from burnout, they can adopt leisure coping strategies 10

improve their negative emotions.[73]. Therefore, the present study's evidence supported

the opinion that leisure activities combined friendly interaction with friends and family

would be an effective strategy for relieving burnout.
The previous study[74] also illustrated that assume a fixed amount of time and

human energy, people participate in multiple roles inevitably will experience conflict

and stress that detract from their quality of life. Based on this view, people would have

not enough energy to engage in leisure activities with family or friends due to heavy
27
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work or overtime work Table 6 shown working OT was negative related to LAFF -
426, P < 0.01). The present study's results support previous studies opinion thay
rarticipants who work OT really reduce opportunity for engaging in LAFF,

Despite married individuals spent significantly less time for leisure activities iy
did single individuals[75], the various aspects of positive parental functioning were
related 1o increases in overall leisure time and leisure time spent with spouse for boty
mothers and fathers[76]. In addition, the cohesion, adaptability, family functioning, and
satisfaction with family life were positive related to family leisure[77). Therefore,

h

common leisure activity with family is key for positive p yod role and satisf;

with family life. The mediated models in present study demonstrated participants who
married or were parenthood would positive engage LAFF which is advantageous for
relieving WB and CB. We revisit the questionnaire content about LAFF. The content
was "Whether participants engage in leisure activities with family or friends in vacation
time?". The premise of leisure activities is to spend the holiday with family or friends
and not alone. Therefore, the LAFF should be as a family leisure instead of pure
personal leisure activities. The successful family role (husband, or wife, or parents) for
participants enhanced by family leisure activity that will further enhance the role of
service provider that would relieve WB and CB at the same time. Above result was
consistent with theory of work-family enrichment. [68].
The previous study illustrated the shj
S A e almo:l :}Tlﬁ workers and dayworkers showed
e i i cisure activity[78]. The present study also
ork would positively engage in LAFF than others.

Table 7 determined LAFF mediated the relationshi

p b DS work and relieved

WB/CB which repr d positive f ] or service:
epresente itive i
p! 1 amily role also will enhance staff i

provider roles.

28
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3.7 Living Habits and Burnout

3.7.1-1 Association between regular exercise and burnout

As shown in Table 1, the participants who exercise at least once a day or a week

was 56.88% for all participants, therefore, both were reclassified as a new variable

“regular exercise every week” (REW) and other frequency class was classified as a

reference variable — “No weekly regular exercisc”. As shown in Table 2, REW was

negative relevant to PB, WB, and CB (¢ =-6.04, _5.88 -5.43, respectively: for all P <

0.0001) and participants with REW sustained low PB (33.40£17.30 vs 39.44+18.59, P

<0.0001), WB (31.67£16.15, P < 0.0001), and CB (27.51£1721 vs 32.95416.74. P <

0.0001) than others. According to Table 7, REW was effectively protective factors.

REW was a mediation factor which could effectively against (he unfavorable effect of

OT and IRS work for PB and WB according to mediation effect in Table 7. In addition,

under mediation effect for REW. Participants who had day shift work casily kept REW

which could effectively sustain low level for PB/WB/CB. Although physicians

common reported high PB and WB, REW scemed to effectively relieve PB and WB

due to suppression effect. However, {he same effect was not observed on nurses.

3.7.1-2 Dis ion for the relationshif b burnout and regular exercise

Physiological changes by physical activity could reduce the persons’

physiological sensitivity to chronic stress[79], that could lead to faster physical

herefore to a reduction of the risk

recovery after a ful experienced situation and
of burnout[80]. There is a positive dose-response relationship between physical activity

ic review study demonstrated physical

and jonal well-being[81]. A
ducing t [82]. Healthy ise habits are

activity seems to be ffective in
associated with lower risk of burnout(83].

The present study demonstrated participants who report REW experienced low
29
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PB. WB and CB. Itis consistent with the previous studies regarding R
& REW apg
b
3.7.2-1 Association between coffee assumption / alcohol use and b
urnout
As shown in Table 2, participants also reported the habits for coffe
€e co) .
d ale -
and alcohol use. The frequency for coffee consumption was not signifi 'Y
1cantly re[,
ledty

PB (c=0.02, P> 0.05), WB (c =-0.02, P> 0.05), and CB (¢ =

use (AU) every dav 1
Y day or occasionally were combined to a new dumm ‘
Y variab]
e -«
ever

AU". “Never AU™ t e re|
er AU is as a reference variable, Participants who hav,
Y reported ever
experienced 3 4 vs 3435+ P 3 N
ced high PB (38.70+17.84 vs 3 .35+18.08 <0.0001), WB r
» - 3 (36364155
.53 vs

3289:16.65. P < 0.01),
- P<0.01), and CB (32.15:17.1] v
I5£17.11 vs 28.46£17.14, p <
14, P < 0.01) than o,
ers.

herefore, AU w: i = =
erefore, AU was a risk factor for PB (c=435,P<0 0001), WB 47
s X , W (c=3. P<o
B .01),

and CB (c=3.68, P <
-68, P <0.01). Accordin, i
2 10 mediation effect i
of AU in Table 7.
, AU was

one of reasons that phys; d p: Who wor Sustaine
physicians ang articipants who ork OT tained

PR/WB high level of

3.7.2-2 iscussion for the rejq, onship be, " burnout and alcol,
Jor the tions tween b, 0,
it hol
7.2-2 D, the rel hip b d al use

Whether alcoh
ol actual]
Y reduces stress js dcbalablc[} 1]. O
- One study illustrated

AU should Increase stre. ould be ve f( g 84). The
stress and w ctive ative reinforcem, t
{ ineffe,
or ne,
gativ
ent[84]
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0.02,P>0.03), Alegpy

and SLD over 6 hours per day. SSLD was as a dummy variable and SLD over 6 hours

was as a reference variable. SSLD was significantly associated with PB (¢ = 8.11, P<

~384,P<0.01)and participants who

0.0001), WB (¢ = 6.52,P < 0.0001), and CB (¢

d SSLD experienced high PB (40.99£19.00 vs 3
),and CB (32.22+17.80 vs 28.38+16.68,

have reporte 2.88+16.80, P < 0.0001).

WB (38.22£17.03 vs 31.70£15.34, P<0.0001

P <0.01) than others.
As shown in Table 5, SSLD was associated with PB (c=8.11,P < 0.0001), WB

(c= 652, P < 0.0001), and CB (c= 3.84, P < 0.01). In MLR model, SSLD was an

tor for PB (c= 425, P < 0.0001) and WB (c= 278, P < 0.01).

independent risk fac

However, the effect of SSLD impacting CB could been explained by other risk factors

due to absolute value of ¢ for SSLD reduced after adjusting variables.
The mediation/suppression models (Table 7) noted that sleep problem plays the
important role between OT/IRS work and burnout. Specifically, SSLD mediated the
p between OT and PB/WB/CB and the relationship between IRS work and
ted that physicians often reported SSLD

r PB/WB.

relationshi
PB/WB. In addition, Table 7 further illustral
which was the one of reasons for physicians sustained high level fo!

Parenthood reported low level for WB which was partially resulted from SSLD.

for the relati hip b burnout and sleep duration

tudies had demonstrated the relationship for sleep. burnout, and

3.7.322

The past many s
OT work. Such as oo little sleep (< 6 h) was as the main risk factor for burnout
development[86] and burnout is also associated with disturbed sleep[87] - Some studies
also illustrated the working OT is related to short or disturbed sleep. too[88, 89]. The
d the same result that SSLD was significantly relevant to

present study has observe
successfully through

burnout. It is worth mentioning that the present study
models blished in Table 7 to link the relationship for OT

PP
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; + af <leep cou )
d n, and burnout that hint the lack of sleep co Id be a bridge for
work, siecping uration, |
mo S Was asso¢ g
4 burnout. The past studies d:mnnxu'alcd that burnout ssociated wi
ghift work and DU

lar shift work(40] [90] In addition, the prevalence of insomnia, sy
shift or irregular §
| pcndcd significantly on the shift <ystcm[9] ]. The reason that shift work
deprivanon de g y : '

! Id be explained by ughift work sleep disorder™. Shift work sleep
s sleep cou y

recognized and undertreated sleep disorder caused by

impact:
disorder is a common yet under-
the endogenous circadian rhythm(92]. A

a slecp/wake patiern that is misaligned with

tudy for full-time nurses in 39 hospitals found comparcd with those slept longer than
study iC - SCS

7 b nurse who slept less than 6 h per working day had higher risk for personal burnout,

work-related burnout, and client-related burnout[30]. Despite our participants do not
just include nurses and included docto!

were not exactly same, however, we found SSLD worsen PB, WB, and CB for

participants sill was obviously. Synthesize past literature and present research results,

we could determine SSLD is a key that IRS work sustained high level for burnout.

3.8 Work-Related Factors and Burnout
3.8.1-1 Association between work experience / education degree and burnout

As shown in Table 2, work experience (WE) was as a continuous variable
according 10 questionnaire. The present study demonstrated WE was significantly
relevant to PB (¢ =-011,P < 0.05), WB (¢ = —~0.19,P < 0.01), and CB (c=
—0.14,P < 0.01). The education degrees were reclassified to "master’s degree o
bove” and "university or below university degrec” due to the participants with PhD or
below high school were seldom (39 and 55 samples). Participants with university of
below university degree reported high WB (34.64£16.28 vs 32.08£16.36, P < 0.05)and
CB (30.44217.44 vs 26.98+15.77, P < 0.01) than those with master’s degree or above.
Compared with University or below university degree, Master’s degree or above wasd

3

2
A d0i+10.6834/csmu20220000¢

rs and other medical staff and adjusting variables

protective factor for WB (¢ =-2.56, P < 0.05) and CB (¢ =-3.45, P < 0.01).

As shown in Table 5, WE (¢= .0.14, P < 0.01; c= -0.11, P < 0.05) was an
independent protective factor for PB/WB. The regression coefficient ¢ for WE was -
0.14 (P <0.01) in ULR model for CB, but which was -0.01 (P> 0.05) in MLR model
for CB. That represented WE cffect to CB was explained by other risk factors. Table 7
further illustrated the relationships of ~ burnout, risk factors, and WE by
mediated/suppressed models. Burnout (including PB/WB/CB) would gradually be
relieved followed increasing work experience, under mediation effect, these causes of
relieving burnout included married (impacting WB/ CB), parenting (impacting
WB/CB), REW (impacting PB/WB/CB), scldom AU (impacting PB/WB/CB), not often
IRS work (impacting PB/WB/CB), often DS work (impacting PB/WB/CB). However,
under suppression effect, CD and BKP would offst the advantage that WE relieve

PB/WB. In addition, BKP also offset the advantage that WE relieve CB.

3.8.1-2 Dis ion for the relationship b

work experience and burnout

A study for a systematic review of the literature for burnout among
psychotherapists make a description for the relationship in work experience and burnout.
The original description follows “it is possible that as inexperienced psychotherapists

are faced with increasingly plex work conditi and d ds, they may devel

T
a sense of hopelessness in relation to their inability to reach their own idealistic

and dards, ulti

P ly leading to disillusionment, depersonalization,

and burnout.”[37] As shown in Table 5, increased WE was closely related to relieved

PB (= -0.11, P < 0.05)WB (= -0.19, P < 0.01/CB (c= -0.14, P < 0.01) and was

independent protective factors for PB (¢=-0.14, P <0.01) and WB (c=-0.11, P <0.05),

respectively. The present research result for medical employee was consistent with

above study for psychotherapists. According to Table 7, REW, seldom AU, not often
33
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IRS work. and often DS work were mediation factors of relationship between in¢

Teased
work experience and reduced level for burnout. Therefore, the present study e, o
. u

vel could be improved for junior or young medical empl,
= Oyee

rmine that burnout le

ac

v cffectively work-related interventions including avoided AU, often IRS work
5 and

ncreased proportion of DS work. Due to BKP was suppression factor between WE d
= an,

bernout, junior or young medical employee should specially note the problem for B p

3.8.2-1 Association between overtime / shift work and burnout

As shown in Table 1, the subjects who work overtime (OT) more than 80h and
work OT between 45 and 80h per month were only 5 and 43 persons, respectively,
therefore, which and subjects who work OT < 45h per month were combined to a nc\\:

dummy le - j who seldom wor W
vy varable — “work OT *, and the subjects who seld work yas as
b k OT a

variable OT was an| B
aniable. Table 2 demonstrated work OT was significantly relevant to P (
) c
10S3.P<Q =935 P
0.0001). WB (c = 950, P < 0.0001), and CB (c = 6.51, P < 0.0001)
Participants who wo I . ‘
who work OT reported high PB (42.67+18.25 vs 32.14£16.87, P < 0.0001),

WB (40.22+15.69 vs 30.72215.65
vs 30.72215.65, P < 0.0001), and CB (33.98£17.83 vs 27.47+16.39,

P <0.0001) than those w 0 seldom worl cre w nif Her >
th ho seld k OT. Th vas significant difference of PB.

WB, and CB level (for all P 001) among shift work Participants with
(1o < ) ¢ shift work schedules. Parti 1p:

uregular shift (IRS) work re rted highest PB (41.78+ =7.7 )0 and
it ( ) po! B (41.7818.08; ¢ 6,P<0 01)
N 10, g

WB (403321582; c = 8.48, P < 0.0001), howev ar shift (RS
= 48, P< 1), however, participants with regu (RS)

work report high CB (3. =10.33;c= rs. Participants with
B (34.04216. 3; 6437,P<()00()])lhanolhe S,
day shift (DS) work reported lowest PB, WB, and CB, ther esent study found
B, therefore, the presen
DS work was a protective factor for burnout.

In MLR model able 5). work OT PB (c=6.91
1 2
Wwas independent risk factors of PB (

< 1), (c= s 0001), and CB c=3.9 rding to
P <00001), wB 6.18, P <, ), (c=3.95, P<0000])A
15 X . Accol 4

mediation models in T:
able 7, the :
causes that participants who work ;
34 ork OT sustained high
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level for burnout were negatively engaging in LAFF (impacting PB/WB/CB), without
keeping REW  (impacting PB/WB/CB), reporting AU (impacting PB/WB/CB),
), and

experiencing SSLD (impacting PB/WB/CB), IRS work (impacting PB/WB

sustaining high NBSP (impacting PB/WB/CB).

In MLR model (Table 5), IRS work (¢=3.32, P<0.05: c=3.97,P<0.01)and RS
work (¢=4.00, P < 0.01; ¢= 3.88, P < 0.01) were independent risk factors for PB and
WB. However, RS work (c=3.93, P <0.01) was an independent risk factor of CB. The
mediation/suppression models in Table 7 demonstrated reduced REW, SSLD, work OT,
and high level for NBSP were one of causes that participant with IRS work sustained
high level for PB and WB. Participants who were DS worker seem to report low burnout
than others. According to mediation/suppression models in Table 7, positively engaging

LAFF, keeping REW, and seldom experienced SSLD were onc of causes that

s schedule were DS sustained low level for WB/CB than others.

participants whose work'

hip b ime work and burnout

3.8.2-2 Di ion for the
Many studies had determined work OT or long work hours were closely to
burnout development. Nurses and clinicians working OT are more likely to experience

d d particip working overtime

burnout[93]. A study for 182

reported significantly increased burnout.[94] A cross-sectional survey for 1560 full-

time employees in Taiwan found long working hours (working over 40 hours per week)
are correlated with bunout.[39] Furthermore, nurses working shifts of ten hours or
longer were up to two and a half times more likely than nurses working shorter shifts
to experience burnout[93].  The present study found participants who work OT
sustained significantly high level of PB/WB/CB than those who seldom work OT. Our
another a study (shown in Table 1, doi: 10.12998/wjcc.v9.i25.7391) at a hospital

affiliated with a medical university in Taichung, Taiwan, in 2020, that also

35
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jemonstrated participants who work OT more than 45 h per month reported highest

level for PB and WB. There was a significant dose-response between OT work and PR
or WB.

The past study demonstrated participants who experienced overtime ang
decreased interaction with family or friends were casily the deterioration of menta)
well-being[95). In addition. participants whose working hours exceed standard
recommendations are more likely to increase their alcohol use[96] for alleviating stress
[32.33]. From the view for medicine, the long working hours aggravates risk factors of
atherosclerosis to cause circulatory system discases, probably through its harmful
effects 1o worsen workers” lifestyle, to cause lack of sleep[97]. The previous study also
observed short sleep duration and overtime degree were in dose- response[98]. A survey
0f 2.617 registered nurses demonstrated extended work schedules were associated with
musculoskeletal injury/disorders[99]. The shortening of regular workdays from over 7
hours 10 6 hours may considerably reduce the prevalence of neck-shoulder pain[100].
The mediation models in Table 7 further found participants who work OT would
negatively engage in LAFF, and often experienced SSLD, and didn't keep REW, and
often reported short sleep duration, and measured high NBSP. That could cause burnout

to worse for ici vho wi
participants who work OT. These models were consistent with the previous

research studies.

3.8.2-3 Dis i i
-3 Discussion for the relationship between shift work and burnout

Shift work especially IRS work has been approved unfavorable to burnout by
many studies. A cross-sectional study of health care workers demonstrated burnout was
fr'Jund more frequently among shift workers than those who did not work shifts[90].
Nurses who have irregular shift work schedule had high level of burnout syndrome than

those have RS work schy
edule[40]. Other oc i
36cupauon also observed similar trend such

doi:10.6834/csmu202200004

as irregular schedules and increased night shifts were related to higher burnout risk in
police[41].  Our another a study in 2020 (shown in Table 1, doi:
10.12998/wjee.v9.i25.7391) also demonstrated participants with irregular shift work
reported high level PB and WB than others. In addition, we found SSLD and NBSP
play mediated role between IRS work and PB/WB. The previous Scction has
determined sleep problem is an important that IRS work impacts burnout. Another

hedules are significantly related to MS

study for nurses also d ated adverse

disorders [99]. Above results represented IRS really impacts physical health for medical

staff which could further damage mental health including burnout

3.8.3-1 Burnout difference among different professional  fields

Table 2 illustrated there was significant difference of burnout among professional
fields. Among them, the physician reported high PB (41.03£20.89%: ¢ = 10.17; both for
P <0.0001) and WB (39.3818.45; ¢ = 9.94 both for P < 0.0001) than others. Nurse
reported high CB (33.48£17.62;¢ = 7.74: both for P < 0.0001) than others.

Table 7 demonstrated AU, SSLD, and OT were one of the causes of worsen
PB/WB for physician. In addition, keep REW could against worsen PB/WB in
physicians. As shown in Table 7, the causes that nurse’s professional field easily worsen
CB were that nurses didn’t positive engage in LAFF, didn't keep REW, work OT, work

IRS, and increased NBSP.

3.8.3-2 Di ion for the relationship b professional field and b t

The present study found physicians’ professional field itself still impacted
burnout after adjusting the problems for LAFF, alcohol use, lack of sleep, work OT,
shift work, MS pain. The past study also demonstrated the burnout is markedly higher

ians than individuals in other careers after adjusting for work

amongst practicing physici
37
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hours and other factors[101, 102]. Attributed to reasons, work-related stressors[103
104]. excessive workloads[105), and work-home conflicts[106] were associated wiu,‘
bumout amongst physicians. Another, the present study had extra found differen from
past that physician’s PB/WB sustained high level that also could be caused by AU
SSLD, and work OT. It is worth mentioning, according to mediation or suppress; |
0
effect in Table 7., physicians common reported regular exercise weekly which als v, i
often helpful to relieve PB/WB. Alcohol abuse and dependence is a significant pmu:s
m
in US surgeons, that were strongly associated with burnout [85). According to the
mediation model for burnout/AU/physicians in Table 7, physicians always adopted
to face burnout, however, that is in vain, —4
One of the reasons for the high rate of insufficient sleep for physicians is the
medical training culture. Trained physicians are instilled in the idea that sleep is
optional, because they continue to work long shifts even when working hours a
re
limited[107). Table 7 demonstrated SSLD was mediation factor between physicians and
PB/WB that also confirmed the medical training culture about physicians ignored slee
problem. It's this culture to cause high burnout for physicians than others p
Nurse professional field seem to bear high CB than other professional fields that

would be explained by so-call "medical mode )8], whose statement s “people a
Y { ], 1 1S “peop
P re

not held responsible for either the origin of their problems or the solution to their

problems™. Patients are seen as il or incapacitated, they are expected to accept their

p . -

mmw as well as the diagnosis and the advice and treatment of an expert. It is clear that
e cxpccla-uon of investments of the patients are quite low, even lower than those of

the ?rofessnona]. Therefore, nurses had a low leve] of burnout when interacting with a

low investor patient and a high level of bumout when interacting with a high investor

[
patient| ] orresponds to the practice of clinic, physicians have powerlu
109]. C rful

rofessional au ity i i e efore, that
p thority to patient than nurses in ordinary people’s mi
ple’s minds, therefore,
doi:10.6834/csmu202200004

could be the possible cause that nurses experienced high CB than physicians.

Generally speaking, the physical activity level of nurses is generally

insufficient[110] and over 50% of nurses were insufficiently active[111] . A recent study

of nurses found that many nurses did not participate in leisure-time physical

activity[112]. Physical activity at work may not have the same positive impact on health

as leisure activities[113]. Table 6 also demonstrated nurse is negative related to LAFF

(c=-4.51,P<0.01) and REW (c= -0.82, P <0.0001) that is consistent with past studies.
Table 7 further linked nurses, LAFF/REW, and burnout from client and determined

LAFF/REW could improve burnout level for nurses.
1ackeletal di forts of

Stressors had significant effect on i

organs such as neck, shoulders and back for nurses [114]. Burnout impacting MS pain

was similar, Mediation/suppression models in Table 7 found nurses often report high
NBSP (neck or shoulders pain degree) which would cause burnout caused by client to

sustain high level. Therefore, the strategy and resource of relieved MS pain for nurses

is important for improvement of burnout.

3.9 Physical Health and Burnout

/ loskeletal pain and burnout

3.9.1-14 iation b chronic di
As shown in Table 2, participants who suffered chronic diseases (CD) sustained
high level for PB (39.27418.59 vs 33.89£17.48, P < 0.0001) and WB (36.64+16.84 vs

32.63+15.78, P <0.0001). CD was arisk factor for PB and WB (¢ = 5.39 and 4.01: both

for P < 0.0001).
As shown in Table 4, NBSP was positive relevant to PB (¢ = 8.27. P < 0.0001),

WB(c=6.49.P< 0.0001), and CB (¢ = 3.79, P<0.0001). In addition, BAP was positive

relevant to PB (¢ = 1.39, P < 0.01) and WB (¢ = 1.49, P < 0.01). There was positive
relationship between BKP and PB (¢ =229, P<0.01) or WB (¢ = 1.57.P<0.01).
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As shown in Table 5, NBSP (c= 6.86; ¢= 3.51, for both P < 0.0001), BAP (=
138 ¢= 133, for both P <0.01), and BKP (¢=1.68, P<0.01: c= 1.16, P < 0.03) were
independent risk factor for PB and WB. However, only NBSP (c= 323, p < 0.0001)
was independent factor risk for CB. Apparently, NBSP obviously and directly Sustaineq
high burnout.

In addition, MS pain also played a bridge role (mediation effect) between risk
factors and burnout. According to mediation effect in Table 7. NBSP was one of the
reasons work OT sustained PB/WB/CB, IRS work sustained PB/WB, and nurses®
professional field sustained CB. We had determined married/parenthood were closely
relevant to WB and CB, however. married/parenthood also caused sustained high NBSp
that will offset the relieved effect of married/parenthood for WB/CB. Increased WE
was negative relevant to PB/WB/CB, however, BKP increased accompanied by work
Xpenience increased that also partially offset the protective effect of WE for burnout

Therefore. 1 f by hould e ki health bl fc
crefore, improvement plan of burnout shoul more note knee health problem for

1
older senior staff.

3.9.1-2 Discussion for ¢ ronic diseases / musculoskeleta, pain and burnou
2  for ch di /. loskeletal d b 1t

< ~ 9
he past study had demonstrated there are positive association between burnout
Ppositive association

i N . & 5 o
and MS pain, too[43]. We also determined NBSP, B an were relate
AP, and BKP wer lated to

sustained i

o PB avnd WB, 100. It is worth mentioning that MS pain often play mediation

- or for susljaxnlng high burnout. According to MLR models in Table 5, NBSP was an

’ ;:cr::l:;; nskdf:cmr for PB/WB/CB. In addition, we also determined the relationship

9, and burno / iati

s . nsul :) mediation models in Table 7 those participants who work

| om neck or both shoulders which would

ourmout degree caused by overtime work. A prospectj L
Z Ve study in apparently healthy

individuals demo, Vi T
nstrated i
baseline e: els of burnout predict
the onset of regional
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neck/shoulder and/or low back pain and burnout symptoms were associated witha 1.67-

d nurses

fold increased risk of MS pain[115]. Another prosp ive study d

who reported low mood or stress at baseline were more likely to develop neck/shoulder

pain later[116]. Despite the present study is a cross-sectional study, which through MLR

and mediation models to confirm direct impacting and the mediation effect of neck and

both shoulders pain for burnout. These results are highly consistent with the past study

and determined the importance role for MS pain on burnout development.

The previous studies also found the shortening of regular workdays from over 7

hours to 6 hours may considerably reduce the prevalence of neck-shoulder pain[100].

Compared with fixed shift work, the irregular shift workers for male were associated

with shoulders and neck pain and those for female were associated with neck pain[117].
The present study had further linked OT/IRS, burnout and MS pain by mediation
models in Table 7 those participants who work OT or work IRS easily suffered neck or
both shoulders pain which would cause burnout degree to further worse. Therefore, the

relieve neck and both shoulders pain also should be included in improvement plan of

burnout for medical employee.
The previous study demonstrated work experience significantly increases the
morbidity of pain [118]. However, the present study determined WE was only relevant

to BKP. Moreover, BKP suppressed the protective effect WE to PB/WB/CB.

Participants who were p d (c=0.12, P < 0.05) and married (¢=0.15, P <

0.01) would increase NBSP. The relationship was similar to past study that domestic

work and stress from overload further exacerbate musculoskeletal disorders because

they interfere with the recovery process[119]. The present study has illustrated
parenthood was closely related to worsen PB and NBSP that could imply closely

relationship among both. According to Table 7, We determined NBSP will cause
WB/CB for people married or parented to worsen by suppressed effect. This finds
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coincidentally with the previous study that poor psychological status may predict e
and shoulders pain 120, 121]

The three highest prevalence rates of MS pain for nurses were found for the neck,
shoulders and back[122). Compared with other professional fields, nurses’ professiona]

field was closely related to NBSP (Table 6, ¢=0.15,P <0.01).

3.10 Burnout and Work-Related / Sharps Injuries

3.10.1 Statistical test for association

Table 2 demonstrated work-related injuries (WRIs) was significantly relevant to
PB (¢ = 038, P <0.0001), WB (¢ = 0.33, P < 0.0001), and CB (c = 0.23, P < 0.0001).
Similarly, Sharps injuries (SIs) was closely relevant to PB (c = 0.25, P < 0.0001), WB
(c=0.22,P<0.0001),and CB (c = 0.20, P < 0.0001), too.

The past studies for administrative services[48] and forest industry employees[49]
demonstrated burnout was relevant to risk of injuries. The present study demonstrated
linear regression coefficients of 3 sub-burnout dimension to WRIs were between 0.23-

0.38. Regarding forest industry employees, each it

in the burnout score
was related 10 a 9% increase in the risk of injury[49] which is obviously lower than
medical employee compared with the present study. In line with reports for nurses and
the healthcare employees that there was association between burnout and SIs[123, 124].

The present research confirmed that there were positive dose-response between

bumnout and WRIs/SIs for medical employce.

3.10.2 Risk factors of work-related and sharps injuries

As shown in Table 8, CD (c=4.64, P < 0.0001), AU (c=3.10, P < 0. 01), SSLD

(c=3.71, P <0.01), work OT (c= 6.58, P < 0.0001), IRS work (c=5.08, P < 0.0001),
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Nurse (c= 5.64, P <0.0001), NBSP (c= 5.89, P < 0.0001), BAP (c=1.78, P <0.01), and
BKP (c=3.10, P <0.0001) were risk factors of WRIs. In addition, As shown in Table 8,
CD (c= 1.74, P <0.05), AU (c= 3.22, P <0.0001), SSLD (¢= 2.52,P<0.01), work OT
(c= 4.43, P <0.0001), IRS work (c= 4.03, P <0.01), NBSP (c= 1.78, P < 0.01), and
BKP (¢=1.02, P <0.05) were risk factors for SIs. However, women (c=-2.22,P< 0.05)

was a protective factor of SIs compared to men.

Followed Sections will further explore association between risk factors and

burnout and model risk factors, burnout, and WRIs/SIs to assess.

3.10.3 Sex difference of WRIs and SIs

As shown in Table 8, there was not difference of WRIs between men and women
(c= 0.69, P > 0.05). However, the sex difference was found in SIs. Women sustained
low correlation for SIs than men (c=-2.22, P < 0.05).

A study indicated that male health workers were 10 times more likely to sustain

an SI than were female health workers[125] that is consistent with the present study.

3.10.4 Role of burnout between chronic diseases and work-related / sharps injuries
The index for ability of explanation was "d". which is defined the reduced
proportion for regression coefficient of risk factor to WRIs before and after adjusting
variable. If the regression coeflicient before adjusting variable was statistically
significant and which was not statistically significant after adjusting variable, that was
call "fully explanation the effect " and "d" value would not be calculated. If the
regression coefficient before adjusting variable was not statistically significant, the

d. If the coefficient before adjusting

ability of expl did not be
variable was statistically significant and which was also statistically significant after
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adjusting variable, that was call “partial explanation the effect” and "d" valye would be
calculated. "d" value is higher, the ability of explanation is stronger.

As shown in Table 8-1, CD was significant related to WRIs (c=4.64, P < 0.0001)
that could be explained by PB, WB. and CB effect and ability of explanation is 459,
(d=45.69). 36.42% (d=36.42), and 6.68% (d=6.68), respectively. Table 8-2 presented
the mediation effect that PB (Z= 4.81, P < 0.0001) and WB (Z= 4.08, P < 0.0001)
mediated the relationship between WRIs and CD.

As shown in Table 8-3, PB and WB effect could fully explain the relationship
between €D and Sls. CB effect only could explain 8.62% (d= 8.62) the relationship
between CD and SIs. Table 8-4 demonstrated PB (Z= 4.05, P < 0.0001) and WB (2=
3.64. P < 0.01) were mediation factors for the relationship between CD and Ss.

ersons with chronic health conditions, such as chronic heart disease diabet
5 ctes,

arthritis, blindness, or difficulty seeing, and asthm a an on confer an
h difficulty ing, and asthm d dep nf

sk —rels 12 3 lated CD. h

risk work-related injury[126, 127]. In addition, burnout is related to , such as

coronary heart disease[46], cardiovasc: ar disease[128 d type 2 diabetes[47]. The
[46]. 128], an ype 2 diabet ]

present study link
sent study linked CD, burnout, and WRIs by mediated model (Table 7) which

determined PB/WB is one of causes that CD sustained high W refor sical
ed high WRIs. Therefore, phy:
- s

- .

diseases could impact people psychology which caused work-related Injuries

occurrence c! T rker suffers 1s deman
The mental health promoting for medical worke ng CD is d d

imme ion i i
diate attention in preventing of work-related injuries,

-
As shown in Table 8 and Tab| e 8-4, participants who suffer CD sustain high level

or SIs (c= L, P< ar = .| ed models
for SI. 1.74,P<0.05) d PB/WB (c=5.39/4 ],P<0.0)0|) The mediated mod

further demonstrated PB/WB (Z=4 05,P<0 0001; Z= 3.64 P<o. )1) is a mediated

factor. Therefore, this i
e, this is an important find that mental health could pl
play a positive and

helpful role of SIs caused by physical disease,
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3.10.5 Role of burnout between alcohol use and work-related / sharps injuries
Table 8-1 demonstrated AU was significantly related to WRIs (c=3.10, P<0.01).
The relationship could be fully explained by PB/WB effect and could be explained

31.29% proportion by CB cffect. Table 8-2 presented PB (Z= 3.96, P <0.0001), WB

(Z=3.54, P < 0.01), and CB (Z= 3.41, P < 0.01) mediated the relationship between
WRIs and AU.

As shown in Table 8-3, PB, WB and CB could explain 17.39% (d= 17.39).
14.91% (d= 14.91), and 13.35% (d= 13.35) the relationship between Sls and AU,

respectively. Table 8-4 demonstrated PB (Z=3.49,P <0.01), WB (Z=324,P<0.01),
diated the relationship b AU and SIs.

and CB (Z=3.14,P<0.01)

There were a significant association between alcohol consumption and work-

related injuries among farmers.[129, 130] The odds of injury also significantly

increased with increased frequency of drinking per week[130]. However, for young uUs.

workers in early research, common occupational injuries (excluding sprains and strains)

may not be strongly associated with alcohol dependence[131]. Despite there were

different results about the association for alcohol use and WRIs in past studies, the

difference in the formal reported injuries and self-report injuries could be the one of

main reasons. The present study adopted self-report questionnaire of WRIs that
U were closely relevant to WRIs. The mediation models further

mout (PB/WB/CB)

demonstrated A
determined the relationship among AU, burnout, and WRISs that bus

was onc of causes that AU sustained high WRIs that seldom be mentioned in past
studies.

As shown in Table 8-4, the mediation models further demonstrated burnout

hip b AU and SIs which determined AU is

diated the relati

(PB/WB/CB)

also through burnout to impact Sls. This is new evidence which is seldom mentioned

vision for Sls prevention of medical worker

in past studies. The find could extend new
45
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and highlight the importance for quitting alcohol use.

3.10.6 Role of burnout between short sleep duration and work-related / sharps

injuries
Table 8-1 demonstrated, the relationship between short sleeping duration (SSLD)
and WRIs (c=3.71,P< 0.01) could be fully cxplaincd by PB/WB effect, and CB effect

could only explain 27.22% (d=27.22). Table 2 showed PB (Z= 6.78, P < 0.0001), WB

(2= 6.30. P <0.0001), and CB(Z=351.P< 0.01) mediated the relationship between
SSLD and WRIs.

As shown in Table 8-3, The relationship between SSLD and SIs could be fully
explained by PB effect, however, WB and CB only explained 36.11% (d=36.11) and
18.25% (d= 18.25). Table 8-4 demonstrated PB (Z=5.01,P < 0.0001), WB (Z=4.95,P
< 0.0001), and CB (Z= 3.23, P < 0.01) mediated the relationship between SSLD and
Sls.

People with sleep insufficiency often reported frequent physical distress, frequent

mental distress, activity limitations, depressive symp anxiety, and pain[132]. The

determined relationship for bumout and SSLD in previous section has been fully
discussion. The National Health Interview Survey for USA suggested the work-related
injury risk significant increases with decreasing usual daily self-reported sleep

hours[133]. In additi

Asy icli search d

d workers with sleep
problems had a 1.62 times higher risk of being injured than workers without sleep
problems[134]. Therefore, the association between sleep and work injuries was
confirmed. According to mediation model, we further determine burnout (PB/WB/CB)
wazs one of reasons for SSLD sustained high WRIs, too.

Despite reduction in SLD increase the risk of occupational injury[135], the

present study also confirmed Sls is same as occupational injury that sleep duration less
46

0i:10.6834/csmu202200004

than 6 h casier sustained high SIs (Table 8, c= 2.52, P < 0.01). Table 8-4 determined
PR/WB/CB mediated the relationship between SSLD and Sls which represented
burnout play an important role between SSLD and SIs. Among them, only PB fully
mediated the relationship between SSLD and Sls that represented participants who
experienced SIs that caused by SSLD commonly sustained higher PB level. This could
be proofed by Table 8-4 that SSLD impacting PB (a=8.11, P < 0.0001) was strong than
WB (a= 6.52, P < 0.0001) and CB (a= 3.84, P < 0.01). The previous study also found

same trend that PB were significantly associated with impaired sleep quality[136].

3.10.7 Role of burnout between overtime work and work-related / sharps injuries

Table 8-1d 1 the relationship b

work OT and WRIs (c= 6.58, P

< 0.0001) could be partially explained by PB, or WB, or CB and the ability of
explanation were 61.55% (d=61.55), 59.12% (d=59.12), and 24.32% (d=24.32),
respectively. Table 8-2 illustrated PB (Z= .08, P <0.0001), WB (Z=8.24, P <0.0001).
CB (Z=5.16,P <0.0001) mediated the relationship between WRIs and OT.

As shown in Table 8-3, PB, WB and CB could partially explain 27.09% (d=
27.09), 25.96% (d= 25.96) and 15.08% (d= 15.08) the relationship between work OT
and SIs, respectively. Table 8-4 demonstrated PB (Z= 4.85, P <0.0001). WB (Z=5.19,

P <0.0001), and CB (Z=4.22, P <0.0001) diated the relationship b work OT

and Sls.

The working in jobs with OT schedules was associated with a 61% higher injury
hazard rate compared to jobs without overtime[137]. The present study confirmed the
adverse relations of working OT with WRIs (Table 8, ¢= 6.58, P < 0.0001), too. Further
study in mediated models (Table 9) found participants who work OT sustained high
WRIs due to worsen PB/WB/CB. It represented work OT could through mental factor

such as burnout to impact WRIs. This is an important find and view to preventing WRIs
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in future.

In one study, an increase in weekly work hours increased the occurrence of SIs
among nurses[138]. The present study further also confirmed work OT was significan
relevant to Sls (Table 8, ¢=4.43, P<0.0001) for participants including physician, nurse
and other professional fields. It represented OT impacting WRIs could be a widel,
problem among different medical professional fields. PB/WB/CB only cxplaine:
15%-~28% the relationship between work OT and Sls (Table 8-3) and partially mediated

the relationship between work OT and SIs (Table 8-4, 7= 4.85. P < 0.0001: 7 5.19
-6, . 3£=5.19,p
< 0.0001; Z= 4.2
Z=4.22, P < 0.0001). These results suggested that work OT affected SJg

directly or indirectly (through an unknown pal Ve no at Increase:
) y W )
d th h kn th). Studies have noted th: t1 d O
was significantly associated with Impairments in attention, executiv C
tt utive fun uon[139]

and stress response] ethe work affects SI incidence throi ese factor
esponse[140]. Whether OT work ffects SI ds through th, fact
ctors

remains (o be determined. H,
- However. the present stud
y confirmed burnout v
was one of

causes that working OT sustained high SIs

3.10.8 Role o burnout between irre, ular shift work and work-rela ly
74 elated / sha, ps

Table 8-1 dem d the relationshi

bety H
p irregular shift (IRS) work and

WRIs (c=435,P < could be fully ex P 3it CB could
.33, .01) 1d be etfect coul
R xplained by PB and WB

artially explai /o
partially explain 26.90% (d=26.90). Table 8-2 demonstrated PR
(Z:

- 4.05,p
WB (Z= 474, P < 0.0001), and CB (Z= s

282 P< 0.01 £
between WRIs and IRS work. ) mediated the relationship

As shown in T
in Table 8-3, The relationship between RS w, k and
ork and Sls could be

explained throy gh PB, WB, and

3.26), 2 2 » CB effect, their explained Proportion were 23 26% (d=
<2.20).26.20% (d=26.20% . - ;
23.26), 26.20° 6.20%), and 14.17% (d=14.1 ), respectivel

-y 7 cly. Table 8-4illustrated

b "3 = P<0.01 mediated
0.01), WB (Z=4.08,P <0 0001), and CB (Z=2.66,
.66, P < ) I
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the relationship between IRS work and Sls.

The working shifts repeated disruption of the circadian system[141]. in addition,
the misalignment of circadian rhythms of body functions is responsible of the so-called
“jet lag” syndrome, which could cause feclings of fatigue, sleepiness, insomnia,
digestive troubles, irritability, poorer mental agility, and reduced performance
efficiency[142]. Above these damages from "“jet lag" syndrome could be related to
burnout such as feclings of fatigue and insomnia. Shift work had a statistically
difference with work-related injuries compared to non-shift work[143, 144]. Therefore,
there could be a connection among shift work, burnout, and WRIs. The present study
found only IRS work was significantly relevant to WRIs among people who work shift
work. RS work was not statistical significantly relevant to WRIs. Burnout including PB,

WB, and CB paly mediation factors between IRS work and WRIs that demonstrated
burnout obviously sustains high WRIs for participants who have IRS work. The present
study confirmed mental health also impacts WRIs occurrence for people with IRS work.
In the same vein, studies have observed that working regular shifts exerted
protective effects against SIs compared with irregular shift work [51, 34]. Consistent
with results from other studies, Table 8 demonstrated irregular shift work was
significantly associated with Sls (c= 4.03, P < 0.01), but regular shift work was not
significant (¢= 1.79. P> 0.05). Table 8-4 shown PB (Z= 3.55,P<0.01), WB (Z=4.08,
P < 0.0001), and CB (Z= 2.66, P < 0.05) partially mediated the relationship between
IRS work and Sls, indicating that burnout was also one of causes that IRS work sustains

Sls: in others, irregular shifts may have exerted effects on Sls through other routes.

3.10.9 Role of burnout between nurses and work-related / sharps injuries

Table 8-1 shown the relationship between nurse and WRIs (¢=4.84, P < 0.0001)
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that could be partially explained by PB, WB, and CB effect could partially €xplaip
§3.31% (d= 53.31), 53.10% (d= 53.10), and 32.23% (d= 32.23). Table 8-2 showeg PR
(Z= 5.72. P < 0.0001), WB (Z= 6.01, P < 0.0001), and CB (Z= 5.08, P < 0.0001)
mediated the relationship between WRIs and nurses.

Table 8-3 demonstrated the relationship between nurse and SIs (¢=2.43, p< 0.01)
that could be partially explained by PB, WB, and CB effect could partially explain
35.39% (d= 35.39), 34.98% (d= 34.98), and 29.63% (d= 29.63). Table 8-4 presented
PB (Z= 455, P <0.0001), WB (Z= 4.82, P < 0.0001), and CB (Z= 433,P< 0.0001)
mediated the relationship between nurses and Sls.

Nurses' inclination to report injuries was higher in organizations with onsite
health programs[145]. The Occupational Health Safety Network (OHSN) to collect
detailed injury data included falls, patient handling, and workplace violence
demonstrated nurse assistants and nurses had the highest injury rates of all occupations
examined according to injuries occurring from January 1, 2012-September 30,
2014[146]. Our study found that nurses were significantly relevant to WRIs compared
with other professional fields (Table 7, ¢=5.64, P <0.0001). The further analysis in
Table 8-1 found the relationship between nurses and WRIs could be fully explained by
PB and WB effect and be partially explained by CB effect (d=34.93%). The mediation
analysis (Table 8-2) also determined nurses’ burnout really play a pivotal role in WRIs.

The reasons of SIs occurrence were complex and multiple such as younger than

o : ’ S
25 years of age, irregular shift work, significant fatigue afier work, and suboptimal

staffing levels[147). In addition, there were significant differences of SIs among

departments[54]. The present study demonstrated nurses through burnout (PB/WB/CB)
1 .
0 Increase SI occurrence that suggests that mental health factors also could cause Sls

occurren
ce for nurses. Therefore, a full prevention plan of Sls should include

improvement plans for mental health.
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3.10.10 Role of burnout between MS pain and work-related / sharps injuries
Table 8-1 demonstrated the relationship between NBSP and WRIs (c=5.89, P <
0.0001) that could be explained by PB effect, WB effect, and CB effect, respectively.
Among them, the ability of explanation for PB, WB, and CB was 47.54% (d= 47.54),
39.57% (d= 39.57), and 13.92% (d= 13.92), respectively. The relationship between
BAP and WRIs (c= 1.78, P < 0.01) that could be explained by PB effect (35.96%), WB
effect (35.96%), and CB effect (14.04%). The relationship between BKP and WRIs (¢=
3.10, P<0.0001) that could be explained by PB effect (29.03%), or WB effect (21.29%),
or CB effect (10.00%). As shown in Table 8-2,PB (Z=9.29,P< 0.0001), WB (Z= 9.06,

P < 0.0001), and CB (Z= 5.17, P < 0.0001) mediated the relationship between WRIs
and NBSP. PB (Z= 2.64, P <0.01), WB (Z= 2.76, P < 0.01) mediated the relationship
between WRIs and BAP. PB (Z=3.36, P < 0.01) and WB (Z=2.57, P <0.01) mediated

the relationship between WRIs and BKP.
Table 8-3 demonstrated PB could fully explain the relationship between FNBS

pain and SIs. However, WB and CB could partially explain 46.63% (d= 46.63). and

23.60% (d= 23.60) the relationship between FNBS pain and Sls, respectively. In

addition, PB, WB, and CB could fully explain the relationship between BKP and SIs.

ented PB (Z= 5.63, P < 0.0001), WB (7= 4.13, P <0.0001), and CB (2=

Table 8-4 pres
439, P < 0.0001) mediated the relationship b FNBS and Sls. Among them, PB
d WB fully mediated the relationship b SIs and NBSP. PB (Z=3.11.P <0.01)
an Y
diated the relationship b BKP and Ss.

and WB (Z= 247, P <0.03) fully

The previous Section had illustrated MS pain was associated with burnout. Table

§ demonstrated FNBS and FBK pain were significantly relevant to SIs (= 1.78. P <

0.0001: ¢= 1.02, P <0.05). Based on these results, we further explored the relationships

i i 4, PB fully mediated the
among Sls, burnout, and MS pain. As S:?“m in Table 8 y
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relationship between Sls and NBSP or BKP (Z=5.63, P < 0.0001; Z= 311, p < 0
S AL o,

WB partially mediated the relationship between Sls and NBSP or BKP (Z=4.13,p =
0.0001; Z=2.47, P <0.01). In addition, CB partially mediated the relationship between
Sls and NBSP (Z=4.39, P < 0.0001). NBSP and BKP seem to be closely related to py
WB, and CB when exploring the causes of SIs occurrence. ]
The past study also really found severity of pain in the neck / shoulder area were
associated with an increased risk of burnout[148] and psychosocial elements of work
were more involved in the persistence of the symptoms in the knee[149]. Our stug
confirms previous studies that neck/shoulders/knee pain sites seem to be associalc:
with mental health and linked the relationship between SIs and neck/shoulders/k;
pain through mediation effect of burnout. These results more extend views r:"ce
preventing of SIs that S is not only an education and safety culture problem whi;r

also could be an outco
me of complex influence
) process for physiology and
psychology.

3.10. i
11 Difference of burnout effect for WRIs and SIs

S was one of WRISs, too. there difference or burnou cting them? Table
S f Is, too. Is 1 ¢ for burno t impag g
showed that there v c exceept or nurse
was not obvious differenc P. SIs f
9 sh d that th in both ex; pt to BA
‘ . Sls
;
Was not significant y crent compared with other profe.
f tly diff d Pprolessional

fields. However,

nurses reported high WRIs inci
gh WRIs incidence than other professional fields. T,
- The regression

coefficient for n
urse to SI i
s was 175, but which js not statistically signj
represented there could by i i
e obviously differ
ence for Sls oce
urrence among diffy
erent

nurses' departments. In addii
L it € cause could come om education or (ry; n. The
on, the c: I from educ, ti
1 i
ddi . The

previous study also i
S illus i
trated a continuous educational effort lead
€ads (o a reductj
1on of

occurrence for WRIs and SJs.
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4. Conclusion

4.1 Summary

The present study has determined the reasons of burnout development by three
burnout scales and statistical methods. In addition, we also determined increased work-
related (WRIs) and sharps injuries (SIs) will result from high burnout level caused by

sex-dominated occupations, negative family role, lack of sleep and increased alcohol
1nckel, I(MS)

use (AU), overtime (OT) and shift, chronic di (CD), and

pain.

Sex difference for burnout

The proportion of man is high than women in physician's field, women physicians
significantly experience high burnout from work than man physicians. The proportion
of woman is markedly high than man in nurse's field. Despite of not statistically

significant, men nurse common reported high burnout level than women nurses. The

present study suggest sex difference of bumout was associated with sex-dominated

occupations.

Family factors and burnout

People married or parenthood is relevant to lower work-related burnout (WB) and

client burnout (CB). Parent’s role itself instead be unfavorable factor to personal
burnout (PB) after adjusting other risk factors. Positively engaging in leisure activity
with family and friends (LAFF) is helpful for a successful role of parents which can

further enhance the role quality of staff or service provider which could sustain lower

level of WB and CB.
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Living habits and burnout

People who experience short sleep duration (SSLD) common reported high leve]
for PB and WB than others. OT and irregular shift (IRS) work could lead to Ssp )
which will further sustain high level of PB and WB. The one of reasons for physiciang
reporting high PB and WB than others is lack of sleep. Sufficient sleep duration jg one
of causes that day shift (DS) staffs sustain low PB and WB level than others.

AU can’t alleviate burnout which is instead an unfavorable factor of burnout.
People who work OT adopt AU, which is unhelpful to relieve burnout and instead
sustain high level for PB, WB and CB. In addition. AU is one of reasons for physicians

reporting high PB and WB than others, too.

Work-related factors and burnout

Young or juni ee re; Vi i
2 or junior employee reported lower bumnout level in three burnout scales.
Increased work experience was negatively relevant to burnout. Compared with seld
om
OT, i Vi i
T. medical employee who work OT sustained high level of PB, WB, and CB People
who work shift sustain high PB, WB, and CB than others, but people who work IRS
) vor]
experi
perienced higher PB and WB than those who work regular shift work. People wh
who
work i
vork OT or IRS could experience shorter sleep duration or often report neck or both
or bol
shoulders pain that could further worse PB and WB.
DS was a protective factor of PB, WB, and CB whose protective effect Ited
ct resulte;
f ; .
rom people who have DS work could often engaged in leisure activity with f;
‘ - with family and
friends or had habit of regular exercise weekly (REW), or sufficient sleep
3 eep duration per
day (> as di
Y (> 6 h). There was difference of burnout among professional fields
the main reasons for physici i onimy
T physicians reporting high PB and WR than oth,
1S were AU, OT,
and lack of sleep. Physicians and iy
nurses reported high CB than othi
ers. Physicians have

powerful professional authori i use ma]
1y to patient than nurses that ca
I kedly high-level
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CB for nurses compared with physicians.

Physical health and burnout

Compared with people without CD, people who reported suffered at least one CD
sustained significantly high burnout level in personal and work-related burnout scales.
There was dose-response between MS pain (neck and both shoulders pain (NBSP), both
ankle pain (BAP), and both knee pain (BKP)) and PB or WB, however, CB was only

relevant to NBSP. The one of reasons for nurses sustained high CB was NBSP.

‘Work-related injuries and burnout

CD, AU, SSLD, work OT, IRS work, Nurses, MS pain including NBSP. BAP, and
BKP are unfavorable factors for WRIs. Burnout is also closely relevant to these
unfavorable factors and mediated bridges in these risk factors and WRIs, too. Slsis one
of WRIs for medical staff common and there are almost same risk factors with WRIs
except to Nurse professional field and BAP. In addition. burnout plays mediated roles

in risk factors and SIs, too.

Finally, summarized present study’s results with tvo Figures which is presented

in Figure 1 and Figure 2 that are very valuable to preventing burnout and work-related

injuries.

Suggestions
Burnout impacts every medical employee and causes hugely hidden loss for
personal, family. and institutions. More important, it could harm patient safety.

should ployees to

Regarding preventing burnout, medical i

and positively engage in LAFF and keep regularly
S5

parent-child i
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exercise after getting off work is necessary. The courses of quit alcohol use should be
armanged o staff and avoid long workhours, OT, and irregular shift. In addition, the
problem for physician on alcohol use, sleep, and overtime work should be paid attention
much more. Based on the markedly relationship between burnout and MS pain,
employee relief plans (including resource or education courses) of neck and bol};
shoulders pain should be supplied.

Poor personal health, bad living habits damage mental health and further causes
mjuries in workplace. It represents the prevention plans for WRIs and Sls should
include the work plan for the high-risk identification of burnout to carly find the high-

risk employee fi i
ployee for work injuries and relieve burnout symptoms, and effectively red
cduce

the incidence for WRIs/SIs.

4.2 Evaluation

The present study is 3
present study is 3rd research plan for SIs and burnout, which was approved
5 approve

Y the Institutional Review Board of Chung Shan Medic: University Hospital on Au;
b; N Review Chung dical ersity P! g

23, 2021 (CSMU ; -21108) whose license w: n Appendix A. The first
{t 1 NO: CS1-211 ) icense was on Appendix

rescarch was approved by the Institutio al R w Board of Chun, edic:
h by the Institution eview
g Shan Medical

University Hospital on December 2, 2019 o Whose license an
pital s (CSMUH N, : CS19137) whose | d

published IX an o1
bl manuseript by journal  were on  Append B d d
.

10.12998/wjcc.v9.i 937. T W s, OT work
998/wj 1135.10937. That was focus on the rcla(icnship among ST
and healthy body wei i vy ¢ nl 1,om \\ VaS’
ly weight. The result indicated heay overtime work (>80 h/
associated with needle and SIs ri c al \\olrk) ‘()l
Is risk. Com i
pared with thy y
. ‘ present study that wi
sustained high SIs, both re- were c Howev e S
Sls, sults were consistent
- However, w indi
i g ; > We must indicate there i
crence in Sls definition and sam C TOI he
diff Sls def ple collected come y
) from diffe
l b, ‘ illerent years,
clinition o n CS19137 was at le: notified ho: n
defis f NS 9137 ast one NSI notifj, i Y
spital by emplo i
ec i

past one year (yes/n
yes/no), but the present study was SIs oceurr
2 ence frequency (always
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Joften / sometimes / seldom /never) in past year for employee's self-reported
questionnaire. The self-reported advantage is the sample size could be extended, which
could reduce the problem for employee not notifying hospital for sharps injuries.
Therefore, we changed the method of collected data to self-report of participants.
The second rescarch was approved by the Institutional Review Board of Chung
Shan Medical University Hospital on July 22, 2020 (CSMUH No: CS19150) whose
license and published manuscript by journal were on Appendix C and doi:
10.12998/wjce.v9.i25.7391. The study had added new theme for burnout and more new
variables. 1t demonstrated burnout was determined to contribute to Sls occurrence;
specifically, burnout mediated the relationships of SIs with frequent MS pain, work OT,
and IRS work. Despite second study's Sls is categorical variables and the present study's
Sls is continuous variable which is occurrence frequency of Sls. both conclusions are
still consistency. In addition, a new variable CB measured by client burnout scale was
added to present study and could sufficiently illustrate the profile of burnout than
previous studies. Same to PB and WB. CB mediated the relationships of Sls with
frequent MS pain, work OT, and IRS work, too. The present study also found burnout
was a mediated factor in Sls and CD, or AU, or SSLD. The second research CS19150
illustrated there was significant difference of burnout among WE rank, occupation
groups, drinking in past month, sleep duration ranks, exercise per day, chronic discase,
overtime work ranks, and work schedule classes that were consistent with the present
study. Our study has special, interesting, and important new finds compared with
rescarch CS19150 that people who married or parenting or people engage in leisure
activities with family or friends in vacation time sustained low level for work-related
burnout.

The present study adopted mediation analysis could further find the reasons for

fferent from other studies that only explored the association between risk
57

burnout that dil
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factors and bumout by multiple linear regression method. Burnout is closely Televan
to WRIs and Sls which is seldom mentioned in other studies. In addition, marrieq and
parenting was associated with burnout were interesting discoveries. Despite parenthoog
itself worsens PB, it instead relieves WB and CB. This leads to an interesting Point thy,
successful family live and successful career is not necessarily conflict in mental healypy
that is a new find that is seldom mentioned in past studies, too. A find seldom mentioned
in other studies that leisure activity with family and friends is favorable for relieved
bumout and even reduces occurrence for WRIs/SIs.

Except to the association between neck/shoulders pain and burnout have beep
determined in present study, we also determined burnout is a key that workplace factors

such as work OT and IRS work cause specific body pain.

4.3 Limitation

I)C, 1te Ay X C 1 1
spite we have got excellent and significantly results for the relationship betwee
n
burnout and marri 1 i
d married or parenting, the duration of marriage and the child’s age are lack
ack.
We don't det 3 g 1 It
ermine whether long marriage relationship will cause burnout to sustain?

Whether wi ! i
cr will parent’s burnout gradually relieve by adulthood of children? These could

cause interference to study's results. LAFF was as an index for successful family role

seem to be insufficient whi
nt which should seck more rigorous questionnaire to strengthen

measured index. i
Although  sex-dominated occupations  could affect burnout

development for men or women in our study and other studie
S s, The proportion of men
. 5 .

T Wwomen is as a basis of determined sex-dominated occupations is not sufficient in
present study. Therefore, we should collect more variables (such as supervisor position
or pressure of sexism) to determine this result. The types of occupational injuries ar

- . . ‘
multiple which could have different occurrence reasons, The pre
g - the present study only adopted

to include these injuri € cannol W
juries. Therefore, wy
t know the relationship

doi:10.6834/csmu202200004

between other different injuries and burnout. Despite we have determined a specific

injuries Sls are closely relevant to burnout, we cannot determine other injuries (such as
falling, slipping and cutting) are relevant to burnout, too. The present study’s data

collected didn’t include department information for participants, that could cause

results to be interfered by work style or type. In addition, workload for particip and
frequency of contact with patients or visitors are not be included in the present study
which could not truly reflect busy condition for employce despite work OT had be

included.

4.4 Future Work
This study was performed in the context of the coronavirus disease 2021

s

| than the non-

pandemic, which may have been more d on medical p
pandemic period. Therefore, a similar study that assesses the regular work conditions
and exposure of health care workers during the non-pandemic period should be
replicated and compared with the result of the pandemic period. In addition, this study
is a cross-section study that unable to capture the progress and changes of participants
or environment. We have planned to conduct a series questionnaire about burnout for
same group in the next few years which will be favorable for prospective cohort study.
New questionnaires for social support, family relationship and parent burnout will be

orkplace bullying survey also will be added

adopted by reviewing Ii and
which will be contributed for further exploring new reasons for burnout. In Taiwan,
care of elderly parents is a common problem that adult children must face. Therefore,
raising elderly parents’ options should be added in questionnaire to future explore the

relationship between burnout and raising elderly parents.
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6. Tables

Table 1 The b

Basic variables

Sex

Women

Men

Married state

Married

others

Raising the child

without child

one child

two children

three children

over three children
Leisure activities with family or friends
always

often

sometimes

scldom

never

Exercise frequency
Atleast once a day

At least once a week

At least once a month
Less than once a month
Never

Frequency for drink coffee
2t least two cups a day (100 points)
W0 cups a day (75 points)
one cup a day (50 points)
sometimes (25 points)
never (0 points)

Alcohol use in o month

74

asic variables descriptions for all 1250 participanyg

subjects  proportiop ”
1016 81.28
234 18.72
612 48.96
638 51.04
697 55.76
185 14.80
307 24.56
57 456
4 0.32
78 6.24
383 30.64
592 47.36
186 14.88
1 0.88
126 10.08
585 46.80
226 18.08
244 19.52
69 5.52
16 1.28
47 3.76
444 3552
520 41.60
223 17.84

doi:10.6834/csmu202200004

everyday
occasionally
never
Sleep duration per day
less 5 hours
between 5 and 6 hours
between 6 and 7 hours
between 7 and 8 hours
above 8 hours
Work experience (10.88+9.51)
less 1 years
1-5 years
5-10 years
10-15 years
15-20 years
20-25 years
25-30 years
over 30 years
Education degree
Below high school
Bachelor
Master
PhD
Work OT per month
>80h
45-80 h
<45h
seldom
Shift work schedule
Irregular shift work
regular shift work
Night shift work
Day shift work
Professional field
Attending physician
Resident physician
Nurses
Respiratory therapist
75

470
776

46
435
558
180
31

162
356
169
199
125
142
41

w
@

985
171
39

43
411
791

154
165
142
789

0.32
37.60
62.08
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oble 4 The association between burnout and MS pain
The unary linear regression coefficient ¢
NBSP 821" 649™ vl
. e 1497 0.92
220" 157" 1.19

PR —- T S
T Pp<00s;”, P<00L: ** p<0.0001:c. the linear regression coefficient of Ms pain

against burnout.
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Table 5 The linear regression models of three burnout scales

The linear regression coefficients (c)

Main effectDV PB WB CB

ULR MLR' ULR MLR'  ULR MLR'
WE 001 04" 0197 0017 0147 =001
Parenthood -0.30 241°7 . -419"" " 138 5027 -3.00"

1.00 1.00 1.00 1.00 1.00
w0067 016 009 0.4 0087

Not parenting 1.00

LAFF -0.13

SSLD NS 42T esat T angT o 3maE Rl
SLD > 6h 1.00 1.00 1.00 1.00 1.00 1.00
Working OT Tosa 601 950l 6181 6515 395
Seldom working ~ 1.00 1.00 1.00 1.00 1.00 1.00
oT

IRS work 776 332 84Tt 3977 6057 219
RS work 520" 400" 616 388" 637 3.93"
NS work 3.05 117 436" . - 127 S31F 143
DS work 1.00 1.00 1.00 1.00 1.00 1.00
Physician 017 7757 994 7697 6077 401 ;
Nurse 001 5297 838" 444 7747 465
PTs 295" 343" 242 352" 220 3.06°
ADs 1.00 1.00 1.00 1.00 1.00 1.00
NBSP D7 6RET 16 40T ST 33797730931
BAP 150 138" 149" 1337 092 0.81
BKP 209 168y 1T 1360 1.19 1.01

P <0.0001; DV, dependent variable; URL, unary linear

T P<005;",P<0.01:
i - I MRL models adjusted sex. education

Q) - MRL, multiple linear reg!
degree, REW, CD, ever AU and all main effects.

83
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Tuble 5-1 The effect of parenthood against PB affer adjusting single risk facroy

the linear regression coefficien;

AV parenthood effect (AV)
K -0.30
LAFF 0.66 (-0.13""")
SSLD 0.17 (8.12™")
working OT 0.42(10.56™")
IRS work 1.08 (7.99""")
RS work 1.08 (5.51")
NS work 1.08 (3.43%)
Physician 0.97 (10.29°™")
Nurse 0.97 (9.14°")
PTs 0.97 (2.85)
NBSP -1.28(8.32"")
BAP -0.31(1.59")
BKP -0.45 (2317

" P<0.05:7,P<0.01;™", P<0.0001; AV, adjusted variable.

84
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-5

Table 5-2 The effect of sex against WB afier adjusting single risk factor

the linear regression coefficient ¢ of women for WB

AV women vs men AV
Not adjusted 8.42° -
WE -0.11 -0.18"
Parenthood 6.37 -5.05
LAFF 871 -0.20°
SSLD 835" 9.72"
working OT 8.95" 8.83"
IRS work 5.04 8.52
RS work 5.04 15.86™
NS work 5.04 17.66
NBSP -1.85 6.50""
BAP -1.85 047
BKP -1.85 1.88°

* P<0.05;"",P<0.01;"", P<0.0001; AV, adjusted variable.
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CF

-, positive/neg

04

Table 8 Identification of risk factors for WRIs and SIs

IV/DV

Sex

Women

Men

Work experience!
WE

FEducation degree
Master’s degree or
above!

University or
below university
degree’

Marriage state
Married

others

Raising the child
Parenting’

Not Parenting
Engaging in
LAFF'

LAFF

Exercise frequency
REW

Not REW

With CD

Yes

No

The frequency for
drink coffee’
Coffee intake score
Alcohol use habit
in a month

Ever AU

Never AU
Sleeping duration

WRIs

subjects mean+SD ¢

1016
234

1250

210

1040

612
638

553
697

m
539

491
759

474
776

16.61x18.97
15.92+17.19

15.83£17.01

16.61£18.97

16.95+18.91
16.03£18.39

17.04+18.80
16.03+18.53

16.10£18.41
16.98+18.96

19.30£19.45
14.66+17.89

18.41£19.37
15.30=18.10

95

0.69
1.00

0.07

-0.78

1.00

0.93
1.00

1.01

1.00

-0.04

-0.87
1.00

4647

1.00

-0.00

3107
1.00

Sls
mean + SD c

7.19+13.18 222"
9.40+14.91 1.00

- -0.05

6.67£12.36 -1.12

7.79+13.77 1.00

7.19£13.39 -0.80
7.99£13.68 1.00

7.41£13.68 -0.33

7.75+13.44 1.00

= -0.22

7.60£13.74 -0.01
7.61£13.29 1.00

8.66+14.60 1.74°
6.92+12.77 1.00

0.01

9.60+14.73 3:22
6.38+12.62 1.00

doi:10.6834/csmu202200004




’:1? 481 18.76£19.23 3717 9.15:1459 5y
Not SSLD 769 15.05£18.09  1.00 6.63£12.75 109
Experiencing OT

:::kp(:;mm 459 2064:2050 658" 10.40£15.91 443
seldom work OT 791 14071703 1.00 5.97£11.66  1.00
Shift work

schedule®

irregular shift 154 2029:19.76  5.08"  10.88x15.11  4.03*
rtm:lu: shift 165 18.18+22.49  2.97 8.64£14.78  1.79
\'l‘chl shift 142 17.43£18.83 222 7.04£1276  0.20
d.n shift 789 1521£17.36  1.00 6.84+12.99  1.00
Professional field®

physicians 12 14.96:1821  1.26 6.92£1124 037
Nurses 512 19.34£19.59  S.64™" 9031434 175
PTs 28 15.68£17.51 1.9 526£1048  -2.02
ADs 398 13.69+17.68  1.00 72941443 1.00
MS pain’

NBSP 1250 - 590 A 178"
BAP 1250 = 1.78" i 0.39
SKP 1250 - 30 - 1.02°

L P<0.05;",P<001;"

*,P<0.0001; ", They are all continuous variables and are

added to model individually; 2, All dummy variables were added to model at the same

time.
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LFw

risk factor

cD

AU

SSLD
Work OT
IRS work'
Nurst’.s2
NBSP
BAP

BKP

Table 8-1 The impact of burnout against WRJs
the adjusting variable for WRIs
PB WB CB
c ¢! d%) ¢ d%) ¢ d (%)
464" 252" 4569 295" 3642 433" 6.68
310" 137 NC 162 NC 213" 3129
371" 046 NC 093  NC 2700 2722
6587 253" 6155 269" 5902 498" 2432
435" 1712 NC 136  NC 318" 2690
484 226" 5331 227 s30 328" 3223
589" 309" 4754 356" 3956 507" 13.92
178" 114" 3596 114" 3596 153" 14.04
30077 220 2903 244 2129 279" 10.00

* p<0.05;"", P<0.01; ", P <0.0001; c, the linear regression coefficient for risk
f;c\or without adjusting burnout.; ¢’, the linear regression coefficient for risk factor
after adjusting burnout; d(%) = ¢ = ¢'/c x 100; NC, not calculated; ', reference
variable is other participants except to subjects who work irregular shift; %, reference

variable is other participants except (o nurses.
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Table 8-3 The impact of burnou against Ss
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3
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15.80
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1.59°
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2.06™
373"
321*

102 NC 1.16 NC

1.74°

CcD
AU

14.91

36.11
5

26.20

274"
161
328"
2.76

17.39

NC
23.26

266"
147
323
287

300
25"
443"
3747

SSLD
Work OT
IRS work'
Nurses®

29.63
23.60

ST 351391 1582 340 71
46.63
NC NC

0.78
0.71

243"

136"
087

0,95
0.79

NC
NC
, P<0.0001; ¢, the linear regression coefficient for risk

178"
1.02'

NBSP
BKP

factor without adjusting burnout.; ¢’, the linear regression coefficient for risk factor

* P<0.05",P<0.01;""

reference variable is other participants except to subjects who work

1

after adjusting burnout; d(%) = ¢ — ¢"/c x 100; NE. not estimate; NC, not
irregular shift. 2, reference variable is other participants except to nurses.
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7. Figures

Figure ] Development and impacting factors of Burnout
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Abstract: Previous research has demonstrated that chronic diseases can occur due to musculoskeletal
(MS) pain and poor sleep. It is also worth noting that the caffeine in coffee can reduce overall sleep
duration, efficiency, and quality. Thus, the present study examines the effects of frequent coffee
drinking (two cups per day) on individuals experiencing MS pain and a lack of sleep during the
COVID-19 period. This observational and cross-sectional study recruited 1615 individuals who
completed the self-reported (Nordic musculoskeletal) questionnaire. Long-term, frequent coffee
drinking and a sleep duration of less than 6 h per day were significantly associated with neck and
shoulder pain among healthy individuals. The mediation model demonstrated that the shorter sleep
duration and drinking multiple cups of coffee per day had a two-way relationship that worsened
such pain over the long term. Specifically, individuals who experienced such pain frequently drank
multiple cups of coffee per day, which, in turn, shortened their sleep durations. In summary, long-
term coffee drinking creates a vicious cycle between MS pain and sleep duration. Therefore, the
amount of coffee should be fewer than two cups per day for individuals who sleep less than 6 h per
day or suffer from MS pain, especially neck and shoulder pain.

Keywords: coffee; musculoskeletal pain; sleep; Nordic musculoskeletal questionnaire; neck and
shoulder pain

1. Introduction

Coffee is one of the most popular beverages for people of many ages. It is a complex
chemical mixture that contains caffeine, which is a purine alkaloid that is naturally found in
coffee beans [1] and contributes to its bitterness [2]. Caffeine stimulates the central nervous
system, which can increase alertness, blood circulation, and respiration [3]. However,
caffeine has biphasic effects, i.e., lower doses can provide some behavioral stimulation,
whereas higher doses can lead to anxiety, aversion, irritability, and discomfort [4]. Despite
clinical studies demonstrating the adjuvant analgesic effects of caffeine [5], long-term
coffee drinking can negatively affect health and musculoskeletal (MS) pain. In health,
individuals drinking more than five cups of coffee per day can have an increased risk of
myocardial infarction or unstable angina [6]. In MS pain, related research showed that
drinking more than seven cups of coffee per day was associated with a higher risk of knee
osteoarthritis among Korean men [7]. Interestingly, patients with chronic back pain tend to
drink two times as much caffeine as those without such pain [8], whereas individuals with
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chronic daily headaches were generally high caffeine consumers before the onset of such
headaches [9].

MS pain is common in many occupations, and it is one of the main reasons for
long-term sick leave [10]. In the United States, 13% of the total workforce experienced a
loss caused by body pains, with lost productive time costs estimated at USD 61.2 billion
annually [11]. Although different occupations can affect MS pain at various anatomical
sites and have diverse risk factors [12], a recent study in the Netherlands showed that the
top three self-reported MS pains include lower-back pain, shoulder pain, and neck pain [13].
In addition, previous studies have demonstrated that work hours [14,15], occupational
stress [16,17], alcohol consumption [18-21], sleep duration [22-24], exercise habits [25], and
chronic diseases [26,27] contribute to MS pain.

Poor sleep quality is a common health problem among medical staff [28,29]. Re-
duced sleep duration and poor sleep quality have become more common during the past
decades [30], leading to poor health outcomes [31] and even increased mortality [32]. De-
spite the recommended minimum sleep duration of 7 h per night for healthy adults, only
25% of adults achieve this amount [33]. Notably, lack of sleep can lead to impaired daytime
function [34], increased occupational injury [35], and reduced productivity [36].

Overall, a close relationship was found between sleep and MS pain. For instance,
because sleep problems can significantly reduce pain tolerance [37], individuals with
chronic pain are more likely to experience insomnia [38]. Caffeine in coffee can also reduce
total sleep duration, efficiency, and quality [39]. In addition, frequent consumption of
caffeinated drinks can negatively affect habitual sleep duration [40].

From a micro and physiological perspective, adenosine is a purine nucleoside and a
ubiquitous endogenous neurotransmitter that signals through four receptors (A1R, A2AR,
A2BR, and A3R) in the brain to inhibit arousal and increase drowsiness [41]. Among
these four receptors, A1R may be related to pain-sensing neurons [42]. Some evidence
has demonstrated that AIR activation can produce antinociception of postoperative [43],
neuropathic [44], and inflammatory [45] pain. In this regard, one study of mice found that
acupuncture causes the release of nucleotides and adenosine to relieve pain [46]. However,
these antinociceptive effects can be blocked by caffeine [47]. Notably, individuals with
chronic insomnia were found to have reduced adenosine [48]. Moreover, impaired sleep
significantly increases the risk of reduced pain tolerance [39]. These results suggest that the
effects of caffeine on adenosine could play a pivotal role in pain development. Based on
previous research, we propose the following hypotheses:

Hypothesis 1: Coffee intake is significantly associated with increased risk of MS pain.
Hypothesis 2: Individuals with shorter sleep durations are more susceptible to MS pain.

Hypothesis 3: Coffee intake could lead to a vicious circle between lack of sleep and MS pain.

2. Materials and Methods

This observational and cross-sectional study was initially conducted from a hospital
affiliated with a medical university in Taichung, Taiwan, from March to April 2021. All
2531 healthcare workers who had served for one year in the hospital were distributed a QR
code for a Google Forms-linked questionnaire by email. Among them, 1633 (64.52%) indi-
viduals completed the self-reported questionnaire, after which 1615 (63.81%) were deemed
valid after those with missing data were excluded. Specifically, we used questionnaires,
including the Nordic musculoskeletal questionnaire (NMQ), to obtain the participants’
basic demographic variables, family factors, living habits, work, physical health, and MS
pain. The study protocol was approved by the Institutional Review Board of Chung Shan
Medical University Hospital on 25 August 2021 (No: C51-21108).

This study adopted the NMQ, modified and translated by the Taiwan Institute of
Occupational Safety and Health [49], to survey the presence of pain attributable to work-
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related factors in the preceding year. The pain sites on the NMQ were classified as the
neck, left or right shoulder, upper back, waist or lower back, left or right elbow, left or right
wrist, left hip/thigh/buttock, right hip/thigh /buttock, left or right knee, and left or right
ankle. The options for the frequency of each pain site were every day, once a week, once
a month, once every half a year, and at least once every half a year, scored as 100, 80, 60,
40, and 20 points, respectively. Factor analysis was also adopted in the NMQ to determine
the underlying variables that could effectively explain most of the questionnaire items.
Through varimax rotation, the standardized scoring coefficients constituted new factor
loadings and were defined according to their corresponding significance. The new factors
that featured vector values exceeding 1 were retained according to the principle proposed
by Hair et al. [50].

In the questionnaire, the basic response options included male or female for gender;
age; “married” or “other” for marriage; and “without child,” “one child,” “two children,”
“three children,” and “more than three children” for having children. The survey also asked
if the participants engaged in leisure activities with family /friends during vacation time.
The response options included “always,” “often,” “sometimes,” “seldom,” and “never.’
Regarding their education, the response options were “master’s degree or above” and
“university degree or below,” while the response options for self-reported sleep duration
per day included “less than 5 h,” “between 5 and 6 h,” “between 6 and 7 h,” “between
7 and 8 h,” and “more than 8 h.” As for their coffee intake per day, the response options
were “more than 2 cups per day,” “2 cups per day,” “1 cup per day,” “occasionally,” and
“never.” Regarding their alcohol use, the response options included “alcohol use in a
month” and “no alcohol use in a month,” while the response options were “yes” and “no”
for exercising at least once a week. As for their overtime work, the response options were
“seldom,” “fewer than 45 h per month,” “45 to 80 h per month,” and “more than 80 h per
month,” while “irregular,” “regular,” “night,” and “day” were the response options for
shift schedules. Finally, the participants were classified as physicians, nurses, professional
and technical personnel, and administrative staff. They were also asked about the presence
of chronic diseases. In this regard, the presence of one or more diseases was classified as a
“yes” response.

Regarding the statistical methods, factor analysis [50] was adopted for the NMQ to
determine new underlying variables, while a t-test or one-way ANOVA was adopted to
examine the differences between the continuous variables. Additionally, a chi-square test or
Fisher’s exact test was conducted to determine the significant differences in the categorical
variables, while simple/multiple linear or logistic regression was used to examine the
correlation between the dependent variable (DV) and the independent variable (IV), in the
absence (or presence) of the controlled variables. The mediation effects among the IV, DV,
and mediator were based on the following strategy proposed by Baron and Kenny [51]: 1)
in the presence of the first-stage effect, the IV significantly affects the mediation factor; 2) in
the absence of the mediation factor, the IV significantly affects the DV; 3) in the presence of
the second-stage effect, the mediation factor has a significant effect on the DV; and 4) the
effect of the IV on the DV weakens upon the addition of a mediation factor in the model.

A mediation model suitable for combining the categorical and continuous variables
was developed by lacobucci (2012) [52]. The formulas are as follows:

If the mediation factor and dependent variables are continuous variables, then the
original formula of the Sobel test is applicable:

a a 7

7o

B axb
V%542 + a%sy?

If the mediation factor or dependent variables are categorical variables, then the
original formula of the Sobel test is rederived into a new formula:
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Z ediation (Zm) =

Among them, a is the simple linear or logistic regression coefficient for the independent
variable against the mediation factor, while b is the regression coefficient for the mediation
factor against the dependent variable in the binary linear or logistic regression model.
Additionally, s, and s, represent the standard deviations of 4 and b, respectively, while
the results exceeding 11.961, 12.571,and 13.90| (for the two-tailed test) are significant at
o =0.05, 0.01, and 0.0001, respectively. In this study, the analyses were performed using
SAS Enterprise Guide 7.1 software (SAS Institute Inc., Cary, NC, USA), and the significance
was set at p < 0.05.

3. Results

Regarding the detailed description, the description of the basic demographics, sleep
duration per day, and coffee intake of 1615 participants are shown in the Supplementary
Information Tables S1-S3. The results demonstrated that marriage (p = 0.016), engaging
in leisure activities with family/friends (p < 0.0001), coffee intake per day (p < 0.0001),
exercise at least once a week (p = 0.008), overtime work in a month (p < 0.0001), shift
schedules (p < 0.0001), and profession (p = 0.005) were associated with sleep duration per
day. In addition, gender (p = 0.024), age (p < 0.0001), marriage (p < 0.0001), having children
(p < 0.0001), education (p < 0.0001), alcohol use (p < 0.0001), exercise at least once a week
(p = 0.002), and profession (p = 0.001) were related to coffee intake.

Table 1 illustrates that the common pain sites included both shoulders (43.09%), neck
(36.22%), waist or lower back (27.93%), and upper back (16.90%). According to the principle
proposed by Hair and Anderson (1995) [50], Factors 1 and 2 were retained because their
vector values exceeded 1. In addition, the factor loadings were converted into standardized
scoring coefficients through varimax rotation. The relatively large factor loading values for
Factors 1 and 2 corresponded to the neck and both shoulder pain and both ankle pain sites,
respectively. Thus, Factors 1 and 2 were redefined into two new variables: the neck and
both shoulder pain (NBSP) score and the both ankle pain (BAP) score.

Table 1. MS pain sites and factor analysis of the NMQ.

MS Pain Sites N % Score Factor Loading
Mean + SD Factor 1 Factor 2
Neck 585 36.22 26.76 + 37.64 0.33 —0.02
Left shoulder 325 20.12 15.07 & 31.62 0.33 -0.01
Right shoulder 371 22.97 17.64 4+ 33.89 0.33 0.02
Upper back 273 16.90 12.90 £ 29.77 0.17 0.00
Waist or lower back 451 27.93 20.20 + 34.72 0.08 —0.04
Left elbow 70 4.33 3.29 + 16.26 —0.05 —0.04
Right elbow 113 7.00 5.33 4+ 20.43 —0.04 —0.04
Left wrist 77 4.77 3.72 +17.38 —0.05 0.00
Right wrist 162 10.03 7.51 + 23.66 —0.03 —0.03
Left hip/thigh/buttock 67 4.15 3.12 + 15.64 —0.05 —-0.07
Right hip/thigh/buttock 68 4.21 3.17 £15.83 —0.02 —0.04
Left knee 80 4.95 3.78 +16.98 —0.05 —0.07
Right knee 88 5.45 4.17 +18.05 —0.02 —0.04
Left ankle 29 1.80 1.26 +10.10 —0.02 0.49
Right ankle 25 1.55 1.10 +9.58 —0.02 0.54
Eigenvalues 493 1.55
Explained variation % 57.59 18.12

N, individuals; %, the proportion of individuals suffering from MS pain.
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According to Table 2, there were significant differences in the NBSP scores for gender
(p < 0.001), age (p = 0.003), marriage (p = 0.003), having children (p = 0.006), education
(p = 0.034), sleep duration per day (p < 0.001), coffee intake per day (p = < 0.001), alcohol use
(p = 0.001), exercise at least once a week (p = 0.001), overtime work per month (p < 0.0001),
profession (p = 0.036), and suffering from chronic diseases (p < 0.0001). There were no
significant differences in the BAP scores among the survey variables, except for education
(p < 0.0001). Regarding the other survey variables, the females obtained higher NBSP scores
than the males (0.04 & 0.93 vs. —0.17 &£ 0.84). Moreover, individuals who were 38-45 years
of age (0.15 & 0.96), were married (0.07 = 0.96), were parents (0.07 &= 0.96), had a master’s
degree or above (0.11 % 0.99), had a sleep duration of less than 5 h (0.26 & 1.04), drank more
than two cups of coffee per day (0.61 £ 1.25), used alcohol in a month (0.10 £ 0.97), had
no weekly exercise (0.09 £ 0.97), worked overtime more than 45 h per month (0.54 & 1.35/
0.44 + 1.14), were nurses (0.08 £ 0.94), or suffered from chronic diseases (0.20 + 1.03)
achieved higher NBSP scores than the others. Simple multiple linear or logistic regression
was also used to examine the correlation between the dependent and independent variables
in the absence (or presence) of the controlled variables.

Table 2. Differences in the frequency of pain among the survey variables.

Score on the Frequency of Musculoskeletal Pain

Mean + SD
Survey Variables Individuals NBSP Score p-Value BAP Score p-Value
Gender
Female 1314 0.04 £0.93 <0.0012 —0.01 £ 0.85 0.643 2
Male 301 —0.17 £ 0.84 0.02 £0.90
Age
Less than or equal to 29 412 —0.11 £ 0.86 0.003 ® —0.00 £ 0.81 0.420°
Between 29 and 38 433 0.01 +=0.90 —0.06 £ 0.41
Between 38 and 45 302 0.15+0.96 0.04 £ 1.01
More than or equal to 45 468 —0.01 £+ 0.95 0.03 £ 1.06
Marriage
Married 779 0.07 £ 0.96 0.003 @ —0.02 £0.79 0.330°
Other 836 —0.07 £ 0.87 0.02 £0.91
Having children
Parents 703 0.07 £ 0.96 0.006 @ —0.00 £+ 0.88 0.914°
Not parents 912 —0.06 & 0.88 0.00 & 0.84
Engaging in leisure activities with
family/friends
Always 102 —0.05 £ 0.89 0.601° 0.00 +0.78 0.764 P
Often 498 —0.04 £0.92 0.03 £ 0.96
Sometime 765 0.03 £0.94 —0.02£0.77
Seldom 238 0.02 £0.87 0.02 £0.93
Never 12 —0.21 £ 0.59 —0.18 £ 0.33
Education
Master’s degree or above 297 0.11 £ 0.99 0.0342 —-0.10£0.24 <0.0001 2
University degree or below 1318 —0.03 £ 0.90 0.02 + 0.94
Sleep duration per day
Less than 5 h 63 0.26 + 1.04 <0.001° 0.29 +1.88 0.069 ®
Between 5and 6 h 563 0.12 £ 1.00 0.01 +£0.91
Between 6 and 7 h 719 —0.06 £ 0.85 —0.04 = 0.68
Between7 and 8 h 232 —0.14 +£0.87 0.01 £0.82
More than 8 h 38 —0.10 £ 0.75 0.01 £0.46
Coffee intake per day
More than 2 cups per day 26 0.61+1.25 <0.001 P —0.17 £ 0.20 0.853P
2 cups per day 70 0.18 - 0.97 —0.03 £ 0.62
1 cup per day 556 0.06 £ 0.95 —0.01 £ 0.88
Occasionally 678 —0.04 +0.90 0.02 +0.82
Never 285 —0.13 £ 0.81 —0.00 £+ 0.97
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Table 2

Cont.

Score on the Frequency of Musculoskeletal Pain

Mean + SD
Survey Variables Individuals NBSP Score p-Value BAP Score p-Value
Alcohol use
Alcohol use in a month 609 0.10 £ 0.97 0.001 2 0.01 = 0.84 0.857 @
No alcohol use in a month 1006 —0.06 4+ 0.88 —0.00 £+ 0.86
Exercise at least once a week
Yes 933 —0.07 4+ 0.87 0.0012 —0.01 4 0.80 0.7052@
No 682 0.09 £+ 0.97 0.01 £0.93
Overtime work in a month
More than 80 h 5 0.54 +1.35 <0.001 " —0.25 + 041 0.587b
45-80 h per month 54 044 +1.14 0.04 = 1.46
Fewer than 45 h 502 0.09 £ 0.96 0.04 = 1.46
Seldom 1054 —0.07 + 0.87 —0.02 £ 0.73
Shift schedules
Irregular shifts 192 0.16 = 1.05 0.0752 —0.06 = 0.49 0.4452
Regular shifts 196 —0.04 £ 091 0.02 +£0.88
Night shifts 166 —0.05 4+ 0.84 0.08 =1.13
Day shifts 1061 —0.15 + 0.91 —0.01 £+ 0.85
Profession
Physicians 138 0.03 & 1.01 0.036 ° —0.01 £+ 0.80 0.889 P
Nurses 613 0.08 +0.94 0.02 £+ 1.00
Professional and technical personnel 283 —0.06 = 0.84 —0.02 £ 0.59
Administrative staff 581 —0.06 £ 0.90 —0.01 £ 0.82
Suffering from chronic diseases
Yes 638 0.20 = 1.03 <0.0001 2 0.04 =1.16 0.1954
No 977 —0.13 £ 0.81 —0.03 £+ 0.57

Note: SD, standard deviation; @ ¢ test; P one-way ANOVA; NBSP, neck and both shoulders pain; BAP, both
ankles pain.

Since the number of individuals with a sleep duration of less than 5 h per day was
only 63 (Table 2), the variables of sleep duration of less than 5 h per day and sleep duration
between 5 and 6 h per day were combined into a new variable: sleep duration of less than
6 h per day (SLD < 6 h). Furthermore, since the number of individuals who drank more
than two cups of coffee per day was only 26, the variables of drinking more than two cups
of coffee per day or drinking just two cups of coffee per day were combined into a new
variable: drinking multiple cups of coffee (MCC) per day.

As shown in Table 3, which presents the effects of sleep duration per day and drinking
MCC per day on NBSP, drinking MCC per day was significantly associated with an
increased level of NBSP in the simple or multiple linear regression models (B = 0.32,
p =0.001; 0.23, p = 0.016), while SLD < 6 h was significantly associated with an increased
level of NBSP in the simple or multiple linear regression models (B = 0.21, p < 0.0001; 0.15,
p = 0.001). The results in Table 3 confirm Hypotheses 1 and 2 (illustrated in the introduction),
that coffee intake (more than two cups per day) and a shorter sleep duration (less than 6 h
per day) are associated with MS pain (especially neck and both shoulders pain).

Finally, this study used mediation analysis to determine the existence of a mutual
relationship between coffee, MS pain, and sleep. Figure 1.1 demonstrates that drinking
MCC per day mediated the effect of SLD < 6 h on increased levels of NBSP (Z, = 2.27,
p < 0.05). Lack of sleep (<6 h) also caused individuals to drink more coffee per day, which
led to more frequent neck and shoulder pain. Figure 1.2 illustrates that SLD < 6 h mediated
the effect of drinking MCC per day on increased NBSP (Z, = 2.95, p < 0.01). Overall,
Figures 1 and 2 demonstrate that long-term coffee drinking and lack of sleep can further
increase the occurrence of neck and shoulder pain.



J. Pers. Med. 2023, 13, 25

7 of 13

Table 3. Effect of SLD and drinking MCC per day on NBSP.

Unstandardized Linear Regression Coefficient (B) for NBSP

Simple Regression Multiple Regression!
Main Effect B SE p B SE p
Drinking MCC per day 0.32 0.10 0.001 0.23 0.10 0.016
SLD < 6 h per day 0.21 0.05 <0.0001 0.15 0.05 0.001

SE, standard error; B, unstandardized linear regression coefficient; 1 model was in the presence of adjusted
variables, including gender, age, marriage, having children, education, alcohol use, exercise, overtime work,
profession, and suffering from chronic diseases.

a=0.99"" b=027

sa=0.22

I: SLD < 6 hours; M: MCC per day; D: NBSP

Figure 1. Mediation effect of MCC per day on SLD < 6 h and NBSP. * p < 0.05; **p < 0.01; *** p < 0.0001;
M, mediation factor; I, independent variable; D, dependent variable.

I: MCC per day; M: SLD < 6 hours; D: NBSP

Figure 2. Mediation effect of SLD < 6 h on MCC per day and NBSP. ** p < 0.01; *** p < 0.0001; M,
mediation factor; I, independent variable; D, dependent variable; c is the simple linear or logistic
regression coefficient for the independent variable against dependent variable in the absence of
mediation factor; ¢ is the binary linear or logistic regression coefficient for the independent variable
against dependent variable in the presence of mediation factor; a is the simple linear or logistic
regression coefficient for the independent variable against the mediation factor; b is the regression
coefficient for the mediation factor against the dependent variable in the binary linear or logistic
regression model; s, and s;, represent the standard deviations of 2 and b.
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Figure 3 adopts SLD < 6 h and NBSP as dependent and independent variables for the
mediation model, respectively. Based on the findings, drinking MCC per day mediated
SLD < 6 h and increased NBSP (Z, = 2.5, p < 0.05). Specifically, individuals who suffer from
neck and should pain tend to drink coffee to cope with such pain. However, it eventually
decreases their sleep duration per day. Figures 1-3 confirmed Hypothesis 3 and determined
that coffee intake (more than two cups per day) really opens the vicious circle between lack
of sleep (less than 6 h per day) and MS pain (especially neck and shoulders pain).

I: NBSP; M: MCC per day; D: SLD < 6 hours

Figure 3. Medjiation effect of MCC per day on NBSP and SLD <6 h. *p <0.05; **p < 0.01; ***p <0.0001;
M, mediation factor; I, independent variable; D, dependent variable; c is the simple linear or logistic
regression coefficient for the independent variable against dependent variable in the absence of
mediation factor; ¢ is the binary linear or logistic regression coefficient for the independent variable
against dependent variable in the presence of mediation factor; a is the simple linear or logistic
regression coefficient for the independent variable against the mediation factor; b is the regression
coefficient for the mediation factor against the dependent variable in the binary linear or logistic
regression model; s, and s;, represent the standard deviations of 2 and b.

4. Discussion

The present study confirms three hypotheses and determined that long-term heavy
coffee intake (two cups per day) and a shorter sleep duration (<6 h per day) are associated
with neck and shoulder pain. Notably, long-term heavy coffee intake plays a mediating
factor in the vicious circle between shorter sleep duration and neck and shoulder pain. In
addition, alcohol use, the lack of regular exercise at least once a week, overtime work in a
month, and the presence of chronic diseases were significantly associated with pain in the
neck/shoulders or ankles.

Related studies have illustrated that reduced alcohol use [18-21], physical activity [21],
and fewer work hours [14] could reduce the risk of MS pain. In addition, individuals with
chronic diseases [26,27] have a high risk for MS pain. These risk factors are consistent with
our findings.

A literature review on healthcare workers demonstrated that MS pain occurred pri-
marily in the lower and upper back, neck, and shoulders [53]. Our study found that the
common pain sites were the shoulders (43.09%), neck (36.22%), waist or lower back (27.93%),
and upper back (16.90%), which was consistent with the findings of a previous study.

Only 25% of adults achieve the recommended minimum sleep duration of 7 h per
night for healthy adults [39]. However, only 16.72% of healthcare workers in the present
study satisfy the 7 h sleep condition, as shown in Table 2. Therefore, the lack of sleep could
be a common problem among healthcare workers in Taiwan, and this should be noted and
further explored.
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4.1. First Hypothesis: Coffee Intake Is Significantly Associated with an Increased Risk of MS Pain

Previous studies have found that individuals with a high caffeine intake (4-12 cups/day)
had more severe pain than those with a low (0.25-1.5 cups/day) or moderate (2-3.5 cups/day)
caffeine intake [54]. In addition, men who drink more than seven cups of coffee per day
have an increased risk of knee osteoarthritis [7]. Our study determined that among healthy
individuals, long-term drinking of more than two cups of coffee per day was associated
with frequent neck and shoulder pain (Table 3, B = 0.23, p = 0.016). Since the half-life of
caffeine is approximately 4 h [55], drinking two or more cups of coffee per day can reach
the threshold of caffeine’s effect on MS pain, depending on one’s genetics [56]. Based on
these results, we can confirm our first hypothesis.

4.2. Second Hypothesis: Individuals with Shorter Sleep Durations Are More Susceptible to
MS Pain

Evidence suggests a close link between short sleep durations and impairments in
several physiological responses, including pain [57]. A study on middle-aged adults in
the U.S. demonstrated that a sleep duration of <6 h was associated with greater next-day
pain [58]. In addition, individuals who reported >6 h of sleep were more likely to have
improved pain conditions [59]. Our study found important evidence that sleep duration
was associated with MS pain at specific sites. Individuals with sleep durations of <5 or 6 h
tend to experience more neck and shoulder pain than others (Table 2; mean = 0.26 £ 1.04,
0.12 & 1.00). Table 3 shows that a sleep duration of <6 h per day was significantly associated
with increased neck and shoulder pain in the multiple regression model (B = 0.15, p = 0.001).
These results confirm our second hypothesis.

4.3. Third Hypothesis: Coffee Intake Could Lead to a Vicious Circle between Lack of Sleep and
MS Pain

A previous study showed that individuals who reported a sleep duration of <6 h
consumed 3.6 times more caffeine per day than those who reported a sleep duration of
>8 h [40]. Our study of healthcare workers found that individuals who reported a sleep
duration of <6 h consumed 2.69 times (Figure 1.1, = 0.99, odds ratio = €0.99 = 2.69,
p < 0.0001) more caffeine per day than those who reported a sleep duration of >6 h. This
close relationship between sleep duration and coffee intake indicates a causal relationship
between sleep duration, NBSP, and coffee intake.

The mediation model in Figure 1.1 demonstrates that individuals who had shorter
sleep durations tended to drink multiple cups of coffee, which can lead to increased MS
pain (Zm = 2.27, p < 0.05). In addition, the mediation model in Figure 1.2 shows that
individuals who chronically drink multiple cups of coffee generally experience shorter
sleep durations and increased MS pain (Zm = 2.95, p < 0.01). These mediation models
regarding coffee intake, MS pain, and sleep duration show that long-term heavy coffee
intake (more than two cups per day) plays a mediating role in the two-way association
of sleep duration <6 h and NBSP. Specifically, long-term heavy coffee intake will induce a
vicious circle of sleep and neck and shoulder pain. These results are consistent with our
third hypothesis.

This study has several limitations. First, we used the number of cups to measure
the degree of caffeine intake per day. However, this is not an exact measurement method
because cups have different volumes. Second, different coffee-brewing methods can lead
to varied caffeine concentrations and errors in the dose-response of caffeine on MS pain.
However, we believe that the differences in volume and caffeine concentration can be
overcome. In addition, caffeine’s effect on MS pain reaches the threshold depending on
one’s genetics [56]. Therefore, the threshold of more than two cups of coffee per day
might not be suitable for other countries or races. Additionally, since sleep duration and
sleep quality are subjective, future research should adopt other scales to measure sleep-
related issues. Third, MS pain can be the result of workloads, work styles, or posture.
Unfortunately, our study did not collect such data in the regression models. Fourth, the
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effects of caffeine on individuals can be associated with genetics [56] and nationality. For
example, the effects of coffee intake on MS pain in Europeans or Americans may differ
from our results because our participants were Taiwanese.

Despite the adjustment for sex in the multiple linear regression, the results of the
present study could be better suited to women because female participants accounted for
>80% of the study population. Regarding the sex difference in MS pain, it could be caused
by estrogen and progesterone. For instance, testosterone, the major male sex hormone,
protects men from chronic MS pain [60]. Because the study population only included
physicians, nurses, professional and technical personnel, and administrative staff, we
added “healthcare workers” in the title to limit the applicability to occupational groups.

Notably, we could determine whether high work stress or emotional exhaustion caused
by the pandemic affected the findings; thus, a similar study during the nonpandemic period
should be replicated, and its results compared with those from the pandemic period. Finally,
the mediation models in our study could be biased [61] because the relationship was based
on a higher risk of judgment. Therefore, we excluded the phrase “causal relationship” to
avoid confusion.

5. Conclusions

The present study determines that keeping good living habits (such as decreased
alcohol use, regular exercise a week, and sufficient sleep), maintaining physical health
(such as staying away from chronic diseases), and avoiding overtime work are ways to
lower the risk of MS pain. We further examined the effects of frequent coffee drinking
on individuals experiencing MS pain and lack of sleep. Based on the results, neck and
shoulder pain was the most common among the healthcare workers. In addition, a sleep
duration of less than 6 h and drinking more than two cups of coffee per day increased the
occurrence of such pain, while controlling for other risk factors. Notably, long-term heavy
coffee drinking created a vicious cycle between neck and shoulder pain and sleep duration
of less than 6 h. The implication of the findings is that individuals who sleep less than 6 h,
or who suffer from neck and shoulder pain, should limit their coffee intake to two cups
per day.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jpm13010025/s1, Table S1: the description of basic demography
of 1615 participants; Table S2: The description of sleep duration per day for all individuals; Table S3:
The description of coffee intake per day for all individuals.

Author Contributions: Conceptualization, Y.-H.C. (Yong-Hsin Chen), T.-Y.Y. and G.-PJ.; methodology,
Y.-H.C. (Yong-Hsin Chen), T.-Y.Y. and G.-PJ.; data curation, Y.-H.C. (Yong-Hsin Chen), T.-Y.Y. and
G.-P].; formal analysis, Y.-H.C. (Yong-Hsin Chen) and Y.-H.C. (Ying-Hsiang Chou); resources, Y.-H.C.
(Ying-Hsiang Chou); supervision, T.-Y.Y. and G.-PJ.; writing—original draft preparation, Y.-H.C.
(Yong-Hsin Chen); writing—review and editing, T.-Y.Y. and G.-PJ. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocol was approved by the Institutional Review
Board of Chung Shan Medical University Hospital on 25 August 2021 (No: C51-21108). All of the
procedures were performed in accordance with the relevant guidelines and regulations.

Informed Consent Statement: Informed consent was obtained from all of the participants.

Data Availability Statement: The original contributions presented in this study are included in the
article/Supplementary Material. Further inquiries can be directed to the corresponding author.

Acknowledgments: This work was supported by the Department of Public Health at Chung Shan
Medical University and the Department of Occupational Safety and Health at Chung Shan Medical
University Hospital.

Conflicts of Interest: The authors declare no conflict of interest.


https://www.mdpi.com/article/10.3390/jpm13010025/s1
https://www.mdpi.com/article/10.3390/jpm13010025/s1

J. Pers. Med. 2023, 13, 25 11 of 13

References

1.  Mazzafera, P; Silvarolla, M.B. Caffeine content variation in single green Arabica coffee seeds. Seed Sci. Res. 2010, 20, 163-167.
[CrossRef]

2. Farah, A.; Monteiro, M.C.; Calado, V.; Franca, A.S.; Trugo, L.C. Correlation between cup quality and chemical attributes of
Brazilian coffee. Food Chem. 2006, 98, 373-380. [CrossRef]

3. Carrillo, J.A.; Benitez, ]. Clinically Significant Pharmacokinetic Interactions Between Dietary Caffeine and Medications. Clin.
Pharmacokinet. 2000, 39, 127-153. [CrossRef] [PubMed]

4. Fredholm, B.B.; Yang, J.; Wang, Y. Low, but not high, dose caffeine is a readily available probe for adenosine actions. Mol. Asp.
Med. 2017, 55, 20-25. [CrossRef]

5.  Nikolajsen, L.; Haroutiunian, S. Caffeine as adjuvant analgeticum for treating acute pain. Ugeskr. Laeger 2013, 175, 2486-2488.

6. Tofler, O.B,; Foy, S.; Ng, K.; Hickey, G.; Burke, V. Coffee and coronary heart disease. Heart Lung Circ. 2001, 10, 116-120. [CrossRef]

7. Bang, C.H.; Kim, C; Kim, J.-H.; Choi, S.J.; Song, G.G.; Jung, ].H. Is knee osteoarthritis related to coffee drinking? A nationwide
cross-sectional observational study. Clin. Rheumatol. 2019, 38, 817-825. [CrossRef]

8.  McPartland, ] M.; Mitchell, J.A. Caffeine and chronic back pain. Arch. Phys. Med. Rehabil. 1997, 78, 61-63. [CrossRef]

9.  Scher, AL; Stewart, W.E; Lipton, R.B. Caffeine as a risk factor for chronic daily headache. Neurology 2004, 63, 2022. [CrossRef]

10. Fjell, Y.; Alexanderson, K.; Karlgvist, L.; Bildt, C. Self-reported musculoskeletal pain and working conditions among employees
in the Swedish public sector. Work 2007, 28, 33—46.

11.  Stewart, W.E; Ricci, ].A.; Chee, E.; Morganstein, D.; Lipton, R. Lost Productive Time and Cost Due to Common Pain Conditions in
the US Workforce. JAMA 2003, 290, 2443-2454. [CrossRef] [PubMed]

12.  Arvidsson, I.; Simonsen, J.G.; Dahlqvist, C.; Axmon, A.; Karlson, B.; Bjork, J.; Nordander, C. Cross-sectional associations between
occupational factors and musculoskeletal pain in women teachers, nurses and sonographers. BMC Musculoskelet. Disord. 2016,
17, 35. [CrossRef] [PubMed]

13. Picavet, H.S.J.; Schouten, J.5.A.G. Musculoskeletal pain in the Netherlands: Prevalences, consequences and risk groups, the
DMC(3)-study. Pain 2003, 102, 167-178. [CrossRef]

14. Rafie, F; Zamani Jam, A.; Shahravan, A.; Raoof, M.; Eskandarizadeh, A. Prevalence of Upper Extremity Musculoskeletal Disorders
in Dentists: Symptoms and Risk Factors. J. Environ. Public Health 2015, 2015, 517346. [CrossRef] [PubMed]

15. Bajpai, P; Sethy, D.; Mallick, E. Prevalence of Musculoskeletal disorders among Tram Pilots/Drivers of Calcutta Tramways
Company (CTC), India. Indian J. Physiother. Occup. Ther. 2017, 11, 123-128. [CrossRef]

16. Chhaya, V.V,; Hiral, S.M.; Amruta, I.; Santosh, T. Impact of Occupational Stress on Musculoskeletal Pain and Morbidities in the
Nursing Population Working at Government Tertiary Care Hospital, Mumbai—A Survey Based Study. Int. . Nurs. Educ. 2012, 4,
97-101.

17.  Freimann, T.; Coggon, D.; Merisalu, E.; Animégi, L.; Padsuke, M. Risk factors for musculoskeletal pain amongst nurses in Estonia:
A cross-sectional study. BMC Musculoskelet. Disord. 2013, 14, 334. [CrossRef]

18.  Nakamura, M.; Nishiwaki, Y.; Ushida, T.; Toyama, Y. Prevalence and characteristics of chronic musculoskeletal pain in Japan: A
second survey of people with or without chronic pain. J. Orthop. Sci. 2014, 19, 339-350. [CrossRef]

19. Magnusson, K.; Mathiessen, A.; Hammer, H.B.; Kvien, T.K; Slatkowsky-Christensen, B.; Natvig, B.; Hagen, K.B.; Osteras, N.;
Haugen, I.K. Smoking and alcohol use are associated with structural and inflammatory hand osteoarthritis features. Scand. J.
Rheumatol. 2017, 46, 388-395. [CrossRef]

20. Karimi, R.; Mallah, N.; Nedjat, S.; Beasley, M.].; Takkouche, B. Association between alcohol consumption and chronic pain: A
systematic review and meta-analysis. Br. ]. Anaesth. 2022, 129, 355-365. [CrossRef]

21. Kirsch Micheletti, J.; Blafoss, R.; Sundstrup, E.; Bay, H.; Pastre, C.M.; Andersen, L.L. Association between lifestyle and muscu-
loskeletal pain: Cross-sectional study among 10,000 adults from the general working population. BMC Musculoskelet. Disord.
2019, 20, 609. [CrossRef] [PubMed]

22. Koffel, E.; Bair, M.J.; Polusny, M. A ; Kroenke, K.; Leverty, D.; Krebs, E.E. The Bidirectional Relationship Between Sleep Complaints
and Pain: Analysis of Data From a Randomized Trial. Health Psychol. 2016, 35, 41-49. [CrossRef] [PubMed]

23.  Chun, M.Y,; Cho, B.-J; Yoo, S.H.; Oh, B.; Kang, ].-S.; Yeon, C. Association between sleep duration and musculoskeletal pain: The
Korea National Health and Nutrition Examination Survey 2010-2015. Medicine 2018, 97, e13656. [CrossRef]

24. Vleeshouwers, J.; Knardahl, S.; Christensen, J.O. Effects of psychosocial work factors on number of pain sites: The role of sleep
quality as mediator. BMIC Musculoskelet. Disord. 2019, 20, 595. [CrossRef] [PubMed]

25. Nilsen, T..L.; Holtermann, A.; Mork, PJ. Physical Exercise, Body Mass Index, and Risk of Chronic Pain in the Low Back and
Neck/Shoulders: Longitudinal Data From the Nord-Trendelag Health Study. Am. ]. Epidemiol. 2011, 174, 267-273. [CrossRef]

26. Pejci¢, N.; Petrovi¢, V.; Markovi¢, D.; Mili¢i¢, B.; Dimitrijevi¢, LI.; Perunovié, N.; Caki¢, S. Assessment of risk factors and preventive
measures and their relations to work-related musculoskeletal pain among dentists. Work 2017, 57, 573-593. [CrossRef]

27. El-Metwally, A.; Shaikh, Q.; Aldiab, A.; Al-Zahrani, J.; Al-Ghamdj, S.; Alrasheed, A.A.; Househ, M.; Da’Ar, O.B.; Nooruddin, S.;
Razzak, H.A; et al. The prevalence of chronic pain and its associated factors among Saudi Al-Kharj population; a cross sectional
study. BMC Musculoskelet. Disord. 2019, 20, 177. [CrossRef]

28. Chien, P-L.; Su, H.-F,; Hsieh, P.-C.; Siao, R.-Y.; Ling, P--Y.; Jou, H.-]. Sleep Quality among Female Hospital Staff Nurses. Sleep

Disord. 2013, 2013, 283490. [CrossRef]


http://doi.org/10.1017/S0960258510000140
http://doi.org/10.1016/j.foodchem.2005.07.032
http://doi.org/10.2165/00003088-200039020-00004
http://www.ncbi.nlm.nih.gov/pubmed/10976659
http://doi.org/10.1016/j.mam.2016.11.011
http://doi.org/10.1046/j.1444-2892.2001.00094.x
http://doi.org/10.1007/s10067-018-4354-1
http://doi.org/10.1016/S0003-9993(97)90011-3
http://doi.org/10.1212/01.WNL.0000145760.37852.ED
http://doi.org/10.1001/jama.290.18.2443
http://www.ncbi.nlm.nih.gov/pubmed/14612481
http://doi.org/10.1186/s12891-016-0883-4
http://www.ncbi.nlm.nih.gov/pubmed/26781760
http://doi.org/10.1016/s0304-3959(02)00372-x
http://doi.org/10.1155/2015/517346
http://www.ncbi.nlm.nih.gov/pubmed/26064141
http://doi.org/10.5958/0973-5674.2017.00132.0
http://doi.org/10.1186/1471-2474-14-334
http://doi.org/10.1007/s00776-013-0525-8
http://doi.org/10.1080/03009742.2016.1257736
http://doi.org/10.1016/j.bja.2022.03.010
http://doi.org/10.1186/s12891-019-3002-5
http://www.ncbi.nlm.nih.gov/pubmed/31847824
http://doi.org/10.1037/hea0000245
http://www.ncbi.nlm.nih.gov/pubmed/26076002
http://doi.org/10.1097/MD.0000000000013656
http://doi.org/10.1186/s12891-019-2946-9
http://www.ncbi.nlm.nih.gov/pubmed/31829155
http://doi.org/10.1093/aje/kwr087
http://doi.org/10.3233/WOR-172588
http://doi.org/10.1186/s12891-019-2555-7
http://doi.org/10.1155/2013/283490

J. Pers. Med. 2023, 13, 25 12 of 13

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

Patterson, P.D.; Weaver, M.D.; Frank, R.C.; Warner, C.W.; Martin-Gill, C.; Guyette, F.X.; Fairbanks, R.J.; Hubble, M.W.; Songer, T.].;
Callaway, C.W.; et al. Association Between Poor Sleep, Fatigue, and Safety Outcomes in Emergency Medical Services Providers.
Prehospital Emerg. Care 2012, 16, 86-97. [CrossRef]

Kronholm, E.; Partonen, T.; Laatikainen, T.; Peltonen, M.; Harmé&, M.; Hublin, C.; Kaprio, J.; Aro, A.R; Partinen, M.; Fogelholm,
M.; et al. Trends in self-reported sleep duration and insomnia-related symptoms in Finland from 1972 to 2005: A comparative
review and re-analysis of Finnish population samples. . Sleep Res. 2008, 17, 54-62. [CrossRef]

Gangwisch, ].E.; Heymsfield, S.B.; Boden-Albala, B.; Buijs, R.M.; Kreier, F,; Pickering, T.G.; Rundle, A.G.; Zammit, G.K.; Malaspina,
D. Short Sleep Duration as a Risk Factor for Hypertension. Hypertension 2006, 47, 833-839. [CrossRef]

Stamatakis, K.A.; Kaplan, G.A.; Roberts, R.E. Short Sleep Duration Across Income, Education, and Race/Ethnic Groups:
Population Prevalence and Growing Disparities During 34 Years of Follow-Up. Ann. Epidemiol. 2007, 17, 948-955. [CrossRef]
[PubMed]

Consensus Conference Panel; Watson, N.E; Badr, M.S.; Belenky, G.; Bliwise, D.L.; Buxton, O.; Buysse, D.; Dinges, D.F.; Gangwisch,
J.; Grandner, M; et al. Joint consensus statement of the American Academy of Sleep Medicine and Sleep Research Society on the
recommended amount of sleep for a healthy adult: Methodology and discussion. Sleep 2015, 38, 1161-1183. [CrossRef] [PubMed]
Rosekind, M.R.; Gregory, K.B. Insomnia risks and costs: Health, safety, and quality of life. Am. . Manag. Care 2010, 16, 617-626.
[PubMed]

Rosekind, M.R.; Gregory, K.B.; Mallis, M.M.; Brandt, S.L.; Seal, B.; Lerner, D. The Cost of Poor Sleep: Workplace Productivity Loss
and Associated Costs. J. Occup. Environ. Med. 2010, 52, 91-98. [CrossRef]

Sarsour, K.; Kalsekar, A.; Swindle, R.; Foley, K.; Walsh, J.K. The Association between Insomnia Severity and Healthcare and
Productivity Costs in a Health Plan Sample. Sleep 2011, 34, 443-450. [CrossRef] [PubMed]

Sivertsen, B.; Lallukka, T.; Petrie, K.J.; Steingrimsdottir, O.A,; Stubhaug, A.; Nielsen, C.S. Sleep and pain sensitivity in adults. Pain
2015, 156, 1433-1439. [CrossRef]

Tang, N.K.; Wright, K.J.; Salkovskis, PM. Prevalence and correlates of clinical insomnia co-occurring with chronic back pain. J.
Sleep Res. 2007, 16, 85-95. [CrossRef]

Clark, I.; Landolt, H.P. Coffee, caffeine, and sleep: A systematic review of epidemiological studies and randomized controlled
trials. Sleep Med. Rev. 2017, 31, 70-78. [CrossRef]

Hicks, R.A.; Hicks, G.J.; Reyes, ].R.; Cheers, Y. Daily caffeine use and the sleep of college students. Bull. Psychon. Soc. 1983, 21,
24-25. [CrossRef]

Fredholm, B.B.; Bttig, K.; Holmén, J.; Nehlig, A.; Zvartau, E.E. Actions of Caffeine in the Brain with Special Reference to Factors
That Contribute to Its Widespread Use. Pharmacol. Rev. 1999, 51, 83. [PubMed]

Lima, FO.; Souza, G.R.; Verri, W.A,; Parada, C.A ; Ferreira, S.H.; Cunha, F.Q.; Cunha, T.M. Direct blockade of inflammatory
hypernociception by peripheral A1 adenosine receptors: Involvement of the NO/cGMP/PKG/KATP signaling pathway. Pain
2010, 151, 506-515. [CrossRef] [PubMed]

Zahn, PK.; Straub, H.; Wenk, M.; Pogatzki-Zahn, E.M. Adenosine Albut Not A2aReceptor Agonist Reduces Hyperalgesia
Caused by a Surgical Incision in Rats: A Pertussis Toxin-sensitive G Protein-dependent Process. Anesthesiology 2007, 107, 797-806.
[CrossRef]

Curros-Criado, M.M.; Herrero, ].E. The antinociceptive effects of the systemic adenosine Al receptor agonist CPA in the absence
and in the presence of spinal cord sensitization. Pharmacol. Biochem. Behav. 2005, 82, 721-726. [CrossRef] [PubMed]

Doak, G.J.; Sawynok, ]J. Complex role of peripheral adenosine in the genesis of the response to subcutaneous formalin in the rat.
Eur. J. Pharmacol. 1995, 281, 311-318. [CrossRef]

Goldman, N.; Chen, M.; Fujita, T.; Xu, Q.; Peng, W.; Liu, W,; Jensen, T.K,; Pei, Y.; Wang, F.; Han, X.; et al. Adenosine Al receptors
mediate local anti-nociceptive effects of acupuncture. Nat. Neurosci. 2010, 13, 883-888. [CrossRef]

Zylka, M.]. Needling adenosine receptors for pain relief. Nat. Neurosci. 2010, 13, 783-784. [CrossRef]

Ren, C.-Y,; Rao, J.-X.; Zhang, X.-X.; Zhang, M.; Xia, L.; Chen, G.-H. Changed signals of blood adenosine and cytokines are
associated with parameters of sleep and/or cognition in the patients with chronic insomnia disorder. Sleep Med. 2021, 81, 42-51.
[CrossRef]

Kuorinka, I.; Jonsson, B.; Kilbom, A.; Vinterberg, H.; Biering-Serensen, F.; Andersson, G.; Jergensen, K. Standardised Nordic
questionnaires for the analysis of musculoskeletal symptoms. Appl. Ergon. 1987, 18, 233-237. [CrossRef]

Hair, J.E; Anderson, R.E.; Tatham, R.L.; Black, W.C. Multivariate Data Analysis: With Readings, 4th ed.; Prentice-Hall, Inc.: Hoboken,
NJ, USA, 1995.

Baron, R.M.; Kenny, D.A. The moderator-mediator variable distinction in social psychological research: Conceptual, strategic,
and statistical considerations. J. Pers. Soc. Psychol. 1986, 51, 1173-1182. [CrossRef]

Tacobucci, D. Mediation analysis and categorical variables: The final frontier. . Consum. Psychol. 2012, 22, 582-594. [CrossRef]
Sirisawasd, S.; Taptagaporn, S.; Boonshuyar, C.; Earde, P. Interventions commonly used to prevent work-related musculoskeletal
disorders among healthcare workers. . Health Res. 2018, 32, 371-383. [CrossRef]

Harte, S.; Hassett, A.; Brummett, C.; Harris, R.; Clauw, D. Daily caffeine consumption is associated with fibromyalgia pain. J. Pain
2012, 13, S32. [CrossRef]

Alsabri, S.G.; Mari, W.O.; Younes, S.; Elsadawi, M.A.; Oroszi, T.L. Kinetic and Dynamic Description of Caffeine. J. Caffeine
Adenosine Res. 2018, 8, 3-9. [CrossRef]


http://doi.org/10.3109/10903127.2011.616261
http://doi.org/10.1111/j.1365-2869.2008.00627.x
http://doi.org/10.1161/01.HYP.0000217362.34748.e0
http://doi.org/10.1016/j.annepidem.2007.07.096
http://www.ncbi.nlm.nih.gov/pubmed/17855122
http://doi.org/10.5665/sleep.4716
http://www.ncbi.nlm.nih.gov/pubmed/26194576
http://www.ncbi.nlm.nih.gov/pubmed/20712395
http://doi.org/10.1097/JOM.0b013e3181c78c30
http://doi.org/10.1093/sleep/34.4.443
http://www.ncbi.nlm.nih.gov/pubmed/21461322
http://doi.org/10.1097/j.pain.0000000000000131
http://doi.org/10.1111/j.1365-2869.2007.00571.x
http://doi.org/10.1016/j.smrv.2016.01.006
http://doi.org/10.3758/BF03329943
http://www.ncbi.nlm.nih.gov/pubmed/10049999
http://doi.org/10.1016/j.pain.2010.08.014
http://www.ncbi.nlm.nih.gov/pubmed/20813459
http://doi.org/10.1097/01.anes.0000286982.36342.3f
http://doi.org/10.1016/j.pbb.2005.11.014
http://www.ncbi.nlm.nih.gov/pubmed/16403570
http://doi.org/10.1016/0014-2999(95)00257-L
http://doi.org/10.1038/nn.2562
http://doi.org/10.1038/nn0710-783
http://doi.org/10.1016/j.sleep.2021.02.005
http://doi.org/10.1016/0003-6870(87)90010-X
http://doi.org/10.1037/0022-3514.51.6.1173
http://doi.org/10.1016/j.jcps.2012.03.006
http://doi.org/10.1108/JHR-08-2018-044
http://doi.org/10.1016/j.jpain.2012.01.135
http://doi.org/10.1089/caff.2017.0011

J. Pers. Med. 2023, 13, 25 13 0f 13

56.

57.

58.

59.

60.
61.

Yang, A.; Palmer, A.A.; de Wit, H. Genetics of caffeine consumption and responses to caffeine. Psychopharmacology 2010, 211,
245-257. [CrossRef]

Andersen, M.L.; Araujo, P,; Frange, C.; Tufik, S. Sleep Disturbance and Pain: A Tale of Two Common Problems. Chest 2018, 154,
1249-1259. [CrossRef]

Edwards, RR.; Almeida, D.M.; Klick, B.; Haythornthwaite, J.A.; Smith, M.T. Duration of sleep contributes to next-day pain report
in the general population. Pain 2008, 137, 202-207. [CrossRef]

Salwen, J.K.; Smith, M.T.; Finan, PH. Mid-Treatment Sleep Duration Predicts Clinically Significant Knee Osteoarthritis Pain
reduction at 6 months: Effects From a Behavioral Sleep Medicine Clinical Trial. Sleep 2017, 40, zsw064. [CrossRef]

Cairns, B.E.; Gazerani, P. Sex-related differences in pain. Maturitas 2009, 63, 292-296. [CrossRef]

Cheng, W.; Rolls, E.T.; Ruan, H.; Feng, J. Functional Connectivities in the Brain That Mediate the Association Between Depressive
Problems and Sleep Quality. JAMA Psychiatry 2018, 75, 1052-1061. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/s00213-010-1900-1
http://doi.org/10.1016/j.chest.2018.07.019
http://doi.org/10.1016/j.pain.2008.01.025
http://doi.org/10.1093/sleep/zsw064
http://doi.org/10.1016/j.maturitas.2009.06.004
http://doi.org/10.1001/jamapsychiatry.2018.1941

R

medicina

Article

Relationships between Alcohol Use, Musculoskeletal Pain, and
Work-Related Burnout

Yong-Hsin Chen 1209, Chih-Jung Yeh !, Lung-Fa Pan >** and Gwo-Ping Jong 5*t

check for
updates

Citation: Chen, Y.-H.; Yeh, C.-].; Pan,
L.-E; Jong, G.-P. Relationships
between Alcohol Use,
Musculoskeletal Pain, and
Work-Related Burnout. Medicina 2022,
58,1022. https://doi.org/10.3390/
medicina58081022

Academic Editor: Ri¢ardas

Radisauskas

Received: 8 June 2022
Accepted: 27 July 2022
Published: 29 July 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Public Health, Chung Shan Medical University, Taichung 402, Taiwan;
a6328539@gmail.com (Y.-H.C.); alexyeh@csmu.edu.tw (C.-].Y.)

Department of Occupational Safety and Health, Chung Shan Medical University Hospital,

Taichung 402, Taiwan

Department of Medical Imaging and Radiological Science, Central Taiwan University of Science and
Technology, Takun, Taichung 406, Taiwan; panlungfa@gmail.com

Department of Cardiology, Taichung Armed Forces General Hospital, Taichung 411, Taiwan
Department of Internal Medicine, Chung Shan Medical University Hospital, Chung Shan Medical University,
Taichung 402, Taiwan

*  Correspondence: cgp8009@yahoo.com.tw

t  These authors contributed equally to this work.

Abstract: Background and Objectives: Burnout affects approximately half of all nurses, physicians, and
other clinicians. Alcohol use may impair performance in work-related tasks, leading to decreased pro-
ductivity and morale. The present study’s aim was to determine whether a causal relationship existed
between alcohol use, work-related burnout (WB), and musculoskeletal pain. Materials and Methods:
A total of 1633 members from a hospital affiliated with a medical university in Taichung, Taiwan,
completed questionnaires in 2021, where 1615 questionnaires were declared valid. Questionnaires
were used to obtain information on basic demographic variables, and the Nordic Musculoskeletal
Questionnaire and Copenhagen Burnout Inventory were used. Statistical analyses were performed
using SAS Enterprise Guide 6.1 software, and significance was set at p < 0.05. Results: Work expe-
rience, being married, parenthood, leisure activities with family and friends, and regular weekly
exercise were negatively associated with WB. In addition, overtime work, irregular and regular shift
work, the physician and nurse medical profession, chronic disease (heart disease, diabetes, etc.), neck
and both shoulders pain (NBSP), both ankles pain (BAP), and alcohol use frequency (AUF) were
positively associated with WB. NBSP could explain the residual effect of AUF on WB. AUF was
determined to mediate the relationship between NBSP and WB. In addition, NBSP was found to
mediate the relationship between AUF and WB. Conclusions: The individuals who used alcohol to
cope with NBSP or those with NBSP who often consumed alcohol had worsened WB due to a vicious
circle of musculoskeletal pain and alcohol use. Therefore, medical staff should not consider alcohol
use as an option to reduce burnout.

Keywords: alcohol use; musculoskeletal pain; work-related stress; burnout

1. Introduction

Burnout was first described in 1974 by the clinical psychologist Herbert Freudenberger,
who borrowed the term from drug-addict slang [1]. Burnout refers to physical, emotional,
and mental exhaustion resulting from long-term work situations [2]. To measure burnout,
Christina Maslach proposed the Maslach Burnout Inventory in 1981, and the extent of an
individual’s symptoms in each dimension is measured on the basis of the three subscales
of emotional exhaustion, depersonalization, and a diminished sense of personal accom-
plishment [3]. The Copenhagen Burnout Inventory (CBI) developed by researchers from
Denmark is another scale used to measure burnout [4]. The CBI considers exhaustion as the
core of the burnout concept and includes three scales, namely, the personal burnout scale,
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work-related burnout (WB) scale, and client burnout scale, which can be separately used to
measure burnout in different settings (not only for service professions); the questionnaire
is developed in such a manner that it is suitable for individuals from all occupations [4].
In contrast with personal and client burnout, WB is defined in the CBI as the degree of
physical and psychological fatigue and exhaustion that is perceived by the person as related
to paid work of some kind [4].

The severe clinical presentations of burnout include emotional exhaustion, physical
fatigue, cognitive impairments, disturbed sleep, and functional impairment [5,6]. A combi-
nation of stressors due to long-term work and nonwork on individuals often contribute to
clinical burnout [7], which could lead to sleep disturbances, depression, or anxiety disor-
ders [5]. Burnout affects approximately half of all nurses, physicians, and other clinicians [8].
Among them, one-tenth of the nurses worldwide suffer high burnout symptoms [9] and
48.7% of German clinicians meet the criteria for burnout [10]. Notably, clinical burnout is
related to a reduced ability to work [7]. Burnout is responsible for high physician turnover
and reduced clinical hours, which cause total losses of approximately USD 4.6 billion each
year [11]. Notably, burnout also affects the patient-related quality of care [10].

In the United States, 13% of the total workforce loss is associated with body pain
conditions and costs an estimated USD 61.2 billion per year [12]. A large study conducted
in the Netherlands demonstrated that the top three self-reported musculoskeletal pain
sites were the lower back, shoulder, and neck [13]. Moreover, studies reported diverse risk
factors for musculoskeletal pain, including long work hours [14], occupational stress [15],
alcohol consumption [16], sleep duration [17], and chronic diseases (CDs) [18].

Alcohol use contributes to around 4% of the global burden of disease [19] and is related
to premature death, where the major causes are injury, alcoholic liver disease, heart disease
and stroke, cancers, and gastrointestinal disease [20]. Alcohol use may impair performance
in work-related tasks, leading to decreased productivity and morale [21] and an increased
occupational injury risk [22]. Many individuals consume alcohol to alleviate stress caused
by working overtime [23] and even to cope with pain [24].

Individuals commonly tend to adopt an alcohol consumption strategy to cope with
pain, psychological, or physical troubles. Based on this, the present study asked questions
about alcohol use, MS pain, and burnout to establish (1) whether a causal relationship
exists between alcohol use, WB, and musculoskeletal pain, and (2) the role of alcohol use in
the relationship between musculoskeletal pain and WB?

2. Methods
2.1. Study Population

In this observational and cross-sectional study, we included 2531 employees from
a hospital affiliated with a medical university in Taichung, Taiwan, in 2021. The study
protocol was approved by the institutional review board of Chung Shan Medical University
Hospital on 25 August 2021 (no. CS1-21108).

2.2. Study Measures

The QR-code-linked questionnaires were sent to all eligible participants by email.
Among the 2531 members, 1633 (64.52%) completed questionnaires. After exclusion due to
missing data, 1615 (63.81%) questionnaires were determined to be valid. The questionnaires
were used to obtain information on basic demographic variables, family factors, living
habits, work-related factors, and physical health factors. In addition, we used the Nordic
Musculoskeletal Questionnaire (NMQ) and the WB scale.

Regarding the education level, the response options were “below high school”, “Bach-
elor”, “Master”, and “PhD”. The response options for marriage status were “married” and
“others”. In terms of family factors, we examined whether the respondents were parents by
using the following response options: “without child”, “one child”, “two children”, “three
children”, and “over three children”. Raising at least one child was reclassified as a new
variable called “parenthood”.
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Relationships with family and friends were also evaluated in the questionnaire. For
the question “Whether participants engage in leisure activities with family or friends
in vacation time?”, the Likert scale method was used, where the response options were
distinguished as “always”, “often”, “sometimes”, “seldom”, and” never”; these were scored
as 100, 75, 50, 25, and 0 points, respectively. The data was an ordinal scale that could be
suitable for parametric tests (such as t-tests, analysis of variance, Pearson correlations, and
regression), even when statistical assumptions were violated (such as normal distribution of
data) [25]. An item related to the presence of a listed CD was included in the questionnaire,
and the presence of one or more diseases was classified as a “yes” response. Regarding AU
in the past month, the response options were “always”, “often”, “sometimes”, “seldom”,
and “never”; these responses were scored as 100, 75, 50, 25, and 0 points, respectively.
Finally, the mean value was considered as the new variable AU frequency (AUF). The
response options for the sleep duration (SLD) were classified as <5, 5-6, 6-7, 7-8, or >8 h
per day; these were reclassified as SLD < 6 h and SLD > 6 h per day. The response options
for exercise habit were “at least once a day”, “at least once a week”, “at least once a month”,
“less than once a month”, or “never”. Exercising at least once a day or week was reclassified
as regular exercise weekly (REW). The response options for the question on overtime (OT)
were “seldom”, “less than 45 h per month”, “45-80 h per month”, and “more than 80 h per
month”. The responses were reclassified as seldom OT and experiencing OT (including
less than 45 h, 45-80 h, and more than 80 h per month). The possible responses to the
question on the shift schedule were “day shift work”, “night shift work”, “irregular shift
(IRS) work”, and “regular shift (RS) work”.

We adopted the NMQ that was modified and translated by the Taiwan Institute
of Occupational Safety and Health, which includes questions on the presence of pain
attributable to work-related factors in the preceding year and at pain sites. The options for
pain sites were the neck, left shoulder, right shoulder, upper back, waist or lower back, left
elbow, right elbow, left wrist, right wrist, left hip /thigh /buttock, right hip/thigh/buttock,
left knee, right knee, left ankle, and right ankle. If a participant answered “yes” to a
question on the experience of work-related pain in the preceding year, they were required
to indicate its occurrence frequency: every day, once a week, once a month, once every half
year, or at least once every half year (100, 80, 60, 40, and 20 points, respectively).

We used the Chinese version of the CBI [26], which was reported to be a reliable
and valid tool (the Cronbach’s alpha value was over 0.84 for males and females) for the
assessment of burnout and measuring WB. The seven items for measuring WB were
as follows:

“Is your work emotionally exhausting?”

“Do you feel burnt out because of your work?”

“Does your work frustrate you?”

“Do you feel worn out at the end of the working day?”

“Are you exhausted in the morning at the thought of another day at work?”
“Do you feel that every working hour is tiring for you?”

“Do you have adequate energy for family and friends during leisure time?”

N U L=

/i /i /i

The response options were “always”, “often”, “sometimes”, “seldom”, and “never
or almost never”, and these were scored as 100, 75, 50, 25, and 0, respectively, except for
item 7, which was inversely scored (i.e., the responses were scored as 0, 25, 50, 75, and 100,
respectively); the calculated mean value indicated the WB level for the participants.

2.3. Data Analysis

Factor analysis [27] was conducted using the NMQ results to determine the underlying
variables that explained most of the questionnaire. A univariate linear regression model
was used to examine the associations between the dependent variables (DVs) and inde-
pendent variables (IVs). Multiple linear regression was conducted to determine whether
the adjustment for variables significantly affected the associations between IVs and DVs.
Mediation effects were analyzed using the strategy proposed by Baron and Kenny [28], in
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which (1) the IV significantly affects the mediator (first-stage effect), (2) the IV significantly
affects the DV in the absence of the mediator, (3) the mediator exerts a significant unique
effect on the DV (second-stage effect), and (4) the effect of the IV on the DV weakens upon
the addition of a mediator to the model. Among them, item (2) is only recommended but
not required [29]. The formulas are as follows:

Y = by +cX

M = by +aX
Y:bog,-f—C/X‘l'bM

where X is an IV, Y is a DV, M is the adjusted variable (i.e., the mediating factor), a is
the linear regression coefficient of X against M, b is the linear regression coefficient of M
against Y, c is the linear regression coefficient of X against Y, and ¢’ is the linear regression
coefficient of X against Y with M as the adjusting variable. The standard errors of 2 and b
are represented by s, and s, respectively. The formula for the Sobel test is as follows:

axb
/02542 + a?s)?

The results exceeding 11.961, 12.571, and 13.90| (for a two-tailed test) are significant
at « = 0.05, 0.01, and 0.0001, respectively.

The mediation proportion is defined as the dimensionless proportion of the effect of
an IV on a DV mediated through the mediation factor, whose formula is as follows [30]:

axb

P=——
M c+axb

Analyses were performed using SAS Enterprise Guide 6.1 software (SAS Institute Inc.,
Cary, NC, USA), and significance was set at p < 0.05.

3. Results
3.1. Musculoskeletal Pain Sites and Factor Analysis of the Nordic Musculoskeletal Questionnaire

The prevalences of musculoskeletal pain in a year in both shoulders, the neck, the waist,
the lower back, and the upper back were 43.09%, 36.22%, 27.93%, and 16.90%, respectively
(Table 1). The mean frequency scores of neck, waist or lower back, right shoulder, left shoulder,
and upper back pain were 26.76 £ 37.64, 20.20 £ 34.72, 17.64 £ 33.89, 15.07 & 31.62, and
12.90 £ 29.77, respectively. According to the principle proposed by Hair and Anderson
(1995) [27], factors 1 and 2 were retained because their vector values exceeded 1. Although the
eigenvalue of factor 3 was lower than 1, factor 3 was retained to ensure the maximum ability
to explain the questionnaire. The factor loadings were converted into standardized scoring
coefficients through varimax rotation. The relatively large factor loading values for factors 1,
2, and 3 corresponded to frequency scores for the neck and both shoulder pain (NBSP), both
ankle pain (BAP), and both knee pain (BKP), respectively.

Table 1. Musculoskeletal pain sites and factor analysis of the Nordic musculoskeletal questionnaire.

Frequency Score Factor Loading
MS Pain Site MS Pain Subjects  Prevalence (%)
Mean + SD Factor 1 Factor 2 Factor 3

Neck 585 36.22 26.76 £ 37.64 0.33 —0.02 —0.03
Left shoulder 325 20.12 15.07 + 31.62 0.33 —0.01 —0.01
Right shoulder 371 22.97 17.64 + 33.89 0.33 0.02 —0.07
Upper back 273 16.90 12.90 £ 29.77 0.17 0.00 —0.01
Waist or lower back 451 27.93 20.20 £ 34.72 0.08 —0.04 0.03

Left elbow 70 4.33 3.29 +£16.26 —0.05 —0.04 —0.05
Right elbow 113 7.00 5.33 +£20.43 —0.04 —0.04 —0.02
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Table 1. Cont.
Frequency Score Factor Loading
MS Pain Site MS Pain Subjects  Prevalence (%)
Mean + SD Factor 1 Factor 2 Factor 3

Left wrist 77 4.77 3.72 +17.38 —0.05 0.00 0.01
Right wrist 162 10.03 7.51 £ 23.66 —0.03 —0.03 —0.02
Left hip/thigh/buttock 67 4.15 3.12 £ 15.64 —0.05 —0.07 —0.01
Right hip/thigh /buttock 68 421 3.17 +15.83 —0.02 —0.04 —0.06

Left knee 80 4.95 3.78 + 16.98 —0.05 —0.07 0.51

Right knee 88 5.45 417 £ 18.05 —0.02 —0.04 0.45
Left ankle 29 1.80 1.26 £+ 10.10 —0.02 0.49 —0.05
Right ankle 25 1.55 1.10 £ 9.58 —0.02 0.54 —0.05

Eigenvalues 493 1.55 0.68

Explained variation (%) 57.59 18.12 0.08

3.2. Statistical Results of Response Options for Every Work-Related Burnout Item

Table 2 presents the statistical results of the response options for every WB item.
The Cronbach’s alpha value of the WB scale was 0.87. The mean values of all items for
measuring WB are shown below. The mean values and standard deviations of all items for
the WB scale are shown below.

Table 2. Statistical results of the response options for each WB item.

Response Options for WB (Subjects/Proportion (%))

leisure time?

Items for Measuring WB Always Often Sometimes Seldom NevgéC:TOSt Mean + SD
Is your work
emotionally exhausting? 38 (2.33) 98 (6.00) 549 (33.62) 715 (43.78) 233 (14.27) 34.58 £22.11
Do you feel burnt out
because of your work? 22 (1.35) 79 (4.84) 471 (28.84) 803 (49.17) 258 (15.80) 31.69 £+ 20.77
Does your work
frustrate you? 14 (0.86) 43 (2.63) 543 (33.25) 810 (49.60) 223 (13.66) 31.86 + 18.98
Do you feel worn out at
the end of the 68 (4.16) 178 (10.90) 680 (41.64) 568 (34.78) 139 (8.51) 41.86 +23.16
working day?
Are you exhausted in the
morning at the thought of 61 (3.74) 124 (7.59) 524 (32.09) 718 (43.97) 206 (12.61) 36.47 £ 23.41
another day at work?
Do you feel that every
working hour is tiring 18 (1.10) 41 (2.51) 349 (21.37) 896 (54.87) 329 (20.15) 27.39 +19.46
for you?
Do you have enough
energy for family and
friends during 261 (15.98) 646 (39.56) 528 (32.33) 165 (10.10) 33 (2.02) 35.66 £ 23.56

Cronbach’s alpha = 0.87; SD, standard deviation.
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As presented in Table 3, work experience was negatively associated with WB (§ = —0.23,
p <0.0001) and AUF (3 = —0.21, p < 0.01). Married status and parenthood were protective factors
against WB (3 = —4.30 and —4.86, respectively; p < 0.0001 for both) and AUF (3 = —2.68 and
—3.10, respectively; p < 0.05 for both). Engaging in leisure activities with family and friends was
negatively associated with WB (3 = —0.14, p < 0.0001) but not with AUF (3 = —0.00, p > 0.05).
Regular weekly exercise was a protective factor against WB (3 = —5.60, p < 0.0001); however,
it was not significantly associated with AUF ( = 1.72, p>0.05). SLD <6h per day was
significantly positively associated with WB ( = 6.27, p < 0.0001) and AUF (3 = 3.11, p < 0.05).
The participants with a master’s degree or above reported a lower level of WB (3 = —2.21,
p < 0.05) than those with a university or below university degree; however, having a master’s
degree or above was not significantly associated with AUF (3 =2.17, p > 0.05). OT work was a
risk factor for WB (3 = 8.88, p < 0.0001) and AUF (3 = 4.33, p < 0.001). A significant difference in
WB was noted between different shift schedules. IRS and RS work significantly increased WB
(B = 8.87 and 6.23, respectively; p < 0.0001 for both). Regarding professional fields, physicians
(B =9.89,p <0.0001) and nurses (3 = 8.44, p < 0.0001) reported higher levels of WB. Moreover,
the AUF was significantly higher in the physicians (3 = 9.96, p < 0.0001). The presence of a CD
was positively associated with WB (3 = 3.47, p < 0.0001) and AUF (3 = 3.01, p < 0.05). Regarding
musculoskeletal pain, NBSP was closely associated with WB (3 = 6.30, p < 0.0001) and AUF

(P =248, p <0.01). In addition, BAP was associated with WB (3 = 1.44, p < 0.01).

Table 3. Stratified analysis of work-related burnout and alcohol use.

WB AUF
Survey Variables N B p B p
Work experience
WE 1615 —0.23 o —0.21 **
Marriage state
Married 779 —4.30 il —2.68 *
Unmarried 836 1.00 1.00
Parenthood
Yes 703 —4.86 o —3.10 *
No 912 1.00 1.00
Leisure activity with family and friends
mean score 1615 —014 ok —0.00
Exercise habit weekly
REW 933 —5.60 ot 1.72
None REW 682 1.00 1.00
SLD (per day) ranks
<6h 626 6.27 i 3.11 *
>6h 989 1.00 1.00
Education degree
Master’s degree or above 297 —2.21 * 217
University or below university degree 1318 1.00 1.00
Overtime work per month
Experience OT 561 8.88 o 4.33 **
Seldom OT 1054 1.00 1.00
Shift schedules
IRS work 192 8.87 i 3.02
RS work 196 6.23 ot 0.29
Night shift work 166 3.24 * 3.66
DS work 1061 1.00 1.00
Professional fields
Physicians 138 9.89 el 9.96 il
Nurses 613 8.44 ok 1.30
PTs 283 217 3.11
ADs 581 1.00 1.00
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Table 3. Cont.
WB AUF
Survey Variables N B p B p
Suffering CD
Yes 638 3.47 ok 3.01 *
No 977 1.00 1.00
MS pain
NBSP 1615 6.30 ok 2.48 **
BAP 1615 1.44 ot 0.19
BKP 1615 0.75 —0.44

N, participants; 3, the linear regression coefficient; * p < 0.05, ** p < 0.01, *** p < 0.0001.

3.3. The Association between Alcohol Use, Musculoskeletal Pain, and Work-Related Burnout

As presented for My in Table 4, AUF was closely associated with WB (3 = 0.07,
p <0.0001). After an adjustment for work experience, marriage status, parenthood, leisure
activity with family and friends, exercise habit weekly, SLD, education degree, OT work
per month, shift schedules, professional fields, and CD in the M; model, we observed that
AUF was still associated with WB (3 = 0.04, p < 0.01). In the M, model, the residual effect
of AUF on WB could be fully explained by NBSP (3 = 0.03, p > 0.05). Mediation analysis
was performed (Table 5) to determine whether a causal relationship existed between WB,
AUF, and NBSP.

Table 4. AU effect in the linear regression models of WB.

M, M; M,
Main Effect B p B p B p
AUF 0.07 o 0.04 i 0.03

{3, the linear regression coefficient; ** p < 0.01, *** p < 0.0001; My, without adjustment for variables; M;, adjustment
for work experience, marriage status, parenthood, leisure activity with family and friends, exercise habit weekly,
sleep duration, educational level, overtime work per month, shift schedules, professional fields, and CD; M,
adjustment for all the variables included in M; and an additional variable, namely, NBSP.

Table 5. Mediation effect of AUF on the relationship between NBSP and WB.

WB
v M d A Sa b Sb V4 MP (%)
NBSP AUF 6.19 *** 2.46 ** 0.67 0.05 ** 0.02 2.07* 1.95
AUF NBSP 0.05 ** 0.00 ** 0.00 6.19 *** 041 3.25** 27.08

*p <0.05, ** p < 0.01, *** p < 0.0001; M, mediation factor; ¢/, the direct effect of NBSP on WB; a, the first-stage effect
of NBSP on AU; s,, the standard error for a; b, the second stage effect for AUF on WB; sy, the standard error for b;
MP, mediation proportion.

As presented in Table 5, AUF was determined to be a mediator (Z = 2.07, p < 0.05) of
the relationship between NBSP and WB, with the mediation proportion being only 1.95%.
In addition, NBSP was determined to be a mediator (Z = 3.25, p < 0.01) of the relationship
between AUF and WB, with the mediation proportion being 27.08%.

4. Discussion

Our study’s results suggested that alcohol use was associated with increased NBSP,
and both were closely related to increased WB. According to the mediation models, alcohol
use mediated the relationship between NBSP and WB, causing worse WB. In addition,
NBSP was a mediation factor of alcohol use, causing worse WB. Based on this, in response
to the two research aims posed in the Introduction: (1) a causal relationship existed between
alcohol use, WB, and musculoskeletal pain, and (2) alcohol use was a mediation factor
between musculoskeletal pain and WB that increased WB.
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Previous studies reported various causes of burnout. For example, a systematic review
of the literature on burnout revealed that inexperienced psychotherapists easily experienced
burnout due to a sense of hopelessness and an inability to reach idealistic expectations and
standards [31]. In this study, work experience was found to be a protective factor against
WB (B = —0.23, p < 0.0001; Table 3).

Family members and friends play a vital role in preventing burnout [32]. For instance,
health workers reported that they could minimize burnout by obtaining support from
family [33]. As demonstrated in Table 3, being married (3 = —4.30, p < 0.0001) and
parenthood (3 = —4.86, p < 0.0001) were negatively associated with WB. These results
indicated that family members could effectively reduce the level of WB; this finding is
consistent with those of previous studies. Participating in leisure activities can relieve stress,
help cope with emotional stress, and moderately maintain physical and mental health [34].
The same finding was observed in this study: engaging in leisure activities with family and
friends was negatively associated with WB (3 = —0.14, p < 0.0001).

Physiological changes resulting from physical activity can reduce individuals’ sensitiv-
ity to chronic stress [35]. Thus, engaging in physical activity can lead to faster recovery after
experiencing a stressful situation, and thus, reduce the risk of burnout [36]. Our results
revealed that regular weekly exercise effectively reduced WB (§ = —5.60, p < 0.0001).

Burnout development was closely related to considerably less sleep (<6 h) [37] and dis-
turbed sleep [38]. Similar to the findings of previous studies, our results revealed that the
participants with SLD < 6 h/day reported a higher level of WB than those with SLD > 6 h/day
(B = 6.27, p < 0.0001).

OT work hours are closely correlated with burnout development in a dose-dependent
manner [39]. IRS work is related to a significantly higher level of burnout [40]. The same
phenomena were observed in our study: OT (3 = 8.88, p < 0.0001) and IRS work (3 = 8.87,
p < 0.0001) were significantly associated with WB.

Burnout was observed to be markedly higher among practicing physicians than
individuals in other careers after adjustment for work hours and other factors [41]. The
present study indicated that the physicians reported a higher level of WB than those
employed in other fields (Table 3). This result is consistent with those of previous studies.

Burnout is an independent risk factor for coronary heart disease [42] and type 2
diabetes [43]. Similar findings are presented in Table 3. The participants who had at least
one CD reported a higher level of WB than those without CD (3 = 3.47, p < 0.0001).

The onset of regional neck/shoulder and/or low back pain was associated with an
increased risk of burnout [44]. In the present study, NBSP was significantly related to WB
(B =6.30, p <0.0001). Overall, the increased occurrence frequency of neck and shoulder
pain increased WB.

Burnout was strongly associated with alcohol abuse or dependence among American
surgeons [45] and was significantly positively associated with higher AU among doctors,
nurses, and residents [46]. The present study demonstrated that AUF was significantly
associated with work-related burnout in a univariate linear regression (Table 3; My: 3 = 0.07,
p <0.0001). Even after adjusting for other risk factors, we observed that this association was
still significant (Table 3; M1: 3 = 0.04, p < 0.01). However, this association did not become
significant after the addition of an extra adjusted variable, namely, NBSP, in the M; model
(M model). NBSP fully explained the residual effect of AUF on WB after an adjustment for
other risk factors.

Previous studies demonstrated a close relationship between musculoskeletal pain,
burnout, and alcohol use. Musculoskeletal pain is associated with the frequency of drinking,
and the association between alcohol consumption and pain is curvilinear [47]. For example,
moderate alcohol consumption was associated with a decreased risk of disabling chronic
back or neck pain [48] and chronic widespread pain [49]. Excessive alcohol use may cause
the development of chronic pain by increasing the risk of traumatic injury and deleterious
effects on the musculoskeletal system [50]. To determine the causal relationship between
AUF, NBSP, and WB, three variables were modeled and the results are presented in Table 5.
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The mediation model (Table 5) demonstrated that AUF mediated the relationship
between NBSP and WB and that NBSP mediated the relationship between AUF and WB.
Some individuals who often reported NBSP used alcohol to cope with pain; however,
this strategy worsened their WB due to increased alcohol use (the mediation proportion
was only 1.95%). In addition, the individuals who often consumed alcohol often reported
NBSP, which further increased WB due to worsening musculoskeletal pain (the mediation
proportion reached 27.08%). These relationships formed a vicious circle of WB for medical
staff who used alcohol and had musculoskeletal pain.

The present study only surveyed the frequency of alcohol use in the past month and
ignored the amount of alcohol intake per day by the participants. This could mean that
alcohol’s effects on burnout and musculoskeletal pain were weakened. The severity of
musculoskeletal pain was also ignored since we could not further explore whether the dose—
response relationship between alcohol use and musculoskeletal pain or burnout existed.
Notably, our study was conducted during the COVID-19 pandemic. It was reported that
over 50% of healthcare professionals reported burnout symptoms during the COVID-
19 pandemic, which was mainly caused by contacting patients, supply shortages, and
work impacting household activities [51]. However, our study’s variables did not include
these factors.

5. Conclusions

Work experience, marriage, and parenthood were negatively associated with WB and
the frequency of alcohol use. A sleep duration of less than 6 h per day, overtime work,
physician medical profession, suffering from CDs, and increased NBSP were positively
associated with WB and frequency of alcohol use. Leisure activity with family and friends,
regular exercise weekly, and a master’s degree or above were negatively associated with
WB. Shift work, nurse medical profession, and increased BAP were positively associated
with WB.

Alcohol use and NBSP were closely associated, and both were independent risk
factors for WB. Mediation models indicated that the individuals who used alcohol to cope
with NBSP or those with NBSP who often consumed alcohol had worsened WB due to
a vicious circle of musculoskeletal pain and alcohol use. Therefore, medical institutions
should positively encourage that staff quit drinking or drink in moderation. In particular,
individuals who suffer from neck and shoulder pain should not consider alcohol use to
cope with burnout symptoms.
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Abstract

BACKGROUND
Burnout, musculoskeletal pain, and sharps injuries (SIs) affect medical workers.

AIM
To establish a model between Sls, burnout, and the risk factors to assess the extent
to which burnout affects Sls.

METHODS

This questionnaire was used for an observational and cross-sectional study, which
was based on members at a hospital affiliated with a medical university in
Taichung, Taiwan, in 2020. The valid responses constituted 68.5% (1734 of 2531).
The items were drawn from the Nordic Musculoskeletal Questionnaire and
Copenhagen burnout inventory and concerned work experience, occupational
category, presence of chronic diseases, sleep duration, overtime work, and work
schedule. Factor analysis, chi-square test, Fisher exact test, Multiple linear, logistic
regression and Sobel test were conducted. The present analyses were performed
using SAS Enterprise Guide 6.1 software (SAS Institute Inc., Cary, NC, United
States), and significance was set at P < 0.05.

RESULTS

7391 September 6,2021 | Volume9 | Issue25 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v9.i25.7391
http://orcid.org/0000-0002-0979-6696
http://orcid.org/0000-0002-0979-6696
http://orcid.org/0000-0001-2345-6789
http://orcid.org/0000-0001-2345-6789
http://orcid.org/0000-0002-1179-1616
http://orcid.org/0000-0002-1179-1616
http://orcid.org/0000-0002-7786-5497
http://orcid.org/0000-0002-7786-5497
mailto:alexyeh@csmu.edu.tw

Chen YH et al. Burnout is a mediating factor

authors declare no other conflicts
of interest for this article.

Data sharing statement: No
additional data are available.

STROBE statement: The authors
have read the STROBE statement,
and the manuscript was prepared
and revised according to the
STROBE statement.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ /creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Specialty type: Health care sciences

and services
Country/Territory of origin: Taiwan

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B, B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

Received: April 21, 2021
Peer-review started: April 21, 2021
First decision: May 24, 2021
Revised: June 1, 2021

Accepted: July 27, 2021

Article in press: July 27, 2021
Published online: September 6,
2021

P-Reviewer: Costantini R, Labusca
L

S-Editor: Liu M

L-Editor: A

P-Editor: Zhang YL

Jaishideng®

WJCC | https://www.wjgnet.com

Personal and work-related burnout ranks, sex, work experience ranks, occupa-
tional groups, drinking in the past month, sleep duration per day, presence of
chronic diseases, overtime work ranks, and work schedule were associated with
Sls. Frequent upper limb and lower limb pain (pain occurring every day or once a
week) determined to be related to Sls. High personal burnout (> Q3) and high
work-related burnout (> Q3) mediated the relationship between Sls and frequent
lower limb pain. Similarly, frequent lower limb pain mediated the relationship of
SIs with high personal and high work-related burnout. High personal and high
work-related burnout mediated the relationships of SIs with overtime work and
irregular shift work. The mediating model provides strong evidence of an
association between mental health and Sls.

CONCLUSION

Burnout was determined to contribute to SIs occurrence; specifically, it mediated
the relationships of SIs with frequent musculoskeletal pain, overtime work, and
irregular shift work.

Key Words: Personal burnout; Work-related burnout; Sharps injuries; Musculoskeletal
pain; Mediating factor; Overtime work

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Burnout affects approximately half of all nurses, physicians, and other
clinicians. Sharps injuries, which frequently occur among health care workers,
constitute a critical problem. Our study found burnout was determined to contribute to
sharps injuries occurrence; specifically, it mediated the relationships of sharps injuries
with frequent musculoskeletal pain, overtime work, and irregular shift work. Results
from the present study suggest that if the problem of burnout is ignored, training or
safe operation may not be sufficient to effectively prevent work-related injuries. To the
best of our knowledge, this finding has never been reported.

Citation: Chen YH, Tsai CF, Yeh CJ, Jong GP. Is burnout a mediating factor between sharps
injury and work-related factors or musculoskeletal pain? World J Clin Cases 2021; 9(25): 7391-
7404

URL: https://www.wjgnet.com/2307-8960/full/v9/i25/7391 .htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i25.7391

INTRODUCTION

In May 2018, burnout was recognized as an “occupational phenomenon” in the
International Classification of Diseases, 11* Revision (ICD-11) of the World Health
Organization. Burnout is a state of physical, emotional, and mental exhaustion that
results from long-term involvement in work situations that are emotionally
demanding][1]. The specific definition of burnout in the ICD-11 is “a syndrome concep-
tualized as resulting from chronic workplace stress that has not been successfully
managed.”

Burnout is responsible for high physician turnover and reduced clinical hours,
which cause total losses of approximately 4.6 billion dollars in the United States each
year[2]. Moreover, burnout affects approximately half of all nurses, physicians, and
other clinicians[3]. Studies on resident physicians and nurses have indicated that most
cases of burnout are personal or work-related. Studies have noted that work-related
burnout (WB) and personal burnout (PB) occur in 30% and 50% of individuals with
burnout, respectively[4]. Notably, burnout also affects the patient-related quality of
care[5]. The numerous reasons for the development of burnout include basic
demographic characteristics such as sex[4,6] and age[7]; occupational factors such as
work experience (WE)[8], overtime (OT) work[9], and shift work[10]; lifestyle habits
such as sleep duration (SLD)[10,11] and exercise[11]; and health status (e.g., the
presence of chronic diseases)[12].
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In the United States, 13% of the workforce experience losses in productivity
stemming from a painful physical condition, amounting to an estimated US$61.2
billion in pain-related lost productive time each year[13]. Musculoskeletal (MS) in the
lower back, shoulders, and neck are most commonly reported[14]. In addition,
myofascial pain syndromes from trigger points are among the main causes of MS pain
due to traumatic/micro traumatic events (often secondary to occupational postu-
res/attitudes/activities)[15].

The United States Centers for Disease Control and Prevention defines sharp injuries
(SI) as an exposure event (blood/body fluid exposure) that occurs when a needle or
other sharp object penetrates the skin. SI frequently occurs among health care workers
and constitutes a critical infective problem upon contamination of the sharp object. As
one study noted, 0.42 hepatitis B infections, 0.05 to 1.30 hepatitis C infections, and 0.04
to 0.32 human immunodeficiency virus (HIV) infections develop per 100 cases of SI
per year. The literature review conducted in that study revealed that Sls led to mean
costs of €1966 if the source patient was HIV positive and had coinfections of hepatitis B
and hepatitis C[16]. SI occurrence has been reported to be associated with occupational
factors such as WE[17], work hours[18], and shift work schedules[19] as well as
demographic characteristics such as sex[20] and age[21]. Moreover, one article asserted
that the experience of SIs was related to the mental health of health care workers[22].
Therefore, the relationship between burnout level (as measured using a routine
questionnaire) and SI deserves scholarly attention with regard to the prevention of
work-related injuries among medical personnel. In the present study, a model of
causal relationships between SI, burnout, and work-related risk factors was
established to assess the extent to which burnout affects SI. This investigation serves as
a basis on which the impact of mental health on occupational injuries can be further
explored in the future. Specifically, the present study examined the relationship
between mental health and occupational injuries, with burnout and SI as agent
variables.

MATERIALS AND METHODS

This questionnaire was used for an observational and cross-sectional study, which was
based on members at a hospital affiliated with a medical university in Taichung,
Taiwan, in 2020. Of the 2531 individuals to whom the questionnaire was sent, 1838
(72.6%) completed the questionnaire. After exclusion for missing data, 1734 question-
naires (68.5%) were determined to be valid.

The participants” WE (years) and occupational category were provided by the
occupational safety department of the hospital. On the questionnaire, the participants
were asked whether they had a listed chronic disease (CD), with the selection of one or
more diseases classified as a “yes” response. The participants were also asked whether
they had experienced a SI in the past year. In response to the question on smoking in
the past month, “never” or “have quit smoking” were classified as “no.” As for
drinking in the preceding month, answers of “seldom” or “every day” were classified
as “yes,” whereas “never” was classified as “no.” SLD was classified as < 5, 5-6, 6-7,
7-8, or > 8 h. The participants were asked whether they exercised at least once a day,
at least once a week, at least once a month, less than once a month, or never. Possible
responses to the question on OT work were the following: seldom, fewer than 45 h per
month, 45-80 h per month, and more than 80 h per month. The responses were
classified as seldom, < 45 h per month, and > 45 h per month accordingly. As for work
schedule, the options given were day shift work, night shift work, irregular shift work,
and regular shift work.

This study adopted the Nordic MS Questionnaire (NMQ) modified and translated
by the Taiwan Institute of Occupational Safety and Health[23]. The NMQ, which is
used in the investigation of the site and frequency of MS pain, was developed in a
project funded by the Nordic Council of Ministers. The NMQ has acceptable reliability
[23] and has been applied in a wide range of occupational groups, including nurses
[24]. Items on the NMQ include questions on the presence of pain attributable to work-
related factors in the preceding year and on the pain sites, the options for which were
the neck (N1), left shoulder (N2), right shoulder (N3), upper back (N4), waist or lower
back (N5), left elbow (N6), right elbow (N7), left wrist (N8), right wrist (N9), left
hip/thigh/buttock (N10), right hip/thigh/buttock (N11), left knee (N12), right knee
(N13), left ankle (N14), and right ankle (N15). If a participant answered “yes” to the
question on the experience of work-related pain over the past year, they were
instructed to indicate its frequency: every day, once a week, once a month, or once
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every half year. Pain occurring every day or once a week was defined as frequent MS
(FMS) pain and was scored as 1. Pain occurring once a month or once every half year
was scored as 0.

In the present study, factor analysis was conducted on the NMQ results to
determine the underlying variables that explained most of the questionnaire.
According to the principle proposed by Hair et al[25], factors that should be retained
have feature vector values exceeding 1. Through varimax rotation, the standardized
scoring coefficients constituted new factor loadings and were defined as new factors
according to the corresponding significance of the factor loadings.

The Copenhagen burnout inventory (CBI), which comprises three scales assessing
PB, WB, and client-related burnout, has extremely high internal reliability and low
nonresponse rate[26]. The present study used the Chinese version of CBI, which has
proven to be a reliable and valid tool for assessment of burnout problems[27]; thus, it
was used to evaluate burnout in the present study, with a focus on PB and WB. The
first six items, which concern PB, are as follows: C1: “How often do you feel tired?”
C2: “How often are you physically exhausted?” C3: “How often are you emotionally
exhausted?” C4: “How often do you think ‘I can’t take it anymore’?” C5: “How often
do you feel worn out?” C6: “How often do you feel weak and susceptible to illness?”

Items 7-13, which concern WB, are as follows: C7: “Is your work emotionally
exhausting?” C8: “Do you feel burnt out because of your work?” C9: “Does your work
frustrate you?” C10: “Do you feel worn out at the end of the working day?” C11: “Are
you exhausted in the morning at the thought of another day at work?” C12: “Do you
feel that every working hour is tiring for you?” C13: “Do you have enough energy for
family and friends during leisure time?”

The response options-“always”, “often”, “sometimes”, “seldom”, and
“never/almost never”-are scored as 100, 75, 50, 25, and 0 points, respectively, except
for item C13, which is inverse scored (i.e., the responses are scored as 0, 25, 50, 75, and
100 points, respectively). Levels of PB and WB are represented by the mean of the total
PB and WB scores (the sum of scores on items C1-C6 and items C7-C13), respectively.

The categorical variables were subjected to the chi-square test or Fisher exact test.
Significance in the differences among the means of continuous variables was
determined using the f test or one-way ANOVA. Multiple linear or logistic regression
was conducted to control the interference of potential risk factors in the association
between the independent variables (IVs) and the dependent variable (DV)-specifically,
to determine whether adjustments to variables significantly affected IV-DV associ-
ations. Mediation effects were analyzed on the basis of the strategy proposed by Baron
and Kenny[28] in which: (1) The IV significantly affects the mediator (first-stage effect);
(2) The 1V significantly affects the DV in the absence of the mediator; (3) The mediator
has a significant unique effect on the DV (second-stage effect); and (4) The effect of the
IV on the DV weakens upon addition of the mediator to the model. A method for
mediation suitable for a combination of categorical and continuous variables,
developed by Iacobucci[29], was used; the (formula 1) are as follows.

¥ =bg; +cX
M = by, + aX
Y = by +c'X +bM
Zg=af 3;
Zy = 3/ Sp

Where X is an IV; Y is a DV; M is the adjusted variable (i.e., the mediating factor) in
a simple mediation model; a is a logistic/ Linear regression coefficient of X against M
when M and X are a DV and IV, respectively; b is the logistic/Linear regression
coefficient of M against Y in a simple mediation model; c is the logistic/Linear
regression coefficient of X against Y; and ¢' is the logistic/Linear regression coefficient
of X against Y with M as the adjusting variable. The standard errors of a and b are
represented by s, and s,, respectively.

The original formula of the Sobel test was rederived into formula 2.

e

Zmediation (Zm) =
fza2+zb2+1

Results exceeding |1.96 | and |2.57| (for a two-tailed test) are significant at a = 0.05
and o = 0.01, respectively. The present analyses were performed using SAS Enterprise
Guide 6.1 software (SAS Institute Inc., Cary, NC, United States), and significance was
set at P < 0.05.
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RESULTS

As shown in Table 1, the mean PB and WB scores were 36.69 + 17.59 and 34.19 + 16.29,
respectively. SI incidence was 8.42%. Q1, Q2, and Q3 represented the lower quartile,
median, and upper quartile, respectively. The highest proportions of SlIs (12.55% and
12.42%) corresponded to PB and WB (rank > Q3 for both), respectively. Differences in
SI occurrence were significant among the PB or WB ranks. Women reported higher PB
and WB than men (37.39 vs 33.64 and 34.89 vs 31.13, respectively; P < 0.01 for both), but
SIs were more common in men (13.85% vs 7.17%; P < 0.01). Regarding WE, ranks > Q2
and < Q3 corresponded to the highest PB level (mean = 38.94 + 17.60), whereas a rank
> Q3 corresponded to the lowest WB level (mean = 31.36 + 15.46). Moreover, ranks >
Q1 and < Q2 with regard to WE corresponded to the highest proportion of SI
occurrence (12.21%). Significant differences in the proportion of SI occurrence and in
the levels of PB and WB were noted among occupational groups, with nurses experi-
encing the highest PB and WB (41.22 and 39.33). Notably, SIs occurred most commonly
among physicians (15.86%). Levels of PB (mean = 39.51) and WB (mean = 36.17) were
significantly higher in participants who reported drinking during the preceding
month, as was SI occurrence (11.41%). SLD was significantly associated with PB level,
WB level, and SI occurrence. The highest PB and WB (mean scores = 48.52 and 41.82,
respectively) were observed in the participants who reported sleeping < 5 h per night,
as was the highest SI occurrence (14.52%). The participants who exercised daily
reported significantly lower PB and WB (mean scores = 31.27 and 28.84, respectively)
than those who exercised less frequently, but no significant difference in SI occurrence
was noted. Compared with those without such conditions, the participants with CD
had significantly higher levels of PB and WB (mean scores = 38.69 and 35.43,
respectively) and were more likely to have sustained an SI (10.53%). Burnout levels
and SI occurrence differed significantly according to the monthly number of OT hours.
Specifically, the participants who worked > 45 h per month had the highest PB and
WB (mean scores = 48.51 and 43.73, respectively). These individuals were also the most
likely to have sustained an SI (16.98%). Burnout levels and SI occurrence also differed
significantly with work schedule. Specifically, the participants who worked irregular
shifts reported the highest PB and WB (mean scores = 43.54 and 40.90, respectively) as
well as the highest SI occurrence (13.45%).

Table 2 presents information on the sites and occurrence of MS pain experienced
over the 12 mo as well as the sites and proportion of MS pain that occurred at least
once a week (i.e., FMS pain). Because the eigenvalues of factors 1 and 2 exceeded 1,
these factors were retained. Although the eigenvalue of factor 3 was lower than 1, it
was retained for the maximum explaining questionnaire. The factor loadings were
converted into standardized scoring coefficients through varimax rotation. The
relatively large factor loading values in bold for factors 1, 2, and 3 correspond to pain
in the upper trunk, lower limbs, and upper limbs, respectively. Frequent upper torso
pain (FUTP) occurred in the neck, both shoulders, and upper back, and its
standardized coefficient was defined as FUTP. As for frequent lower limb pain (FLLP),
sites included both hip/thigh/buttocks, both knees, and both ankles, and its
standardized coefficient was defined as FLLP. Frequent upper limb pain (FULP)
occurred in both elbows and both wrists, and its standardized coefficient was defined
as FULP. The explained variation in FUTP, FLLP, and FULP was 73.86%, 23.11%, and
8.67%, respectively. This indicated that the participants experienced upper trunk pain
most frequently, followed by lower limb and upper limb pain. Although FULP had the
smallest explained variation of the three, it was retained because the present study was
focused on the relationship between SI and upper limb pain.

Table 3 shows that the participants who had experienced an SI in the preceding year
had significantly higher FLLP and FULP scores than those who had not, but no
significant differences were noted for the FUTP score. In short, FLLP and FULP were
identified as risk factors for Sls.

Because of the extremely high proportion of Sls corresponding to PB or WB ranks >
Q3 (Table 1), PB rank was reclassified as PB > Q3 and PB < Q3, and WB rank was
reclassified as WB > Q3 and WB < Q3. PB > Q3 and WB > Q3 corresponded to high PB
level (HPBL) and high WB level (HWBL), respectively. Similarly, the participants who
worked irregular shifts had significantly higher PB and WB scores; therefore, the work
schedule was reclassified as irregular work shifts (IRWS) and other work schedules.
Moreover, because SIs were only reported by nine participants who worked > 45 h of
OT per month, OT work was reclassified as an experience of OT (EOT) work and
seldom worked OT.
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Table 1 Descriptive statistics concerning the results of the Copenhagen burn inventory and occurrence of sharps injuries (n = 1734)

PB score WB score Sl
Characters n

mean * SD mean * SD Subject (%)
Sl in past one year 1734 36.69 +17.59 3419 £16.29 146 (8.42)
PB ranks i
>Q3 542 56.93 +12.20 - 68 (12.55)
>Q2and £Q3 482 37.22 £331 . 30 (6.22)
> Q1 and < Q2 394 27.08 £2.09 - 29 (7.36)
<Ql 316 1312 £6.79 . 19 (6.01)
WB ranks o
>Q3 451 - 54.66 £ 9.45 56 (12.42)
>Q2and Q3 572 - 36.70 £4.03 39 (6.82)
> Q1 and £ Q2 344 - 26.61+1.78 25 (7.27)
<Q1 367 - 12.20+7.27 26 (7.08)
Sex ° b o
Male 325 33.64 £16.48 31.13 £15.28 45 (13.85)
Female 1409 37.39+17.77 34.89 £16.44 101 (7.17)
WE ranks ° ° o
<Q1 375 36.23 +17.73 34.72£17.37 34 (9.07)
> Q1 and £ Q2 434 37.29£17.98 35.12+£16.10 53 (12.21)
>Q2and £Q3 487 38.94 +17.60 35.48 £16.06 38 (7.80)
>Q3 438 34.07 +16.73° 31.36 £15.46 21 (4.79)
Occupation groups ‘ ‘ o
Doctors 145 37.10£17.37 34.11+16.78 23 (15.86)
Nurses 627 41.22 £17.27 39.33 £15.55 55 (8.77)
Others 962 33.67 £17.20 30.84 +15.82° 68 (7.07)
Right-handed
Yes 1663 36.89 +17.64 34.31+£16.31 142 (8.54)
No 71 31.87 £15.62 31.34£15.48 4 (5.63)
Drinking in past month ‘ b w
Yes 561 39.51 £17.05 36.17 £16.03 64 (11.41)
No 1173 35.34 £17.69 33.24 +£16.33 82 (6.99)
Smoking in past month
Yes 12 31.60 +16.80 25.89 +£17.04 2 (16.67)
No 1722 36.72 +17.60 34.24 £16.27 144 (8.36)
SLD (per day) ranks ¢ ‘ -
<5h 62 48.52 +20.62 41.82+£17.57 9 (14.52)
>5and<6h 566 41.04+17.91 38.26 £16.47 54 (9.54)
>6and<7h 771 34.91 +16.38 32.35+15.40 66 (8.56)
>7h 335 31.23 +£16.47 29.89 +15.80 17 (5.07)
Exercise per day " ‘
Yes 133 31.27 +18.88 28.84 +17.87 11 (8.27)
No 1601 3714 +£17.41 34.63 £16.08 135 (8.43)
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Suffering chronic disease " : e

Yes 608 38.69 +17.95 35.43 +16.70 64 (10.53)
No 1126 35.61 +17.31 33.51 +16.02 82 (7.28)
OT work ranks : ‘ o

>45h / mo 53 48.51+19.78 43.73 +18.34 9 (16.98)
<45h/ m 481 41.32+17.21 39.27 +15.82 58 (12.06)
Seldom 1200 34.31 +17.07° 31.73 +15.75 79 (6.58)
Work schedule classes : ‘ o
Irregular shift 223 43.54 +18.63 40.90 +16.91 30 (13.45)
Regular shift 204 37.89+17.15 35.19 +15.19 25 (12.25)
Night 204 37.77 +18.14 37.45+16.26 17 (8.33)
Day 1103 34.88 +16.99 32.04 +15.89 74 (6.71)

IChi-square test.

%Fisher exact test.

2P <0.05.

bp < 0.01.

P < 0.0001. OT: Over time; PB: Personal burnout; SD: Standard deviation; SI: Sharp injuries; SLD: Sleep duration; WB: Work-related burnout.

Table 2 Sites of musculoskeletal pain and factor analysis of the Nordic musculoskeletal questionnaire, n (%)

Pain past 12 months ~ FMS pain  Factor loadings

Pain site Subjects Subjects  Factor 1: Uppertorso  Factor 2: Lower limb  Factor 3: Upper limb
Neck 636 (36.68) 405 (23.36)  0.29 -0.04 -0.05
Left shoulder 370 (21.34) 234 (13.49)  0.27 -0.06 -0.03
Right shoulder 444 (25.61) 283 (16.32)  0.29 -0.05 -0.02
Upper back 327 (18.86) 210 (12.11)  0.19 0 0.01
Waist or lower back 529 (35.01) 300 (17.30)  0.12 0.02 0
Left elbow 65 (3.75) 35 (2.02) -0.03 -0.02 0.25
Right elbow 126 (7.27) 81 (4.67) -0.01 -0.04 0.27
Left wrist 103 (5.94) 67 (3.86) -0.03 0 0.24
Right wrist 205 (11.82) 110 (6.34)  -0.02 -0.04 0.31
Left hip/thigh/buttock 70 (4.04) 48 (2.77) -0.04 0.19 0.04
Right hip/thigh/buttock 70 (4.04) 45 (2.60) -0.04 0.19 0.05
Left knee 95 (5.48) 51 (2.94) 0.04 0.2 -0.09
Right knee 88 (5.08) 51 (2.94) 0.02 0.29 011
Left ankle 42 (2.42) 31 (1.79) -0.06 0.23 0
Right ankle 51(2.94) 39 (2.25) -0.05 0.21 0
Eigenvalues 4.02 1.26 0.47
Explained variation (%) 73.86 2311 8.67

The relatively large factor loading values were marked in bold for corresponding to musculoskeletal pain sites.

Figure 1 shows the mediation effect of burnout in the association between SIs and
the risk factors. The value of ¢ must be statistically significant and greater than that of
c'. Moreover, the values of @ and b must be statistically significant. In addition, a x b
and c¢-¢’ must differ significantly and be able to be tested by calculating the Z _ iio0n
value (Z,). HPBL partially mediated the relationships of SI with FLLP (Z,, = 2.84),
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Table 3 Differences in frequent musculoskeletal pain scores between participants who had and had not experienced an sharps injury in

the preceding year

With Sls in past year Without Sls in past year

FMS pain score P value
mean * SD mean * SD

FUTP 0.11+0.97 -0.01+0.86

FLLP 024%117 0.02+0.78 "

FULP 0.16 +0.96 -0.02+0.70 :

2P <0.05.

PP < 0.01. FMS: Frequent musculoskeletal; FUTP: Frequent upper torso pain; Sis: Sharps injuries.

a,= 0.28%(s,,= 0.06)
a,= 0.28%(s,,= 0.07)
a;= 0.73%(s,3= 0.11)
a,= 0.16 (s3= 0.18)
as= 0.68%(s,5= 0.15)

by= 0.66°(5y,= 0.18)
b,= 0.68(s,,= 0.18)
by= 0.62(5y5= 0.18)

b= 0.71%(5,4= 0.18)
bs= 0.67(Sy5= 0.18)
Zoy= 2.84% Zyp= 2.70°
Zyy= 3.03% Zy,= 0.84

Zns= 2.84°
>
¢,= 0.24%; ¢,=0.20°

= 0.25% ¢,=0.20°

c;= 0.71¢; c5= 0.61°

c4= 0.81°; ¢4=0.79°
¢s=0.63P; 5= 0.522

a;= 0.27¢(s,,= 0.06)
a,= 0.31%(s,,= 0.07)
a;= 0.87¢(s,3= 0.11)
a,= 0.24 (s;3= 0.19)
as= 0.81¢(s,5= 0.15)

b= 0.57%(sy;= 0.18)
by= 0.580(s,,= 0.18)
by= 0.51°(s,3= 0.18)
by= 0.620(s,,= 0.18)
bs= 0.57(s,5= 0.18)

Zoi= 2.54% Z,,,=2.56°
Zm= 2.65% Zp,=1.14
Zns= 2.70°
_ >
¢= 0.24% ¢,= 0.21°
¢,= 0.25% ¢,= 0.20?
c;= 0.715 ¢’3= 0.62°
c4= 0.815; 4= 0.79°
5=0.63%; C's= 0.522

Figure 1 Mediation effects of high personal burnout level/high work-related burnout level in the association between sharps injuries and
X;. 2P < 0.05,°P < 0.01, °P < 0.0001. ;: Frequent lower limb pain; ,: Frequent upper limb pain; ,: Experience of overtime vs seldom worked overtime; ,: Doctors vs
Nurses and others; ¢: Irregular work shifts vs other work schedules; ai: The logistic regression coefficient of risk factors for the association between sharps injurie (SI)
and risk factors; s,;: The standard error of a;; b;: The logistic regression coefficient of burnout as an adjusted variable with regard to the association between Sl and X;;
s,;: The standard error of b, SI: Sharps injurie; HPBL: High personal burnout level; HWBL: High work-related burnout level.

FULP (Z, = 2.70), EOT work (Z, = 3.03), and IRWS (Z, = 2.84). HWBL partially
mediated the relationships of SI with FLLP (Z,, = 2.54), FULP (Z, = 2.56), EOT work
(Z,, = 2.65), and IRWS (Z, = 2.70). A strong relationship between FMS pain and
burnout was observed, but whether FMS pain also mediated the relationship between
SI and burnout remains to be determined. Figure 2 shows FLLP significantly mediated
the relationships of SI with HPBL (Z,, = 2.44) and HWBL (Z,, = 2.40). By contrast, the
mediating effect of FULP was not significant. Neither FLLP nor FULP mediated the
relationships of SI with EOT work, being a physician, and IRWS.

From the analytical results (Table 1-3, Figure 1 and 2), the following inferences can
be made: an increase in the frequency of limb pain was closely correlated with an
increase in Sl incidence, and an increase in burnout level caused by an increase in the
frequency of limb pain increased SI occurrence. The participants with HPBL accounted
for a higher proportion of the Sls that occurred, and the increase in FLLP caused by
HPBL also raised the proportion of SI occurrence. The participants with EOT work
were more likely to sustain an SI, as were the participants experiencing serious
burnout caused by OT work, which would increase the rate of SI occurrence. Similarly,
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a,= 0.20<(s,,= 0.04)
a,= 0.21¢(s,,= 0.05)
ay= 0.06%(s,3= 0.04)
a4= -0.05 (s,3= 0.07)
as= 0.03 (S,5= 0.06)

a;= 0.16¢(s,,= 0.04)
a,= 0.18°(s,,= 0.04)
a;=-0.00 (s,3= 0.04)
a,= -0.05 (s,3= 0.06)
as= 0.05 (s,5= 0.05)

\

/' Zy= 1.90; Z,p= 195
Z03= 0.00; Zyy= -0.76
Z,s= 0.8
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by= 0.20%(s,,= 0.07)

b= 0.21%(s,,= 0.07)

by= 0.24%(s,;= 0.07)

b= 0.25b(sp,= 0.07)
\ bs= 0.24%(sp5= 0.07)

" Zpy= 2,447 Zoy= 2.40°
Zy= 1.33% Z,p=-0.68
Zns= 0.48

A

— >

¢,= 0.725 ¢,=0.66°
,=0.63b; ¢,=0.57b

c;= 0.71% c5= 0.70¢
c,= 0.81b; c,= 0.83°
¢5=0.63%; c's= 0.62°

by= 0.20° (s,,= 0.09)
b= 0.20 (s,,= 0.09)
bsy= 0.25b (s,5= 0.09)
b= 0.25 (s,,= 0.09)
bs= 0.24° (s,5= 0.09)

\

¢;=0.72% ¢;=0.68°
c,= 0.63% ¢,=0.58°
c3= 0.715 ¢3=0.72¢

c4= 0.81b; c4;= 0.83
¢s=0.63; C's= 0.61°

Figure 2 Mediation effects of frequent lower limb pain/frequent upper limb pain in the association between sharps injuries and X;. 2P <
0.05, °P < 0.01, °P < 0.0001. : High personal burnout level; ,: High work-related burnout level; ,: Experience of overtime vs seldom worked overtime; ,: Doctors vs
Nurses and others; ;: Irregular work shifts vs other work schedules; a;: The logistic regression coefficient of risk factors for the association between sharps injuries (SI)
and risk factors; s,;: The standard error of a;; b;: The logistic regression coefficient of burnout as an adjusted variable with regard to the association between Sl and X;;
s, The standard error of b,. SI: Sharps injurie; FLLP: Frequent lower limb pain; FULP: Frequent upper limb pain.

the participants with IRWS were also more likely to sustain an SI, as were the
participants experiencing serious burnout caused by IRWS, which would increase the
rate of SI occurrence.

Constructed on the basis of the results presented in Figure 1 and 2 is a simple
mediation model that indicates the existence of direct or mediating relationships
between SI and FLLP, HPBL/HWBL, and EOT work or IRWS. HPBL and HWBL
mediated the SI-FLLP relationship. Similarly, FLLP was a mediating factor in the
relationships of SI with HPBL and HWBL. Furthermore, HPBL and HWBL mediated
the relationships of SI with EOT work and IRWS.

DISCUSSION

In line with reports that both PB and WB levels are significantly higher among female
resident physicians[4] and that male nurses experience burnout syndrome less
commonly than female nurses[6], the women in the present sample reported
significantly higher PB and WB than the men (Table 1). Regarding Sls, a study
indicated that male health workers were 10 times more likely to sustain an SI than
were female health workers[30]. The men in the present study were more likely to
sustain SIs than the women (13.85% vs 7.17%).

Studies have reported that nurses and clinicians working OT are more likely to
experience burnout[9]. In one study, an increase in weekly work hours increased the
occurrence of SIs among nurses[31]. As shown in Table 1, a dose-response relationship
between SI and OT work (> 45, < 45 h, or seldom) was observed. Similar results were
noted for relationships of PB and WB with OT. Specifically, more OT work hours
increased SI occurrence and the mean levels of PB and WB, and PB and WB was
positively associated with SIs. These results suggest that OT work was related to PB
and WB level as well as to SI occurrence. PB and WB may contribute critically to the
relationship between SI and OT work; this possibility warrants further investigation.
As shown in Figure 1, PB and WB partially mediated the relationship between SI and
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EOT work; the effects were significant. These results suggest that EOT work affected SI
directly or indirectly (through an unknown path). Studies have noted that increased
OT was significantly associated with impairments in attention, executive function[32],
and stress response[33]. Whether OT work affects SI incidence through these factors
remains to be determined.

One study noted that burnout syndrome was more common among nurses working
irregular shifts than among those working regular shifts[6]. In the same vein, studies
have observed that working regular shifts exerted protective effects against Sis[19,21].
Consistent with results from other studies, in the present study, the highest mean PB
and WB was reported by participants working irregular shifts (Table 1). As shown in
Figure 1, PB and WB also partially mediated the relationship between SI and irregular
shifts, indicating that irregular shifts may have affected SI through burnout in some
participants; in others, irregular shifts may have exerted direct effects on SI through
other routes.

A large study conducted in the Netherlands on MS pain occurring over 12 mo
reported that lower back pain occurred the most frequently (43.9%), followed by
shoulder pain (30.3%) and neck pain (31.4%)[14]. In line with these results, the corres-
ponding occurrence of low back pain, shoulder pain, and neck pain in the present
study was 35.01%, 46.95%, and 36.68%, respectively (Table 2). A study on seven
occupational groups in Norway reported a significant association between burnout
and MS pain[34]. In the present study, the frequency of limb pain (lower or upper) was
positively associated with HPBL and HWBL (a = 0.28, P < 0.0001; a = 0.28, P < 0.0001;
Figure 1). A cross-sectional study on burnout and occupational accidents in which the
Maslach Burnout Inventory (MBI) questionnaire was administered to employees in the
occupational medicine department of a hospital reported that each one-unit increase in
the burnout score corresponded to a 9% increase in the risk of injury[35]. In a study on
Chinese nurses in which the MBI questionnaire was again used, emotional exhaustion
was positively associated with SI occurrence[36]. Regarding the present results
obtained from the CBI, SI occurrence differed significantly in PB (P < 0.01) and WB
ranks (P < 0.01) (Table 1). As shown in Figure 2, HPBL (¢ = 0.72, P < 0.001) and HWBL
(c =0.63, P < 0.01) were positively associated with SI occurrence. The present results
are consistent with those from other studies that used the MBIL. However, in an
extension of the literature, we further explored the causal relationships between SI,
work-related risk factors, and burnout through the analysis of mediating effects. As
shown in Figure 2, FLLP also mediated the relationships of SI with HPBL and HWBL,
indicating that FLLP and HPBL or HWBL form a vicious circle with SI (Figure 3).
These findings serve as a valuable reference for SI prevention. To test for significance,
we used the Z  formula developed by lacobucci[29], which can effectively test for
mediating effects in samples exceeding 300 when X, Y, and M are categorical variables.
The present sample size of 1734 more than meets this requirement. Therefore, the Z ,
formula was suitable.

WE, drinking in the preceding year, SLD, exercise, and CD, variables adjusted in the
model, were identified as risk factors for SI and burnout. The significant association of
these variables with SI and burnout is supported by results from other studies. For
example, studies have indicated that individuals with less WE are at a higher risk of
sustaining SIs[17], and the report of burnout was significantly positively associated
with higher alcohol consumption[37]. Moreover, PB has been demonstrated to be
significantly associated with impaired sleep quality[11], and reductions in SLD
increase the risk of occupational injury[38]. University students or nurses who engage
in physical activity or exercise have been noted to report significantly lower levels of
PB and fatigue[11], and individuals with burnout appear to be more susceptible to
physical illness than those without burnout[39]. Therefore, the adjustment of these
variables was both necessary and appropriate for reducing the impacts of possible
confounders on the SI model.

The burnout mediation model regarding SI and occupational risk factors (e.g., OT
work, irregular shift, and MS pain) provides strong evidence of an association between
mental health and SIs. The literature mostly examines the relationship between SI and
the work process or the use of protective equipment; deeper psychological factors are
seldom explored. The relationship between SIs and work-related injuries not induced
by burnout warrants further investigation. A study on 112 workers in metal melting
industries reported no significant association between occupational burnout and
unsafe actions[40]. Despite the small sample size in that study, results from both that
study and the present study suggest that if the problem of burnout is ignored, training
or safe operation may not be sufficient to effectively prevent work-related injuries.
Therefore, to mitigate the problem of work-related injuries, institutions should take
effective countermeasures to alleviate burnout among medical personnel.
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Figure 3 Simple mediation model for burnout and frequent lower limb pain. X and Y are the independent and dependent variables, respectively,
whereas M, is the mediating factor of sharps injuries (Y) and X;. FLLP: Frequent lower limb pain; HPBL: High personal burnout level; HWBL: High work-related
burnout level; EOT: The experience of overtime (work); IRWS: Irregular work shifts.
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This study was performed in the context of the coronavirus disease 2019 pandemic,
which may have been more demanding on medical personnel than the non-pandemic
period. Therefore, a similar study that assesses the regular work conditions and
exposure of health care workers during the non-pandemic period should be replicated
and compared with the result of the pandemic period.

CONCLUSION

Burnout was determined to contribute to SI occurrence; specifically, it mediated the
relationships of SI with FUTP, FLLP, EOT, and IRWS. FLLP also mediated the
relationship between SI and burnout, forming a vicious circle of burnout and FLLP
that further increased the frequency of SIs. To the best of our knowledge, this finding
has never been reported. The present findings serve as a reference for the management
of mental health and the prevention of SIs among medical personnel worldwide.

ARTICLE HIGHLIGHTS

Research background

Burnout affects approximately half of all nurses, physicians, and other clinicians.
Sharps injuries, which frequently occur among health care workers, constitute a critical
problem in the hospital.

Research motivation

Studies conducted in many countries revealed the relationship between burnout level
(as measured using a routine questionnaire) and sharps injury deserves scholarly
attention with regard to the prevention of work-related injuries among medical
personnel. However, studies assessing the extent to which burnout affects sharps
injuries are scarce.

Research objectives
To be established a model between sharps injuries, burnout, and the risk factors to
assess the extent to which burnout affects sharps injuries.

Research methods

A questionnaire was used for an observational and cross-sectional study, which was
based on members at a hospital affiliated with a medical university in Taichung,
Taiwan, in 2020. The valid responses constituted 68.5% (1734 of 2531). The items were
drawn from the Nordic Musculoskeletal Questionnaire and Copenhagen burnout
inventory and concerning work experience, occupational category, presence of chronic
diseases, sleep duration, overtime work, and work schedule. Factor analysis, chi-
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square test, Fisher exact test, multiple linear, logistic regression, and Sobel test were
conducted.

Research results

Our study found burnout was determined to contribute to sharps injuries occurrence;
specifically, it mediated the relationships of sharps injuries with frequent musculo-
skeletal pain, overtime work, and irregular shift work.

Research conclusions

Burnout was determined to contribute to SIs occurrence; specifically, it mediated the
relationships of sharps injuries with frequent musculoskeletal pain, overtime work,
and irregular shift work.

Research perspectives

A similar study that assesses the regular work conditions and exposure of health care
workers during the non-pandemic period should be replicated and compared with the
result of the pandemic period.
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Abstract

BACKGROUND

Needle stick and sharps injuries (NSIs) may cause infections among medical
personnel. Obesity and overtime work among medical personnel increase the
incidence of work injuries.

AIM
To investigate whether overtime work and obesity increase the risk of NSIs.

METHODS

This cross-sectional study used the data of 847 hospital personnel, including 104
doctors, 613 nurses, 67 medical laboratory scientists, 54 specialist technicians, and
nine surgical assistants. Of them, 29 participants notified the hospital of having at
least one NSI in 2017. The data collected included age, overtime work, body mass
index, medical specialty such as doctor or nurse, and professional grade such as
attending physician or resident. The y? and Fisher’s exact tests were used to
compare categorical variables. Multiple logistic regression analysis and the Sobel
test were used to assess the risk of NSIs.

RESULTS

Overtime work, body weight, and medical specialty were significantly associated
with NSIs (P < 0.05). After adjustment for risk factors, heavy overtime work was
an independent risk factor for NSIs, and healthy body weight and nursing
specialty were independent protective factors against NSIs. After adjustment for
risk factors, medical personnel with healthy body weight has half as many NSIs as
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those with unhealthy body weight; the proportion of NSIs in doctors with healthy
body weight was 0.2 times that in doctors with unhealthy body weight; the
proportion of injuries among residents was 17.3 times higher than that among
attending physicians; the proportion of injuries among junior nurses was 3.9 times
higher than that among experienced nurses; the proportion of injuries among
nurses with heavy overtime work was 6.6 times higher than that among nurses
with mild overtime work; and the proportion of injuries among residents was 19.5
times higher than that among junior nurses. Heavy overtime work mediated the
association of medical specialty with NSIs.

CONCLUSION

In addition to promoting the use of safety needles and providing infection control
education, managers should review overtime schedules, and medical personnel
should be encouraged to maintain a healthy weight.

Key Words: Medical staff; Needle stick and sharps injuries; Overtime work; Healthy body
weight; Obesity

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Needle stick and sharp injuries (NSIs) are complex multifactorial processes
that are commonly observed in physical, psychological, and environmental fields.
Therefore, preventing NSIs in medical personnel remains a critical health issue. To
reduce the risk of NSIs, other factors affecting their incidence, such as medical
specialty and body weight, should be analyzed. We investigated whether overtime and
obesity increase the risk of NSIs. We also aimed to provide insights into the
development of more effective prevention plans for NSIs. To the best of our
knowledge, these findings have never been reported.

Citation: Chen YH, Yeh CJ, Jong GP. Association of overtime work and obesity with needle
stick and sharp injuries in medical practice. World J Clin Cases 2021; 9(35): 10937-10947

URL: https://www.wjgnet.com/2307-8960/full/v9/i35/10937.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i35.10937

INTRODUCTION

Needlestick and sharp injuries (NSIs) carry the risk of various infections, such as
hepatitis B, hepatitis C, and human immunodeficiency virus (HIV) infections[1,2]. In
2000, occupational exposure to percutaneous injuries caused by medical personnel
resulted in 16000 cases of hepatitis C, 66000 cases of hepatitis B, and 1000 cases of HIV
worldwide[3]. The mean number of NSIs per 100 occupied beds per year was 4.8-7.6
from 2009 to 2011 in Japan[4]. Poor organizational climate and high workloads are
associated with NSIs and near-misses in nurses[5]; however, the incidence of NSIs
remains higher among doctors, commonly due to stress or overwork, followed by
careless attitude[6]. This careless attitude can be effectively reduced by providing
preventive education[7-10] and supplying protective equipment for procedures such
as intravenous access or blood draws[5]. Some occupational factors, such as long
working hours and overtime, can increase the risk of NSIs among medical personnel
[11,12]; the risk of work-related injuries due to overtime has also been observed in
other occupations[13]. According to the Survey of Occupational Injuries and Illnesses
compiled by the United States Department of Labor, overtime work increased the
injury hazard rate by 61%. In particular, the injury hazard rate was increased by 37%
and 23% for work that lasted more than 12 h daily and 60 h, respectively, per week
[13]. To ensure that medical services are promptly delivered, medical personnel
routinely extend their working hours in cases of personnel shortage or sudden spikes
in demand at the medical site. In Taiwanese hospitals, medical personnel working
overtime mainly comprise doctors, 40% of whom work more than 60 h per week. In
particular, 97% and 83% of doctors in medical centers and regional hospitals,
respectively, work overtime[14].
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Obesity has been significantly associated with diseases such as type 2 diabetes,
cardiovascular diseases, and several forms of cancer[15] and occupational injuries[16].
Occupational injuries caused by obesity generally comprise sprains, strains, lower
limb injuries, and falls[17]. However, a study found no significant relationship
between obesity and contact with sharp material agents without adjusting for medical
specialty and overtime work[16]. Male health workers were found to be 10 times more
likely than female health workers to encounter NSIs[18]. Furthermore, low work
experience was associated with high NSI incidence among nurses[9], and resident
doctors (RDs) have a higher incidence of NSIs than do attending physicians (APs)[19].
NSI incidence among doctors differed from that among nurses[7], and RDs had a
higher incidence than APs and nurses[19].

NSIs are complex multifactorial processes that are related to physical, psychological
and environmental fields. Therefore, preventing NSIs in medical personnel remains a
critical health issue. To further reduce the risk of NSIs, other factors affecting NSI
incidence should be analyzed, such as medical specialty and body weight (BW), and
an effective prevention plan should be developed accordingly.

MATERIALS AND METHODS

This cross-sectional study used data regarding doctors, nurses, and medical laboratory
scientists working in Chung Shan Medical University Hospital, Taichung, Taiwan,
recorded during 2017. The following data were collected: sex, age, height, weight,
intensity of overtime work, medical specialty (doctor, nurse, medical laboratory
scientist, specialist, or surgical assistant), professional level (AP or RD for doctors and
N, N1, N2, N3 or N4 for nurses based on The Guidelines of Nursing Clinical Ladder
System Program in Hospital). In this study, nurses with the professional level of N,
which represents < 1 year of clinical work, were categorized as junior nurses (JNs) and
nurses with higher levels were categorized as experienced nurses. We defined a
medical laboratory scientist as a professional technician (excluding pathology
laboratory personnel), a specialized technician as a specialist nurse in some medical
specialty, and a surgical assistant as a person who assists a doctor in performing a
surgical operation.

This study included 847 participants (104 doctors, 613 nurses, 67 medical laboratory
scientists, 54 specialist technicians, and nine surgical assistants). Among them, 29
notified the hospital of having at least one NSI in 2017; NSIs were recorded by the
hospital’s occupational safety and health department. In this study, the aforemen-
tioned data were analyzed after depersonalization. Body weight was classified
according to the definition of overweight or obesity by the Health Promotion Adminis-
tration, Ministry of Health and Welfare. Specifically, body mass index (BMI) between
18.5 and 24.0 was considered a healthy BW (HBW), and any other BMI outside this
range was considered an unhealthy BW (UHBW). Overtime work was classified
according to the workload levels in the Guidelines for Prevention of Diseases Caused by
Abnormal Workloads (Second Edition) from the Occupational Safety and Health Adminis-
tration, Ministry of Labor. Specifically, extra work (both overtime and non-overtime)
was categorized as slight (< 45 h/mo), moderate (45-80 h/mo), and heavy (> 80 h/mo)
overtime work, respectively.

All statistical analyses were conducted using SAS v6.1 (SAS Institute, Cary, NC,
United States). In addition, the y* and Fisher’s exact tests were used to compare
categorical variables. Multiple logistic regression analysis was used to analyze the
correlation of NSI with the study’s main variables. The mediation effect was
determined using the following approach proposed by Baron and Kenny (1986)[20]:
(1) The independent variable (IV) significantly affects the mediator (first-stage effect);
(2) The 1V significantly affects the dependent variable (DV) in the absence of the
mediator; (3) The mediator has a significant unique effect on the DV (second-stage
effect); and (4) The effect of the IV on the DV decreases upon the addition of the
mediator to the model. Finally, the Sobel test[21] was conducted to determine the
significance of this mediation effect, for which the sample size was required to be at
least 200[22]. Before performing the Sobel test, if the IV, mediator, or DV was not
continuous, the logistic regression coefficient was standardized: X is an independent
variable, Y is a dependent variable and M is an adjusting variable (mediating factor) in
a simple mediating model. a is the unary logistic regression coefficient of X against M
when M is the dependent variable and X is the independent variable. b is the logistic
regression coefficient of M against Y in a simple mediating model. c is the unary
logistic regression coefficient of X against Y, and c' is the logistic regression coefficient
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of X against Y with M as the adjusting variable. Moreover, S,and S, were the standard
errors of a and b, respectively. Mediation analysis for categorical variables was
conducted following the method recommended by Iacobucci (2012)[23].

?=b01+CX

M == b02 + aX
Y=b03+C,X+bM
Z, =0a/S,
Z,=Db/Sy
The original Sobel test formula was modified as follows:

o

_ a
Zmediation -
Za2+Zp%+1

It was considered significant at the o = 0.05 Level if its value exceeded |1.96| (for a
two-tailed test with o = 0.05). In this study, statistical significance was indicated by P <
0.05.

This study was approved by Institutional Review Board of Chung Shan Medical
University Hospital on December 2, 2019 (CSMUH No: C519137).

RESULTS

Table 1 presents the participant characteristics, including sex, body weight, and level
of overtime work. If the y? test’s assumptions were violated, Fisher’s exact test was
performed. Medical personnel were classified as doctors, nurses, and others (which
included medical laboratory scientists, specialist nurses, and surgical assistants).
Different types of medical personnel differed significantly in terms of NSI, sex, age,
and moderate or heavy overtime (Table 1). Among them, the proportion of NSIs was
the highest among doctors (7.7%). Furthermore, our cohort had an exceptionally low
proportion of male nurses, with 95.9% of nurses being female; by contrast, the
proportion of female doctors was lower (26.9%). Among the medical specialties, nurses
were the youngest, with a mean age of 33.6 years. Moreover, no significant differences
were observed in HBW between the three groups. The proportions of moderate and
heavy overtime work among doctors (29.8% and 16.3%, respectively) were
significantly higher than those among nurses and others.

Among doctors, APs and RDs differed significantly in terms of NSIs, sex, age, and
moderate and heavy overtime, but not in terms of HBW. The proportion of NSIs
among RDs (21.2%) was considerably higher than that among APs (21.2% vs 1.4%, P <
0.01). The significant difference in age between RDs and APs was expected due to the
training system (45.5 vs 31.0, P < 0.0001). The proportion of moderate overtime was
higher among APs than RDs (31.0% vs 27.3%, P < 0.01) but that of heavy overtime was
considerably higher among RDs than APs (33.3% vs 8.5%, P <0.01).

Nurses of different professional grades (N1-N4) differed significantly in terms of
age (P < 0.0001) and moderate overtime (P < 0.05). Nurses with the professional level
of N had the highest proportion of NSIs (6.2%). Age increased with the professional
grade, which was expected due to the nursing clinical ladder system. Among nurses,
nurses with the professional level of N had the highest proportion of moderate
overtime work (32.6%), but the proportion of heavy overtime work was not the highest
in this group (4.7%).

As presented in Table 2, the proportion of NSIs in participants with HBW was 0.5
times [odds ratio (OR) = 0.5, P < 0.05] that in participants with UHBW in the M, model
of all participants. The proportion of NSIs in doctors with HBW was 0.2 times (OR =
0.2, P < 0.05) that in doctors with UHBW in the M, model of doctors. In addition, the
proportion of NSIs in nurses with HBW was 0.5 times that in nurses with UHBW, but
the difference was not significant.

Table 2 presents a clear effect of heavy overtime work on NSIs: medical personnel
with heavy overtime work were 4.3-5.7 times more likely to experience an NSI than
those with mild overtime work, and the difference was significant. Similarly, NSIs
occurred 5.4 times more proportion in doctors with heavy overtime work (OR =54, P
< 0.05) than in those with slight overtime work; however, this effect could be
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Table 1 Characteristics of study participants according to their medical specialty and professional grade

NSls Female Age HBW Moderate OT  Heavy OT
n % P n % P meanxSD P n° % P n % P n % P

Variable Totaln

Profession groups

Doctors 104 8 77 28 269 409 +10.4 ¢ 53 510 NS 31 298 ° 17 163
Nurses 613 16 26 588 959 33.6+8.3 354 578 147  24.0 28 46
Others 130 5 39 95 731 40.6+7.1 64 492 15 115 0 00
Profession grade (doctor)

AP 71 1 14 " 14 197 ° 455493 © 3 45 NS 2 310 " 6 85 °
RD 33 7 212 14 424 31.0+2.9 20 606 9 27.3 11 333
Profession grade (nurse)

N 129 8 62 119 922 NS 253+33 ¢ 78 605 NS 42 326 ° 6 47 NS
N1 134 1 08 128 955 29.0 +4.9" 70 522 35 261 3 22

N2 145 3 21 140 966 34.6+6.7 84 579 24 166 9 62

N3 143 4 28 140 979 405465 86 601 29 203 6 42

N4 62 0 0 61 984 423+48 36 581 17 274 4 65

2P <0.05.

P <0.01.

P < 0.0001.

NS: Not significant.

1Chi-square test or Fisher’s exact test.

2Moderate overtime work is 45-80 h/mo, and heavy overtime work is > 80 h/mo.
30Overweight/Obesity.

OT: Overtime; NSIs: Needle stick and sharps injuries.

explained by the other effects such as HBW (OR = 0.2, P < 0.05) and RDs (OR =17.3, P
< 0.05). Although nurses with heavy overtime work experienced more NSIs (OR = 3.7
and 3.8) than others, the difference was not significant.

Doctors experienced more NSIs incidence than other types of medical personnel,
but the difference was nonsignificant (OR = 1.3-2.1, P > 0.05). After adjustment for
other variables (M, model), the nurse specialty was identified as an independent
protective factor for NSIs (OR = 0.3, P < 0.05). Among doctors, regardless of whether
adjustments were made for other variables, being an RD was an independent risk
factor for NSIs (OR = 18.9, P < 0.01 and OR = 17.3, P < 0.05). Similarly, among nurses,
being a JN was also an independent risk factor for NSIs regardless of whether
adjustments were made for variables (both OR =3.9, P < 0.01).

Consequently, RDs and JNs were added to the logistic regression model in Table 3
for further exploring the relationships of BW and overtime work with NSI in profes-
sional experience. HBW was a protective factor against NSI occurred regardless of
whether adjustments were made for variables (M,, M,, and M,). However, after
adjustment for HBW and RD effects, the effect of heavy overtime work was no longer
significant (M,, OR = 1.9, P > 0.05). The proportion of NSIs among RDs was 4.1 times (
M,, OR = 4.1, P < 0.05) higher than that among JNs without adjustment for variables;
this increased to 19.5 times (M,, OR = 19.5, P < 0.05) after adjustment for sex, age,
overtime work, and body weight. Therefore, UHBW was determined to be an
independent risk factor for NSIs in RDs and JNs.

Table 4 presents the results of multiple logistic regressions after adjusting for age for
NSI because experienced nurses have a wider age distribution. The results indicated
that the proportion of NSIs among nurses with heavy overtime work was 6.6 times
(OR = 6.6, P < 0.05) higher than that among nurses with mild overtime work, and the
difference was significant. However, the proportion of NSIs in nurses with HBW was
1.2 times (M,, OR = 1.2, P > 0.05) that of nurses with UHBW, but the difference was not
significant.

Table 5 illustrates the significant mediation effects (Z,, = 2.5, P < 0.05) of heavy
overtime work on the relationship between NSIs and doctors. No mediation effects
were noted for the other five combinations.
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Table 2 Main effects on needle stick and sharps injuries in different models for all participants

) ORs of NSIs for All participants  ORs of NSIs for doctors ORs of NSls for nurses
Main effect
N n M, M N n M M, N n M M

Body weightlevel ~HBW 471 11 0.5 0.5° 53 2 03 0.2° 354 7 0.6 0.5

UHBW 376 18 1.0 1.0 51 6 1.0 1.0 259 9 1.0 1.0
OT work Heavy 45 6 5.7° 4.3° 17 4 54" 2.0 28 2 3.7 3.8

Moderate 193 7 14 1.2 31 1 0.6 0.5 147 B 17 14

Mild 609 16 1.0 1.0 56 3 1.0 1.0 438 9 1.0 1.0
Type of medical Doctors 104 8 21 13 - - - - - - - -
personnel

Nurses 613 16 0.7 0.3° - - - - - - - -

Others 130 5 1.0 1.0 - - - - - - - -
Professional grade RD - - - - E8) 7 18.9 17.3% - - - -
(Doctors)

AP - - - - 71 1 1.0 1.0 - - - -
Professional grade  Junior - - - - - - - - 129 8 3.9 3.9"
(Nurses)

experiencing - - - - - - - - 484 8 1.0 1.0
4P < 0.05.
P <0.01.
P < 0.0001.

NS: Not significant.

Odds ratio = 1.0 indicates the reference; ORs: Odds ratios; N: Participants; n: Participants for needle stick and sharps injuries; M;: Model only including
main effect; M;: Model adjusted for sex, age, overtime work, and medical specialty; M,: Model adjusted for sex (only doctors), overtime work, professional
grade, and body weight; HBW: Healthy body weight; UHBW: Unhealthy body weight; OT: Overtime; NSIs: Needle stick and sharps injuries.

Table 3 Main effects on needle stick and sharps injuries in various models for resident doctors and junior nurses

) ORs for NSIs
Main effect N
n M, M, M,
Body weight level HBW 95 3 0.1° 0.1° 0.1°
UHBW 52 12 1.0 1.0 1.0
OT work Heavy 13 4 4.5° 4.5° 1.9
Moderate 46 5 1.6 1.6 1.7
Mild 88 6 1.0 1.0 1.0
Professional subfield RD 26 7 4.1° 127" 19.5%
IN 121 8 1.0 1.0 1.0
2P < 0.05.
bp < 0.001.

Odds ratio = 1.0 indicates the reference. ORs: Odds ratios; N: Participants; n: Participants for needle stick and sharps injuries; My: Model only including the
main effect; M;: Model adjusted for sex and age; M,: Model adjusted for sex, age, and main effects; RD: Resident doctor; JN: Junior nurse; HBW: Healthy
body weight; UHBW: Unhealthy body weight; OT: Overtime; NSIs: Needle stick and sharps injuries.

DISCUSSION

A cross-sectional study evaluating NSI incidence among 29 doctors and 51 nurses
demonstrated that the proportion of NSIs among nurses was 0.2 times that among
doctors[6]. A study including NSI data from 2002 to 2007 in a university hospital in
Pakistan demonstrated that the number of NSIs has higher in junior doctors than in
nurses[7]. The differences between doctors and nurses may stem from differences in
their work patterns or attitudes. For example, doctors often experience NSIs during
wound irrigation, sutures, incisions, handling body fluids, and tissue sample
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Table 4 Main effects on needle stick and sharps injuries for experienced nurses

ORs for NSIs
Main effect Participants
n M, M,

Body weight level HBW 276 5 13 12

UHBW 208 3 1.0 1.0
OT work Heavy 22 2 7.0° 6.6"

Moderate 105 1 0.7 0.7

Mild 357 5 1.0 1.0
P <0.05.

Odds ratio = 1.0 indicates the reference. ORs: Odds ratios; HBW: Healthy body weight; OT: Overtime; NSIs: Needle stick and sharps injuries; n:
Participants for needle stick and sharps injuries; My: Model only including the main effect; M;: Model adjusted for age, sex, body weight, and overtime

work.

Table 5 Mediation effect of heavy overtime work and healthy body weight for needle stick and sharps injuries and the main effect

Mediator factor

v Heavy OT work* HBW®

c c a S, b S, Z, c a S, b S, Z,
All participants
Doctors' 1.1° 0.8 1.6° 0.3 14° 05 2.5% 1.0° 0.2 0.2 -0.7N8 0.4 0.8

Doctors effect
RD” 2.9 2.6° 1.7° 0.6 11 08 1.2 3.3" 0.6 0.4 -1.8° 0.9 1.1
Nurse effect

IN° 1.4° 1.4° 0 05 12 0.8 0 14" 0.1 0.2 -0.6 0.5 -0.4

P <0.05.

°P <0.01.

P < 0.0001.

NS: Not significant.

IReference variable includes nurses and others.

Reference variable is Aps.

3Reference variable is experienced nurses.

#Reference variable includes moderate overtime and slight overtime.

SReference variable is unhealthy body weight.

IV: Independent variable; RD: Resident doctor; JN: Junior nurse; HBW: Healthy body weight.

collection. By contrast, for nurses, injuries often occur during injections, intravenous
infusions, heparin cap sealing, intravenous connections, and venous or arterial blood
collection[24]. In addition, some studies have determined that the NSI risk is affected
by education and work experience[9,10,25] among nurses and by stress and
carelessness[6] among doctors. Consistent with this finding, our study indicated that
doctors experienced more NSIs than nurses did (7.7% vs 2.6%). In addition, nurses
who intensively contact patients were the protective factor of NSIs (OR = 0.3, P < 0.05).
Our analysis revealed that the proportion of NSIs 4.1 times (OR = 4.1, P < 0.05) higher
among RDs than among JNs; this increased to 19.5 times after adjusting for age and
overtime work. Therefore, the NSI risk among RDs may be more serious than expected
and has often been ignored in the past.

A cross-sectional survey of staff physicians, RDs, staff dentists, nurses, and
laboratory technicians illustrated that RDs were significantly associated with NSIs;
NSIs were three times more common among RDs than among APs[19]. The present
data indicate a difference of 17.3 times between RDs and APs (21.2% vs 1.4%), which
was markedly higher than in past studies. This may be because the numbers of NSIs
among APs were low (n = 1), which may have led to the overestimation of this result.
Nevertheless, the risk of NSIs among RDs was higher than that among other types of
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medical personnel; for example this risk was 19.5 times higher in RDs than that in JNs.

Nurses with less work experience have a higher risk of NSIs[5,9]; in particular,
nursing work experience of <5 years was associated with significantly more NSIs than
nursing work experience of > 5 years[5,11]. Consistent with these results, our study
demonstrated that JNs have a higher risk of NSIs (OR = 3.9, P < 0.001) than
experienced nurses after adjustment for other variables.

A cohort study including 11 728 employees revealed that claims costs were 7-11
times higher among those with BMI > 40 compared with those within the
recommended weight range[26]. A prospective cohort study of nearly 70 000 public
sector employees demonstrated that, compared with employees whose BMI was in the
healthy range, overweight or obese employees had an 11%-62% excess risk of occupa-
tional injury[16]. In addition, a study involving 7690 employees aged 18-65 years of an
aluminum manufacturing company in the USA revealed that the proportion of injuries
of participants with overweight or obesity was 1.3-2.2 times higher than those with
normal weight[27]. The present results were in agreement with these findings and
revealed that the proportion of NSIs among medical personnel with HBW was 0.5
times (OR = 0.5, P < 0.05) that among medical personnel with UHBW. Although we
observed a relationship between NSIs and BW, the present study structure and data
collected was insufficient to illustrate how BW affects NSIs. However, studies have
demonstrated that fatigue increases the risk of NSIs among nurses and medical interns
[28,29], and studies on grip strength have identified that, all things being equal, young
people with obesity use more energy, have reduced endurance, and have accelerated
power loss compared with nonobese young people. However, these obesity-related
differences were not observed in the older age group[30]. These studies may explain
the positive correlation between obesity and NSIs; obese people are more likely to use
their poorer muscle strength improperly and be more prone to fatigue when
performing clinical tasks, thus increasing their risk of NSIs.

A strong dose-response effect was noted between work hours and hazard rate[13],
and working hours before injury will increase significantly compared to the past[31].
The positive trend between work hours and NSIs was observed in medical personnel:
nurses with work hours of > 8 h/d[11] or > 40 h/wk[8] had higher risk of NSIs than
those working < 8 h/d or < 40 h/wk. Our study found that the proportion of NSIs in
participants with heavy overtime work was 4.3 times (OR = 4.3, P < 0.05) that in those
with mild overtime work, but moderate overtime work effect (OR = 1.2, P > 0.05) was
not significant; therefore, only heavy overtime work increased the risk of NSIs. Heavy
overtime work was a risk factor for NSIs among doctors (OR = 5.4, P < 0.05) without
adjustment for any variable, but this relationship was not significant when
adjustments were made for sex, overtime work, professional grade, and BW; this was
probably due to the higher proportion of heavy overtime work in RDs (33.3%) than in
APs (8.5%). A dose-response effect was also noted between overtime work and NSIs
for nurses, but it was not significant. However, experienced nurses engaged in heavy
overtime work had 6.6 times (OR = 6.6, P < 0.05) more NSIs than those engaged in
mild overtime work (Table 4); the effect of moderate overtime work on NSIs was not
significant. Therefore, even among experienced nurses, only heavy overtime work
affected the risk of NSIs. The proportion of NSIs was related to overtime work, but this
relationship was not significant among nurses (Table 2); however, the association
between NSIs and overtime work (OR = 6.6-7.0, P < 0.05) was significant among
experienced nurses (Table4). In addition, the mediation analysis (Table 5)
demonstrated that heavy overtime work mediated (Z,= 2.5, P < 0.05) the relationship
between NSIs and medical specialty, confirming the impact of heavy overtime work
on NSI. However, heavy overtime work and HBW were not mediation factors for the
relationship between NSIs and experience level for doctors or nurses, indicating that
low experience among medical personnel might itself be the cause of NSIs. A study
indicated that the incidence of NSIs among first-year RDs was higher than
expected —more than 60% during the first 6 mo[32] —implying that education and
training may influence the risk of NSIs. Burnout also increases the risk of occupational
accidents and its sequelae[33], and it was also a factor influencing NSIs among nurses
[34]. Burnout decreases with an increase in professional experience[35]; this may also
explain by burnout why RDs experience higher NSIs incidence than Aps. Future
studies should comprehensively assess the burnout level of participants.

Because this study only collected data from one hospital, its findings are limited by
the data collection method, sample size, as well as the hospital’s environmental
facilities, education, and training systems. In addition, because the number of reported
NSIs was low, slight variations in the sample could have considerable influence on the
conclusions. Moreover, factors such as hospital employees” work patterns, workload,
burnout level, work stress, and willingness to report occupational injuries were not
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considered in this study. These factors should be incorporated in the questionnaire
design of future studies to further control for and discuss these effects on NSI risk.
Although our results regarding NSI risk were consistent with those of past studies,
this study compared the NSI risk between doctors and nurses, which has been rarely
discussed in the literature. The findings can guide NSI prevention strategies in the
medical practice.

CONCLUSION

This study revealed that heavy overtime work and low professional experience were
associated with an increased NSI risk, particularly among RDs. Moreover, the present
data indicated that HBW may reduce the risk of NSIs, which has rarely been evaluated
in other studies. Maintaining an HBW had a protective effect against NSI for RDs and
JNs. Therefore, in addition to promoting the use of safety needles and strengthening
education and training related to infection control, the overtime schedule of medical
personnel should be regularly reviewed; long work hours and excessive overtime
should be avoided. Furthermore, strategies aimed at promoting the maintenance of
HBW among employees should be implemented, which could further reduce NSI
incidence.

ARTICLE HIGHLIGHTS

Research background

Needle stick and sharp injuries (NSIs) may cause infections among medical personnel.
Obesity and overtime work among medical personnel increase the incidence of work
injuries.

Research motivation
The associations of overtime work and obesity with NSIs are unclear.

Research objectives
The study aimed to investigate whether overtime work and obesity increase the risk of
NSIs.

Research methods

This cross-sectional study used the data of 847 hospital personnel, including 104
doctors, 613 nurses, 67 medical laboratory scientists, 54 specialist technicians, and nine
surgical assistants. Of them, 29 participants notified the hospital of having at least one
NSI in 2017. The ¥ and Fisher’s exact tests were used to compare categorical variables.

Multiple logistic regression analysis and the Sobel test were used to assess the risk of
NSIs.

Research results

Overtime work, body weight (BW), and medical specialty were significantly associated
with NSIs. After adjustment for risk factors, heavy overtime work was an independent
risk factor for NSIs, and healthy BW (HBW) and nursing specialty were independent
protective factors against NSIs. Also, after adjustment for risk factors, medical
personnel with HBW had half as many NSIs as those with unhealthy BW (UHBW); the
proportion of NSIs in doctors with HBW was 0.2 times that in doctors with UHBW; the
proportion of injuries among residents was 17.3 times higher than that among
attending physicians; the proportion of injuries among junior nurses was 3.9 times
higher than that among experienced nurses; the proportion of injuries among nurses
with heavy overtime work was 6.6 times higher than that among nurses with mild
overtime work; and the proportion of injuries among residents was 19.5 times higher
than that among junior nurses. Heavy overtime work mediated the association of
medical specialty with NSIs.

Research conclusions

Heavy overtime work and low professional experience were associated with an
increased NSI risk, particularly among resident doctors. Maintaining HBW had a
protective effect against NSI for resident doctors and junior nurses.
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Research perspectives

In addition to promoting the use of safety needles and providing infection control
education, managers should review overtime schedules, and medical personnel
should be encouraged to maintain an HBW.
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Sodium-glucose
co-transporter-2 inhibitors
reduce the risk of new-onset
stroke in patients with type 2
diabetes: A population-based
cohort study

Tsung-Kun Lin*?, Yong-Hsin Chen®*#, Jing-Yang Huang®®,
Pei-Lun Liao®, Mei-Chun Chen', Lung-Fa Pan’®* and
Gwo-Ping Jong®*

!Department of Pharmacy, Taoyuan Armed Forces General Hospital, Taoyuan, Taiwan, 2School of
Pharmacy, National Defense Medical Center, Taipei City, Taiwan, *Department of Public Health,
Chung Shan Medical University, Taichung, Taiwan, “Department of Occupational Safety and Health,
Chung Shan Medical University Hospital, Taichung, Taiwan, *Department of Medical Research,
Chung Shan Medical University Hospital, Taichung, Taiwan, ®Institute of Medicine, Chung Shan
Medical University, Taichung, Taiwan, ’Department of Medical Imaging and Radiological Science,
Central Taiwan University of Science and Technology, Taichung, Taiwan, 8Department of Cardiology,
Taichung Armed Forces General Hospital, Taichung, Taiwan, °Department of Internal Medicine,
Chung Shan Medical University Hospital and Chung Shan Medical University, Taichung, Taiwan

Background: Epidemiological evidence suggests the association of diabetes
with an increased risk of stroke. Clinical studies have investigated the effects
of sodium-glucose co-transporter-2 (SGLT?2) inhibitors on new-onset stroke
(NOS), but the results are inconsistent.

Objectives: To determine the association between the use of SGLT2 inhibitors
and NOS in patients with type 2 diabetes mellitus (DM).

Methods: We conducted a retrospective longitudinal cohort study based
on the Taiwan Health Insurance Review and Assessment Service database
(2016-2019). The primary outcome of the assessment was the risk of incident
stroke by estimating hazard ratios (HRs) and 95% confidence intervals (Cls).
Multiple Cox regression was applied to estimate the adjusted HR of NOS.
Subgroup analysis was also conducted.

Results: Among the 232,101 eligible patients with type 2 DM aged > 20
years, SGLT2-inhibitor users were compared with non-SGLT2-inhibitor users
based on age, sex, and the duration of type 2 DM matching at a ratio of
1:2. The event rate per 10 000 person-months was 9.20 (95% Cl 8.95 to
9.45) for SGLT2-inhibitor users and 10.5(10.3-10.6) for non-SGLT2-inhibitor
users. There was a decreased risk of NOS for SGLT2-inhibitor users (adjusted
HR 0.85, 95% CI 0.82-0.88) compared with non-SGLT2-inhibitor users.
Results for the propensity score-matched analyses showed similar results
(adjusted HR 0.87, 95% CI 0.84-0.91 for both SGLT2-inhibitor users and
non-SGLT2-inhibitor users).
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Conclusion:

10.3389/fcvm.2022.966708

The risk of developing NOS was lower in patients with

SGLT2-inhibitor users than in non-SGLT2-inhibitor users. The decreased risk of
NOS in patients with type 2 DM was greater among patients with concurrent
use of statins, biguanides, thiazolidinediones, and glucagon-like peptide-1
receptor agonists. We, therefore, suggest that the long-term use of SGLT2
inhibitors may help reduce the incidence of NOS in patients with type 2 DM.

new-onset stroke, SGLT2 inhibitor, type 2 DM, concurrent medication, ischemic
stroke, hemorrhagic stroke

Introduction

The global incidence and prevalence of type 2 diabetes
mellitus (DM) have increased over the past two decades and
caused much health burden across the world (1, 2). Past studies
have demonstrated that type 2 DM is associated with an elevated
risk of stroke (3, 4). Stroke in patients with type 2 DM has a
poor prognosis, which is marked by worse mortality outcomes
relative to that in several other diabetes-related comorbidities,
including coronary heart diseases (4). It affects approximately
40% of patients with ischemic stroke who had been diagnosed
with diabetes in the United States (5). A study reported that
controlling glucose levels with intensive diabetes therapy could
reduce the risk of stroke by 57% (6).

Sodium-glucose co-transporter-2 (SGLT2) inhibitors are
used in patients with type 2 DM as glucose-lowering therapies
targeting SGLT2 (7, 8). Although these drugs are primarily
indicated for diabetes, several studies have examined their use
in the primary and secondary prevention of stroke (9, 10).
Animal studies have demonstrated a neuroprotective effect of
SGLT?2 inhibitors, which play an important role in antioxidant,
anti-inflammatory, and anti-apoptotic mechanisms (11-13).
SGLT?2 inhibitors also improve the endothelial function, prevent
remodeling, and exert a protective effect on the neurovascular
unit and the blood-brain barrier, which can be promising in
stroke therapy (14). However, the results of previous studies are
inconsistent in a clinical setting (15-17). Therefore, the objective
of the present study was to evaluate the risk of new-onset stroke
(NOS) associated with the prescription of SGLT2 inhibitors in a
nationwide cohort study of patients with type 2 DM in Taiwan.

Materials and methods

Study design

This is a retrospective study conducted on a population-
based cohort using data from the insurance claims provided by
the Taiwanese Bureau of National Health Insurance (TBNHI)
from January 2004 to December 2019. This database contains
anonymized longitudinal medical records that store the claims’
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information forms in two tables: a visit table and a prescription
table. The visit tables contain the patient’s identification
numbers, sex, age, three diagnostic codes for outpatient and
five for inpatient visits, medications, drug doses, medical
expenditures, and hospital and physician information. The
prescription table contains the quantity and expenditure for all
administered drugs, operations, and treatments undertaken.

Patients included in this study were of age at least 20
years, with a newly diagnosed case of type 2 DM with or
without prescribed SGLT2 inhibitors between May 2016 and
December 2019. SGLT2-inhibitor users were defined as patients
who received at least an SGLT2 inhibitor prescription for 180
days during the study period. In contrast, non-SGLT?2 inhibitor
users were patients who did not receive an SGLT2 inhibitor
prescription throughout the study period.

Study population

The study population comprised patients with type 2 DM
(ICD-10-CM, E11) who were admitted to the hospital or visited
the hospital as an outpatient between May 1, 2016 and December
31, 2019. At least one of the following enrollment criteria was
required to be met for inclusion in this study: (1) two or more
outpatient visits within 6 months, (2) all antidiabetic drugs were
continuously prescribed to the patients for >6 months during
the follow-up period, or (3) one or more inpatient admissions
with a diagnosis of type 2 DM. The primary endpoint was the
development of stroke, which was defined by the time a stroke
(ICD-10-CM codes 160, 161, 162, 163, 165, 166, 167.84, G45, G46)
code first appeared in the inpatient or outpatient claim records.
Comorbidities related to stroke were defined according to the
ICD-10-CM code and included coronary heart disease (ICD-
10-CM code 120-125), hypertension (ICD-10-CM code 110),
hyperlipidemia (ICD-9-CM code E78.1-E78.5), chronic kidney
disease (ICD-10-CM code N18), chronic liver disease (ICD-
10-CM code K71, K75, K76), chronic obstructive pulmonary
disease (ICD-10-CM code J44), atrial fibrillation and flutter
(ICD-10-CM code 148), and rheumatoid arthritis (ICD-9-CM
code MO05). Patients who fulfilled any of the following criteria
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n=2,115,163

Patients who were diagnosed type 2 DM from May 2016 to December 2019,

A 4
SGLT?2 inhibitor users,
n=282,211

A 4
SGLT?2 inhibitor non-users,
n=1,832,952

Excluded

o 1. Stroke before index date, n=14,785
2. Follow up < 6 months, n= 35,325

SGLT2 inhibitor users,

v 1:2 age, sex, and duration
of DM matched

A 4
SGLT?2 inhibitor non-users,

n= 232,101

A 4

SGLT?2 inhibitor users,

matched

1:1 propensity score

A

n=464,202

SGLT?2 inhibitor non-users,

n= 214,499

FIGURE 1
Patient flow chart.

A

n=214,499

were excluded from the study: (1) prior history of stroke before
May 1, 2016 and (2) patient age of <20 years. Considering
the differences in the baseline characteristics and stroke risk
between the SGLT2-inhibitor users and non-SGLT2-inhibitor
users, we applied age-, sex-, and type 2 DM duration matching
at a ratio of 1:2 for patients with type 2 DM with and without
SGLT?2 inhibitor use. Finally, the study group comprised 232,101
participants with type 2 DM who were SGLT2 inhibitor users,
and the control group included 464,202 randomly selected
participants with type 2 DM who were non-SGLT2-inhibitor
users (Figure 1). We also conducted propensity score matching
with age, sex, duration of type 2 DM, comorbidities, and drug
index date at a ratio of 1:1 for sensitivity analysis in patients
with type 2 DM with and without the use of an SGLT2 inhibitor
(Figure 1).
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Statistical analysis

Data were presented as valid percentages and the mean
values with a standard deviation. Differences in the demographic
data and clinical characteristics between SGLT2-inhibitor users
and non-SGLT2-inhibitor users were examined using a t-
test for continuous variables, whereas Chi-square tests were
performed for categorical variables. The Cox proportional
hazard regression model was applied to compare the risk of
developing study events between the SGLT2 inhibitor group
and the non-SGLT?2 inhibitor group. Adjusted hazard ratios
(HRs) and 95% confidence intervals (CIs) were calculated after
adjusting for important risk factors toward developing the
study events, including age, sex, concurrent medication, and
comorbidities. The risk of study outcomes over time for the
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TABLE 1 Baseline characteristics of all patients.

2:1 sex, age matching

1:1 Propensity score matching

10.3389/fcvm.2022.966708

Characteristics Non- SGLT2 SGLT2 P Non-SGLT2 SGLT2 ASD
(n=464,202)  (n=232,101) (n=214,499)  (n=214,499)
Sex 1.0000 0.00177
Female 204,534 (44.06%) 102,267 (44.06%) 94,518 (44.06%) 94,707 (44.15%)
Male 259,668 (55.94%) 129,834 (55.94%) 119,981 (55.94%) 119,792 (55.85%)
Age 1.0000 0.00000
<50 114,804 (24.73%) 57,402 (24.73%) 53,466 (24.93%) 53,131 (24.77%)
51-60 138,494 (29.83%) 69,247 (29.83%) 64,132 (29.90%) 64,128 (29.90%)
61-70 142,538 (30.71%) 71,269 (30.71%) 66,008 (30.77%) 65,896 (30.72%)
>70 68,366 (14.73%) 34,183 (14.73%) 30,893 (14.4%) 31,344 (14.61%)
Years (Mean = SD) 58.34 4 12.21 58.34 4 12.21 1.0000 58.44 4 11.89 58.29 4 12.23
DM history <0.0001 0.02967
<=2 years 133,455 (28.75%) 59,608 (25.68%) 54,688 (25.50%) 55,752 (25.99%)
3-4 years 243,394 (52.43%) 126,088 (54.32%) 115,391 (53.80%) 115,875 (54.02%)
>5 years 87,353 (18.82%) 46,405 (19.99%) 44,420 (20.71%) 42,872 (19.99%)
Comorbidities
dvil Hypertension 250,659 (54%) 139,336 (60.03%) <0.0001 128,819 (60.06%) 12,738 5(59.39%) 0.01363
dv13 Coronary artery disease 51,129 (11.01%) 41,448 (17.86%) <0.0001 33,966 (15.84%) 35,030 (16.33%) 0.01350
dvl4 Hyperlipidemia 257,784 (55.53%) 153,956 (66.33%) <0.0001 142,463 (66.42%) 140,575 (65.54%) 0.01858
dv19 Chronic kidney disease 104,962 (22.61%) 59,599 (25.68%) <0.0001 57,593 (26.85%) 54,907 (25.60%) 0.02847
dv20 Chronic liver disease 50,928 (10.97%) 26,537 (11.43%) <0.0001 24,725 (11.53%) 24,501 (11.42%) 0.00328
dve6 COPD 15,910 (3.43%) 8,446 (3.64%) <0.0001 7,301 (3.40%) 7,631 (3.56%) 0.00839
dv29 Atrial fibrillation and flutter 4,902 (1.06%) 3,824 (1.65%) <0.0001 3,087 (1.44%) 3,149 (1.47%) 0.00242
Rheumatoid arthritis 3,188 (0.69%) 1,285 (0.55%) 0.01696 1,168 (0.54%) 1,202 (0.56%) 0.00214
Concurrent medication
Drl NSAIDs 263,337 (56.73%) 133,108 (57.35%) <0.0001 122,355 (57.04%) 122,768 (57.23%) 0.00389
Dr2 Corticosteroids 88,850 (19.14%) 45,398 (19.56%) <0.0001 41,286 (19.25%) 41,608 (19.40%) 0.00380
Dr3 PPIs 35,647 (7.68%) 18,410 (7.93%) 0.0002 16,619 (7.75%) 16,739 (7.80%) 0.00209
Dr4 H2-receptor antagonists 120,629 (25.99%) 61,091 (26.32%) 0.0027 55,435 (25.84%) 56,109 (26.16%) 0.00716
Dr5 Aspirins 92,245 (19.87%) 63,518 (27.37%) <0.0001 55,176 (25.72%) 55,748 (25.99%) 0.00609
Dr25 Statins 240,244 (51.75%) 162,084 (69.83%) <0.0001 147,212 (68.63%) 146,131 (68.13%) 0.01084
Drl3 Biguanides 242,784 (52.3%) 151,068 (65.09%) <0.0001 134,691 (62.79%) 136,345 (63.56%) 0.01599
Drl4 Sulfonylureas 155,979 (33.6%) 101,140 (43.58%) <0.0001 91,743 (42.77%) 90,022 (41.97%) 0.01624
Drl5 Alpha glucosidase inhibitors 45,540 (9.81%) 43,008 (18.53% <0.0001 34,432 (16.05%) 35,391 (16.50%) 0.01211
Drl6 Thiazolidinediones 43,754 (9.43%) 41,938 (18.07% <0.0001 34,607 (16.13%) 34,857 (16.25%) 0.00316
Drl7 DPP4 inhibitors 99,152 (21.36%) 93,734 (40.39% <0.0001 80,445 (37.50%) 79,384 (37.01%) 0.01023
Drl8 Insulins 71,925 (15.49%) 57,020 (24.57% <0.0001 48,358 (22.54%) 48,840 (22.77%) 0.00537
Dr26 GLP-1 receptor agonists 5,101 (1.1%) 4,244 (1.83%) <0.0001 3,763 (1.75%) 3,665 (1.71%) 0.00350

COPD, chronic obstructive pulmonary disease; DPP4, Dipeptidyl peptidase 4; GLP-1, Glucagon-like peptide-1; NSAID, Non-steroid anti-inflammatory drug; PPI, proton pump inhibitor;

ASD, absolute standardized difference; PSM, propensity score matching; SD, standard deviation.

SGLT2 inhibitor group compared with the non-SGLT2 inhibitor
group was determined by survival analysis using the Kaplan—
Meier method.

We also conducted a sensitivity analysis to test the
robustness of our primary findings. Initially, a propensity
calculated for minimize

score was each patient to
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with  other
risk factors between the SGLT2 inhibitor user group and

confounding by indication, when patients
non-SGLT2 inhibitor user group. Then, the propensity
score matching (1:1) and absolute standardized difference
(ASD) were performed to estimate the difference between
the two groups. An ASD of <0.10 implied a negligible
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TABLE 2 Incidence rate of stroke.

2:1 sex age matching

Non- SGLT2
N 464,202
Follow up person months 11,135,130
New case 11,701

Incidence rate*(95% C.I.) 10.50 (10.30-10.60)

Crude Relative risk (95% C.1.) Reference

Adjusted HR* (95% [ Reference

10.3389/fcvm.2022.966708

1:1 Propensity score matching

SGLT2 Non- SGLT2 SGLT2
232,101 214,499 214,499
5,634,359 5,177,840 5,191,193
5,186 5,328 4,678

9.20 (8.95-9.45)
0.88 (0.85-0.91)
0.85 (0.82-0.88)

10.20 (10.00-10.50) 9.01 (8.75-9.27)
0.88 (0.84-0.91)

0.87 (0.84-0.91)

Reference

Reference

*Incidence rate, per 10,000 person-months. Tadjusted hazard ratio, the covariates including duration of DM history, sex, age, co-morbidities, and medication at baseline.

difference in the potential confounders between the
two groups.

In addition, we conducted subgroup analyses stratified by
sex, age, duration of type 2 DM, presence of comorbidities, and
concurrent medication at baseline for the primary outcomes
of NOS. Statistical significance was considered at P < 0.05.
All statistical calculations were performed using the statistical
analysis software, version 9.3 (SAS Institute, Inc., Cary,

NC, USA).

Results

Study population and baseline
characteristics

A total of 696,303 patients were enrolled in the present study,
with the SGLT2-inhibitor user group consisting of 232,101
individuals from the NHIRD who were diagnosed with type
2 DM from May 2016 through December 2019. This group
was compared with 464,202 control patients who were non-
SGLT2-inhibitor users at a 1:2 ratio (Figure 1). There were
more men (55.94%) than women (44.06%) in this study. At
the baseline, patients receiving SGLT2 inhibitor had more
comorbidities, except for rheumatoid arthritis, and they used
more concurrent medication than those not receiving SGLT2
inhibitor (Table 1).

Analysis of the main TBNHI cohort

During the follow-up, 5,186 and 11,701 NOSs events
were recorded in the SGLT2-inhibitor user and non-SGLT2-
inhibitor user groups, respectively. The event rate was 9.20
per 10 000 person-months (95% CI 8.95-9.45) for SGLT2-
inhibitor users when compared with 10.50 (95% CI 10.30-
10.60) for non-SGLT2-inhibitor users. There was a significantly
lower the incidence rate of NOS after adjusting for the
duration of type 2 DM history, sex, age, comorbidities,
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and concurrent medication among the SGLT2-inhibitor users
when compared to that among the non-SGLT2-inhibitor
users (adjusted HR: 0.85; 95% CI: 0.82-0.88) (Table 2). The
cumulative incidence rate of developing stroke was also
lower in the SGLT2-inhibitor users than in the non-SGLT2-
inhibitor in the Kaplan-Meier survival analysis (P < 0.0001;
Figure 2A).

Propensity score-matched analysis

We included 428,998 patients (214,499 in the SGLT2-
inhibitor group and 214,499 in the non-SGLT2-inhibitor
group) in the propensity score matching, and the baseline
characteristics of sex, age, and duration of type 2 DM
did not differ (Table 1). At the baseline, the non-SGLT2-
inhibitor group had more comorbidities, except for coronary
artery disease, chronic obstructive pulmonary disease, atrial
fibrillation and flutter, and rheumatoid arthritis than the
SGLT2-inhibitor group. However, the SGLT2 inhibitor users
used more concurrent medication, except statins, sulfonylureas,
dipeptidyl peptidase 4 inhibitors, and glucagon-like peptide-
1 receptor agonists than the non-SGLT2 inhibitor users
(Table 1).

There were 4,678 and 5,328 NOS events recorded in the
SGLT2-inhibitor and non-SGLT2-inhibitor groups, respectively,
in the follow-up period. The event rate was 9.01 per 10 000
person-months (95% CI 8.75-9.27) for the SGLT2-inhibitor
group compared with 10.20 (95% CI 10.00-10.50) for the non-
SGLT2-inhibitor group. The relative risk of NOS after adjusting
the duration of type 2 DM history, sex, age, comorbidities,
and concurrent medication demonstrated a decreasing risk of
incident stroke in the SGLT2 inhibitor group when compared
to those in the non-SGLT2-inhibitor group (adjusted HR: 0.87;
95% CI: 0.84-0.91) (Table 2). Similarly, the SGLT2-inhibitor
group revealed a significantly lower cumulative incidence rate
of developing stroke than the non-SGLT2-inhibitor group
as per the Kaplan-Meier survival analysis (P < 0.0001,
Figure 2B).
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FIGURE 2
The cumulative incidence rate of developing stroke between SGLT2-inhibitor group and non-SGLT2-inhibitor group. (A) The main TBNHI
Cohort. (B) The propensity score-matched cohort.

Subgroup analysis

The results of the subgroup analyses revealed that, after
adjusting for the duration of type 2 DM history, sex,
age, comorbidities, and concurrent medication were partly

Frontiers in Cardiovascular Medicine 06

consistent with the results of the main analyses (Table 3). The
two groups were different in terms of their incidental stroke,
with the SGLT?2 inhibitor users exhibiting a substantially high
risk of NOS with male, an adjusted HR = 1.34 (95% CI: 1.30 to
1.39) than female. Compared with younger patients (aged < 50),
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TABLE 3 Multiple Cox regression to estimate the hazard ratio for
subgroup analysis.

aHR (95% CI )
2:1 sex, age 1:1 propensity
matching score matching
Sex
Female reference reference
Male 1.34(1.30-1.39) 1.33(1.27-1.38)
Age
<50 reference reference
51-60 1.59(1.51-1.68) 1.51(1.41-1.63)
61-70 2.24(2.13-2.36) 2.17(2.02-2.32)
>70 3.67(3.48-3.88) 3.55(3.31-3.82)

Duration of type 2 DM history

<=2 years 1.21(1.14-1.28) 1.27(1.11-1.37)

2-4 years 1.16(1.11-1.23) 1.20(1.12-1.28)

>=4 years reference reference
Comorbidity(ref:

non-comorbidity)

Hypertension 1.22(1.18-1.26) 1.28(1.23-1.34

Coronary artery disease 1.02(0.97-1.06) 1.02(0.97-1.07

Hyperlipidemia 0.77(0.74-0.79) 0.80(0.77-0.83

Chronic kidney disease 1.17(1.13-1.21) 1.16(1.11-1.21
0.81(0.77-0.85)
1.02(0.96-1.08)
1.08(1.01-1.16)
1.79(1.64-1.95)

1.23(1.04-1.44)

Chronic liver disease
Malignancy 1.03(0.95-1.13
COPD 1.06(0.97-1.15
1.82(1.64-2.02

1.15(0.91-1.45

)

)

)

)

0.79(0.74-0.85)

)

)

Atrial fibrillation and flutter )

Rheumatoid Arthritis )
Medication (reference:

non-medication)

NSAIDs 1.00(0.97-1.04) 1.05(1.01-1.09
Corticosteroids 1.07(1.03-1.11) 1.08(1.02-1.13
PPIs 1.19(1.13-1.25) 1.20(1.12-1.28

H2-receptor antagonists 1.05(1.02-1.09) 1.07(1.02-1.12

Aspirins 1.53(1.48-1.59) 1.55(1.49-1.62
Statins 0.84(0.81-0.86)

Biguanides 0.77(0.75-0.79) 0.85(0.82-0.89
Sulfonylureas 1.09(1.06-1.13) 1.14(1.10-1.19

1.03(0.98-1.07) 1.06(1.01-1.12

)

)

)

)

)

0.88(0.84-0.92)

)

)

Alpha glucosidase inhibitors )
)
)

Thiazolidinediones 0.89(0.85-0.93) 0.93(0.88-0.98
DPP4 inhibitors 1.05(1.02-1.09) 1.08(1.03-1.12
Insulins 1.62(1.56-1.68) 1.67(1.60-1.74)

GLP-1 receptor agonists 0.84(0.71-0.98) 0.77(0.63-y0.93)

COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; DPP4, Dipeptidyl
peptidase 4; GLP-1, Glucagon-like peptide-1; NSAID, Non-steroid anti-inflammatory
drug; PPI, proton pump inhibitor.

elderly patients exhibited a significantly higher risk of NOS
(aHR 1.59, 95% CI 1.51-1.68 for patients aged 50-60; aHR 2.24,
95% CI 2.13-2.36 for patients aged 60-70; aHR 3.67, 95% CI
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3.48-3.88 for patients aged > 70). The duration of type 2 DM
history were higher in the <=2 or 2-4 years than in the >4 years.
Patients with hypertension, chronic kidney disease, chronic
obstructive pulmonary disease, atrial fibrillation and flutter, and
rheumatoid arthritis were also at significantly higher risks of
NOS (aHR = 1.22, 1.17, 1.08, 1.79, and 1.23, respectively).
However, patients with hyperlipidemia and chronic liver disease
have significantly lower risks of NOS (aHR = 0.77, and 0.81,
respectively). Similar findings were also noted for concurrent
medication of statins (aHR 0.84, 95% CI 0.81-0.86 in the main
TBNHI cohort; aHR 0.88, 95% CI 0.84-0.92 in the propensity
score matching), biguanides (aHR 0.77, 95% CI 0.75-0.79 in
the main TBNHI cohort; aHR 0.85, 95% CI 0.82-0.89 in the
propensity score matching), thiazolidinediones (aHR 0.89, 95%
CI 0.85-0.93 in the main TBNHI cohort; aHR 0.93, 95% CI
0.88-0.98 in the propensity score matching), and glucagon-like
peptide-1 receptor agonists (aHR 0.84, 95% CI 0.71-0.98 in
the main TBNHI cohort; aHR 0.77, 95% CI 0.63-0.93 in the
propensity score matching). However, an increased risk of NOS
was noted for concurrent medication with non-steroid anti-
inflammatory drugs (aHR 1.01, 95% CI 0.98-1.05 in the main
TBNHI cohort; aHR 1.05, 95% CI 1.01-1.05 in the propensity
score matching), corticosteroids (aHR 1.07, 95% CI 1.03-1.11
in the main TBNHI cohort; aHR 1.08, 95% CI 1.02-1.13 in the
propensity score matching), proton pump inhibitors (aHR 1.19,
95% CI 1.13-1.25 in the main TBNHI cohort; aHR 1.20, 95%
CI 1.12-1.20 in the propensity score matching), H2-receptor
antagonists (aHR 1.05, 95% CI 1.02-1.09 in the main TBNHI
cohort; aHR 1.07, 95% CI 1.02-1.12 in the propensity score
matching), aspirins (aHR 1.53, 95% CI 1.48-1.59 in the main
TBNHI cohort; aHR 1.55, 95% CI 1.49-1.62 in the propensity
score matching), sulfonylureas (aHR 1.09, 95% CI 1.06-1.13 in
the main TBNHI cohort; aHR 1.14, 95% CI 1.10-1.19 in the
propensity score matching), alpha-glucosidase inhibitors (aHR
1.03, 95% CI 0.98-1.07 in the main TBNHI cohort; aHR 1.06,
95% CI 1.01-1.12 in the propensity score matching), Dipeptidyl
peptidase 4 inhibitors (aHR 1.05, 95% CI 1.02-1.09 in the main
TBNHI cohort; aHR 1.08, 95% CI 1.03-1.12 in the propensity
score matching), and insulins (aHR 1.62, 95% CI 1.56-1.68 in
the main TBNHI cohort; aHR 1.67, 95% CI 1.60-1.74 in the
propensity score matching) (Table 3).

Discussion

The present findings suggest that the incidence of NOS
was decreased in type 2 DM patients who were SGLT2-
inhibitor users compared with those who were not. Sensitivity
analysis was also consistent with the main analysis. The
subgroups analysis identified the concurrent use of statins,
biguanides, thiazolidinediones, and glucagon-like peptide-1
receptor agonists as having a protective effect against developing
NOS. However, we observed the increased risk based on
whether non-steroid anti-inflammatory drugs, corticosteroids,
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proton pump inhibitors, H2-receptor antagonists, aspirins,
sulfonylureas, alpha-glucosidase inhibitors, dipeptidyl peptidase
4 inhibitors, and insulins were prescribed for concurrent use
with an SGLT2 inhibitor.

Hypertension, type 2 DM, and obesity are identified
as the most important risk factors for stroke (18). Several
experimental studies reported improvements in these risk
factors in diabetic and obese or stroke-prone mice and rats after
treatment with SGLT2 inhibitors (11-13, 19). In vitro data has
shown that the SGLT2 inhibitor significantly increased survival
(67%) of spontaneously hypertensive stroke-prone rats when
compared with controls (13). The authors observed that SGLT2
inhibitor-treated rats had weight and blood pressure reduction,
which could explain the reduced stroke risk and increased
survival. However, the effects of SGLT2 inhibitors on stroke
prevention were contradictory in different clinical trials. In the
Empagliflozin Cardiovascular Outcomes and Mortality in Type
2 Diabetes (EMPA-REG OUTCOME) trial (17), empagliflozin
users were found to be associated with an insignificantly
increased risk of stroke when compared to empagliflozin non-
users (HR, 1.18; 95% CI, 0.89-1.56; P = 0.26). On the other
hand, canagliflozin users were found to be associated with an
insignificantly decreased risk of stroke relative to canagliflozin
non-users (HR, 0.87; 95% CI, 0.69-1.09) in the Cardiovascular
and Renal Events in Type 2 Diabetes (CANVAS) trial (20).
However, several meta-analyses have demonstrated that SGLT2
inhibitors may lower the risk of embolic stroke (9, 21, 22).
Their results were the same as ours and they suggested a
possible protective effect of SGLT2 inhibitors including different
populations and the level of renal functions.

In our study, subgroups analyses demonstrated
that the patients concurrent use of statins, biguanides,
thiazolidinediones, and glucagon-like peptide-1 receptor
agonists had a protective effect against developing NOS,
whereas patients’ concurrent use of non-steroid anti-
inflammatory drugs, corticosteroids, proton pump inhibitors,
H2-receptor —antagonists, aspirins, sulfonylureas, alpha-
glucosidase inhibitors, dipeptidyl peptidase 4 inhibitors, and
insulins showed an increased risk of developing NOS. This
result demonstrates that different drugs may play a major role
in lowering or increasing the risk of NOS when combined with
SGLT?2 inhibitors for patients with type 2 DM, which conforms
to previous reports (23-27).

Other than antidiabetic effects, SGLT2 inhibitors also
promoted natriuresis and osmotic diuresis to lower blood
pressure in patients with cardiovascular disease and heart
failure (28-30). As evidence of the efficacy of SGLT-2 inhibitors
continued to grow, many trails and meta-analysis on these
drugs have expanded their prescriptions from diabetes patients
only to also include patients with HF without type 2 DM (28—
32). Furthermore, the safety and dose-response relationship
of SGLT2 inhibitors were recommended in the clinical

practice (33-35).
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In summary, there is negative association between the use
of SGLT2 inhibitors and the risk of NOS in patients with
type 2 DM. The decreased risk of NOS in patients with
type 2 DM was greater among patients with concurrent use
of statins, biguanides, thiazolidinediones, and glucagon-like
peptide-1 receptor agonists. Therefore, we suggest that the long-
term use of SGLT2 inhibitors may help reduce the incidence of
NOS in patients with type 2 DM.
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Tuble 6-1 The tested results of mediation cffect for PB
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direet effect and second-stage eflect
IVIM mar!  pare.! LAFF? REW' CD' AU'  SSLD! or' IRS' Ds! NBSP?  BAP?  BKP
WE ¢ -012" -013" -009 008 015" 009 NCF  NCF 0.0 -0.05 NCF NCF  -0.14"
b 0s2 071 042 588 583 416 - - (57 I b A - 2:51"
s 112 114 003 1.03 1.05 1.06 - - 1.56 1.08 B 3 0.67
i 2 031 064 179 1 7 et X} Gy 15 X B - 2.80 342" - . 375"
i Om ¢ NA NA 1009 1006™ NCF 10177 9.66™" 1027 NCF 8.88"° NCF  NCF
B s - 010" 519" 325 692" - 556" - 58 s 5
i I z 0.02 0.99 1.02 1.00 - 1.49 - 0.49 - -
'E Z - - 289" 2.62" 240° 365" - 201" - 406" - E
; RS ¢ NA NA NCF 564" NCF NCF 545" 556" - NA 499" NCF NCF
‘ 5 - - . S68 - 2 774 10277 y P ”
; 5 - 1.02 - - 1.03 1.02 . - 0.51 - S
- - - 320" - - 317" 239 - . 2470 - s
NA NA 496 440" NCF  -5.157" -4.89"" NCF NA - NCF NCF  NCF
- - Dot 828" = 405" 780" - - o o . z
- - 0.03 1.03 - 1.04 1.02 E - : . : z
- - 244" 398 - 4700 240 - = . . £
NCF NCF NCF 648" NCF 464" 468" 402 NCF  NCF NCF  NCF  NCF
- - - 637" - 400 7947 1032 = " 5 2
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Sy -

Z

' P <0.08;

1.02
-2.64""

1.06
2,85"

88

1.03
2.10°

1.02

2.86"

P<0.01:"" P<0.000 )
logistic regression coefli \ d /“ 1; ¢, linear regression coofficient of 1V to PB in the exist of mediated factor
) > coethicient and Z 1s a value calc . 5 i
a value calculated by Zpearation [611; 2, b is a linear regression coefTicient

the original formula of the Sobel tes g
R ormula of the Sobel test; NCF, Non-compliance with the first-stage effect; NA., not applicable

M. mediated factor, ILbinn

and Z is value calculated by

Table 6-2 The tested results of mediation effect for WB
direct effect and the second-stage effect
DS! NBSP> BAP? BKP?

IVIM

Par.

oT

IRS

mar!  pare)  LAFE REW'  CD! AU' ssLp! oT' IRS!
o 013" 0.0V 0178015 LoD 0t17 e NCE NCF 016" -0.12° NCF NCF  -021""
T | S L 015 554" 4,650 [RI09E . - - 649" -5.86"" - 1.89"
Sy, 1.00 1.02 0.02 0.92 0.94 0.95 - - 1.39 0.96 2 s 0.60
7z 260" 305" -1.93 265 253 2150 - - 3.00° 3847 - - 3.15"
(A 112 265" 334 4077 3.2 3197 204" 333" 2,08 -4.67°* NCF NCF
b 3807 €0.15" A6 ABpL327 6257 924" 656" 575" 669 - =
Sy - 1.50 0.02 0.92 0.94 0.94 0.93 0.92 1.39 0.98 0.47 = -
7 il 219" -4.86"" -2.02% 248" 163 265" 2.86" 246"  -5.00"" 294 - 5
¢ NA - 313" NEE 460" 396" =3.82"" 356" 3.85"" -2:66™ -467°" NCF NCF
b 3 20:14°" == 4450 318, 629 925"  6.50"" -5.62"" 6.66"" - -
Sy - - 0.02 - 0.93 0.94 0.93 0.92 1.39 0.98 0.46 5 2
ZEY - s 474" - 265" -1.96° 197 242 D40 AST AR3T% = :
¢ NA NA 893" 9.05"  NCF o3t Eee2™ - 922" “NCF 8.22°° NCF NCF
b - ‘AT RSN B oVa7ele 544" - 6.07"" - 601" - -
Sy - - 0.02 0.89 - 0.92 0.91 - 1.34 - 0.46 E =
Zi— = - 3.17%%  2.69" - 215" 348" - 213" - 400" - =
¢ NA NA NCF 608" NCF  NCF 6097 607 = NA 5.75° NCF NCF
bis -2 - - 543" - - et 922" = - 635" - -
Se - - - 0.92 - - 0.93 0.91 - s 0.47 = 5
89
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DS

Phy.

Z

3.28"
-5.45°""
-4.90"""
0.92
-4.09"""
6.62"""
-6.21"""
0.92
-2.68""

NCF

NCF

620"

3114
0.93
171
5.00""
3.09™
0.95
2.59""

3.08"°
-5.99*
6,14°°°
0.92
-2.11°
5.01°"
6.34"""
0.93
2.07°

2.39°
NCI

433"
9.28"""
0.92
2.86""

, P.<.0A05: _P<0.01; ", P<0.0001; ¢’, linear regression coefficient of IV to PB in the exist of mediated factor. M, me
logistic regression coefficient and Z is a value calculated by Zpmegiation [01]: 2, b is a linear regression coefficient
the original formula of the Sobel test; NCF, Non-compliance with the first-stage effect; NA, not applicable

20

diated factor; ', bisa

and Z is value calculated by

Tuble 6-3 The tested results of mediation effect for CB

direct effect and the second-stage effect

1IV/M mar!  pare! LAFF?2 REW! CD! AU! SsLD!  OT! IRS! DS! NBSP? BAP? BKP?
WE ¢ -008 -0.04 -0.13" RIS 0! 165 20-0.12 "ENCE NCF -0.13°  -0.08 NCF NCF  -0.16""
b. :3.03% -4:83™ -0.147"%2sulod] F1i62 3.40" - = 400" -5.59""" - - 1.44°
Sy 1.06 1.07 0.02 0.98 1.01 1.00 & - 1.48 1.02 - < 0.64
7 274 416 -192  -2.58" 136 220" - - -2.19°  -3.66" - - 2.25°
Mar. ¢ - 0.97 267" 330" 376" 344 3347 3127 341 - 28" 4218 NEGE  NCF
bs 588 043" 522" 151 348" 355" 624" 396" -529"" 397" - =
St e 1.57 0.02 0.97 1.00 1.00 0.99 0.99 1.48 1.04 0.52 s =
Z o= 23.69"  -4.56"" -1.98"  1.29 -1.63 2210 -2.68"  -1.92 449" 279" - >
Par. ¢ NA - -4.18"** NCF 5277 -4.88°" 491" -4.69"" 491" -381" -558""" NCF NCF
B 5 013" - 1.68 332°%° '3.54% 6077, 398 41857 398" -z =
Sl : 0.02 e 0.99 0.99 0.99 0.99 1.47 1.03 0.51 = -
Tk 5 -4.58""" - 1.45 -195  -1.75 230" -1.89  -4.19**" 2.29° = 3
oT ¢ NA NA 596" . 607" : NCF Gigltamens - 6.34"° NA 5.78°" NCF NCF
bisi= - -013%" -.2492%"" = 3700°%%3/08** - 3FT 0 e 3.45" = ‘
Sp - - 0.02 0.96 . 0.99 0.99 = 1.46 5 0.52 s = l
T s = 3128 #2618 - - 232%7 2.50" - 1.72 = 3.55" < 5 [
DS ¢ NA NA -5.45"" -5.08""" NCF -574**" -5.72"" NCF NA - NCF NCF NCF '
bRl 4 0.03° 452" 334" 348" - 2 1 N } 5 ‘
Sy - - 0.02 0.98 0.99 0.99 2 z 5 2 . .
I
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—

z - - <2.79** -3.73** -1.72 1.84 - - - - - -

Nur. ¢ NA NA 5.55"" 5.26'"" NCF NCF NCF 30" 583’ 47" 856" NCP NCFP
b, i -0.13"°  -4.40°" - . i 579°° 341" 433 358" - g
Se - - 0.02 0.98 . - - 0.99 1.47 1.05 0.52 - -
& s 2 332 W33y 1 - 3 358 192 389" 275" - .

* P<0.05;", P<0.01; """, P<0.0001; ¢, lincar regression coefficient of IV to PB in the exist of mediated factor. M, mediated factor; .bisa
logistic regression coeflicient and Z is a value calculated by Zeaiation [61]: 2, b is a linear regression coefficient and Z is value calculated by
the original formula of the Sobel test; NCF, Non-compliance with the first-stage effect; NA, not applicable
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Table 7 Mediation and suppression models of burnout

Mediation or suppression effect

DV ¢ lmar  2.pare. 3.LAFF  4.REW 5.CD 6.AU 7.8SLD 80T 9.IRS 10.DS 11.NBSP  12.BAP 13.BKP

L“:: PB_ - NS NS NS #m”  (HST (m'  NCF NCF  ()m™ (Hm" NCF NCF #Ss”
2.0T PB + NA NA (9Hm™ (@m” N #Hm" (Hm” X (9)m' NCF #Hm"™* NCF NCF
3RS PB + NA NA NCF (m* NCF NCF (#Hm” @®Hm' X NA (H)ym’ NCF NCF
DS PBE - NCF  NCF #m°  (Hm™ NCF NS (m’ NCF  NCF - NCF NCF NCF
4.Phy. PB + NCF  NCF NCF #Ss* N (#m” (#Hm°  (Hm" NCF  NCF NCF NCF NCF
SWE WB - (9m" (Hm” NS #m” S (@m’ NCF  NCF  (m" (9m™  NCF NCF  (#)s”
6imar, WB s X ym' #Hm™ (H)m’ (+)S° NS (-)m"" m” m” (Hm™ (HST NCF NCF
7pare. WB - NA X (+)m™  NCF ®ST E@m EOm @m Em HmT (S NCF NCF
8.0T WB + NA NA (m”  (m"™ NCF  (Hm' Hm" X ()m"  NCF (+#)m™ NCF NCF
9.IRS WB + NA NA NCF (9m®” NCF NCF  (Hm" (Hm' X NA #m' NCF NCF
10DS WB - NA NA #m*  (#m™ NCF NS (m' NCF  NA X NCF NCF NCF
11.Phy. WB + NCF  NCF NCF (#)$" NCF  ()m" (Hm'  (Hm™ NCF  NCF NCF NCF NCF
12.WE CB - (#Hm" (#Hm* NS (+)m" NS (-)m’ NCF NCF (-)m’ +Hm™ N N S

13mar. CB - X @Hm"  #m™ (Hm' NS NS ()m’ (Hm™ NS HmE @S N N

l4pare. CB - NA X (H)m'"  NCF NS NS NS (Am' NS Hm™ #HS N N

10T CB + NA NA On®  EOm?  NCF . ®m’. #Hm’ X NS NA (Hm' N N

16.DS CB NA NA #Hm*  (#m”  NCF NS NS N NA X NCF NCF NCF

93
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NCF

NCF

(Y)m

(-)m

NS

im

NC} NCF NCF (

(<)m

(*)m

(S} NA NA

17 Nur

‘. P -
ositive/negative relations &
I cgative relationship for IV and mediated factor; m, mediated effect; s, suppressed effect, NA, not applicable; NS, not statistically

+/-, positive/negative relationship for IV and DV, (+/-)

, parenting,

0.0001; phy., physician, mar., married, pare

001, p-

0.05;°*, P <

significant; NCF, Non-compliance with the first-stage effect
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Table 8 Identification of risk Jactors for WRIs and SIs

; WRIs Sls
VDV subjects mean+SD ¢ - 5
Sex
Women 1016 16.61£18.97  0.69 7.19+13.18 220
Men 234 159241719 100 9.40:1491  1.00
Work experience!
WE 1250 - 007 - 0.05
Education degree
Master’s degree or 210 15.83£17.01  -0.78 6.67+12.36 -1.12
above'
University or 1040 16.61£18.97  1.00 7.79£13.77 1.00
below university
degree?
Marriage state
Married 612 16.95£18.91  0.93 7.19+13.39 -0.80
others 638 16.03£18.39  1.00 7.99+13.68 1.00
Raising the child
Parenting’ 553 17.04£18.80 1.01 7.41+13.68 -0.33
Not Parenting 697 16.03+18.53  1.00 7.75+13.44 1.00
Engaging in
LAFF!
LAFF 1250 - -0.04 - -0.22
Exercise frequency
REW 711 16.10+18.41  -0.87 7.60£13.74 -0.01
Not REW 539 16.98+18.96  1.00 7.61£13.29 1.00
With CD
Yes 491 19.30£19.45 464" 8.66+14.60 1.74°
No 759 14.66£17.89  1.00 6.92+12.77 1.00
The frequency for
drink coffee’
Coffee intake score 12350 - -0.00 0.01
Alcohol use habit
in a month
Ever AU 474 18.41+19.37 3.10™ 9.60+14.73 3.22
Never AU 776 15.30+18.10  1.00 6.38+12.62 1.00
Sleeping duration
95
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Mw% 481 1876:19.23 371" 9.15%1459 g5y
Not SSLD 769 15.05£18.09  1.00 6.63x12.75 1.00
Experiencing OT

wﬂﬂﬂwsg; 459 2064:2050 6587 10.40£1591 443
seldom work OT 791 14.07£17.03  1.00 597+11.66  1.00
Shift work

schedule’

irregular shift 154 2029:19.76  5.08"  10.88x15.11 4,03
regular shift 165 18.18+22.49 2,97 8.64+14.78 179
z_,mz shift 142 17.43£18.83 222 7.04£12.76  0.20
day shift 789 15.21x17.36  1.00 6.84+12.99  1.00
Professional field®

physicians 12 14.96:1821 126 6.92£1124  -0.37
Nurses 512 19.34x19.59  5.64™"  9.03+1434  1.75
PTs 28 15.68£17.51 1.9 526+1048 <202
ADs 398 13.69£17.68  1.00 7.29+1443  1.00
MS pain’

NBSP 1250 - 589" - 1.78""*
BAP 1250 - 178" - 0.39
BKP 1250 - 310" = 1.02°

. P<0.05;" P< 0.01; ™, P<0.0001;
added to model individually;

time.

o

96

!, They are all continuous variables and are
- All dummy variables were added to model at the same

doi:1 0.6834/csmu202200004

Table §-

1 The impact of burnout against WRIs

the adjusting variable for WRIs

risk factor PB WB CB

¢ ¢ d%) ¢ d®%) ¢ d (%)
cD 4647 252 4569 295" 3642 433" 6.68
AU 310" 137  NC 1.62 NC 213" 3129
SSLD 371" 046 NC 093 NC 2700 2722
Work OT 6.58"" 253" 6155 269" 5912 498" 2432
IRS work' 435" 172 NC 136 NC 318" 26.90
Nurses? 484" 226" 5331 - 207 . 5510 398" 933
NBSP 589" 3.09™" 47.54 356" 3956 507 13.92
BAP 1787 1147 3596 1147 3596 153" 14.04
BKP 3107 220 2903 244" 2129 279" 10.00

* P<0.05;",P<0.01; """, P <0.0001; c, the linear regression coefficient for risk
mwoa_, without adjusting burnout.; ¢’, the linear regression coefficient for risk factor
after adjusting burnout; d(%) = ¢ = ¢'/c x 100; NC, not calculated; ', reference

: : if. 2
variable is other participants except to subjects who work irregular shift; °, reference

variable is other participants except to nurses.

97
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lable 8-2 The mediation effect of burnout against WRIs

ks PR wB o

a Sa b Sh Z a Sa b Sh Z a Sa b sb LIS
cD 539" 104 039" 003 481" 401" 094 042" 003 408" 1.17 100 027" 003 1.16
AU 4350 1.05S  0.40°"  0.03 3.96"" 347" 095 043" 0.03 354 3.68° 1.00 02777 003 341"
SSLD  8.11°" 1.03 040" 003 678" 652" 093 043" 0.03 630" 3.84" 1.00 026" ©0.03 5351
oT 1053 1.02  0.39""°  0.03 8.08" 950" 092 041" 003 824" 651" 099 025" 003 516"
IRS! 6.58""" 1.55 040" 0.03 405" 698" 139 043" 003 474" 440" 1.48 027" 003 282"
Nurses®  6.56™"" 1.03 039" 0.03 572" 6.12°"° 092 042" 003 6.01°" 6.14"° 098 026" 0.03 5.08"°
NBSP 827" 051 034 003 929" 649" 047 036 0.03 906 379" 052 022" 003 5177
BAP 1.59" 0.59 040" 0.03 2.64 149" 053 043" 003 276" 0.92 0.56 027" 0.03 1.62
BKP 2.29" 0.66 040" 0.03 336" 1.57° 0.0 042" 003 257" 1.19 0.63 0.26 0.03 1.85

L, P<0.05:",P<0.01; """, P <0.0001; M, mediated factor; a, the lincar regression coefficient of IV against M; s,, the standard error for a; b, the
linear regression coefficient of M against PB/WB/CB; sp, the standard error for b; Italic bold font represented fully mediated cffect; ; ! reference
variable is other participants except to subjects who work irregular shift; 2, reference variable is other participants except to nurses.

o8

PO000TTOTOWSY/ FESY OL1OP

"sasmu 0 1d20x3 syuedidnred 12410 S1 9[qeLRA 90UD1JI L Ys Je[nJaut
10U DN RIPWAS 10U N 00T X 9/,2 — 2 = (%)p ‘mownq Sunsnipe 191e

jiom oy 5193[gns 01 120X syuedionred 19410 st 2[qeLRA 20U2I9JA1 *| SPAIE[NIED
10198} YSU 10} JUDIILIA0I UOISSUTI Jeaul| 2y * 9 SInoumq Sunsnfpe jnoyim 10)98)

S 10§ 1WIIDL20D UOISSUBI Jeaut] 24 * 410000 > d * L00>d ¢, 500>d

o
dSEN
_sasmN

T

01
W 8L1
WEVT

120
8L0
LS]

ON
ON
S

6£°¢S¢

6L°0
.S6°0
8¢

ON
£9°9%
86'1¢

L80

IET
LT

09°¢T
£9'6C

—
7]
25228 F
th 8 & 3
¢ ~ O )
g 9 s
~ -
wWos D W= 0
FET RV I S RN I
B’umwas
R T
2 8 TR0 .
H H
B Gl T Sty [0
oom.ha\oil‘
RGN - N S 1
ey * 'y
H * :
[ —_ o
I =]
w o~
] 8 8 S
B E R
ey W
Oy P01 it i NS
2 H e
: :
[d W) e [=9
SREE3ZES
v o — L X
S o = = =
e s =l -l | P
f\-’\/lo\lkll:h
—_ W & v v =
Pl T e i
e .
:
— o e e 00 V| QO
."-,V'P°."‘b\é'~
N N CEE NI b3
N O oW ~—

10008) YsU

td

SIS 10} ajqerrea Sunsnfpe oy

40

SIS 1SuD3p moung J0 190du Y] £-§ aqn

~



lable 8-4 The mediation effect of burnout against Sls

B wi A '(:n’ P N
IV/M a Sa b Sh Z  a o b Sh Z a Sa b Sb 1
CD 539" 1.04  0.13" 002 405" 401" 094 014" 002 364" 1.17 1.00 0.12°°° 0.02 1.15
AU 435"  1.05 0.13" 0.02§ 3.49" _347°°" 0195 (044% 0,028 3.24°° §3.68" 1,00 0.12°° 002 3.14"°
SSLD 8.11°*" 103 0.13" 0.02 501" 652" 093 0.4 002 495" 384" 1.00 0.12"° 002 323"
oT 10537 1.02 011" 002 485" 950 092 0.12" 002 5197 651" 099 0.11°° 002 422"
IRS! 6.58"" 155 0.13" 0.02 3.55" 698 139 0.14°° 0.02 408" 440" 148 0.12" 0.02 2.66"

Nurses? 6.56"" 103 0.3 002 455" 612" 092 0.4 002 4.82"° 614" 098 012" 002 433"

. .

NBSP 827" 051 012" 002 563" 649 047 013" 7003 4137 3.79°° 052 0.11°° 002 439"

BKP 2.29* 0.66 0.14" 0.02 321 157" 060 0.15" 0.02 247 1.19 0.63 0.12°° 0.02 1.80

,P<0.05",P<0.0];"",P< 0.0001; Italic bold font represented fully mediated effect; !, reference variable is other participants except to
subjects who work irregular shift. 2, reference variable is other participants except to nurses.
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7. Figures

Figure | Development and impacting factors of Burnout

Protective «
factors

Protective i
factors

* Risk factors
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IRS work. and often DS work were mediation factors of relationship between in¢

Teased
work experience and reduced level for burnout. Therefore, the present study e, o
. u

vel could be improved for junior or young medical empl,
= Oyee

rmine that burnout le

ac

v cffectively work-related interventions including avoided AU, often IRS work
5 and

ncreased proportion of DS work. Due to BKP was suppression factor between WE d
= an,

bernout, junior or young medical employee should specially note the problem for B p

3.8.2-1 Association between overtime / shift work and burnout

As shown in Table 1, the subjects who work overtime (OT) more than 80h and
work OT between 45 and 80h per month were only 5 and 43 persons, respectively,
therefore, which and subjects who work OT < 45h per month were combined to a nc\\:

dummy le - j who seldom wor W
vy varable — “work OT *, and the subjects who seld work yas as
b k OT a

variable OT was an| B
aniable. Table 2 demonstrated work OT was significantly relevant to P (
) c
10S3.P<Q =935 P
0.0001). WB (c = 950, P < 0.0001), and CB (c = 6.51, P < 0.0001)
Participants who wo I . ‘
who work OT reported high PB (42.67+18.25 vs 32.14£16.87, P < 0.0001),

WB (40.22+15.69 vs 30.72215.65
vs 30.72215.65, P < 0.0001), and CB (33.98£17.83 vs 27.47+16.39,

P <0.0001) than those w 0 seldom worl cre w nif Her >
th ho seld k OT. Th vas significant difference of PB.

WB, and CB level (for all P 001) among shift work Participants with
(1o < ) ¢ shift work schedules. Parti 1p:

uregular shift (IRS) work re rted highest PB (41.78+ =7.7 )0 and
it ( ) po! B (41.7818.08; ¢ 6,P<0 01)
N 10, g

WB (403321582; c = 8.48, P < 0.0001), howev ar shift (RS
= 48, P< 1), however, participants with regu (RS)

work report high CB (3. =10.33;c= rs. Participants with
B (34.04216. 3; 6437,P<()00()])lhanolhe S,
day shift (DS) work reported lowest PB, WB, and CB, ther esent study found
B, therefore, the presen
DS work was a protective factor for burnout.

In MLR model able 5). work OT PB (c=6.91
1 2
Wwas independent risk factors of PB (

< 1), (c= s 0001), and CB c=3.9 rding to
P <00001), wB 6.18, P <, ), (c=3.95, P<0000])A
15 X . Accol 4

mediation models in T:
able 7, the :
causes that participants who work ;
34 ork OT sustained high
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level for burnout were negatively engaging in LAFF (impacting PB/WB/CB), without
keeping REW  (impacting PB/WB/CB), reporting AU (impacting PB/WB/CB),
), and

experiencing SSLD (impacting PB/WB/CB), IRS work (impacting PB/WB

sustaining high NBSP (impacting PB/WB/CB).

In MLR model (Table 5), IRS work (¢=3.32, P<0.05: c=3.97,P<0.01)and RS
work (¢=4.00, P < 0.01; ¢= 3.88, P < 0.01) were independent risk factors for PB and
WB. However, RS work (c=3.93, P <0.01) was an independent risk factor of CB. The
mediation/suppression models in Table 7 demonstrated reduced REW, SSLD, work OT,
and high level for NBSP were one of causes that participant with IRS work sustained
high level for PB and WB. Participants who were DS worker seem to report low burnout
than others. According to mediation/suppression models in Table 7, positively engaging

LAFF, keeping REW, and seldom experienced SSLD were onc of causes that

s schedule were DS sustained low level for WB/CB than others.

participants whose work'

hip b ime work and burnout

3.8.2-2 Di ion for the
Many studies had determined work OT or long work hours were closely to
burnout development. Nurses and clinicians working OT are more likely to experience

d d particip working overtime

burnout[93]. A study for 182

reported significantly increased burnout.[94] A cross-sectional survey for 1560 full-

time employees in Taiwan found long working hours (working over 40 hours per week)
are correlated with bunout.[39] Furthermore, nurses working shifts of ten hours or
longer were up to two and a half times more likely than nurses working shorter shifts
to experience burnout[93].  The present study found participants who work OT
sustained significantly high level of PB/WB/CB than those who seldom work OT. Our
another a study (shown in Table 1, doi: 10.12998/wjcc.v9.i25.7391) at a hospital

affiliated with a medical university in Taichung, Taiwan, in 2020, that also
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jemonstrated participants who work OT more than 45 h per month reported highest

level for PB and WB. There was a significant dose-response between OT work and PR
or WB.

The past study demonstrated participants who experienced overtime ang
decreased interaction with family or friends were casily the deterioration of menta)
well-being[95). In addition. participants whose working hours exceed standard
recommendations are more likely to increase their alcohol use[96] for alleviating stress
[32.33]. From the view for medicine, the long working hours aggravates risk factors of
atherosclerosis to cause circulatory system discases, probably through its harmful
effects 1o worsen workers” lifestyle, to cause lack of sleep[97]. The previous study also
observed short sleep duration and overtime degree were in dose- response[98]. A survey
0f 2.617 registered nurses demonstrated extended work schedules were associated with
musculoskeletal injury/disorders[99]. The shortening of regular workdays from over 7
hours 10 6 hours may considerably reduce the prevalence of neck-shoulder pain[100].
The mediation models in Table 7 further found participants who work OT would
negatively engage in LAFF, and often experienced SSLD, and didn't keep REW, and
often reported short sleep duration, and measured high NBSP. That could cause burnout

to worse for ici vho wi
participants who work OT. These models were consistent with the previous

research studies.

3.8.2-3 Dis i i
-3 Discussion for the relationship between shift work and burnout

Shift work especially IRS work has been approved unfavorable to burnout by
many studies. A cross-sectional study of health care workers demonstrated burnout was
fr'Jund more frequently among shift workers than those who did not work shifts[90].
Nurses who have irregular shift work schedule had high level of burnout syndrome than

those have RS work schy
edule[40]. Other oc i
36cupauon also observed similar trend such

doi:10.6834/csmu202200004

as irregular schedules and increased night shifts were related to higher burnout risk in
police[41].  Our another a study in 2020 (shown in Table 1, doi:
10.12998/wjee.v9.i25.7391) also demonstrated participants with irregular shift work
reported high level PB and WB than others. In addition, we found SSLD and NBSP
play mediated role between IRS work and PB/WB. The previous Scction has
determined sleep problem is an important that IRS work impacts burnout. Another

hedules are significantly related to MS

study for nurses also d ated adverse

disorders [99]. Above results represented IRS really impacts physical health for medical

staff which could further damage mental health including burnout

3.8.3-1 Burnout difference among different professional  fields

Table 2 illustrated there was significant difference of burnout among professional
fields. Among them, the physician reported high PB (41.03£20.89%: ¢ = 10.17; both for
P <0.0001) and WB (39.3818.45; ¢ = 9.94 both for P < 0.0001) than others. Nurse
reported high CB (33.48£17.62;¢ = 7.74: both for P < 0.0001) than others.

Table 7 demonstrated AU, SSLD, and OT were one of the causes of worsen
PB/WB for physician. In addition, keep REW could against worsen PB/WB in
physicians. As shown in Table 7, the causes that nurse’s professional field easily worsen
CB were that nurses didn’t positive engage in LAFF, didn't keep REW, work OT, work

IRS, and increased NBSP.

3.8.3-2 Di ion for the relationship b professional field and b t

The present study found physicians’ professional field itself still impacted
burnout after adjusting the problems for LAFF, alcohol use, lack of sleep, work OT,
shift work, MS pain. The past study also demonstrated the burnout is markedly higher

ians than individuals in other careers after adjusting for work

amongst practicing physici
37
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hours and other factors[101, 102]. Attributed to reasons, work-related stressors[103
104]. excessive workloads[105), and work-home conflicts[106] were associated wiu,‘
bumout amongst physicians. Another, the present study had extra found differen from
past that physician’s PB/WB sustained high level that also could be caused by AU
SSLD, and work OT. It is worth mentioning, according to mediation or suppress; |
0
effect in Table 7., physicians common reported regular exercise weekly which als v, i
often helpful to relieve PB/WB. Alcohol abuse and dependence is a significant pmu:s
m
in US surgeons, that were strongly associated with burnout [85). According to the
mediation model for burnout/AU/physicians in Table 7, physicians always adopted
to face burnout, however, that is in vain, —4
One of the reasons for the high rate of insufficient sleep for physicians is the
medical training culture. Trained physicians are instilled in the idea that sleep is
optional, because they continue to work long shifts even when working hours a
re
limited[107). Table 7 demonstrated SSLD was mediation factor between physicians and
PB/WB that also confirmed the medical training culture about physicians ignored slee
problem. It's this culture to cause high burnout for physicians than others p
Nurse professional field seem to bear high CB than other professional fields that

would be explained by so-call "medical mode )8], whose statement s “people a
Y { ], 1 1S “peop
P re

not held responsible for either the origin of their problems or the solution to their

problems™. Patients are seen as il or incapacitated, they are expected to accept their

p . -

mmw as well as the diagnosis and the advice and treatment of an expert. It is clear that
e cxpccla-uon of investments of the patients are quite low, even lower than those of

the ?rofessnona]. Therefore, nurses had a low leve] of burnout when interacting with a

low investor patient and a high level of bumout when interacting with a high investor

[
patient| ] orresponds to the practice of clinic, physicians have powerlu
109]. C rful

rofessional au ity i i e efore, that
p thority to patient than nurses in ordinary people’s mi
ple’s minds, therefore,
doi:10.6834/csmu202200004

could be the possible cause that nurses experienced high CB than physicians.

Generally speaking, the physical activity level of nurses is generally

insufficient[110] and over 50% of nurses were insufficiently active[111] . A recent study

of nurses found that many nurses did not participate in leisure-time physical

activity[112]. Physical activity at work may not have the same positive impact on health

as leisure activities[113]. Table 6 also demonstrated nurse is negative related to LAFF

(c=-4.51,P<0.01) and REW (c= -0.82, P <0.0001) that is consistent with past studies.
Table 7 further linked nurses, LAFF/REW, and burnout from client and determined

LAFF/REW could improve burnout level for nurses.
1ackeletal di forts of

Stressors had significant effect on i

organs such as neck, shoulders and back for nurses [114]. Burnout impacting MS pain

was similar, Mediation/suppression models in Table 7 found nurses often report high
NBSP (neck or shoulders pain degree) which would cause burnout caused by client to

sustain high level. Therefore, the strategy and resource of relieved MS pain for nurses

is important for improvement of burnout.

3.9 Physical Health and Burnout

/ loskeletal pain and burnout

3.9.1-14 iation b chronic di
As shown in Table 2, participants who suffered chronic diseases (CD) sustained
high level for PB (39.27418.59 vs 33.89£17.48, P < 0.0001) and WB (36.64+16.84 vs

32.63+15.78, P <0.0001). CD was arisk factor for PB and WB (¢ = 5.39 and 4.01: both

for P < 0.0001).
As shown in Table 4, NBSP was positive relevant to PB (¢ = 8.27. P < 0.0001),

WB(c=6.49.P< 0.0001), and CB (¢ = 3.79, P<0.0001). In addition, BAP was positive

relevant to PB (¢ = 1.39, P < 0.01) and WB (¢ = 1.49, P < 0.01). There was positive
relationship between BKP and PB (¢ =229, P<0.01) or WB (¢ = 1.57.P<0.01).
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As shown in Table 5, NBSP (c= 6.86; ¢= 3.51, for both P < 0.0001), BAP (=
138 ¢= 133, for both P <0.01), and BKP (¢=1.68, P<0.01: c= 1.16, P < 0.03) were
independent risk factor for PB and WB. However, only NBSP (c= 323, p < 0.0001)
was independent factor risk for CB. Apparently, NBSP obviously and directly Sustaineq
high burnout.

In addition, MS pain also played a bridge role (mediation effect) between risk
factors and burnout. According to mediation effect in Table 7. NBSP was one of the
reasons work OT sustained PB/WB/CB, IRS work sustained PB/WB, and nurses®
professional field sustained CB. We had determined married/parenthood were closely
relevant to WB and CB, however. married/parenthood also caused sustained high NBSp
that will offset the relieved effect of married/parenthood for WB/CB. Increased WE
was negative relevant to PB/WB/CB, however, BKP increased accompanied by work
Xpenience increased that also partially offset the protective effect of WE for burnout

Therefore. 1 f by hould e ki health bl fc
crefore, improvement plan of burnout shoul more note knee health problem for

1
older senior staff.

3.9.1-2 Discussion for ¢ ronic diseases / musculoskeleta, pain and burnou
2  for ch di /. loskeletal d b 1t

< ~ 9
he past study had demonstrated there are positive association between burnout
Ppositive association

i N . & 5 o
and MS pain, too[43]. We also determined NBSP, B an were relate
AP, and BKP wer lated to

sustained i

o PB avnd WB, 100. It is worth mentioning that MS pain often play mediation

- or for susljaxnlng high burnout. According to MLR models in Table 5, NBSP was an

’ ;:cr::l:;; nskdf:cmr for PB/WB/CB. In addition, we also determined the relationship

9, and burno / iati

s . nsul :) mediation models in Table 7 those participants who work

| om neck or both shoulders which would

ourmout degree caused by overtime work. A prospectj L
Z Ve study in apparently healthy

individuals demo, Vi T
nstrated i
baseline e: els of burnout predict
the onset of regional
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neck/shoulder and/or low back pain and burnout symptoms were associated witha 1.67-

d nurses

fold increased risk of MS pain[115]. Another prosp ive study d

who reported low mood or stress at baseline were more likely to develop neck/shoulder

pain later[116]. Despite the present study is a cross-sectional study, which through MLR

and mediation models to confirm direct impacting and the mediation effect of neck and

both shoulders pain for burnout. These results are highly consistent with the past study

and determined the importance role for MS pain on burnout development.

The previous studies also found the shortening of regular workdays from over 7

hours to 6 hours may considerably reduce the prevalence of neck-shoulder pain[100].

Compared with fixed shift work, the irregular shift workers for male were associated

with shoulders and neck pain and those for female were associated with neck pain[117].
The present study had further linked OT/IRS, burnout and MS pain by mediation
models in Table 7 those participants who work OT or work IRS easily suffered neck or
both shoulders pain which would cause burnout degree to further worse. Therefore, the

relieve neck and both shoulders pain also should be included in improvement plan of

burnout for medical employee.
The previous study demonstrated work experience significantly increases the
morbidity of pain [118]. However, the present study determined WE was only relevant

to BKP. Moreover, BKP suppressed the protective effect WE to PB/WB/CB.

Participants who were p d (c=0.12, P < 0.05) and married (¢=0.15, P <

0.01) would increase NBSP. The relationship was similar to past study that domestic

work and stress from overload further exacerbate musculoskeletal disorders because

they interfere with the recovery process[119]. The present study has illustrated
parenthood was closely related to worsen PB and NBSP that could imply closely

relationship among both. According to Table 7, We determined NBSP will cause
WB/CB for people married or parented to worsen by suppressed effect. This finds

41
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coincidentally with the previous study that poor psychological status may predict e
and shoulders pain 120, 121]

The three highest prevalence rates of MS pain for nurses were found for the neck,
shoulders and back[122). Compared with other professional fields, nurses’ professiona]

field was closely related to NBSP (Table 6, ¢=0.15,P <0.01).

3.10 Burnout and Work-Related / Sharps Injuries

3.10.1 Statistical test for association

Table 2 demonstrated work-related injuries (WRIs) was significantly relevant to
PB (¢ = 038, P <0.0001), WB (¢ = 0.33, P < 0.0001), and CB (c = 0.23, P < 0.0001).
Similarly, Sharps injuries (SIs) was closely relevant to PB (c = 0.25, P < 0.0001), WB
(c=0.22,P<0.0001),and CB (c = 0.20, P < 0.0001), too.

The past studies for administrative services[48] and forest industry employees[49]
demonstrated burnout was relevant to risk of injuries. The present study demonstrated
linear regression coefficients of 3 sub-burnout dimension to WRIs were between 0.23-

0.38. Regarding forest industry employees, each it

in the burnout score
was related 10 a 9% increase in the risk of injury[49] which is obviously lower than
medical employee compared with the present study. In line with reports for nurses and
the healthcare employees that there was association between burnout and SIs[123, 124].

The present research confirmed that there were positive dose-response between

bumnout and WRIs/SIs for medical employce.

3.10.2 Risk factors of work-related and sharps injuries

As shown in Table 8, CD (c=4.64, P < 0.0001), AU (c=3.10, P < 0. 01), SSLD

(c=3.71, P <0.01), work OT (c= 6.58, P < 0.0001), IRS work (c=5.08, P < 0.0001),

42
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Nurse (c= 5.64, P <0.0001), NBSP (c= 5.89, P < 0.0001), BAP (c=1.78, P <0.01), and
BKP (c=3.10, P <0.0001) were risk factors of WRIs. In addition, As shown in Table 8,
CD (c= 1.74, P <0.05), AU (c= 3.22, P <0.0001), SSLD (¢= 2.52,P<0.01), work OT
(c= 4.43, P <0.0001), IRS work (c= 4.03, P <0.01), NBSP (c= 1.78, P < 0.01), and
BKP (¢=1.02, P <0.05) were risk factors for SIs. However, women (c=-2.22,P< 0.05)

was a protective factor of SIs compared to men.

Followed Sections will further explore association between risk factors and

burnout and model risk factors, burnout, and WRIs/SIs to assess.

3.10.3 Sex difference of WRIs and SIs

As shown in Table 8, there was not difference of WRIs between men and women
(c= 0.69, P > 0.05). However, the sex difference was found in SIs. Women sustained
low correlation for SIs than men (c=-2.22, P < 0.05).

A study indicated that male health workers were 10 times more likely to sustain

an SI than were female health workers[125] that is consistent with the present study.

3.10.4 Role of burnout between chronic diseases and work-related / sharps injuries
The index for ability of explanation was "d". which is defined the reduced
proportion for regression coefficient of risk factor to WRIs before and after adjusting
variable. If the regression coeflicient before adjusting variable was statistically
significant and which was not statistically significant after adjusting variable, that was
call "fully explanation the effect " and "d" value would not be calculated. If the
regression coefficient before adjusting variable was not statistically significant, the

d. If the coefficient before adjusting

ability of expl did not be
variable was statistically significant and which was also statistically significant after
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adjusting variable, that was call “partial explanation the effect” and "d" valye would be
calculated. "d" value is higher, the ability of explanation is stronger.

As shown in Table 8-1, CD was significant related to WRIs (c=4.64, P < 0.0001)
that could be explained by PB, WB. and CB effect and ability of explanation is 459,
(d=45.69). 36.42% (d=36.42), and 6.68% (d=6.68), respectively. Table 8-2 presented
the mediation effect that PB (Z= 4.81, P < 0.0001) and WB (Z= 4.08, P < 0.0001)
mediated the relationship between WRIs and CD.

As shown in Table 8-3, PB and WB effect could fully explain the relationship
between €D and Sls. CB effect only could explain 8.62% (d= 8.62) the relationship
between CD and SIs. Table 8-4 demonstrated PB (Z= 4.05, P < 0.0001) and WB (2=
3.64. P < 0.01) were mediation factors for the relationship between CD and Ss.

ersons with chronic health conditions, such as chronic heart disease diabet
5 ctes,

arthritis, blindness, or difficulty seeing, and asthm a an on confer an
h difficulty ing, and asthm d dep nf

sk —rels 12 3 lated CD. h

risk work-related injury[126, 127]. In addition, burnout is related to , such as

coronary heart disease[46], cardiovasc: ar disease[128 d type 2 diabetes[47]. The
[46]. 128], an ype 2 diabet ]

present study link
sent study linked CD, burnout, and WRIs by mediated model (Table 7) which

determined PB/WB is one of causes that CD sustained high W refor sical
ed high WRIs. Therefore, phy:
- s

- .

diseases could impact people psychology which caused work-related Injuries

occurrence c! T rker suffers 1s deman
The mental health promoting for medical worke ng CD is d d

imme ion i i
diate attention in preventing of work-related injuries,

-
As shown in Table 8 and Tab| e 8-4, participants who suffer CD sustain high level

or SIs (c= L, P< ar = .| ed models
for SI. 1.74,P<0.05) d PB/WB (c=5.39/4 ],P<0.0)0|) The mediated mod

further demonstrated PB/WB (Z=4 05,P<0 0001; Z= 3.64 P<o. )1) is a mediated

factor. Therefore, this i
e, this is an important find that mental health could pl
play a positive and

helpful role of SIs caused by physical disease,
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3.10.5 Role of burnout between alcohol use and work-related / sharps injuries
Table 8-1 demonstrated AU was significantly related to WRIs (c=3.10, P<0.01).
The relationship could be fully explained by PB/WB effect and could be explained

31.29% proportion by CB cffect. Table 8-2 presented PB (Z= 3.96, P <0.0001), WB

(Z=3.54, P < 0.01), and CB (Z= 3.41, P < 0.01) mediated the relationship between
WRIs and AU.

As shown in Table 8-3, PB, WB and CB could explain 17.39% (d= 17.39).
14.91% (d= 14.91), and 13.35% (d= 13.35) the relationship between Sls and AU,

respectively. Table 8-4 demonstrated PB (Z=3.49,P <0.01), WB (Z=324,P<0.01),
diated the relationship b AU and SIs.

and CB (Z=3.14,P<0.01)

There were a significant association between alcohol consumption and work-

related injuries among farmers.[129, 130] The odds of injury also significantly

increased with increased frequency of drinking per week[130]. However, for young uUs.

workers in early research, common occupational injuries (excluding sprains and strains)

may not be strongly associated with alcohol dependence[131]. Despite there were

different results about the association for alcohol use and WRIs in past studies, the

difference in the formal reported injuries and self-report injuries could be the one of

main reasons. The present study adopted self-report questionnaire of WRIs that
U were closely relevant to WRIs. The mediation models further

mout (PB/WB/CB)

demonstrated A
determined the relationship among AU, burnout, and WRISs that bus

was onc of causes that AU sustained high WRIs that seldom be mentioned in past
studies.

As shown in Table 8-4, the mediation models further demonstrated burnout

hip b AU and SIs which determined AU is

diated the relati

(PB/WB/CB)

also through burnout to impact Sls. This is new evidence which is seldom mentioned

vision for Sls prevention of medical worker

in past studies. The find could extend new
45
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and highlight the importance for quitting alcohol use.

3.10.6 Role of burnout between short sleep duration and work-related / sharps

injuries
Table 8-1 demonstrated, the relationship between short sleeping duration (SSLD)
and WRIs (c=3.71,P< 0.01) could be fully cxplaincd by PB/WB effect, and CB effect

could only explain 27.22% (d=27.22). Table 2 showed PB (Z= 6.78, P < 0.0001), WB

(2= 6.30. P <0.0001), and CB(Z=351.P< 0.01) mediated the relationship between
SSLD and WRIs.

As shown in Table 8-3, The relationship between SSLD and SIs could be fully
explained by PB effect, however, WB and CB only explained 36.11% (d=36.11) and
18.25% (d= 18.25). Table 8-4 demonstrated PB (Z=5.01,P < 0.0001), WB (Z=4.95,P
< 0.0001), and CB (Z= 3.23, P < 0.01) mediated the relationship between SSLD and
Sls.

People with sleep insufficiency often reported frequent physical distress, frequent

mental distress, activity limitations, depressive symp anxiety, and pain[132]. The

determined relationship for bumout and SSLD in previous section has been fully
discussion. The National Health Interview Survey for USA suggested the work-related
injury risk significant increases with decreasing usual daily self-reported sleep

hours[133]. In additi

Asy icli search d

d workers with sleep
problems had a 1.62 times higher risk of being injured than workers without sleep
problems[134]. Therefore, the association between sleep and work injuries was
confirmed. According to mediation model, we further determine burnout (PB/WB/CB)
wazs one of reasons for SSLD sustained high WRIs, too.

Despite reduction in SLD increase the risk of occupational injury[135], the

present study also confirmed Sls is same as occupational injury that sleep duration less
46
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than 6 h casier sustained high SIs (Table 8, c= 2.52, P < 0.01). Table 8-4 determined
PR/WB/CB mediated the relationship between SSLD and Sls which represented
burnout play an important role between SSLD and SIs. Among them, only PB fully
mediated the relationship between SSLD and Sls that represented participants who
experienced SIs that caused by SSLD commonly sustained higher PB level. This could
be proofed by Table 8-4 that SSLD impacting PB (a=8.11, P < 0.0001) was strong than
WB (a= 6.52, P < 0.0001) and CB (a= 3.84, P < 0.01). The previous study also found

same trend that PB were significantly associated with impaired sleep quality[136].

3.10.7 Role of burnout between overtime work and work-related / sharps injuries

Table 8-1d 1 the relationship b

work OT and WRIs (c= 6.58, P

< 0.0001) could be partially explained by PB, or WB, or CB and the ability of
explanation were 61.55% (d=61.55), 59.12% (d=59.12), and 24.32% (d=24.32),
respectively. Table 8-2 illustrated PB (Z= .08, P <0.0001), WB (Z=8.24, P <0.0001).
CB (Z=5.16,P <0.0001) mediated the relationship between WRIs and OT.

As shown in Table 8-3, PB, WB and CB could partially explain 27.09% (d=
27.09), 25.96% (d= 25.96) and 15.08% (d= 15.08) the relationship between work OT
and SIs, respectively. Table 8-4 demonstrated PB (Z= 4.85, P <0.0001). WB (Z=5.19,

P <0.0001), and CB (Z=4.22, P <0.0001) diated the relationship b work OT

and Sls.

The working in jobs with OT schedules was associated with a 61% higher injury
hazard rate compared to jobs without overtime[137]. The present study confirmed the
adverse relations of working OT with WRIs (Table 8, ¢= 6.58, P < 0.0001), too. Further
study in mediated models (Table 9) found participants who work OT sustained high
WRIs due to worsen PB/WB/CB. It represented work OT could through mental factor

such as burnout to impact WRIs. This is an important find and view to preventing WRIs
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in future.

In one study, an increase in weekly work hours increased the occurrence of SIs
among nurses[138]. The present study further also confirmed work OT was significan
relevant to Sls (Table 8, ¢=4.43, P<0.0001) for participants including physician, nurse
and other professional fields. It represented OT impacting WRIs could be a widel,
problem among different medical professional fields. PB/WB/CB only cxplaine:
15%-~28% the relationship between work OT and Sls (Table 8-3) and partially mediated

the relationship between work OT and SIs (Table 8-4, 7= 4.85. P < 0.0001: 7 5.19
-6, . 3£=5.19,p
< 0.0001; Z= 4.2
Z=4.22, P < 0.0001). These results suggested that work OT affected SJg

directly or indirectly (through an unknown pal Ve no at Increase:
) y W )
d th h kn th). Studies have noted th: t1 d O
was significantly associated with Impairments in attention, executiv C
tt utive fun uon[139]

and stress response] ethe work affects SI incidence throi ese factor
esponse[140]. Whether OT work ffects SI ds through th, fact
ctors

remains (o be determined. H,
- However. the present stud
y confirmed burnout v
was one of

causes that working OT sustained high SIs

3.10.8 Role o burnout between irre, ular shift work and work-rela ly
74 elated / sha, ps

Table 8-1 dem d the relationshi

bety H
p irregular shift (IRS) work and

WRIs (c=435,P < could be fully ex P 3it CB could
.33, .01) 1d be etfect coul
R xplained by PB and WB

artially explai /o
partially explain 26.90% (d=26.90). Table 8-2 demonstrated PR
(Z:

- 4.05,p
WB (Z= 474, P < 0.0001), and CB (Z= s

282 P< 0.01 £
between WRIs and IRS work. ) mediated the relationship

As shown in T
in Table 8-3, The relationship between RS w, k and
ork and Sls could be

explained throy gh PB, WB, and

3.26), 2 2 » CB effect, their explained Proportion were 23 26% (d=
<2.20).26.20% (d=26.20% . - ;
23.26), 26.20° 6.20%), and 14.17% (d=14.1 ), respectivel

-y 7 cly. Table 8-4illustrated

b "3 = P<0.01 mediated
0.01), WB (Z=4.08,P <0 0001), and CB (Z=2.66,
.66, P < ) I
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the relationship between IRS work and Sls.

The working shifts repeated disruption of the circadian system[141]. in addition,
the misalignment of circadian rhythms of body functions is responsible of the so-called
“jet lag” syndrome, which could cause feclings of fatigue, sleepiness, insomnia,
digestive troubles, irritability, poorer mental agility, and reduced performance
efficiency[142]. Above these damages from "“jet lag" syndrome could be related to
burnout such as feclings of fatigue and insomnia. Shift work had a statistically
difference with work-related injuries compared to non-shift work[143, 144]. Therefore,
there could be a connection among shift work, burnout, and WRIs. The present study
found only IRS work was significantly relevant to WRIs among people who work shift
work. RS work was not statistical significantly relevant to WRIs. Burnout including PB,

WB, and CB paly mediation factors between IRS work and WRIs that demonstrated
burnout obviously sustains high WRIs for participants who have IRS work. The present
study confirmed mental health also impacts WRIs occurrence for people with IRS work.
In the same vein, studies have observed that working regular shifts exerted
protective effects against SIs compared with irregular shift work [51, 34]. Consistent
with results from other studies, Table 8 demonstrated irregular shift work was
significantly associated with Sls (c= 4.03, P < 0.01), but regular shift work was not
significant (¢= 1.79. P> 0.05). Table 8-4 shown PB (Z= 3.55,P<0.01), WB (Z=4.08,
P < 0.0001), and CB (Z= 2.66, P < 0.05) partially mediated the relationship between
IRS work and Sls, indicating that burnout was also one of causes that IRS work sustains

Sls: in others, irregular shifts may have exerted effects on Sls through other routes.

3.10.9 Role of burnout between nurses and work-related / sharps injuries

Table 8-1 shown the relationship between nurse and WRIs (¢=4.84, P < 0.0001)
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that could be partially explained by PB, WB, and CB effect could partially €xplaip
§3.31% (d= 53.31), 53.10% (d= 53.10), and 32.23% (d= 32.23). Table 8-2 showeg PR
(Z= 5.72. P < 0.0001), WB (Z= 6.01, P < 0.0001), and CB (Z= 5.08, P < 0.0001)
mediated the relationship between WRIs and nurses.

Table 8-3 demonstrated the relationship between nurse and SIs (¢=2.43, p< 0.01)
that could be partially explained by PB, WB, and CB effect could partially explain
35.39% (d= 35.39), 34.98% (d= 34.98), and 29.63% (d= 29.63). Table 8-4 presented
PB (Z= 455, P <0.0001), WB (Z= 4.82, P < 0.0001), and CB (Z= 433,P< 0.0001)
mediated the relationship between nurses and Sls.

Nurses' inclination to report injuries was higher in organizations with onsite
health programs[145]. The Occupational Health Safety Network (OHSN) to collect
detailed injury data included falls, patient handling, and workplace violence
demonstrated nurse assistants and nurses had the highest injury rates of all occupations
examined according to injuries occurring from January 1, 2012-September 30,
2014[146]. Our study found that nurses were significantly relevant to WRIs compared
with other professional fields (Table 7, ¢=5.64, P <0.0001). The further analysis in
Table 8-1 found the relationship between nurses and WRIs could be fully explained by
PB and WB effect and be partially explained by CB effect (d=34.93%). The mediation
analysis (Table 8-2) also determined nurses’ burnout really play a pivotal role in WRIs.

The reasons of SIs occurrence were complex and multiple such as younger than

o : ’ S
25 years of age, irregular shift work, significant fatigue afier work, and suboptimal

staffing levels[147). In addition, there were significant differences of SIs among

departments[54]. The present study demonstrated nurses through burnout (PB/WB/CB)
1 .
0 Increase SI occurrence that suggests that mental health factors also could cause Sls

occurren
ce for nurses. Therefore, a full prevention plan of Sls should include

improvement plans for mental health.
50
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3.10.10 Role of burnout between MS pain and work-related / sharps injuries
Table 8-1 demonstrated the relationship between NBSP and WRIs (c=5.89, P <
0.0001) that could be explained by PB effect, WB effect, and CB effect, respectively.
Among them, the ability of explanation for PB, WB, and CB was 47.54% (d= 47.54),
39.57% (d= 39.57), and 13.92% (d= 13.92), respectively. The relationship between
BAP and WRIs (c= 1.78, P < 0.01) that could be explained by PB effect (35.96%), WB
effect (35.96%), and CB effect (14.04%). The relationship between BKP and WRIs (¢=
3.10, P<0.0001) that could be explained by PB effect (29.03%), or WB effect (21.29%),
or CB effect (10.00%). As shown in Table 8-2,PB (Z=9.29,P< 0.0001), WB (Z= 9.06,

P < 0.0001), and CB (Z= 5.17, P < 0.0001) mediated the relationship between WRIs
and NBSP. PB (Z= 2.64, P <0.01), WB (Z= 2.76, P < 0.01) mediated the relationship
between WRIs and BAP. PB (Z=3.36, P < 0.01) and WB (Z=2.57, P <0.01) mediated

the relationship between WRIs and BKP.
Table 8-3 demonstrated PB could fully explain the relationship between FNBS

pain and SIs. However, WB and CB could partially explain 46.63% (d= 46.63). and

23.60% (d= 23.60) the relationship between FNBS pain and Sls, respectively. In

addition, PB, WB, and CB could fully explain the relationship between BKP and SIs.

ented PB (Z= 5.63, P < 0.0001), WB (7= 4.13, P <0.0001), and CB (2=

Table 8-4 pres
439, P < 0.0001) mediated the relationship b FNBS and Sls. Among them, PB
d WB fully mediated the relationship b SIs and NBSP. PB (Z=3.11.P <0.01)
an Y
diated the relationship b BKP and Ss.

and WB (Z= 247, P <0.03) fully

The previous Section had illustrated MS pain was associated with burnout. Table

§ demonstrated FNBS and FBK pain were significantly relevant to SIs (= 1.78. P <

0.0001: ¢= 1.02, P <0.05). Based on these results, we further explored the relationships

i i 4, PB fully mediated the
among Sls, burnout, and MS pain. As S:?“m in Table 8 y
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relationship between Sls and NBSP or BKP (Z=5.63, P < 0.0001; Z= 311, p < 0
S AL o,

WB partially mediated the relationship between Sls and NBSP or BKP (Z=4.13,p =
0.0001; Z=2.47, P <0.01). In addition, CB partially mediated the relationship between
Sls and NBSP (Z=4.39, P < 0.0001). NBSP and BKP seem to be closely related to py
WB, and CB when exploring the causes of SIs occurrence. ]
The past study also really found severity of pain in the neck / shoulder area were
associated with an increased risk of burnout[148] and psychosocial elements of work
were more involved in the persistence of the symptoms in the knee[149]. Our stug
confirms previous studies that neck/shoulders/knee pain sites seem to be associalc:
with mental health and linked the relationship between SIs and neck/shoulders/k;
pain through mediation effect of burnout. These results more extend views r:"ce
preventing of SIs that S is not only an education and safety culture problem whi;r

also could be an outco
me of complex influence
) process for physiology and
psychology.

3.10. i
11 Difference of burnout effect for WRIs and SIs

S was one of WRISs, too. there difference or burnou cting them? Table
S f Is, too. Is 1 ¢ for burno t impag g
showed that there v c exceept or nurse
was not obvious differenc P. SIs f
9 sh d that th in both ex; pt to BA
‘ . Sls
;
Was not significant y crent compared with other profe.
f tly diff d Pprolessional

fields. However,

nurses reported high WRIs inci
gh WRIs incidence than other professional fields. T,
- The regression

coefficient for n
urse to SI i
s was 175, but which js not statistically signj
represented there could by i i
e obviously differ
ence for Sls oce
urrence among diffy
erent

nurses' departments. In addii
L it € cause could come om education or (ry; n. The
on, the c: I from educ, ti
1 i
ddi . The

previous study also i
S illus i
trated a continuous educational effort lead
€ads (o a reductj
1on of

occurrence for WRIs and SJs.
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4. Conclusion

4.1 Summary

The present study has determined the reasons of burnout development by three
burnout scales and statistical methods. In addition, we also determined increased work-
related (WRIs) and sharps injuries (SIs) will result from high burnout level caused by

sex-dominated occupations, negative family role, lack of sleep and increased alcohol
1nckel, I(MS)

use (AU), overtime (OT) and shift, chronic di (CD), and

pain.

Sex difference for burnout

The proportion of man is high than women in physician's field, women physicians
significantly experience high burnout from work than man physicians. The proportion
of woman is markedly high than man in nurse's field. Despite of not statistically

significant, men nurse common reported high burnout level than women nurses. The

present study suggest sex difference of bumout was associated with sex-dominated

occupations.

Family factors and burnout

People married or parenthood is relevant to lower work-related burnout (WB) and

client burnout (CB). Parent’s role itself instead be unfavorable factor to personal
burnout (PB) after adjusting other risk factors. Positively engaging in leisure activity
with family and friends (LAFF) is helpful for a successful role of parents which can

further enhance the role quality of staff or service provider which could sustain lower

level of WB and CB.
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Living habits and burnout

People who experience short sleep duration (SSLD) common reported high leve]
for PB and WB than others. OT and irregular shift (IRS) work could lead to Ssp )
which will further sustain high level of PB and WB. The one of reasons for physiciang
reporting high PB and WB than others is lack of sleep. Sufficient sleep duration jg one
of causes that day shift (DS) staffs sustain low PB and WB level than others.

AU can’t alleviate burnout which is instead an unfavorable factor of burnout.
People who work OT adopt AU, which is unhelpful to relieve burnout and instead
sustain high level for PB, WB and CB. In addition. AU is one of reasons for physicians

reporting high PB and WB than others, too.

Work-related factors and burnout

Young or juni ee re; Vi i
2 or junior employee reported lower bumnout level in three burnout scales.
Increased work experience was negatively relevant to burnout. Compared with seld
om
OT, i Vi i
T. medical employee who work OT sustained high level of PB, WB, and CB People
who work shift sustain high PB, WB, and CB than others, but people who work IRS
) vor]
experi
perienced higher PB and WB than those who work regular shift work. People wh
who
work i
vork OT or IRS could experience shorter sleep duration or often report neck or both
or bol
shoulders pain that could further worse PB and WB.
DS was a protective factor of PB, WB, and CB whose protective effect Ited
ct resulte;
f ; .
rom people who have DS work could often engaged in leisure activity with f;
‘ - with family and
friends or had habit of regular exercise weekly (REW), or sufficient sleep
3 eep duration per
day (> as di
Y (> 6 h). There was difference of burnout among professional fields
the main reasons for physici i onimy
T physicians reporting high PB and WR than oth,
1S were AU, OT,
and lack of sleep. Physicians and iy
nurses reported high CB than othi
ers. Physicians have

powerful professional authori i use ma]
1y to patient than nurses that ca
I kedly high-level
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CB for nurses compared with physicians.

Physical health and burnout

Compared with people without CD, people who reported suffered at least one CD
sustained significantly high burnout level in personal and work-related burnout scales.
There was dose-response between MS pain (neck and both shoulders pain (NBSP), both
ankle pain (BAP), and both knee pain (BKP)) and PB or WB, however, CB was only

relevant to NBSP. The one of reasons for nurses sustained high CB was NBSP.

‘Work-related injuries and burnout

CD, AU, SSLD, work OT, IRS work, Nurses, MS pain including NBSP. BAP, and
BKP are unfavorable factors for WRIs. Burnout is also closely relevant to these
unfavorable factors and mediated bridges in these risk factors and WRIs, too. Slsis one
of WRIs for medical staff common and there are almost same risk factors with WRIs
except to Nurse professional field and BAP. In addition. burnout plays mediated roles

in risk factors and SIs, too.

Finally, summarized present study’s results with tvo Figures which is presented

in Figure 1 and Figure 2 that are very valuable to preventing burnout and work-related

injuries.

Suggestions
Burnout impacts every medical employee and causes hugely hidden loss for
personal, family. and institutions. More important, it could harm patient safety.

should ployees to

Regarding preventing burnout, medical i

and positively engage in LAFF and keep regularly
S5

parent-child i
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exercise after getting off work is necessary. The courses of quit alcohol use should be
armanged o staff and avoid long workhours, OT, and irregular shift. In addition, the
problem for physician on alcohol use, sleep, and overtime work should be paid attention
much more. Based on the markedly relationship between burnout and MS pain,
employee relief plans (including resource or education courses) of neck and bol};
shoulders pain should be supplied.

Poor personal health, bad living habits damage mental health and further causes
mjuries in workplace. It represents the prevention plans for WRIs and Sls should
include the work plan for the high-risk identification of burnout to carly find the high-

risk employee fi i
ployee for work injuries and relieve burnout symptoms, and effectively red
cduce

the incidence for WRIs/SIs.

4.2 Evaluation

The present study is 3
present study is 3rd research plan for SIs and burnout, which was approved
5 approve

Y the Institutional Review Board of Chung Shan Medic: University Hospital on Au;
b; N Review Chung dical ersity P! g

23, 2021 (CSMU ; -21108) whose license w: n Appendix A. The first
{t 1 NO: CS1-211 ) icense was on Appendix

rescarch was approved by the Institutio al R w Board of Chun, edic:
h by the Institution eview
g Shan Medical

University Hospital on December 2, 2019 o Whose license an
pital s (CSMUH N, : CS19137) whose | d

published IX an o1
bl manuseript by journal  were on  Append B d d
.

10.12998/wjcc.v9.i 937. T W s, OT work
998/wj 1135.10937. That was focus on the rcla(icnship among ST
and healthy body wei i vy ¢ nl 1,om \\ VaS’
ly weight. The result indicated heay overtime work (>80 h/
associated with needle and SIs ri c al \\olrk) ‘()l
Is risk. Com i
pared with thy y
. ‘ present study that wi
sustained high SIs, both re- were c Howev e S
Sls, sults were consistent
- However, w indi
i g ; > We must indicate there i
crence in Sls definition and sam C TOI he
diff Sls def ple collected come y
) from diffe
l b, ‘ illerent years,
clinition o n CS19137 was at le: notified ho: n
defis f NS 9137 ast one NSI notifj, i Y
spital by emplo i
ec i

past one year (yes/n
yes/no), but the present study was SIs oceurr
2 ence frequency (always

doi: 10.6834/csmu202200004

—_—

Joften / sometimes / seldom /never) in past year for employee's self-reported
questionnaire. The self-reported advantage is the sample size could be extended, which
could reduce the problem for employee not notifying hospital for sharps injuries.
Therefore, we changed the method of collected data to self-report of participants.
The second rescarch was approved by the Institutional Review Board of Chung
Shan Medical University Hospital on July 22, 2020 (CSMUH No: CS19150) whose
license and published manuscript by journal were on Appendix C and doi:
10.12998/wjce.v9.i25.7391. The study had added new theme for burnout and more new
variables. 1t demonstrated burnout was determined to contribute to Sls occurrence;
specifically, burnout mediated the relationships of SIs with frequent MS pain, work OT,
and IRS work. Despite second study's Sls is categorical variables and the present study's
Sls is continuous variable which is occurrence frequency of Sls. both conclusions are
still consistency. In addition, a new variable CB measured by client burnout scale was
added to present study and could sufficiently illustrate the profile of burnout than
previous studies. Same to PB and WB. CB mediated the relationships of Sls with
frequent MS pain, work OT, and IRS work, too. The present study also found burnout
was a mediated factor in Sls and CD, or AU, or SSLD. The second research CS19150
illustrated there was significant difference of burnout among WE rank, occupation
groups, drinking in past month, sleep duration ranks, exercise per day, chronic discase,
overtime work ranks, and work schedule classes that were consistent with the present
study. Our study has special, interesting, and important new finds compared with
rescarch CS19150 that people who married or parenting or people engage in leisure
activities with family or friends in vacation time sustained low level for work-related
burnout.

The present study adopted mediation analysis could further find the reasons for

fferent from other studies that only explored the association between risk
57

burnout that dil
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factors and bumout by multiple linear regression method. Burnout is closely Televan
to WRIs and Sls which is seldom mentioned in other studies. In addition, marrieq and
parenting was associated with burnout were interesting discoveries. Despite parenthoog
itself worsens PB, it instead relieves WB and CB. This leads to an interesting Point thy,
successful family live and successful career is not necessarily conflict in mental healypy
that is a new find that is seldom mentioned in past studies, too. A find seldom mentioned
in other studies that leisure activity with family and friends is favorable for relieved
bumout and even reduces occurrence for WRIs/SIs.

Except to the association between neck/shoulders pain and burnout have beep
determined in present study, we also determined burnout is a key that workplace factors

such as work OT and IRS work cause specific body pain.

4.3 Limitation

I)C, 1te Ay X C 1 1
spite we have got excellent and significantly results for the relationship betwee
n
burnout and marri 1 i
d married or parenting, the duration of marriage and the child’s age are lack
ack.
We don't det 3 g 1 It
ermine whether long marriage relationship will cause burnout to sustain?

Whether wi ! i
cr will parent’s burnout gradually relieve by adulthood of children? These could

cause interference to study's results. LAFF was as an index for successful family role

seem to be insufficient whi
nt which should seck more rigorous questionnaire to strengthen

measured index. i
Although  sex-dominated occupations  could affect burnout

development for men or women in our study and other studie
S s, The proportion of men
. 5 .

T Wwomen is as a basis of determined sex-dominated occupations is not sufficient in
present study. Therefore, we should collect more variables (such as supervisor position
or pressure of sexism) to determine this result. The types of occupational injuries ar

- . . ‘
multiple which could have different occurrence reasons, The pre
g - the present study only adopted

to include these injuri € cannol W
juries. Therefore, wy
t know the relationship

doi:10.6834/csmu202200004

between other different injuries and burnout. Despite we have determined a specific

injuries Sls are closely relevant to burnout, we cannot determine other injuries (such as
falling, slipping and cutting) are relevant to burnout, too. The present study’s data

collected didn’t include department information for participants, that could cause

results to be interfered by work style or type. In addition, workload for particip and
frequency of contact with patients or visitors are not be included in the present study
which could not truly reflect busy condition for employce despite work OT had be

included.

4.4 Future Work
This study was performed in the context of the coronavirus disease 2021

s

| than the non-

pandemic, which may have been more d on medical p
pandemic period. Therefore, a similar study that assesses the regular work conditions
and exposure of health care workers during the non-pandemic period should be
replicated and compared with the result of the pandemic period. In addition, this study
is a cross-section study that unable to capture the progress and changes of participants
or environment. We have planned to conduct a series questionnaire about burnout for
same group in the next few years which will be favorable for prospective cohort study.
New questionnaires for social support, family relationship and parent burnout will be

orkplace bullying survey also will be added

adopted by reviewing Ii and
which will be contributed for further exploring new reasons for burnout. In Taiwan,
care of elderly parents is a common problem that adult children must face. Therefore,
raising elderly parents’ options should be added in questionnaire to future explore the

relationship between burnout and raising elderly parents.
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6. Tables

Table 1 The b

Basic variables

Sex

Women

Men

Married state

Married

others

Raising the child

without child

one child

two children

three children

over three children
Leisure activities with family or friends
always

often

sometimes

scldom

never

Exercise frequency
Atleast once a day

At least once a week

At least once a month
Less than once a month
Never

Frequency for drink coffee
2t least two cups a day (100 points)
W0 cups a day (75 points)
one cup a day (50 points)
sometimes (25 points)
never (0 points)

Alcohol use in o month

74

asic variables descriptions for all 1250 participanyg

subjects  proportiop ”
1016 81.28
234 18.72
612 48.96
638 51.04
697 55.76
185 14.80
307 24.56
57 456
4 0.32
78 6.24
383 30.64
592 47.36
186 14.88
1 0.88
126 10.08
585 46.80
226 18.08
244 19.52
69 5.52
16 1.28
47 3.76
444 3552
520 41.60
223 17.84

doi:10.6834/csmu202200004

everyday
occasionally
never
Sleep duration per day
less 5 hours
between 5 and 6 hours
between 6 and 7 hours
between 7 and 8 hours
above 8 hours
Work experience (10.88+9.51)
less 1 years
1-5 years
5-10 years
10-15 years
15-20 years
20-25 years
25-30 years
over 30 years
Education degree
Below high school
Bachelor
Master
PhD
Work OT per month
>80h
45-80 h
<45h
seldom
Shift work schedule
Irregular shift work
regular shift work
Night shift work
Day shift work
Professional field
Attending physician
Resident physician
Nurses
Respiratory therapist
75

470
776

46
435
558
180
31

162
356
169
199
125
142
41

w
@

985
171
39

43
411
791

154
165
142
789

0.32
37.60
62.08
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Abstract

Introduction

Bumnout was first described in 1974 by the clinical psychologist Herbert

Freudenberger. Bumout is a state of physical, emotional, and mental exhaustion that

results from long-term involvement in work situations that are emotionally demanding.

Burnout [ y (CBI) were

Maslach Burnout Inventory (MBI) and Cop

most used instruments to assess burnout.

Burnout cause total losses of US$4.6 billion in the United States each year and

and other clinici In addition,

afffects approximately half of all nurses, physici
burnout also affects patient-related quality of care. The previous studics demonstrated
burnout is related to work-related injurics (WRIs) and increase in the risk of injury. The
present study would establish the relationship models of burnout to identify risk factors

of burnout and explore the relationship between burnout and WRIs/sharps injuries (SIs)

for medical worker.

Methods and materials

This is an observational and cross-sectional study which was based on members

at a hospital affiliated with a medical university in Taichung, Taiwan, in 2021. 1633

1nckeletal

individuals pleted the  questi i includi Nordic M
Questionnaire (NMQ) and the Copenhagen burnout inventory (CBI). CBI included
three burnout scales that are personal burnout (PB). work-related burnout (WB) and
client burnout (CB), respectively. Among them, 1250 questionnaires were determined
{0 be valid after exclusion for missing data. Statistical methods included t test, chi-
square testor fisher exact test, factor analysis, linear regression, and Sobel test. Analysis

was conducted using SAS Enterprise Guide 6.1 software, and significance was setatP




<0.03.

Results

The present study demonstrated participants with master’s degree or above or
married or parenthood significantly reported low level for WB and CB than others and
those with regular exercise every week (REW) reported low level for PB, WB and CB
than others. Participants with chronic discases (CD) or ever alcohol use (AU) or sleep
duration per day less than 6 h (SSLD) or work overtime (OT) or shift work including
imregular shift (IRS) and regular shift (RS) work or physicians/nurses reported high

level for PB, WB and CB than others. Work experience (WE) and engaging in leisure
activities with family or friends (LAFF) in vacation were negatively related to PB, WB
and CB. Neck and both shoulders pain (NBSP) was positively related to PB, WB and
CB. Both ankles pain (BAP) and both knees pain (BKP) was positively related to PB

. 0 1 X P 1 n:
and WB. Sex difference of burnout was d with sex--¢ F

Under low proportion of women than men in physician field, women physicians
significantly reported high WB than man physicians. PB/WB/CB was closely relevant
to WRIs/SIs and was mediation factors between WRIs/SIs and SSLD, or work OT, or
IRS work, or Nurse, or NBSP. PB/WRB mediated the relationship between WRIs/SIs and

CD or BKP, too. However, PB/WR only mediated the relationship between WRIs and
BAP.

Conclusion

The present study has determined the reasons of burnout development by three
burnout scales and statistical methods. In addition, we also determined seldom
engaging in leisure activity with family and friends, lack of sleep, AU, OT and shift,

CD, and MS pain will increase burnout degree, which will further raise incidence of

include the high-risk
WRIs/SIs. Therefore, the prevention plans of WRIs should inc

dentificati hi f d carly find the h|gh~nsk employce of work
identification mechanism of burnout an y
1

)
uries 0 Vi d effectivel avoid occurrence for
inj i her relieve burnout symptoms an vely
n| to furt

injuries.

 rer urnou ork-Relate no ient-related Burnout,
y ated Burnout, Clie
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1.Introduction

1.1 History, Measured Methods and Definition of Burnout

Rumout was first described in 1974 by the clinical psychologist Hcrbcﬂ
Frendenberger, who found emotional depletion and accompanying psychosomati,
symptoms among the clinic’s volunteer saff. He called the phenomenon “bumoyy»
which borrowed the term from drug-addict slang. In addition, he defined bumnout a5
exhaustion resulting from “excessive demands on cAcrgY: strength, or resources™ in the

workplace, characterizing it by a set of symptoms including malaise, fatigue, frustration,

cymicism, and inefficacy[1]. The social psychologist Christina Maslach and her

colleagues came across the same term "bumout” in California when interviewing a

variety of human services workers and developed a model of bumout consisting of three

diminished sense of

dimensions: emotional exhaustion, depersonalization. and a
personal accomplishment(2]. In 1981, she proposed the Maslach Burnout Inventory

MBI hi <
(MBI), which consists of three subscales including emotional exhaustion,

depersonalization, and a diminished sense of p 1 accomplish to the
extent of an individual’s symptoms along each dimension[2). The MBI remains the one
of most used instruments 1o assess burnout to this day. However. MBI has been cast
rubm on its temporal and sequential consistency[3] and has been pointed to
dlﬁiﬂl‘llts‘ when it is used outside of a human service setting[4). In addition, the
) :SOIAImunn and exhaustion subscale items are all negatively keyed, the personal

mplishment subscale items are all positively keyed. This structure has been

criticized as leadin ifici
¢ 1o artificial factor solutions[5], and inflated intrascale

correlations[6].

2 5
Considerin, exhaustion as the core of the burnout concept, researchers from

doi:10.6834/csmu202200004

Denmark developed the Copenhagen Burnout Inventory (CBI) (7] which is a new

burnout questionnaire and allows measuring burnout in different scttings (not just the

than MBI. In addition, CBI also overcomes

CBI has

service professions) and higher accuracy
the limitations of MBI and satisfics the need to measure burnout suitably(7].
extremely high internal reliability and low nonresponse rate, a questionnaire with three

sub-dimensions. The three separate parts of the questionnaire including personal
burnout (PB), work-related burnout (WB) and client burnout (WB) were designed to be
applied in different domains. PB dimension is defined in the following way: “PB is the
degree of physical and psychological fatigue and exhaustion experienced by the

person”, whose questionnaire were formulated in a way so that all human beings can

answer them(7]. WB dimension was defined as “The degree of physical and

chological fatigue and exhaustion that is perceived by the person as related to his/her

ork of some kind[7]. CB dimension

psy!
work”, which assume that the respondent has paid w
was defined as “The degree of physical and psychological fatigue and exhaustion that
is perceived by the person as related to his/her work with clients”, whose questionnaire

includes the term client (or a similar term such as patient, student, inmate, etc.)[7]. CBI

ometric properties and scems (0 be an more appropriate

th Maslach

possesses excellent psych
measure of burnout in populations of health professionals compared wil

Burnout Inventory[8]. Except to English version, CBI has been translated several

language versions such as Malay([9], Greek[10], Chinese[11] [12]. Portuguese[13],

Korean[14], and Spanish([15] etc.

In May 2018, burnout was recognized as an “occupational phenomenon™ in the

International Classification of Diseases, 11th Revision (ICD-11) of the World Health

Organization. Burnout is a state of physical, 1. and mental exhaustion that

results from long-term involvement in work situations that are emotionally

3
doi:10.6834/csmu202200004
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other clinicians{19). A :
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4 one-tenth of the nurses Worldwiq
e
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ana])’sls

the clinicians meet the criteria fo
for 45,539 nurses across 49 countries suggeste
suffered high burnout symptoms[l]]. Studies on resident physicians and nurses bl
indicated that most cases of burnout are personal o work related. Studies have aoi
that WB and PB occur in 30% and 50% of individuals with burnout, respeCliVelysz
of care[20].

Notably, burnout also affects paﬁcm-rclated quality

1.3 Literature Review

According to numerous literatures, the influence ranges were very widely for

burnout which included sex, family, living habits, workplace, and physical health e(c,

The present study will review literatures about burnout following above order step by

step and further determined research objective.
4
doi:10.6834/csmu202200004

Sex difference for burnout

There were numerous reasons for the develoy t of burnout ding to

previous studies. An early study suggested the sex of the employee is not a major factor

Is have d d

in burnout [23]. However, studies in human service proft
higher burnout in women than in men [24], and that the burnout level is significantly
higher among female resident physicians [22]. A previous study reported that women
in male-dominated occupations experience higher psychological distress than women

in female-dominated occupations [25].

Burnout and family factors

Marital state and parenthood also impact developing burnout and 57.26% health
workers reported that they could minimize burnout by getting support from family[26].
Aimed women nurses study found family members and friend play a vital role for
developing burnout which could predict 299% of the variance of burnout[27]. A cross-
sectional study of 563 working doctors suggested disturbance of home and family life

by work is related to high burnout.[28]

Burnout and living habits

Short sleep duration (SSLD) impacts several domains of psychological health
such as stress and burnout. A study in USA for 32,749 people aged 18 years or older
found association between sleep duration per day less than 6 hours and high self-
reported stress[29]. A study for 2268 full-time nurses in 39 hospitals demonstrated
nurses who slept less than 6 h per working day experienced higher risk for PB (odds
ratio= 3.0, P <0.05), WB (odds ratio= 3.4, P <0.05), and CB (odds ratio= 2.0,P<0.05)

than those who slept more than 7 h per working day(30].

5
doi:10.6834/csmu202200004
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In Taiwan, 97%

respectively, work overtime (onpEs

time employees found less than 40, berween40and 60, and more than 60 weekly Work

2 i endent
iy e signincantly correlated with burnout In & dose-dep manner (oddg

ratios for upper against lower tertile Were 1.58 and 229, P<0.01) [39]-

Shift work is 2 common work schedule for hospital worker to support 24 hoyyg

service. In total, 684 nurses study demonstrated irregular shift (IRS) working schedy]e
was also related to 2 significantly higher bumout syndrome[40]. The positive
relationship between burmout and shift work was also observed in policemen, A

burnout's study about 3140 police officers found irregular schedules and long shifis

were associated with increased risk of overall bumout[41].

Burnout and physical health

doi:10.6834/csmu202200004

Physical health is also related to burnout, including musculoskeletal (MS) pain
and chronic diseases (CD). Lower back (26.9%), shoulders (20.9%) and neck (20.6%)
were most reported one of pain sites based on the point prevalence([42]. A study aimed
to 4507 lawyers, physicians, nurses, teachers, church ministers, bus drivers, and
information technology workers in Norway suggested burnout is related to MS pain[43].
In addition, a prospective study for 650 employed men and women found burnout
symptoms were associated with a 1.67-fold increased risk of MS pain which illustrated
burnout is a risk factor for the development of MS pain in seemingly healthy
individuals[44].

A Finland’s survey for 3368 employees aged 30-64 years suggested the
prevalence of diseases was related to the severity of burnout; about half (54%) of those
with no burnout had at least one physical illness compared to 63% of those with mild
burnout and 71% of those with severe burnout[45]. In specific chronic diseases, burnout
is an independent risk factor for future incidence of coronary heart disease[46] and type

2 diabetes[47], too.

Burnout and work-related injuries

There was evidence shown burnout is related to work-related injuries. In USA,

682 employ in cross-units of the administrative services d survey of
burnout found that workload and exhaustion was related to the incidence of injuries
during the subsequent year[48]. A prospective cohort study for a total of 10,062 forest

industry employees in Finnish d d each iti in the burnout score

was related to a 9% increase in the risk of injury[49] which shown burnout could be
closely relevant to WRIs.
Sharps injuries (SIs), which frequently occur among health care workers,

constitute a critical problem. SI occurrence has been reported to be associated with

7
doi:10.6834/csmu202200004




<11 and shift work schedulegre
o hoursS1) S
WE[30}. REY

] ch as
occupatonal factors SUCET ‘ |
x g assex(33] and age[54). Moreover, one

1o d raphne -h.u—:-‘tmﬂwsak ]
well o demograpiie ©
‘ | mental health of
he cxpenence of Sls was related t0 the heat U |
asseried that the SXpene

workers(35]

1.4 Research Objectives
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2. Materials and Methods

2.1 Source and Valid Samples for Participants

This manuscript is an observational and cross-sectional study, which was based
on members at a hospital affiliated with a medical university in Taichung, Taiwan, in
2021 and had been approved with the expedited review by Institutional Review Board
of the Chung Shan Medical University Hospital on Aug 25, 2021 (No: CS1-21108). Of

the 2531 individuals to whom the questionnaires including Copent Burnout

P

Inventory (CBI) and Nordic M loskeletal Questi

(NMQ) were sent, 1633
(64.52%) pleted the questionnaires. After excl

for missing data, 1250

questionnaires (49.39%) were determined to be valid.

2.2 Questionnaires Design

The questionnai d several i includi

the general basic
demographic variables, family variables, living habits variables, work-related variables,

physical health variables, variables for NMQ, CBI, and work-related injuries.

Demographic and family factors

The general basic demographic and living/work-related variables questionnaire
included the participants' work experience, occupational category, height (cm), and
body weight (kg). The education degree was also included in questionnaire that the
response options are “Below high school”, “Bachelor”, “Master”, and “PhD”.
Participants were asked whether he/she has married? The responses’ options were
"married" and “others”. In addition, participants also were asked whether he/she raises
the children? The responses’ options were “without child”, “one child”, “two children”,

“three children”, and “over three children™. The questionnaire also surveys whether

9
doi:10.6834/csmu202200004
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question on sleep duration (SLD) per d
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Variables for work-related factors

Possible responses to the question on overtime (OT) work was the following:
seldom, fewer than 45 h per month, 45-80 h per month, and more than 80 h per mong,
As for work schedule, the options given were day shift (DS) work, night shift work,

irregular shift (IRS) work, and regular shift (RS) work.

Variables for physical health

On the questionnaire, the participants were asked whether they had a listed
10
doi:10.6834/csmu202200004

chronic disease (CD), with the selection of one or more diseases classified as a “yes”

response.

Nordic MS Questionnaire (NMQ)

This study adopted the NMQ modified and translated by the Taiwan Institute of
Occupational Safety and Health[57]. The NMQ, which is used in the investigation of
the site and frequency of MS pain, was developed in a project funded by the Nordic
Council of Ministers. The NMQ has acceptable reliability[57] and has been applied in

a wide range of occupational groups, including nurses[58].

[tems on the NMQ include questions on the presence of pain attributable to work-
related factors in the preceding year and on the pain sites, the options for which were
the:

neck (N1), left shoulder (N2), right shoulder (N3),

upper back (N4), waist or lower back (N5),

left elbow (N6), right elbow (N7), left wrist (N8), right wrist (N9).
left hip/thigh/buttock (N'10), right hip/thigh/buttock (N11),
left knee (N12), right knee (N13),

left ankle (N14), and right ankle (N15).

If a participant answered “yes” to the question on the experience of work-related
pain over the past year, they were instructed to indicate its frequency: every day, once
a week, once a month, or once every half year, or at least once every half year -are

scored as 100, 80, 60, 40, and 20 points, respectively.

In the present study, factor analysis was conducted on the NMQ results to

1
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nod mOSt of the questionnaire_ Atey
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sors that should be retained have i

that ‘-‘plll
detormuanc 15 ”6”501 fac!
1o the principle ProPOse

. jon, the standard;
t animaX rotall 1Zed sCOl‘in
C\:Cfdlﬂs

Through ¥
fined as new fact,
oriosings 9 5 O accong;,

onstioted PV f |
N ficance of ¢ factor loadings-
e

R

vector vajues
cocfficients
1o the corresponding SIE™
related and sharps injuries

asked whether th
- response opti
past year: The S 10 the o

Variables for work . S ]
cy had experienced work-related injurig

The participants were alsd
o the
(WRIs) or sharps injuries g dom”, and "never™
- e “seldom”, ver’-
aglways”, “often’s -sometmes”,“Se140 A€ seoreq o
questions were U2y

jvely.
100, 75. 30, 25, and 0 pownts. respectively

Variables for three burnout scales

i ire
Copenhagen burnout inventory (CBD questionna

stdy used the Chinese versi
¢ burnout problems: [11, 12] thus, it was useq o

The on of CBI, which has proven to , ;
present

reliable and valid tool for assessment 0
evaluate burnout in the present study. Regarding CB. client was defined as patient -

had been denoted on questionnaire.

The first six items, which concern PB, ar¢ as follows:
C1: “How often do you feel tired?”
C2: “How often are you physically exhausted?”
€3: “How often are you emotionally exhausted?”
C4: “How often do you think ‘T can’t take it anymore’?”
C5: “How offen do you feel wom out?”

and susceptible to illness?”

you feel weak
; 12
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Items 7-13, which concern WB, are as follows:
C7: “Is your work emotionally exhausting?”
C8: “Do you feel burnt out because of your work?”
C9: “Does your work frustrate you?”
C10: “Do you feel worn out at the end of the working day?”
C11: “Are you exhausted in the morning at the thought of another day at work?”
C12: “Do you feel that every working hour is tiring for you?”
C13: “Do you have enough energy for family and friends during leisure time?”
Items 14-19, which concern CB, are as follows:
C14:” Do you find it hard to work with clients?”
C15: Does it drain your energy to work with clients?”
C16:” Do you find it frustrating to work with clients?”
C17” Do you feel that you give more than you get back when you work with
clients?”
C18:” Are you tired of working with clients?”
C19:” Do you sometimes wonder how long you will be able to continue working

with clients?”

Regarding the calculated method for three burnout scales

The response  options—"always”, “often”, “sometimes”,  “seldom”,
and “never/almost never”—are scored as 100, 75, 50, 25, and 0 points, respectively,
except for item C13, which is inverse scored (ie, the responses are scored as 0, 25, 50,
75, and 100 points, respectively). Levels of PB, WB, and CB are represented by the
mean of the total PB, WB, and CB scores (the sum of scores on items C1-C6, items

C7-C13, and items C14-C19), respectively.

doi:10.6834/csmu202200004




2.3 Statistical Methods

The categorical varisbles were subjected to the chi-square test or Fisher €Xact ey

Significance in the differences among the means of continuous. variapeg Wag
determined using the I test of on-Way ANOVA. Multiple linear or logistic Tegressigy
s conducted to control the interference of potential risk factors in the associgy,
berween the independent variable (IV) and the dependent vaniable (DV)-specif; cally, iy

determine whether adjustments to variables significantly affected IV-DV associationg

Mediation analysis
Mediation effects were analyzed on the basis of the strategy proposed by Barop
and Kenny [60], m which:
(1) the IV significantly affects the mediator (first-stage effect)
(2) the IV significantly affects the DV in the absence of the mediator
(3) the mediator has a significant unique effect on the DV (second-stage effect)
(4) the effect of the IV on the DV weakens upon addition of a mediator to the

model (direct effect).

A mediation model suitable for the combination of categorical and continuous
variables was developed by Tacobucci (2012) [61]; the formulas are as follows:
? = by +cX
M =byy+ax

¥ =bos +c'X + bM

Z,=4afs,
2,=5f5;
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of Xagainst © with @ as the adjusting variable. The standard errors of a and b are represented by sa
and s, respectively.

If @ and ¥ are all continuous variables, the original formula of the Sobel test

is applicable:
. axb

7 ——
Jb?s.? + a’sy?

If M and ¥ are categorical variables or a combination of categorical and

continuous variables, the original formula of the Sobel test is rederived into a new

formula:

a

a b
Sa__Sp

Zmediation (Zm) =
22+ 2 +1

The results exceeding |1.96], |2.57|, and [3.90] (fora two-tailed test) are significant

ata =0.05,0.01, and 0.0001, respectively.

Suppression effect
The traditional mediation effect is generally recognized as a, b, ¢, and ¢’ in the

effect would be present when the direct and

same direction. However, a supp
mediated effects of an IV on a DV have opposite signs [62, 63], and the suppression
variable would increase the predictive validity of another variable (or a set of variables)

in a regression equation [62]. For clearly judging the suppression effect.

by its i
a study examining statistical similarities among mediating, confounding, and

- bles indicated that when a X b has the opposite sign to that of ¢’,

PP

a x b is an estimate of the suppressor effect [63], whose statistical significance could

be verified using the Sobel test.
doi:10.6834/csmu202200004
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Analysis was performed using SAS Enterprise Guide 6.1 software (SAS Institute

Inc_. Cary, NC, USA), and significance was set at P < 0.05.

doi: 10.6334/csmu202200004

3. Results and Discussion

3.1 Basic Variables Descriptions
Sex and family factors

As shown in Table 1, Women was much higher proportion (81 .28%) than men for
participants. The proportion of married was 48.96% for all participants. Participants
without child reached 55.76%. The proportion of raising two children (24.56%) was
highest among participants with raising the child. There were 84.24% participants for
sometimes, or often, or always engaging in leisure activities with family or friends

(LAFF) in vacation.

Living habits

The proportion of exercise frequency at least once a week was highest and was
46.80%, next to at less than once a month was 19.52%. The proportion was 17.84% for
participants who never have drunk coffee in a month and was 40.56% for those who
have drunk coffee at least one cup a day. The mean of drink coffee frequency score was
32.26:21.15. The proportion was 62.08% for participants who never reported alcohol

use (AU) in a month and was 37.92% for those who reported AU occasionally or every

day in a month. The proportion was highest for particip with sleep duration (SLD)
per day between 6and 7 h and reached 44.64%, next to those with SLD per day between
5 and 6 h and reached 34.80%. The proportion was only 3.68% for participants with

SLD per day less 5 h.

Work-related factors
The mean of work experience (WE) is 10.88£9.51 years for all participants. The

highest proportion of WE were in 1-3 years, which reaches 28.48%. The proportion was

17
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12.96% for WE less than 1 year and was over 40% for WE less than S years, For
cducation degree, 78.80% participants had bachelor’s degree. The proportion wag
16 80% for above master’s degree. The participants who seldom work overtime (OT)
per month were 63.28% for all participants. The participants who work OT per month
was less 45h. or between 45 and 80h, or more than 80h were 36.72% for all participants,
The participants with day shift (DS) work were 63.12% for all participants, which is
highest proportion, next to was regular shift (RS) work, irregular shift (IRS) work, and

night shift work, which were 13.20%, 12.32%, and 11.36%, respectively.

Professional fields

The professional fields were classified to 13 fields, respectively. Among them,
Nurses were largest group and were 40.96% for all participants, next to Administration
(ADS) staff and others and were 31.84% for all participants. Physician including
attending and resident were third big group and were 8.96% for all participants. The

other professi : i
other professional fields were reclassified to professional and technical personnel (PTs)
s,

and were 18.24% for all participants,

Healthy factors

The proportio; 2 ici
portion was 39.28% for participants with at least one listed chronic

disease (CD).

Work-related and sharps injuries

The proportion was 48.24% ici
as 48.24% for participants who never have experienced work-

e njuries  ( )
ated uries (WRIs) in past year. The Proportion for participants  who

always/ i 0m experience Wi . c mean o S
ys/ofien/sometimes/ seldom ienced WRIs as 51.76%. Th
» . T f WRIs
score was 16.48+18. y was 7. ¥ who
6.48+18.65. In past year, the proportion was 73.36% fi ici
i -2070 Ior participants wh
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never experienced sharps injuries (SIs) and was 26.24% for those who ever have

experience Sls. The mean of SIs score was 7.60+13.54.

3.2 Factor Analysis for NMQ

Table 3 d ated M loskeletal (MS) pain’s incidence in a year for both

shoulders, neck, waist or lower back, upper back was 42.24%, 35.60%, 29.12%, and
16.72%, respectively. The mean score of frequency for neck, waist or lower back, right
shoulders, left shoulder, and upper back was 26.21+37.41, 20.90£35.01, 16.96+33.42,
15.15431.87, and 12.86+29.81, respectively. Because the eigenvalues of factors 1 and

2 exceeded 1, these factors were retained. Although the cigenvalue of factor 3 was lower

than 1, it was retained for maximum explaining q The factor loadings were

converted into standardized scoring coefficients through varimax rotation. The
relatively large factor loading values in bold for factors 1, 2, and 3 correspond to
frequency score for neck and both shoulders pain (NBSP), both ankles pain (BAP), and
both knees pain (BKP), respectively. The explained variation in FNBS pain, FBA pain,

and FBK pain was 73.86%, 23.11%, and 8.67%. respectively.

3.3 Association Between Burnout and Surveyed Variables
Synthesized Table 2 and Table 4 that AU (c= 4.35, P <0.001), SSLD (c=8.11. P
<0.0001), work OT (¢= 10.53, P < 0.0001), IRS work (c= 7.66, P < 0.0001). CD (c=
539, P < 0.0001), physician (c= 10.17, P < 0.0001), and NBSP (c= 8.27, P < 0.0001).
BAP (c= 1.59, P <0.01), and BKP (c=2.29, P <0.01) are risk factors of PB. The risk
factors of WB included AU (¢=347,P < 0.01), SSLD (c=6.52, P < 0.0001), work OT
(¢=9.50,P<0.0001),CD (¢=4.01,P< 0.0001), physician (c= 9.94, P <0.0001), NBSP
(c=6:49, P <0.0001), BAP (c= 1.49, P < 0.01), and BKP (¢= 1.57. P < 0.001). AU (c=

3.68, P <0.01), SSLD (c=3.84,P<0.01), work OT (c= 6.51, P <0.0001), RS work (c=

19
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6.36. P < 0.0001), nurses (c= 7.74, P <0.0001), and NBSP (¢=3.79, P < 0.0001) were
risk factors of CB. It is worth mentioning that WE (c=-0.11, P<0.035), LAFF (c=-0.13
P <0.0001), and REW (c=-6.04, P < 0.0001) were protective factors of PB. WE (c= ‘
0.19. P <0.01). Master’s degree or above (c= -2.56, P <0.05), married (c=-3.70, p <
0.0001), parenthood (¢= -4.19. P < 0.0001), LAFF (¢=-0.16, P < 0.0001), and REW
(¢=-5.88, P<0.0001) were protective factors of WB. WE (¢=-0.14, P < 0.01), Master’s
degree or above (c=-3.45, P<0.01), married (c=-3.63, P< 0.01), parenthood (c=-5.12
P < 0.0001), LAFF (c= -0.14, P < 0.0001), and REW (c= -5.43, P < 0.0001) \ver;
protective factors of CB. No matter PB, WB and CB were risk factors of WRIs and SJs
Therefore, these risk and protective factors would be added to models of MLR and.
mediation/suppression for burnout to further explore the reasons for developing or

relieving burnout and whether bumout play a key role for WRIs and SIs

3.4 Models of Burnout Established

3.4.1 Linear regression models

Table 5 showy i i
able 5 showed the independent risk factor of PB/WB/CB in ULR and multipl
multiple

linear regression (MLR) models. In MLR model, WE, parenthood, LAFF,
. WE, g , SSLD,

sorkiiig ol
working OT, IRS work, RS work. Physician, Nurse, PTs, NBSP, BAP, and BKP
. PTs, 5 4 were

independent risk/ protective factors for PB. WE, LAFF, SSLD. working OT, IRS worl
s . worki; LIRS k.
S work, e - ‘
RS work Physician, Nurse, PTs, NBSP, BAP, and BKP were independen
risk/protective f T FF, T | P !
e factors for WB. Parenthood, LA » working OT, RS work hysici:
5 4 /sician,

Nurse, PTs, vere i
s, and NBSP were independent risk/protective factors for CB

4.2 P-4 <t of mediation an, suppression mo,
irst-stage effect of mediat, d !
3.4.2F de

Mcdlatcd/suppr:sscd models would be establish auses for
ed to explore possible c:

agent variable:
s affect bumout. Table 6 shown WE was statisti i
= tistically associated with
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parenthood, LAFF, REW, suffering CD, ever AU, IRS work, DS work, and BKP, that

d was statistically associated with

met so-call "the first-stage effect”. (1) F

LAFF, suffering CD, EAU, SSLD, working OT, IRS work, DS work, and NBSP, that
met so-call "the first-stage effect", too; (2) Working OT was statistically associated with
parenthood, LAFF, REW. ever AU, SSLD, IRS work, and NBSP, that met so-call "the
first-stage effect”, too; (3) IRS work was statistically associated with parenthood, REW,
SSLD, working OT, and NBSP, that met so-call "the first-stage effect”, too; (4) DS work

hood, LAFF, REW, ever AU. and SSLD, that

was statistically d with p

met so-call "the first-stage effect”, too; (5) Physician was statistically associated with
REW, ever AU, SSLD, working OT, that met so-call “the first-stage effect”, too; (6)
Nurse was statistically associated with parenthood. LAFF, REW, working OT, IRS
work, DS work, and NBSP, that met so-call "the first-stage effect". too. All variables
satisfied the first-stage effect would be selected to as possible mediated factors to

further test.

3.4.3 Direct / second-stage effect of mediation and suppression effect

Table 6-1, Table 6-2. and Table 6-3 shown the direct effect and the second-stage
effect for PB/WB/CB. According 10 a, sa. b, and ss values in Table 6-1~6-3, P value was
calculated by Z or Zmeaiation [61] formulates to test the statistic significant of
mediated/suppressed effect. 1f b is a logistic regression coefficient, Z is a value
caleulated by Zmediation (61 If b is a linear regression coefficient, Z is value

calculated by the original formula of the Sobel test.

3.4.4 Simple mediated and suppressed models for burnout

Table 7 showed all models of mediation and suppression effect for PB/WB/CB.
The sign in “()" represents the positive or negative ionship b independ!
21
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sariable (IV) and mediated factor. “m” represents mediated effect is exist in 1y g
dependent variable (DV) and *S" represents suppressed effect is exist in IV anq DV
“NS™ represents mediated or suppressed cffect is not statistically significant in [v ﬂnd.
DV. The presentation of Table 7 is advantage to descript full picture for mediation and

suppression effect. Follow chapters will through these models to explore
xplore the

relationship between risk factors and bumnout.

Followed Sections will further explore the association between burnout ang
women/men, family, living habits, personal health, and workplace. In addition, study
also will assess whether burnout will impact work-related injuries and will try by
statistical methods to identify whether there are existed significant relationship between

mental health and work-related injuries.

3.5 Sex Difference for Burnout

3.5.1 Association between sex and burnout

As sh i
own in Table 2, there was not statistically significant sex difference for PB
3 or
(=230, P> 0.05), W =
). WB (c= 1.88, P> 0.05) and CB (c= 1.53, P> 0.05) despite women
reported high PB,
g . WB, and CB level than men. As shown in Table 2-1 compared with
2-1, ed wi

man physicians, woman s
< » physicians were signi
gnificantly relevant to WB (c=
0.05). Table 2-2 0 (c=8.42, P <

re: Ve i PB (c=
presented there were not significant differences of PB (c=-3.06
=-3.06, P >

0.05), WB (c=-3.90, P>
. P>0.05), and CB (c= -7.53, P> 0.05) between man’s nurses and

woman’s nurses.

3.5.2 Di i
2 Discussion for sex difference of burnout

Was there diffe
erent
t level for bumnout between women and ?
men? An carly study

suggested the sex of th amajor factor in bum women
f the em) i j
ployee is not factor i il
out [23]. Despite wome:
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reported high PB/WB/CB than men in Table 2, there was not significant difference in
ed higher

statistic. However, studies in human service p Is have d

burnout in women than in men [24]. The studies seemed different results. However,

another study reported that women in male-dominated occupations experience higher

psychological distress than women in female-dominated occupations [25]. Table 2-1

presented that the proportion of women physician was only 34.82% which is a few

groups. In addition, despite woman physicians common reported high level for PB (c=

7,69, P>0.05), WB (c=8.42.P< 0.05), and CB (¢= 7.09, P> 0.05) than man physicians,

Jino nurses, the proportion of woman

only WB was lly significant. Reg:

nurses was 96.48%, which instead is a very majority. As shown in Table 2, despite

there were not statistically significant, woman nurses common reported low level of PB

(c= -3.06, P> 0.05), WB (c= -3.99, P > 0.05) and CB (c= -7.53, P> 0.05) than man
nurses. That could result from the samples of men were only 18 persons which were

much less than women. Therefore, nurse occupation to be in female-dominated

occupation.

Table 5-2 presented the effect of woman physicians for WB could be fully
explained by WE (¢= -0.18, P < 0.05), RS work (¢= 15.86. P < 0.01), and NBSP (c=
6.50, P < 0.0001). Woman physicians had less WE. more RS work, and reported high

ding to a prospective cohort study of workers from

NBSP than man physicians. A
industrial and service companies in Denmark illustrated a high level of distress

g i
P

t neck/shoulder pain[64] that might imply woman physicians could
bear more distress than men physicians in present study. In addition, WE was low for
woman physicians than man physicians (6.53£7.03 vs 10.28+11.06, P < 0.05) and
woman physicians had more RS work compared with man physicians (odds ratio=3.35,
P <0.05, not in the Table). The difference for work experience and stress between

women and men imply physician professi

ional field could be a male-dominated
23
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oaccupation. The previous study also demonstrated even when women constig
1lute g by
igh
proportion of the physician workforee, they may continue to be underrep
) resenteq ;
~ . 0 c In
positions of leadership and prestige[65). Based on this, we suggested sex diff
== X difference
of

burnout was associated with sex--dominated occup

3.6 Family-Related Factors and Burnout
3.6.1-1 Association between burnout, marriage state, and parenthood

\ 2 R
s shown in Table 2, participants who have married reported |
ow WR

(323241541 v 36.02416.96, P < 0.0001) and CB (28.00+16.28 vs 31.64£17.90, p
0.01) than those who have not married. Compared to unmarried, marri d. ]
protective factor for WB (¢ =-3.70, P < 0.0001) and CB (c=-3.63 P‘< 0. Ol)c T
The raising one child, two children, three children, and over three children wer
vere

reclassified 1o a n i
i i "
variable “parenthood” due to less sample number f
or every group,

able 2 shown participants who are parenthood sustained lower Vs
a
b hi h thood sustained lowe; WB (31.87+15.74

36.06£16.54, P < 0.000
» P < 00001) and CB (27.00+16
27.00£16.48 vs 32.12+17.46.
- 46, P < 0.0001)

respectively. Theref ¢
- clore, parenthood was a protective factor for WB and CB
-5.12; both for P <0.0001). il
As shown in Table §, i
e 3, the regression coefficient ¢ for parenthood
was -0.30 (P >

0.05) in ULR mod
odel for PB, however, which was 2.41(P<0.05)in MLR
.05) in model for PB.

That demonstrated that parenthood Was an in r for PB instead of
p independent risk factor fc

protecti j
ve factor afer adjusting other risk factors

S shown in Table 5-1, after Tespectively ad usting LAFF, SS
As shy ble 5-1, aft 1§ ), OT, three shift
wor Y vanables, €e pr 1 Yy Vi C:
k dumm bles, and three ofessional field du
: P mmy variables, the regression
coefficient ¢ original value was -0.30) of "parenthood were to 0.6 s 4
. Te to 0.66, 0.17, 0.42, 1.08
and 0.97, their ¢ mbol is all o posite before ot statistical
Sy P and after. De: I{
8 Spite ne
signification, these ljusting v, ference th Ve or negative
f thy ad ng variables could interferen
the positi 2
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lationship t hood itself and PB.

re )
P

models (Table 5) of parenthood to WB/CB shown that parenthood

ULR and MLR

effect to WB/CB could be explained by other risk factors due to the ¢ absolute value

was reduced. The mediated/suppressed models in Table 7 could further explore

relationship among WB/CB, parenthood and explain variable. As shown in Table 7,
under mediation effect, the reasons of parenthood sustaining low level for WB/CB were

positively engaging in LAFF (impacting WB and CB), less AU (impacting WB), less
reporting SSLD (impacting WB), less work OT (impacting WB and CB), less IRS work

(impacting WB), and more DS work (impacting WB and CB). However, under

suppression effect, participants who were parenthood would casily suffer CD

(impacting WB) and sustain high NBSP (impacting WB and CB) which would further
increase level of WB or CB.

Parenthood was an important stage to life. However, the present study found that

the process seems 0 impact differently development for PB/WB/CB, respectively.

These results seem to imply the complex and different relationship among burnout,

work, family, and children.

hip b burnout and p d

3.6.1-2 Di: ion for the

A multidimensional conception of burnout implies a work-restricted scope is

deconstructed. In addition, the burnout is a chronic, unresolvable stress according t0

the putative cause of burnout, which is not limited to work[66]. Personal burnout is the

degree of physical and psychological fatigue and exhaustion experienced by the

person[7]. In ddition, p: hood is a both plex and ful activity, which causes

to chronic p: stress and form so-call “parental

parents enduring exf

burnout” and there was statistically significant and positive correlations between

haustion dimension [67]. These

1 burnout in

parental burnout and p!
25
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results imply parental burnout and personal burnout could have impacted each othe,
have common outcomes or damages for parents. S
The present study also found parenthood was an independent risk factor for PR
which obviously be related to worsen PB. This important find is echo each other wj
previous study’s' results regarding parent burnout. In addition, parenthood was inslc:::
favorable to relieve CB. We reviewed the definition about CB, the definition foll
ow:
“The degree of physical and psychological fatigue and exhaustion that bR b 3
the person as related to his/her work with clients™. The source for fatigue and exhausti :
) on

come from client and do not come from child. Partic pants played two r s,
Y oles aren
P it

. prrtin ide: i f K-f hm 6.
and service provider. According 1o a theory of work-family enric ent[68] illus
d ry 'y lustrated
that partic i ¢ may enri ¢ quality of life in the Ther
participation in one role may enrich th quality of life in the other role. Thereft
. clore,

the role for parent wi enr role for service provider, that w: nsistent wi
ent would enrich the role for service d at was col
p p ith

our find in present study.

3.6.2-1 Associati i
ssociation between leisure activities and burnout

¢ Irequency for engaging in leisure activities with famlly or friends was score
he f f ds d

y 100, 75, 50, 2 ( nts and was define: ew tinuous variable — leisure
by - 73,30, 25, and 0 po ‘anable — leisu
W efined as a n continuous

activities with famil i
ily or friends (LAFF). The result in Table 2 presented LAFF
negative relevant to PB (¢ = -0 o
=-0.13,P<0.0001), WB
. 5 (¢=-0.16, P <0.0001),
5 ;i , and CB (¢

-0.14,P<0
.0001). It was a protective factor for PB/WB/CB

As shown in Table 5 LAFF was an independent Totective factor for =
: .
pe; protective factor for PB (c

0.06, P < (. ), c= = - < ¢
(s -9, P <0.0001), and CB (c=-0.08, ) i
06, P < 0.01), WB 0.09, P < 0.000 I P <0.01). This result

represen t 1tself could play ar mportant role for relicy 0f
ted that LAFF its, 1f Id lieving burnout. The
mediation/s uppression models (Table 7) could help us to further understand the possible
reasons for relieving burnout. As § OWN in Tl nder on ¢
g
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.

is one of causes for married/parenthood relieving WB/CB.

Positively engaging in LAFF
mediation effect in Table 7, participants with DS worl

r relieve WB/CB. However,

According to k could positively

cngage in LAFF which could help participants to furthel

nurse reported highest CB level which could result from nurses negatively engaged in

LAFF (Table 7, mediation effect).

3.6.2-2 Discussion for the relationship between burnout and leisure activities

The present study found positively engaging in LAFF had important function for

relieving burnout from personal, work-related, and client. According to questionnaire's

content, LAFF included two element, leisure activities and interaction/support with

friends and family. Greater friend-based and colleague-based social support were both

indirectly associated with lower personal and work-related burnout scores(69]. People
feel more stress, participating in leisure activities will relieve the stress and cope with

and mod ly maintai physical and mental health [70, 71]. By providing

to better manage work pressure,

leisure benefits, org can facilitate empl

boost employce morale, help to reduce role conflict, and enhance employee's

satisfaction with life[72]. A study for flight attendants in Taiwan demonstrated leisure

d is—bumnout—health problems and when

coping gies can regulate job

flight attendants suffer from burnout, they can adopt leisure coping strategies 10

improve their negative emotions.[73]. Therefore, the present study's evidence supported

the opinion that leisure activities combined friendly interaction with friends and family

would be an effective strategy for relieving burnout.
The previous study[74] also illustrated that assume a fixed amount of time and

human energy, people participate in multiple roles inevitably will experience conflict

and stress that detract from their quality of life. Based on this view, people would have

not enough energy to engage in leisure activities with family or friends due to heavy
27
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work or overtime work Table 6 shown working OT was negative related to LAFF -
426, P < 0.01). The present study's results support previous studies opinion thay
rarticipants who work OT really reduce opportunity for engaging in LAFF,

Despite married individuals spent significantly less time for leisure activities iy
did single individuals[75], the various aspects of positive parental functioning were
related 1o increases in overall leisure time and leisure time spent with spouse for boty
mothers and fathers[76]. In addition, the cohesion, adaptability, family functioning, and
satisfaction with family life were positive related to family leisure[77). Therefore,

h

common leisure activity with family is key for positive p yod role and satisf;

with family life. The mediated models in present study demonstrated participants who
married or were parenthood would positive engage LAFF which is advantageous for
relieving WB and CB. We revisit the questionnaire content about LAFF. The content
was "Whether participants engage in leisure activities with family or friends in vacation
time?". The premise of leisure activities is to spend the holiday with family or friends
and not alone. Therefore, the LAFF should be as a family leisure instead of pure
personal leisure activities. The successful family role (husband, or wife, or parents) for
participants enhanced by family leisure activity that will further enhance the role of
service provider that would relieve WB and CB at the same time. Above result was
consistent with theory of work-family enrichment. [68].
The previous study illustrated the shj
S A e almo:l :}Tlﬁ workers and dayworkers showed
e i i cisure activity[78]. The present study also
ork would positively engage in LAFF than others.

Table 7 determined LAFF mediated the relationshi

p b DS work and relieved

WB/CB which repr d positive f ] or service:
epresente itive i
p! 1 amily role also will enhance staff i

provider roles.
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3.7 Living Habits and Burnout

3.7.1-1 Association between regular exercise and burnout

As shown in Table 1, the participants who exercise at least once a day or a week

was 56.88% for all participants, therefore, both were reclassified as a new variable

“regular exercise every week” (REW) and other frequency class was classified as a

reference variable — “No weekly regular exercisc”. As shown in Table 2, REW was

negative relevant to PB, WB, and CB (¢ =-6.04, _5.88 -5.43, respectively: for all P <

0.0001) and participants with REW sustained low PB (33.40£17.30 vs 39.44+18.59, P

<0.0001), WB (31.67£16.15, P < 0.0001), and CB (27.51£1721 vs 32.95416.74. P <

0.0001) than others. According to Table 7, REW was effectively protective factors.

REW was a mediation factor which could effectively against (he unfavorable effect of

OT and IRS work for PB and WB according to mediation effect in Table 7. In addition,

under mediation effect for REW. Participants who had day shift work casily kept REW

which could effectively sustain low level for PB/WB/CB. Although physicians

common reported high PB and WB, REW scemed to effectively relieve PB and WB

due to suppression effect. However, {he same effect was not observed on nurses.

3.7.1-2 Dis ion for the relationshif b burnout and regular exercise

Physiological changes by physical activity could reduce the persons’

physiological sensitivity to chronic stress[79], that could lead to faster physical

herefore to a reduction of the risk

recovery after a ful experienced situation and
of burnout[80]. There is a positive dose-response relationship between physical activity

ic review study demonstrated physical

and jonal well-being[81]. A
ducing t [82]. Healthy ise habits are

activity seems to be ffective in
associated with lower risk of burnout(83].

The present study demonstrated participants who report REW experienced low
29
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PB. WB and CB. Itis consistent with the previous studies regarding R
& REW apg
b
3.7.2-1 Association between coffee assumption / alcohol use and b
urnout
As shown in Table 2, participants also reported the habits for coffe
€e co) .
d ale -
and alcohol use. The frequency for coffee consumption was not signifi 'Y
1cantly re[,
ledty

PB (c=0.02, P> 0.05), WB (c =-0.02, P> 0.05), and CB (¢ =

use (AU) every dav 1
Y day or occasionally were combined to a new dumm ‘
Y variab]
e -«
ever

AU". “Never AU™ t e re|
er AU is as a reference variable, Participants who hav,
Y reported ever
experienced 3 4 vs 3435+ P 3 N
ced high PB (38.70+17.84 vs 3 .35+18.08 <0.0001), WB r
» - 3 (36364155
.53 vs

3289:16.65. P < 0.01),
- P<0.01), and CB (32.15:17.1] v
I5£17.11 vs 28.46£17.14, p <
14, P < 0.01) than o,
ers.

herefore, AU w: i = =
erefore, AU was a risk factor for PB (c=435,P<0 0001), WB 47
s X , W (c=3. P<o
B .01),

and CB (c=3.68, P <
-68, P <0.01). Accordin, i
2 10 mediation effect i
of AU in Table 7.
, AU was

one of reasons that phys; d p: Who wor Sustaine
physicians ang articipants who ork OT tained

PR/WB high level of

3.7.2-2 iscussion for the rejq, onship be, " burnout and alcol,
Jor the tions tween b, 0,
it hol
7.2-2 D, the rel hip b d al use

Whether alcoh
ol actual]
Y reduces stress js dcbalablc[} 1]. O
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stress and w ctive ative reinforcem, t
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0.02,P>0.03), Alegpy

and SLD over 6 hours per day. SSLD was as a dummy variable and SLD over 6 hours

was as a reference variable. SSLD was significantly associated with PB (¢ = 8.11, P<

~384,P<0.01)and participants who

0.0001), WB (¢ = 6.52,P < 0.0001), and CB (¢

d SSLD experienced high PB (40.99£19.00 vs 3
),and CB (32.22+17.80 vs 28.38+16.68,

have reporte 2.88+16.80, P < 0.0001).

WB (38.22£17.03 vs 31.70£15.34, P<0.0001

P <0.01) than others.
As shown in Table 5, SSLD was associated with PB (c=8.11,P < 0.0001), WB

(c= 652, P < 0.0001), and CB (c= 3.84, P < 0.01). In MLR model, SSLD was an

tor for PB (c= 425, P < 0.0001) and WB (c= 278, P < 0.01).

independent risk fac

However, the effect of SSLD impacting CB could been explained by other risk factors

due to absolute value of ¢ for SSLD reduced after adjusting variables.
The mediation/suppression models (Table 7) noted that sleep problem plays the
important role between OT/IRS work and burnout. Specifically, SSLD mediated the
p between OT and PB/WB/CB and the relationship between IRS work and
ted that physicians often reported SSLD

r PB/WB.

relationshi
PB/WB. In addition, Table 7 further illustral
which was the one of reasons for physicians sustained high level fo!

Parenthood reported low level for WB which was partially resulted from SSLD.

for the relati hip b burnout and sleep duration

tudies had demonstrated the relationship for sleep. burnout, and

3.7.322

The past many s
OT work. Such as oo little sleep (< 6 h) was as the main risk factor for burnout
development[86] and burnout is also associated with disturbed sleep[87] - Some studies
also illustrated the working OT is related to short or disturbed sleep. too[88, 89]. The
d the same result that SSLD was significantly relevant to

present study has observe
successfully through

burnout. It is worth mentioning that the present study
models blished in Table 7 to link the relationship for OT

PP
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; + af <leep cou )
d n, and burnout that hint the lack of sleep co Id be a bridge for
work, siecping uration, |
mo S Was asso¢ g
4 burnout. The past studies d:mnnxu'alcd that burnout ssociated wi
ghift work and DU

lar shift work(40] [90] In addition, the prevalence of insomnia, sy
shift or irregular §
| pcndcd significantly on the shift <ystcm[9] ]. The reason that shift work
deprivanon de g y : '

! Id be explained by ughift work sleep disorder™. Shift work sleep
s sleep cou y

recognized and undertreated sleep disorder caused by

impact:
disorder is a common yet under-
the endogenous circadian rhythm(92]. A

a slecp/wake patiern that is misaligned with

tudy for full-time nurses in 39 hospitals found comparcd with those slept longer than
study iC - SCS

7 b nurse who slept less than 6 h per working day had higher risk for personal burnout,

work-related burnout, and client-related burnout[30]. Despite our participants do not
just include nurses and included docto!

were not exactly same, however, we found SSLD worsen PB, WB, and CB for

participants sill was obviously. Synthesize past literature and present research results,

we could determine SSLD is a key that IRS work sustained high level for burnout.

3.8 Work-Related Factors and Burnout
3.8.1-1 Association between work experience / education degree and burnout

As shown in Table 2, work experience (WE) was as a continuous variable
according 10 questionnaire. The present study demonstrated WE was significantly
relevant to PB (¢ =-011,P < 0.05), WB (¢ = —~0.19,P < 0.01), and CB (c=
—0.14,P < 0.01). The education degrees were reclassified to "master’s degree o
bove” and "university or below university degrec” due to the participants with PhD or
below high school were seldom (39 and 55 samples). Participants with university of
below university degree reported high WB (34.64£16.28 vs 32.08£16.36, P < 0.05)and
CB (30.44217.44 vs 26.98+15.77, P < 0.01) than those with master’s degree or above.
Compared with University or below university degree, Master’s degree or above wasd

3

2
A d0i+10.6834/csmu20220000¢

rs and other medical staff and adjusting variables

protective factor for WB (¢ =-2.56, P < 0.05) and CB (¢ =-3.45, P < 0.01).

As shown in Table 5, WE (¢= .0.14, P < 0.01; c= -0.11, P < 0.05) was an
independent protective factor for PB/WB. The regression coefficient ¢ for WE was -
0.14 (P <0.01) in ULR model for CB, but which was -0.01 (P> 0.05) in MLR model
for CB. That represented WE cffect to CB was explained by other risk factors. Table 7
further illustrated the relationships of ~ burnout, risk factors, and WE by
mediated/suppressed models. Burnout (including PB/WB/CB) would gradually be
relieved followed increasing work experience, under mediation effect, these causes of
relieving burnout included married (impacting WB/ CB), parenting (impacting
WB/CB), REW (impacting PB/WB/CB), scldom AU (impacting PB/WB/CB), not often
IRS work (impacting PB/WB/CB), often DS work (impacting PB/WB/CB). However,
under suppression effect, CD and BKP would offst the advantage that WE relieve

PB/WB. In addition, BKP also offset the advantage that WE relieve CB.

3.8.1-2 Dis ion for the relationship b

work experience and burnout

A study for a systematic review of the literature for burnout among
psychotherapists make a description for the relationship in work experience and burnout.
The original description follows “it is possible that as inexperienced psychotherapists

are faced with increasingly plex work conditi and d ds, they may devel

T
a sense of hopelessness in relation to their inability to reach their own idealistic

and dards, ulti

P ly leading to disillusionment, depersonalization,

and burnout.”[37] As shown in Table 5, increased WE was closely related to relieved

PB (= -0.11, P < 0.05)WB (= -0.19, P < 0.01/CB (c= -0.14, P < 0.01) and was

independent protective factors for PB (¢=-0.14, P <0.01) and WB (c=-0.11, P <0.05),

respectively. The present research result for medical employee was consistent with

above study for psychotherapists. According to Table 7, REW, seldom AU, not often
33
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Abstract: Previous research has demonstrated that chronic diseases can occur due to musculoskeletal
(MS) pain and poor sleep. It is also worth noting that the caffeine in coffee can reduce overall sleep
duration, efficiency, and quality. Thus, the present study examines the effects of frequent coffee
drinking (two cups per day) on individuals experiencing MS pain and a lack of sleep during the
COVID-19 period. This observational and cross-sectional study recruited 1615 individuals who
completed the self-reported (Nordic musculoskeletal) questionnaire. Long-term, frequent coffee
drinking and a sleep duration of less than 6 h per day were significantly associated with neck and
shoulder pain among healthy individuals. The mediation model demonstrated that the shorter sleep
duration and drinking multiple cups of coffee per day had a two-way relationship that worsened
such pain over the long term. Specifically, individuals who experienced such pain frequently drank
multiple cups of coffee per day, which, in turn, shortened their sleep durations. In summary, long-
term coffee drinking creates a vicious cycle between MS pain and sleep duration. Therefore, the
amount of coffee should be fewer than two cups per day for individuals who sleep less than 6 h per
day or suffer from MS pain, especially neck and shoulder pain.

Keywords: coffee; musculoskeletal pain; sleep; Nordic musculoskeletal questionnaire; neck and
shoulder pain

1. Introduction

Coffee is one of the most popular beverages for people of many ages. It is a complex
chemical mixture that contains caffeine, which is a purine alkaloid that is naturally found in
coffee beans [1] and contributes to its bitterness [2]. Caffeine stimulates the central nervous
system, which can increase alertness, blood circulation, and respiration [3]. However,
caffeine has biphasic effects, i.e., lower doses can provide some behavioral stimulation,
whereas higher doses can lead to anxiety, aversion, irritability, and discomfort [4]. Despite
clinical studies demonstrating the adjuvant analgesic effects of caffeine [5], long-term
coffee drinking can negatively affect health and musculoskeletal (MS) pain. In health,
individuals drinking more than five cups of coffee per day can have an increased risk of
myocardial infarction or unstable angina [6]. In MS pain, related research showed that
drinking more than seven cups of coffee per day was associated with a higher risk of knee
osteoarthritis among Korean men [7]. Interestingly, patients with chronic back pain tend to
drink two times as much caffeine as those without such pain [8], whereas individuals with
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chronic daily headaches were generally high caffeine consumers before the onset of such
headaches [9].

MS pain is common in many occupations, and it is one of the main reasons for
long-term sick leave [10]. In the United States, 13% of the total workforce experienced a
loss caused by body pains, with lost productive time costs estimated at USD 61.2 billion
annually [11]. Although different occupations can affect MS pain at various anatomical
sites and have diverse risk factors [12], a recent study in the Netherlands showed that the
top three self-reported MS pains include lower-back pain, shoulder pain, and neck pain [13].
In addition, previous studies have demonstrated that work hours [14,15], occupational
stress [16,17], alcohol consumption [18-21], sleep duration [22-24], exercise habits [25], and
chronic diseases [26,27] contribute to MS pain.

Poor sleep quality is a common health problem among medical staff [28,29]. Re-
duced sleep duration and poor sleep quality have become more common during the past
decades [30], leading to poor health outcomes [31] and even increased mortality [32]. De-
spite the recommended minimum sleep duration of 7 h per night for healthy adults, only
25% of adults achieve this amount [33]. Notably, lack of sleep can lead to impaired daytime
function [34], increased occupational injury [35], and reduced productivity [36].

Overall, a close relationship was found between sleep and MS pain. For instance,
because sleep problems can significantly reduce pain tolerance [37], individuals with
chronic pain are more likely to experience insomnia [38]. Caffeine in coffee can also reduce
total sleep duration, efficiency, and quality [39]. In addition, frequent consumption of
caffeinated drinks can negatively affect habitual sleep duration [40].

From a micro and physiological perspective, adenosine is a purine nucleoside and a
ubiquitous endogenous neurotransmitter that signals through four receptors (A1R, A2AR,
A2BR, and A3R) in the brain to inhibit arousal and increase drowsiness [41]. Among
these four receptors, A1R may be related to pain-sensing neurons [42]. Some evidence
has demonstrated that AIR activation can produce antinociception of postoperative [43],
neuropathic [44], and inflammatory [45] pain. In this regard, one study of mice found that
acupuncture causes the release of nucleotides and adenosine to relieve pain [46]. However,
these antinociceptive effects can be blocked by caffeine [47]. Notably, individuals with
chronic insomnia were found to have reduced adenosine [48]. Moreover, impaired sleep
significantly increases the risk of reduced pain tolerance [39]. These results suggest that the
effects of caffeine on adenosine could play a pivotal role in pain development. Based on
previous research, we propose the following hypotheses:

Hypothesis 1: Coffee intake is significantly associated with increased risk of MS pain.
Hypothesis 2: Individuals with shorter sleep durations are more susceptible to MS pain.

Hypothesis 3: Coffee intake could lead to a vicious circle between lack of sleep and MS pain.

2. Materials and Methods

This observational and cross-sectional study was initially conducted from a hospital
affiliated with a medical university in Taichung, Taiwan, from March to April 2021. All
2531 healthcare workers who had served for one year in the hospital were distributed a QR
code for a Google Forms-linked questionnaire by email. Among them, 1633 (64.52%) indi-
viduals completed the self-reported questionnaire, after which 1615 (63.81%) were deemed
valid after those with missing data were excluded. Specifically, we used questionnaires,
including the Nordic musculoskeletal questionnaire (NMQ), to obtain the participants’
basic demographic variables, family factors, living habits, work, physical health, and MS
pain. The study protocol was approved by the Institutional Review Board of Chung Shan
Medical University Hospital on 25 August 2021 (No: C51-21108).

This study adopted the NMQ, modified and translated by the Taiwan Institute of
Occupational Safety and Health [49], to survey the presence of pain attributable to work-
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related factors in the preceding year. The pain sites on the NMQ were classified as the
neck, left or right shoulder, upper back, waist or lower back, left or right elbow, left or right
wrist, left hip/thigh/buttock, right hip/thigh /buttock, left or right knee, and left or right
ankle. The options for the frequency of each pain site were every day, once a week, once
a month, once every half a year, and at least once every half a year, scored as 100, 80, 60,
40, and 20 points, respectively. Factor analysis was also adopted in the NMQ to determine
the underlying variables that could effectively explain most of the questionnaire items.
Through varimax rotation, the standardized scoring coefficients constituted new factor
loadings and were defined according to their corresponding significance. The new factors
that featured vector values exceeding 1 were retained according to the principle proposed
by Hair et al. [50].

In the questionnaire, the basic response options included male or female for gender;
age; “married” or “other” for marriage; and “without child,” “one child,” “two children,”
“three children,” and “more than three children” for having children. The survey also asked
if the participants engaged in leisure activities with family /friends during vacation time.
The response options included “always,” “often,” “sometimes,” “seldom,” and “never.’
Regarding their education, the response options were “master’s degree or above” and
“university degree or below,” while the response options for self-reported sleep duration
per day included “less than 5 h,” “between 5 and 6 h,” “between 6 and 7 h,” “between
7 and 8 h,” and “more than 8 h.” As for their coffee intake per day, the response options
were “more than 2 cups per day,” “2 cups per day,” “1 cup per day,” “occasionally,” and
“never.” Regarding their alcohol use, the response options included “alcohol use in a
month” and “no alcohol use in a month,” while the response options were “yes” and “no”
for exercising at least once a week. As for their overtime work, the response options were
“seldom,” “fewer than 45 h per month,” “45 to 80 h per month,” and “more than 80 h per
month,” while “irregular,” “regular,” “night,” and “day” were the response options for
shift schedules. Finally, the participants were classified as physicians, nurses, professional
and technical personnel, and administrative staff. They were also asked about the presence
of chronic diseases. In this regard, the presence of one or more diseases was classified as a
“yes” response.

Regarding the statistical methods, factor analysis [50] was adopted for the NMQ to
determine new underlying variables, while a t-test or one-way ANOVA was adopted to
examine the differences between the continuous variables. Additionally, a chi-square test or
Fisher’s exact test was conducted to determine the significant differences in the categorical
variables, while simple/multiple linear or logistic regression was used to examine the
correlation between the dependent variable (DV) and the independent variable (IV), in the
absence (or presence) of the controlled variables. The mediation effects among the IV, DV,
and mediator were based on the following strategy proposed by Baron and Kenny [51]: 1)
in the presence of the first-stage effect, the IV significantly affects the mediation factor; 2) in
the absence of the mediation factor, the IV significantly affects the DV; 3) in the presence of
the second-stage effect, the mediation factor has a significant effect on the DV; and 4) the
effect of the IV on the DV weakens upon the addition of a mediation factor in the model.

A mediation model suitable for combining the categorical and continuous variables
was developed by lacobucci (2012) [52]. The formulas are as follows:

If the mediation factor and dependent variables are continuous variables, then the
original formula of the Sobel test is applicable:

a a 7

7o

B axb
V%542 + a%sy?

If the mediation factor or dependent variables are categorical variables, then the
original formula of the Sobel test is rederived into a new formula:



J. Pers. Med. 2023, 13, 25

40f13

Z ediation (Zm) =

Among them, a is the simple linear or logistic regression coefficient for the independent
variable against the mediation factor, while b is the regression coefficient for the mediation
factor against the dependent variable in the binary linear or logistic regression model.
Additionally, s, and s, represent the standard deviations of 4 and b, respectively, while
the results exceeding 11.961, 12.571,and 13.90| (for the two-tailed test) are significant at
o =0.05, 0.01, and 0.0001, respectively. In this study, the analyses were performed using
SAS Enterprise Guide 7.1 software (SAS Institute Inc., Cary, NC, USA), and the significance
was set at p < 0.05.

3. Results

Regarding the detailed description, the description of the basic demographics, sleep
duration per day, and coffee intake of 1615 participants are shown in the Supplementary
Information Tables S1-S3. The results demonstrated that marriage (p = 0.016), engaging
in leisure activities with family/friends (p < 0.0001), coffee intake per day (p < 0.0001),
exercise at least once a week (p = 0.008), overtime work in a month (p < 0.0001), shift
schedules (p < 0.0001), and profession (p = 0.005) were associated with sleep duration per
day. In addition, gender (p = 0.024), age (p < 0.0001), marriage (p < 0.0001), having children
(p < 0.0001), education (p < 0.0001), alcohol use (p < 0.0001), exercise at least once a week
(p = 0.002), and profession (p = 0.001) were related to coffee intake.

Table 1 illustrates that the common pain sites included both shoulders (43.09%), neck
(36.22%), waist or lower back (27.93%), and upper back (16.90%). According to the principle
proposed by Hair and Anderson (1995) [50], Factors 1 and 2 were retained because their
vector values exceeded 1. In addition, the factor loadings were converted into standardized
scoring coefficients through varimax rotation. The relatively large factor loading values for
Factors 1 and 2 corresponded to the neck and both shoulder pain and both ankle pain sites,
respectively. Thus, Factors 1 and 2 were redefined into two new variables: the neck and
both shoulder pain (NBSP) score and the both ankle pain (BAP) score.

Table 1. MS pain sites and factor analysis of the NMQ.

MS Pain Sites N % Score Factor Loading
Mean + SD Factor 1 Factor 2
Neck 585 36.22 26.76 + 37.64 0.33 —0.02
Left shoulder 325 20.12 15.07 & 31.62 0.33 -0.01
Right shoulder 371 22.97 17.64 4+ 33.89 0.33 0.02
Upper back 273 16.90 12.90 £ 29.77 0.17 0.00
Waist or lower back 451 27.93 20.20 + 34.72 0.08 —0.04
Left elbow 70 4.33 3.29 + 16.26 —0.05 —0.04
Right elbow 113 7.00 5.33 4+ 20.43 —0.04 —0.04
Left wrist 77 4.77 3.72 +17.38 —0.05 0.00
Right wrist 162 10.03 7.51 + 23.66 —0.03 —0.03
Left hip/thigh/buttock 67 4.15 3.12 + 15.64 —0.05 —-0.07
Right hip/thigh/buttock 68 4.21 3.17 £15.83 —0.02 —0.04
Left knee 80 4.95 3.78 +16.98 —0.05 —0.07
Right knee 88 5.45 4.17 +18.05 —0.02 —0.04
Left ankle 29 1.80 1.26 +10.10 —0.02 0.49
Right ankle 25 1.55 1.10 +9.58 —0.02 0.54
Eigenvalues 493 1.55
Explained variation % 57.59 18.12

N, individuals; %, the proportion of individuals suffering from MS pain.



J. Pers. Med. 2023, 13, 25

50f13

According to Table 2, there were significant differences in the NBSP scores for gender
(p < 0.001), age (p = 0.003), marriage (p = 0.003), having children (p = 0.006), education
(p = 0.034), sleep duration per day (p < 0.001), coffee intake per day (p = < 0.001), alcohol use
(p = 0.001), exercise at least once a week (p = 0.001), overtime work per month (p < 0.0001),
profession (p = 0.036), and suffering from chronic diseases (p < 0.0001). There were no
significant differences in the BAP scores among the survey variables, except for education
(p < 0.0001). Regarding the other survey variables, the females obtained higher NBSP scores
than the males (0.04 & 0.93 vs. —0.17 &£ 0.84). Moreover, individuals who were 38-45 years
of age (0.15 & 0.96), were married (0.07 = 0.96), were parents (0.07 &= 0.96), had a master’s
degree or above (0.11 % 0.99), had a sleep duration of less than 5 h (0.26 & 1.04), drank more
than two cups of coffee per day (0.61 £ 1.25), used alcohol in a month (0.10 £ 0.97), had
no weekly exercise (0.09 £ 0.97), worked overtime more than 45 h per month (0.54 & 1.35/
0.44 + 1.14), were nurses (0.08 £ 0.94), or suffered from chronic diseases (0.20 + 1.03)
achieved higher NBSP scores than the others. Simple multiple linear or logistic regression
was also used to examine the correlation between the dependent and independent variables
in the absence (or presence) of the controlled variables.

Table 2. Differences in the frequency of pain among the survey variables.

Score on the Frequency of Musculoskeletal Pain

Mean + SD
Survey Variables Individuals NBSP Score p-Value BAP Score p-Value
Gender
Female 1314 0.04 £0.93 <0.0012 —0.01 £ 0.85 0.643 2
Male 301 —0.17 £ 0.84 0.02 £0.90
Age
Less than or equal to 29 412 —0.11 £ 0.86 0.003 ® —0.00 £ 0.81 0.420°
Between 29 and 38 433 0.01 +=0.90 —0.06 £ 0.41
Between 38 and 45 302 0.15+0.96 0.04 £ 1.01
More than or equal to 45 468 —0.01 £+ 0.95 0.03 £ 1.06
Marriage
Married 779 0.07 £ 0.96 0.003 @ —0.02 £0.79 0.330°
Other 836 —0.07 £ 0.87 0.02 £0.91
Having children
Parents 703 0.07 £ 0.96 0.006 @ —0.00 £+ 0.88 0.914°
Not parents 912 —0.06 & 0.88 0.00 & 0.84
Engaging in leisure activities with
family/friends
Always 102 —0.05 £ 0.89 0.601° 0.00 +0.78 0.764 P
Often 498 —0.04 £0.92 0.03 £ 0.96
Sometime 765 0.03 £0.94 —0.02£0.77
Seldom 238 0.02 £0.87 0.02 £0.93
Never 12 —0.21 £ 0.59 —0.18 £ 0.33
Education
Master’s degree or above 297 0.11 £ 0.99 0.0342 —-0.10£0.24 <0.0001 2
University degree or below 1318 —0.03 £ 0.90 0.02 + 0.94
Sleep duration per day
Less than 5 h 63 0.26 + 1.04 <0.001° 0.29 +1.88 0.069 ®
Between 5and 6 h 563 0.12 £ 1.00 0.01 +£0.91
Between 6 and 7 h 719 —0.06 £ 0.85 —0.04 = 0.68
Between7 and 8 h 232 —0.14 +£0.87 0.01 £0.82
More than 8 h 38 —0.10 £ 0.75 0.01 £0.46
Coffee intake per day
More than 2 cups per day 26 0.61+1.25 <0.001 P —0.17 £ 0.20 0.853P
2 cups per day 70 0.18 - 0.97 —0.03 £ 0.62
1 cup per day 556 0.06 £ 0.95 —0.01 £ 0.88
Occasionally 678 —0.04 +0.90 0.02 +0.82
Never 285 —0.13 £ 0.81 —0.00 £+ 0.97
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Table 2

Cont.

Score on the Frequency of Musculoskeletal Pain

Mean + SD
Survey Variables Individuals NBSP Score p-Value BAP Score p-Value
Alcohol use
Alcohol use in a month 609 0.10 £ 0.97 0.001 2 0.01 = 0.84 0.857 @
No alcohol use in a month 1006 —0.06 4+ 0.88 —0.00 £+ 0.86
Exercise at least once a week
Yes 933 —0.07 4+ 0.87 0.0012 —0.01 4 0.80 0.7052@
No 682 0.09 £+ 0.97 0.01 £0.93
Overtime work in a month
More than 80 h 5 0.54 +1.35 <0.001 " —0.25 + 041 0.587b
45-80 h per month 54 044 +1.14 0.04 = 1.46
Fewer than 45 h 502 0.09 £ 0.96 0.04 = 1.46
Seldom 1054 —0.07 + 0.87 —0.02 £ 0.73
Shift schedules
Irregular shifts 192 0.16 = 1.05 0.0752 —0.06 = 0.49 0.4452
Regular shifts 196 —0.04 £ 091 0.02 +£0.88
Night shifts 166 —0.05 4+ 0.84 0.08 =1.13
Day shifts 1061 —0.15 + 0.91 —0.01 £+ 0.85
Profession
Physicians 138 0.03 & 1.01 0.036 ° —0.01 £+ 0.80 0.889 P
Nurses 613 0.08 +0.94 0.02 £+ 1.00
Professional and technical personnel 283 —0.06 = 0.84 —0.02 £ 0.59
Administrative staff 581 —0.06 £ 0.90 —0.01 £ 0.82
Suffering from chronic diseases
Yes 638 0.20 = 1.03 <0.0001 2 0.04 =1.16 0.1954
No 977 —0.13 £ 0.81 —0.03 £+ 0.57

Note: SD, standard deviation; @ ¢ test; P one-way ANOVA; NBSP, neck and both shoulders pain; BAP, both
ankles pain.

Since the number of individuals with a sleep duration of less than 5 h per day was
only 63 (Table 2), the variables of sleep duration of less than 5 h per day and sleep duration
between 5 and 6 h per day were combined into a new variable: sleep duration of less than
6 h per day (SLD < 6 h). Furthermore, since the number of individuals who drank more
than two cups of coffee per day was only 26, the variables of drinking more than two cups
of coffee per day or drinking just two cups of coffee per day were combined into a new
variable: drinking multiple cups of coffee (MCC) per day.

As shown in Table 3, which presents the effects of sleep duration per day and drinking
MCC per day on NBSP, drinking MCC per day was significantly associated with an
increased level of NBSP in the simple or multiple linear regression models (B = 0.32,
p =0.001; 0.23, p = 0.016), while SLD < 6 h was significantly associated with an increased
level of NBSP in the simple or multiple linear regression models (B = 0.21, p < 0.0001; 0.15,
p = 0.001). The results in Table 3 confirm Hypotheses 1 and 2 (illustrated in the introduction),
that coffee intake (more than two cups per day) and a shorter sleep duration (less than 6 h
per day) are associated with MS pain (especially neck and both shoulders pain).

Finally, this study used mediation analysis to determine the existence of a mutual
relationship between coffee, MS pain, and sleep. Figure 1.1 demonstrates that drinking
MCC per day mediated the effect of SLD < 6 h on increased levels of NBSP (Z, = 2.27,
p < 0.05). Lack of sleep (<6 h) also caused individuals to drink more coffee per day, which
led to more frequent neck and shoulder pain. Figure 1.2 illustrates that SLD < 6 h mediated
the effect of drinking MCC per day on increased NBSP (Z, = 2.95, p < 0.01). Overall,
Figures 1 and 2 demonstrate that long-term coffee drinking and lack of sleep can further
increase the occurrence of neck and shoulder pain.
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Table 3. Effect of SLD and drinking MCC per day on NBSP.

Unstandardized Linear Regression Coefficient (B) for NBSP

Simple Regression Multiple Regression!
Main Effect B SE p B SE p
Drinking MCC per day 0.32 0.10 0.001 0.23 0.10 0.016
SLD < 6 h per day 0.21 0.05 <0.0001 0.15 0.05 0.001

SE, standard error; B, unstandardized linear regression coefficient; 1 model was in the presence of adjusted
variables, including gender, age, marriage, having children, education, alcohol use, exercise, overtime work,
profession, and suffering from chronic diseases.

a=0.99"" b=027

sa=0.22

I: SLD < 6 hours; M: MCC per day; D: NBSP

Figure 1. Mediation effect of MCC per day on SLD < 6 h and NBSP. * p < 0.05; **p < 0.01; *** p < 0.0001;
M, mediation factor; I, independent variable; D, dependent variable.

I: MCC per day; M: SLD < 6 hours; D: NBSP

Figure 2. Mediation effect of SLD < 6 h on MCC per day and NBSP. ** p < 0.01; *** p < 0.0001; M,
mediation factor; I, independent variable; D, dependent variable; c is the simple linear or logistic
regression coefficient for the independent variable against dependent variable in the absence of
mediation factor; ¢ is the binary linear or logistic regression coefficient for the independent variable
against dependent variable in the presence of mediation factor; a is the simple linear or logistic
regression coefficient for the independent variable against the mediation factor; b is the regression
coefficient for the mediation factor against the dependent variable in the binary linear or logistic
regression model; s, and s;, represent the standard deviations of 2 and b.
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Figure 3 adopts SLD < 6 h and NBSP as dependent and independent variables for the
mediation model, respectively. Based on the findings, drinking MCC per day mediated
SLD < 6 h and increased NBSP (Z, = 2.5, p < 0.05). Specifically, individuals who suffer from
neck and should pain tend to drink coffee to cope with such pain. However, it eventually
decreases their sleep duration per day. Figures 1-3 confirmed Hypothesis 3 and determined
that coffee intake (more than two cups per day) really opens the vicious circle between lack
of sleep (less than 6 h per day) and MS pain (especially neck and shoulders pain).

I: NBSP; M: MCC per day; D: SLD < 6 hours

Figure 3. Medjiation effect of MCC per day on NBSP and SLD <6 h. *p <0.05; **p < 0.01; ***p <0.0001;
M, mediation factor; I, independent variable; D, dependent variable; c is the simple linear or logistic
regression coefficient for the independent variable against dependent variable in the absence of
mediation factor; ¢ is the binary linear or logistic regression coefficient for the independent variable
against dependent variable in the presence of mediation factor; a is the simple linear or logistic
regression coefficient for the independent variable against the mediation factor; b is the regression
coefficient for the mediation factor against the dependent variable in the binary linear or logistic
regression model; s, and s;, represent the standard deviations of 2 and b.

4. Discussion

The present study confirms three hypotheses and determined that long-term heavy
coffee intake (two cups per day) and a shorter sleep duration (<6 h per day) are associated
with neck and shoulder pain. Notably, long-term heavy coffee intake plays a mediating
factor in the vicious circle between shorter sleep duration and neck and shoulder pain. In
addition, alcohol use, the lack of regular exercise at least once a week, overtime work in a
month, and the presence of chronic diseases were significantly associated with pain in the
neck/shoulders or ankles.

Related studies have illustrated that reduced alcohol use [18-21], physical activity [21],
and fewer work hours [14] could reduce the risk of MS pain. In addition, individuals with
chronic diseases [26,27] have a high risk for MS pain. These risk factors are consistent with
our findings.

A literature review on healthcare workers demonstrated that MS pain occurred pri-
marily in the lower and upper back, neck, and shoulders [53]. Our study found that the
common pain sites were the shoulders (43.09%), neck (36.22%), waist or lower back (27.93%),
and upper back (16.90%), which was consistent with the findings of a previous study.

Only 25% of adults achieve the recommended minimum sleep duration of 7 h per
night for healthy adults [39]. However, only 16.72% of healthcare workers in the present
study satisfy the 7 h sleep condition, as shown in Table 2. Therefore, the lack of sleep could
be a common problem among healthcare workers in Taiwan, and this should be noted and
further explored.
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4.1. First Hypothesis: Coffee Intake Is Significantly Associated with an Increased Risk of MS Pain

Previous studies have found that individuals with a high caffeine intake (4-12 cups/day)
had more severe pain than those with a low (0.25-1.5 cups/day) or moderate (2-3.5 cups/day)
caffeine intake [54]. In addition, men who drink more than seven cups of coffee per day
have an increased risk of knee osteoarthritis [7]. Our study determined that among healthy
individuals, long-term drinking of more than two cups of coffee per day was associated
with frequent neck and shoulder pain (Table 3, B = 0.23, p = 0.016). Since the half-life of
caffeine is approximately 4 h [55], drinking two or more cups of coffee per day can reach
the threshold of caffeine’s effect on MS pain, depending on one’s genetics [56]. Based on
these results, we can confirm our first hypothesis.

4.2. Second Hypothesis: Individuals with Shorter Sleep Durations Are More Susceptible to
MS Pain

Evidence suggests a close link between short sleep durations and impairments in
several physiological responses, including pain [57]. A study on middle-aged adults in
the U.S. demonstrated that a sleep duration of <6 h was associated with greater next-day
pain [58]. In addition, individuals who reported >6 h of sleep were more likely to have
improved pain conditions [59]. Our study found important evidence that sleep duration
was associated with MS pain at specific sites. Individuals with sleep durations of <5 or 6 h
tend to experience more neck and shoulder pain than others (Table 2; mean = 0.26 £ 1.04,
0.12 & 1.00). Table 3 shows that a sleep duration of <6 h per day was significantly associated
with increased neck and shoulder pain in the multiple regression model (B = 0.15, p = 0.001).
These results confirm our second hypothesis.

4.3. Third Hypothesis: Coffee Intake Could Lead to a Vicious Circle between Lack of Sleep and
MS Pain

A previous study showed that individuals who reported a sleep duration of <6 h
consumed 3.6 times more caffeine per day than those who reported a sleep duration of
>8 h [40]. Our study of healthcare workers found that individuals who reported a sleep
duration of <6 h consumed 2.69 times (Figure 1.1, = 0.99, odds ratio = €0.99 = 2.69,
p < 0.0001) more caffeine per day than those who reported a sleep duration of >6 h. This
close relationship between sleep duration and coffee intake indicates a causal relationship
between sleep duration, NBSP, and coffee intake.

The mediation model in Figure 1.1 demonstrates that individuals who had shorter
sleep durations tended to drink multiple cups of coffee, which can lead to increased MS
pain (Zm = 2.27, p < 0.05). In addition, the mediation model in Figure 1.2 shows that
individuals who chronically drink multiple cups of coffee generally experience shorter
sleep durations and increased MS pain (Zm = 2.95, p < 0.01). These mediation models
regarding coffee intake, MS pain, and sleep duration show that long-term heavy coffee
intake (more than two cups per day) plays a mediating role in the two-way association
of sleep duration <6 h and NBSP. Specifically, long-term heavy coffee intake will induce a
vicious circle of sleep and neck and shoulder pain. These results are consistent with our
third hypothesis.

This study has several limitations. First, we used the number of cups to measure
the degree of caffeine intake per day. However, this is not an exact measurement method
because cups have different volumes. Second, different coffee-brewing methods can lead
to varied caffeine concentrations and errors in the dose-response of caffeine on MS pain.
However, we believe that the differences in volume and caffeine concentration can be
overcome. In addition, caffeine’s effect on MS pain reaches the threshold depending on
one’s genetics [56]. Therefore, the threshold of more than two cups of coffee per day
might not be suitable for other countries or races. Additionally, since sleep duration and
sleep quality are subjective, future research should adopt other scales to measure sleep-
related issues. Third, MS pain can be the result of workloads, work styles, or posture.
Unfortunately, our study did not collect such data in the regression models. Fourth, the
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effects of caffeine on individuals can be associated with genetics [56] and nationality. For
example, the effects of coffee intake on MS pain in Europeans or Americans may differ
from our results because our participants were Taiwanese.

Despite the adjustment for sex in the multiple linear regression, the results of the
present study could be better suited to women because female participants accounted for
>80% of the study population. Regarding the sex difference in MS pain, it could be caused
by estrogen and progesterone. For instance, testosterone, the major male sex hormone,
protects men from chronic MS pain [60]. Because the study population only included
physicians, nurses, professional and technical personnel, and administrative staff, we
added “healthcare workers” in the title to limit the applicability to occupational groups.

Notably, we could determine whether high work stress or emotional exhaustion caused
by the pandemic affected the findings; thus, a similar study during the nonpandemic period
should be replicated, and its results compared with those from the pandemic period. Finally,
the mediation models in our study could be biased [61] because the relationship was based
on a higher risk of judgment. Therefore, we excluded the phrase “causal relationship” to
avoid confusion.

5. Conclusions

The present study determines that keeping good living habits (such as decreased
alcohol use, regular exercise a week, and sufficient sleep), maintaining physical health
(such as staying away from chronic diseases), and avoiding overtime work are ways to
lower the risk of MS pain. We further examined the effects of frequent coffee drinking
on individuals experiencing MS pain and lack of sleep. Based on the results, neck and
shoulder pain was the most common among the healthcare workers. In addition, a sleep
duration of less than 6 h and drinking more than two cups of coffee per day increased the
occurrence of such pain, while controlling for other risk factors. Notably, long-term heavy
coffee drinking created a vicious cycle between neck and shoulder pain and sleep duration
of less than 6 h. The implication of the findings is that individuals who sleep less than 6 h,
or who suffer from neck and shoulder pain, should limit their coffee intake to two cups
per day.
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Abstract: Background and Objectives: Burnout affects approximately half of all nurses, physicians, and
other clinicians. Alcohol use may impair performance in work-related tasks, leading to decreased pro-
ductivity and morale. The present study’s aim was to determine whether a causal relationship existed
between alcohol use, work-related burnout (WB), and musculoskeletal pain. Materials and Methods:
A total of 1633 members from a hospital affiliated with a medical university in Taichung, Taiwan,
completed questionnaires in 2021, where 1615 questionnaires were declared valid. Questionnaires
were used to obtain information on basic demographic variables, and the Nordic Musculoskeletal
Questionnaire and Copenhagen Burnout Inventory were used. Statistical analyses were performed
using SAS Enterprise Guide 6.1 software, and significance was set at p < 0.05. Results: Work expe-
rience, being married, parenthood, leisure activities with family and friends, and regular weekly
exercise were negatively associated with WB. In addition, overtime work, irregular and regular shift
work, the physician and nurse medical profession, chronic disease (heart disease, diabetes, etc.), neck
and both shoulders pain (NBSP), both ankles pain (BAP), and alcohol use frequency (AUF) were
positively associated with WB. NBSP could explain the residual effect of AUF on WB. AUF was
determined to mediate the relationship between NBSP and WB. In addition, NBSP was found to
mediate the relationship between AUF and WB. Conclusions: The individuals who used alcohol to
cope with NBSP or those with NBSP who often consumed alcohol had worsened WB due to a vicious
circle of musculoskeletal pain and alcohol use. Therefore, medical staff should not consider alcohol
use as an option to reduce burnout.

Keywords: alcohol use; musculoskeletal pain; work-related stress; burnout

1. Introduction

Burnout was first described in 1974 by the clinical psychologist Herbert Freudenberger,
who borrowed the term from drug-addict slang [1]. Burnout refers to physical, emotional,
and mental exhaustion resulting from long-term work situations [2]. To measure burnout,
Christina Maslach proposed the Maslach Burnout Inventory in 1981, and the extent of an
individual’s symptoms in each dimension is measured on the basis of the three subscales
of emotional exhaustion, depersonalization, and a diminished sense of personal accom-
plishment [3]. The Copenhagen Burnout Inventory (CBI) developed by researchers from
Denmark is another scale used to measure burnout [4]. The CBI considers exhaustion as the
core of the burnout concept and includes three scales, namely, the personal burnout scale,
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work-related burnout (WB) scale, and client burnout scale, which can be separately used to
measure burnout in different settings (not only for service professions); the questionnaire
is developed in such a manner that it is suitable for individuals from all occupations [4].
In contrast with personal and client burnout, WB is defined in the CBI as the degree of
physical and psychological fatigue and exhaustion that is perceived by the person as related
to paid work of some kind [4].

The severe clinical presentations of burnout include emotional exhaustion, physical
fatigue, cognitive impairments, disturbed sleep, and functional impairment [5,6]. A combi-
nation of stressors due to long-term work and nonwork on individuals often contribute to
clinical burnout [7], which could lead to sleep disturbances, depression, or anxiety disor-
ders [5]. Burnout affects approximately half of all nurses, physicians, and other clinicians [8].
Among them, one-tenth of the nurses worldwide suffer high burnout symptoms [9] and
48.7% of German clinicians meet the criteria for burnout [10]. Notably, clinical burnout is
related to a reduced ability to work [7]. Burnout is responsible for high physician turnover
and reduced clinical hours, which cause total losses of approximately USD 4.6 billion each
year [11]. Notably, burnout also affects the patient-related quality of care [10].

In the United States, 13% of the total workforce loss is associated with body pain
conditions and costs an estimated USD 61.2 billion per year [12]. A large study conducted
in the Netherlands demonstrated that the top three self-reported musculoskeletal pain
sites were the lower back, shoulder, and neck [13]. Moreover, studies reported diverse risk
factors for musculoskeletal pain, including long work hours [14], occupational stress [15],
alcohol consumption [16], sleep duration [17], and chronic diseases (CDs) [18].

Alcohol use contributes to around 4% of the global burden of disease [19] and is related
to premature death, where the major causes are injury, alcoholic liver disease, heart disease
and stroke, cancers, and gastrointestinal disease [20]. Alcohol use may impair performance
in work-related tasks, leading to decreased productivity and morale [21] and an increased
occupational injury risk [22]. Many individuals consume alcohol to alleviate stress caused
by working overtime [23] and even to cope with pain [24].

Individuals commonly tend to adopt an alcohol consumption strategy to cope with
pain, psychological, or physical troubles. Based on this, the present study asked questions
about alcohol use, MS pain, and burnout to establish (1) whether a causal relationship
exists between alcohol use, WB, and musculoskeletal pain, and (2) the role of alcohol use in
the relationship between musculoskeletal pain and WB?

2. Methods
2.1. Study Population

In this observational and cross-sectional study, we included 2531 employees from
a hospital affiliated with a medical university in Taichung, Taiwan, in 2021. The study
protocol was approved by the institutional review board of Chung Shan Medical University
Hospital on 25 August 2021 (no. CS1-21108).

2.2. Study Measures

The QR-code-linked questionnaires were sent to all eligible participants by email.
Among the 2531 members, 1633 (64.52%) completed questionnaires. After exclusion due to
missing data, 1615 (63.81%) questionnaires were determined to be valid. The questionnaires
were used to obtain information on basic demographic variables, family factors, living
habits, work-related factors, and physical health factors. In addition, we used the Nordic
Musculoskeletal Questionnaire (NMQ) and the WB scale.

Regarding the education level, the response options were “below high school”, “Bach-
elor”, “Master”, and “PhD”. The response options for marriage status were “married” and
“others”. In terms of family factors, we examined whether the respondents were parents by
using the following response options: “without child”, “one child”, “two children”, “three
children”, and “over three children”. Raising at least one child was reclassified as a new
variable called “parenthood”.
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Relationships with family and friends were also evaluated in the questionnaire. For
the question “Whether participants engage in leisure activities with family or friends
in vacation time?”, the Likert scale method was used, where the response options were
distinguished as “always”, “often”, “sometimes”, “seldom”, and” never”; these were scored
as 100, 75, 50, 25, and 0 points, respectively. The data was an ordinal scale that could be
suitable for parametric tests (such as t-tests, analysis of variance, Pearson correlations, and
regression), even when statistical assumptions were violated (such as normal distribution of
data) [25]. An item related to the presence of a listed CD was included in the questionnaire,
and the presence of one or more diseases was classified as a “yes” response. Regarding AU
in the past month, the response options were “always”, “often”, “sometimes”, “seldom”,
and “never”; these responses were scored as 100, 75, 50, 25, and 0 points, respectively.
Finally, the mean value was considered as the new variable AU frequency (AUF). The
response options for the sleep duration (SLD) were classified as <5, 5-6, 6-7, 7-8, or >8 h
per day; these were reclassified as SLD < 6 h and SLD > 6 h per day. The response options
for exercise habit were “at least once a day”, “at least once a week”, “at least once a month”,
“less than once a month”, or “never”. Exercising at least once a day or week was reclassified
as regular exercise weekly (REW). The response options for the question on overtime (OT)
were “seldom”, “less than 45 h per month”, “45-80 h per month”, and “more than 80 h per
month”. The responses were reclassified as seldom OT and experiencing OT (including
less than 45 h, 45-80 h, and more than 80 h per month). The possible responses to the
question on the shift schedule were “day shift work”, “night shift work”, “irregular shift
(IRS) work”, and “regular shift (RS) work”.

We adopted the NMQ that was modified and translated by the Taiwan Institute
of Occupational Safety and Health, which includes questions on the presence of pain
attributable to work-related factors in the preceding year and at pain sites. The options for
pain sites were the neck, left shoulder, right shoulder, upper back, waist or lower back, left
elbow, right elbow, left wrist, right wrist, left hip /thigh /buttock, right hip/thigh/buttock,
left knee, right knee, left ankle, and right ankle. If a participant answered “yes” to a
question on the experience of work-related pain in the preceding year, they were required
to indicate its occurrence frequency: every day, once a week, once a month, once every half
year, or at least once every half year (100, 80, 60, 40, and 20 points, respectively).

We used the Chinese version of the CBI [26], which was reported to be a reliable
and valid tool (the Cronbach’s alpha value was over 0.84 for males and females) for the
assessment of burnout and measuring WB. The seven items for measuring WB were
as follows:

“Is your work emotionally exhausting?”

“Do you feel burnt out because of your work?”

“Does your work frustrate you?”

“Do you feel worn out at the end of the working day?”

“Are you exhausted in the morning at the thought of another day at work?”
“Do you feel that every working hour is tiring for you?”

“Do you have adequate energy for family and friends during leisure time?”

N U L=

/i /i /i

The response options were “always”, “often”, “sometimes”, “seldom”, and “never
or almost never”, and these were scored as 100, 75, 50, 25, and 0, respectively, except for
item 7, which was inversely scored (i.e., the responses were scored as 0, 25, 50, 75, and 100,
respectively); the calculated mean value indicated the WB level for the participants.

2.3. Data Analysis

Factor analysis [27] was conducted using the NMQ results to determine the underlying
variables that explained most of the questionnaire. A univariate linear regression model
was used to examine the associations between the dependent variables (DVs) and inde-
pendent variables (IVs). Multiple linear regression was conducted to determine whether
the adjustment for variables significantly affected the associations between IVs and DVs.
Mediation effects were analyzed using the strategy proposed by Baron and Kenny [28], in
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which (1) the IV significantly affects the mediator (first-stage effect), (2) the IV significantly
affects the DV in the absence of the mediator, (3) the mediator exerts a significant unique
effect on the DV (second-stage effect), and (4) the effect of the IV on the DV weakens upon
the addition of a mediator to the model. Among them, item (2) is only recommended but
not required [29]. The formulas are as follows:

Y = by +cX

M = by +aX
Y:bog,-f—C/X‘l'bM

where X is an IV, Y is a DV, M is the adjusted variable (i.e., the mediating factor), a is
the linear regression coefficient of X against M, b is the linear regression coefficient of M
against Y, c is the linear regression coefficient of X against Y, and ¢’ is the linear regression
coefficient of X against Y with M as the adjusting variable. The standard errors of 2 and b
are represented by s, and s, respectively. The formula for the Sobel test is as follows:

axb
/02542 + a?s)?

The results exceeding 11.961, 12.571, and 13.90| (for a two-tailed test) are significant
at « = 0.05, 0.01, and 0.0001, respectively.

The mediation proportion is defined as the dimensionless proportion of the effect of
an IV on a DV mediated through the mediation factor, whose formula is as follows [30]:

axb

P=——
M c+axb

Analyses were performed using SAS Enterprise Guide 6.1 software (SAS Institute Inc.,
Cary, NC, USA), and significance was set at p < 0.05.

3. Results
3.1. Musculoskeletal Pain Sites and Factor Analysis of the Nordic Musculoskeletal Questionnaire

The prevalences of musculoskeletal pain in a year in both shoulders, the neck, the waist,
the lower back, and the upper back were 43.09%, 36.22%, 27.93%, and 16.90%, respectively
(Table 1). The mean frequency scores of neck, waist or lower back, right shoulder, left shoulder,
and upper back pain were 26.76 £ 37.64, 20.20 £ 34.72, 17.64 £ 33.89, 15.07 & 31.62, and
12.90 £ 29.77, respectively. According to the principle proposed by Hair and Anderson
(1995) [27], factors 1 and 2 were retained because their vector values exceeded 1. Although the
eigenvalue of factor 3 was lower than 1, factor 3 was retained to ensure the maximum ability
to explain the questionnaire. The factor loadings were converted into standardized scoring
coefficients through varimax rotation. The relatively large factor loading values for factors 1,
2, and 3 corresponded to frequency scores for the neck and both shoulder pain (NBSP), both
ankle pain (BAP), and both knee pain (BKP), respectively.

Table 1. Musculoskeletal pain sites and factor analysis of the Nordic musculoskeletal questionnaire.

Frequency Score Factor Loading
MS Pain Site MS Pain Subjects  Prevalence (%)
Mean + SD Factor 1 Factor 2 Factor 3

Neck 585 36.22 26.76 £ 37.64 0.33 —0.02 —0.03
Left shoulder 325 20.12 15.07 + 31.62 0.33 —0.01 —0.01
Right shoulder 371 22.97 17.64 + 33.89 0.33 0.02 —0.07
Upper back 273 16.90 12.90 £ 29.77 0.17 0.00 —0.01
Waist or lower back 451 27.93 20.20 £ 34.72 0.08 —0.04 0.03

Left elbow 70 4.33 3.29 +£16.26 —0.05 —0.04 —0.05
Right elbow 113 7.00 5.33 +£20.43 —0.04 —0.04 —0.02
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Table 1. Cont.
Frequency Score Factor Loading
MS Pain Site MS Pain Subjects  Prevalence (%)
Mean + SD Factor 1 Factor 2 Factor 3

Left wrist 77 4.77 3.72 +17.38 —0.05 0.00 0.01
Right wrist 162 10.03 7.51 £ 23.66 —0.03 —0.03 —0.02
Left hip/thigh/buttock 67 4.15 3.12 £ 15.64 —0.05 —0.07 —0.01
Right hip/thigh /buttock 68 421 3.17 +15.83 —0.02 —0.04 —0.06

Left knee 80 4.95 3.78 + 16.98 —0.05 —0.07 0.51

Right knee 88 5.45 417 £ 18.05 —0.02 —0.04 0.45
Left ankle 29 1.80 1.26 £+ 10.10 —0.02 0.49 —0.05
Right ankle 25 1.55 1.10 £ 9.58 —0.02 0.54 —0.05

Eigenvalues 493 1.55 0.68

Explained variation (%) 57.59 18.12 0.08

3.2. Statistical Results of Response Options for Every Work-Related Burnout Item

Table 2 presents the statistical results of the response options for every WB item.
The Cronbach’s alpha value of the WB scale was 0.87. The mean values of all items for
measuring WB are shown below. The mean values and standard deviations of all items for
the WB scale are shown below.

Table 2. Statistical results of the response options for each WB item.

Response Options for WB (Subjects/Proportion (%))

leisure time?

Items for Measuring WB Always Often Sometimes Seldom NevgéC:TOSt Mean + SD
Is your work
emotionally exhausting? 38 (2.33) 98 (6.00) 549 (33.62) 715 (43.78) 233 (14.27) 34.58 £22.11
Do you feel burnt out
because of your work? 22 (1.35) 79 (4.84) 471 (28.84) 803 (49.17) 258 (15.80) 31.69 £+ 20.77
Does your work
frustrate you? 14 (0.86) 43 (2.63) 543 (33.25) 810 (49.60) 223 (13.66) 31.86 + 18.98
Do you feel worn out at
the end of the 68 (4.16) 178 (10.90) 680 (41.64) 568 (34.78) 139 (8.51) 41.86 +23.16
working day?
Are you exhausted in the
morning at the thought of 61 (3.74) 124 (7.59) 524 (32.09) 718 (43.97) 206 (12.61) 36.47 £ 23.41
another day at work?
Do you feel that every
working hour is tiring 18 (1.10) 41 (2.51) 349 (21.37) 896 (54.87) 329 (20.15) 27.39 +19.46
for you?
Do you have enough
energy for family and
friends during 261 (15.98) 646 (39.56) 528 (32.33) 165 (10.10) 33 (2.02) 35.66 £ 23.56

Cronbach’s alpha = 0.87; SD, standard deviation.
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As presented in Table 3, work experience was negatively associated with WB (§ = —0.23,
p <0.0001) and AUF (3 = —0.21, p < 0.01). Married status and parenthood were protective factors
against WB (3 = —4.30 and —4.86, respectively; p < 0.0001 for both) and AUF (3 = —2.68 and
—3.10, respectively; p < 0.05 for both). Engaging in leisure activities with family and friends was
negatively associated with WB (3 = —0.14, p < 0.0001) but not with AUF (3 = —0.00, p > 0.05).
Regular weekly exercise was a protective factor against WB (3 = —5.60, p < 0.0001); however,
it was not significantly associated with AUF ( = 1.72, p>0.05). SLD <6h per day was
significantly positively associated with WB ( = 6.27, p < 0.0001) and AUF (3 = 3.11, p < 0.05).
The participants with a master’s degree or above reported a lower level of WB (3 = —2.21,
p < 0.05) than those with a university or below university degree; however, having a master’s
degree or above was not significantly associated with AUF (3 =2.17, p > 0.05). OT work was a
risk factor for WB (3 = 8.88, p < 0.0001) and AUF (3 = 4.33, p < 0.001). A significant difference in
WB was noted between different shift schedules. IRS and RS work significantly increased WB
(B = 8.87 and 6.23, respectively; p < 0.0001 for both). Regarding professional fields, physicians
(B =9.89,p <0.0001) and nurses (3 = 8.44, p < 0.0001) reported higher levels of WB. Moreover,
the AUF was significantly higher in the physicians (3 = 9.96, p < 0.0001). The presence of a CD
was positively associated with WB (3 = 3.47, p < 0.0001) and AUF (3 = 3.01, p < 0.05). Regarding
musculoskeletal pain, NBSP was closely associated with WB (3 = 6.30, p < 0.0001) and AUF

(P =248, p <0.01). In addition, BAP was associated with WB (3 = 1.44, p < 0.01).

Table 3. Stratified analysis of work-related burnout and alcohol use.

WB AUF
Survey Variables N B p B p
Work experience
WE 1615 —0.23 o —0.21 **
Marriage state
Married 779 —4.30 il —2.68 *
Unmarried 836 1.00 1.00
Parenthood
Yes 703 —4.86 o —3.10 *
No 912 1.00 1.00
Leisure activity with family and friends
mean score 1615 —014 ok —0.00
Exercise habit weekly
REW 933 —5.60 ot 1.72
None REW 682 1.00 1.00
SLD (per day) ranks
<6h 626 6.27 i 3.11 *
>6h 989 1.00 1.00
Education degree
Master’s degree or above 297 —2.21 * 217
University or below university degree 1318 1.00 1.00
Overtime work per month
Experience OT 561 8.88 o 4.33 **
Seldom OT 1054 1.00 1.00
Shift schedules
IRS work 192 8.87 i 3.02
RS work 196 6.23 ot 0.29
Night shift work 166 3.24 * 3.66
DS work 1061 1.00 1.00
Professional fields
Physicians 138 9.89 el 9.96 il
Nurses 613 8.44 ok 1.30
PTs 283 217 3.11
ADs 581 1.00 1.00
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Table 3. Cont.
WB AUF
Survey Variables N B p B p
Suffering CD
Yes 638 3.47 ok 3.01 *
No 977 1.00 1.00
MS pain
NBSP 1615 6.30 ok 2.48 **
BAP 1615 1.44 ot 0.19
BKP 1615 0.75 —0.44

N, participants; 3, the linear regression coefficient; * p < 0.05, ** p < 0.01, *** p < 0.0001.

3.3. The Association between Alcohol Use, Musculoskeletal Pain, and Work-Related Burnout

As presented for My in Table 4, AUF was closely associated with WB (3 = 0.07,
p <0.0001). After an adjustment for work experience, marriage status, parenthood, leisure
activity with family and friends, exercise habit weekly, SLD, education degree, OT work
per month, shift schedules, professional fields, and CD in the M; model, we observed that
AUF was still associated with WB (3 = 0.04, p < 0.01). In the M, model, the residual effect
of AUF on WB could be fully explained by NBSP (3 = 0.03, p > 0.05). Mediation analysis
was performed (Table 5) to determine whether a causal relationship existed between WB,
AUF, and NBSP.

Table 4. AU effect in the linear regression models of WB.

M, M; M,
Main Effect B p B p B p
AUF 0.07 o 0.04 i 0.03

{3, the linear regression coefficient; ** p < 0.01, *** p < 0.0001; My, without adjustment for variables; M;, adjustment
for work experience, marriage status, parenthood, leisure activity with family and friends, exercise habit weekly,
sleep duration, educational level, overtime work per month, shift schedules, professional fields, and CD; M,
adjustment for all the variables included in M; and an additional variable, namely, NBSP.

Table 5. Mediation effect of AUF on the relationship between NBSP and WB.

WB
v M d A Sa b Sb V4 MP (%)
NBSP AUF 6.19 *** 2.46 ** 0.67 0.05 ** 0.02 2.07* 1.95
AUF NBSP 0.05 ** 0.00 ** 0.00 6.19 *** 041 3.25** 27.08

*p <0.05, ** p < 0.01, *** p < 0.0001; M, mediation factor; ¢/, the direct effect of NBSP on WB; a, the first-stage effect
of NBSP on AU; s,, the standard error for a; b, the second stage effect for AUF on WB; sy, the standard error for b;
MP, mediation proportion.

As presented in Table 5, AUF was determined to be a mediator (Z = 2.07, p < 0.05) of
the relationship between NBSP and WB, with the mediation proportion being only 1.95%.
In addition, NBSP was determined to be a mediator (Z = 3.25, p < 0.01) of the relationship
between AUF and WB, with the mediation proportion being 27.08%.

4. Discussion

Our study’s results suggested that alcohol use was associated with increased NBSP,
and both were closely related to increased WB. According to the mediation models, alcohol
use mediated the relationship between NBSP and WB, causing worse WB. In addition,
NBSP was a mediation factor of alcohol use, causing worse WB. Based on this, in response
to the two research aims posed in the Introduction: (1) a causal relationship existed between
alcohol use, WB, and musculoskeletal pain, and (2) alcohol use was a mediation factor
between musculoskeletal pain and WB that increased WB.



Medicina 2022, 58, 1022

8of11

Previous studies reported various causes of burnout. For example, a systematic review
of the literature on burnout revealed that inexperienced psychotherapists easily experienced
burnout due to a sense of hopelessness and an inability to reach idealistic expectations and
standards [31]. In this study, work experience was found to be a protective factor against
WB (B = —0.23, p < 0.0001; Table 3).

Family members and friends play a vital role in preventing burnout [32]. For instance,
health workers reported that they could minimize burnout by obtaining support from
family [33]. As demonstrated in Table 3, being married (3 = —4.30, p < 0.0001) and
parenthood (3 = —4.86, p < 0.0001) were negatively associated with WB. These results
indicated that family members could effectively reduce the level of WB; this finding is
consistent with those of previous studies. Participating in leisure activities can relieve stress,
help cope with emotional stress, and moderately maintain physical and mental health [34].
The same finding was observed in this study: engaging in leisure activities with family and
friends was negatively associated with WB (3 = —0.14, p < 0.0001).

Physiological changes resulting from physical activity can reduce individuals’ sensitiv-
ity to chronic stress [35]. Thus, engaging in physical activity can lead to faster recovery after
experiencing a stressful situation, and thus, reduce the risk of burnout [36]. Our results
revealed that regular weekly exercise effectively reduced WB (§ = —5.60, p < 0.0001).

Burnout development was closely related to considerably less sleep (<6 h) [37] and dis-
turbed sleep [38]. Similar to the findings of previous studies, our results revealed that the
participants with SLD < 6 h/day reported a higher level of WB than those with SLD > 6 h/day
(B = 6.27, p < 0.0001).

OT work hours are closely correlated with burnout development in a dose-dependent
manner [39]. IRS work is related to a significantly higher level of burnout [40]. The same
phenomena were observed in our study: OT (3 = 8.88, p < 0.0001) and IRS work (3 = 8.87,
p < 0.0001) were significantly associated with WB.

Burnout was observed to be markedly higher among practicing physicians than
individuals in other careers after adjustment for work hours and other factors [41]. The
present study indicated that the physicians reported a higher level of WB than those
employed in other fields (Table 3). This result is consistent with those of previous studies.

Burnout is an independent risk factor for coronary heart disease [42] and type 2
diabetes [43]. Similar findings are presented in Table 3. The participants who had at least
one CD reported a higher level of WB than those without CD (3 = 3.47, p < 0.0001).

The onset of regional neck/shoulder and/or low back pain was associated with an
increased risk of burnout [44]. In the present study, NBSP was significantly related to WB
(B =6.30, p <0.0001). Overall, the increased occurrence frequency of neck and shoulder
pain increased WB.

Burnout was strongly associated with alcohol abuse or dependence among American
surgeons [45] and was significantly positively associated with higher AU among doctors,
nurses, and residents [46]. The present study demonstrated that AUF was significantly
associated with work-related burnout in a univariate linear regression (Table 3; My: 3 = 0.07,
p <0.0001). Even after adjusting for other risk factors, we observed that this association was
still significant (Table 3; M1: 3 = 0.04, p < 0.01). However, this association did not become
significant after the addition of an extra adjusted variable, namely, NBSP, in the M; model
(M model). NBSP fully explained the residual effect of AUF on WB after an adjustment for
other risk factors.

Previous studies demonstrated a close relationship between musculoskeletal pain,
burnout, and alcohol use. Musculoskeletal pain is associated with the frequency of drinking,
and the association between alcohol consumption and pain is curvilinear [47]. For example,
moderate alcohol consumption was associated with a decreased risk of disabling chronic
back or neck pain [48] and chronic widespread pain [49]. Excessive alcohol use may cause
the development of chronic pain by increasing the risk of traumatic injury and deleterious
effects on the musculoskeletal system [50]. To determine the causal relationship between
AUF, NBSP, and WB, three variables were modeled and the results are presented in Table 5.
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The mediation model (Table 5) demonstrated that AUF mediated the relationship
between NBSP and WB and that NBSP mediated the relationship between AUF and WB.
Some individuals who often reported NBSP used alcohol to cope with pain; however,
this strategy worsened their WB due to increased alcohol use (the mediation proportion
was only 1.95%). In addition, the individuals who often consumed alcohol often reported
NBSP, which further increased WB due to worsening musculoskeletal pain (the mediation
proportion reached 27.08%). These relationships formed a vicious circle of WB for medical
staff who used alcohol and had musculoskeletal pain.

The present study only surveyed the frequency of alcohol use in the past month and
ignored the amount of alcohol intake per day by the participants. This could mean that
alcohol’s effects on burnout and musculoskeletal pain were weakened. The severity of
musculoskeletal pain was also ignored since we could not further explore whether the dose—
response relationship between alcohol use and musculoskeletal pain or burnout existed.
Notably, our study was conducted during the COVID-19 pandemic. It was reported that
over 50% of healthcare professionals reported burnout symptoms during the COVID-
19 pandemic, which was mainly caused by contacting patients, supply shortages, and
work impacting household activities [51]. However, our study’s variables did not include
these factors.

5. Conclusions

Work experience, marriage, and parenthood were negatively associated with WB and
the frequency of alcohol use. A sleep duration of less than 6 h per day, overtime work,
physician medical profession, suffering from CDs, and increased NBSP were positively
associated with WB and frequency of alcohol use. Leisure activity with family and friends,
regular exercise weekly, and a master’s degree or above were negatively associated with
WB. Shift work, nurse medical profession, and increased BAP were positively associated
with WB.

Alcohol use and NBSP were closely associated, and both were independent risk
factors for WB. Mediation models indicated that the individuals who used alcohol to cope
with NBSP or those with NBSP who often consumed alcohol had worsened WB due to
a vicious circle of musculoskeletal pain and alcohol use. Therefore, medical institutions
should positively encourage that staff quit drinking or drink in moderation. In particular,
individuals who suffer from neck and shoulder pain should not consider alcohol use to
cope with burnout symptoms.
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Abstract

BACKGROUND
Burnout, musculoskeletal pain, and sharps injuries (SIs) affect medical workers.

AIM
To establish a model between Sls, burnout, and the risk factors to assess the extent
to which burnout affects Sls.

METHODS

This questionnaire was used for an observational and cross-sectional study, which
was based on members at a hospital affiliated with a medical university in
Taichung, Taiwan, in 2020. The valid responses constituted 68.5% (1734 of 2531).
The items were drawn from the Nordic Musculoskeletal Questionnaire and
Copenhagen burnout inventory and concerned work experience, occupational
category, presence of chronic diseases, sleep duration, overtime work, and work
schedule. Factor analysis, chi-square test, Fisher exact test, Multiple linear, logistic
regression and Sobel test were conducted. The present analyses were performed
using SAS Enterprise Guide 6.1 software (SAS Institute Inc., Cary, NC, United
States), and significance was set at P < 0.05.

RESULTS
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Personal and work-related burnout ranks, sex, work experience ranks, occupa-
tional groups, drinking in the past month, sleep duration per day, presence of
chronic diseases, overtime work ranks, and work schedule were associated with
Sls. Frequent upper limb and lower limb pain (pain occurring every day or once a
week) determined to be related to Sls. High personal burnout (> Q3) and high
work-related burnout (> Q3) mediated the relationship between Sls and frequent
lower limb pain. Similarly, frequent lower limb pain mediated the relationship of
SIs with high personal and high work-related burnout. High personal and high
work-related burnout mediated the relationships of SIs with overtime work and
irregular shift work. The mediating model provides strong evidence of an
association between mental health and Sls.

CONCLUSION

Burnout was determined to contribute to SIs occurrence; specifically, it mediated
the relationships of SIs with frequent musculoskeletal pain, overtime work, and
irregular shift work.

Key Words: Personal burnout; Work-related burnout; Sharps injuries; Musculoskeletal
pain; Mediating factor; Overtime work

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Burnout affects approximately half of all nurses, physicians, and other
clinicians. Sharps injuries, which frequently occur among health care workers,
constitute a critical problem. Our study found burnout was determined to contribute to
sharps injuries occurrence; specifically, it mediated the relationships of sharps injuries
with frequent musculoskeletal pain, overtime work, and irregular shift work. Results
from the present study suggest that if the problem of burnout is ignored, training or
safe operation may not be sufficient to effectively prevent work-related injuries. To the
best of our knowledge, this finding has never been reported.

Citation: Chen YH, Tsai CF, Yeh CJ, Jong GP. Is burnout a mediating factor between sharps
injury and work-related factors or musculoskeletal pain? World J Clin Cases 2021; 9(25): 7391-
7404

URL: https://www.wjgnet.com/2307-8960/full/v9/i25/7391 .htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i25.7391

INTRODUCTION

In May 2018, burnout was recognized as an “occupational phenomenon” in the
International Classification of Diseases, 11* Revision (ICD-11) of the World Health
Organization. Burnout is a state of physical, emotional, and mental exhaustion that
results from long-term involvement in work situations that are emotionally
demanding][1]. The specific definition of burnout in the ICD-11 is “a syndrome concep-
tualized as resulting from chronic workplace stress that has not been successfully
managed.”

Burnout is responsible for high physician turnover and reduced clinical hours,
which cause total losses of approximately 4.6 billion dollars in the United States each
year[2]. Moreover, burnout affects approximately half of all nurses, physicians, and
other clinicians[3]. Studies on resident physicians and nurses have indicated that most
cases of burnout are personal or work-related. Studies have noted that work-related
burnout (WB) and personal burnout (PB) occur in 30% and 50% of individuals with
burnout, respectively[4]. Notably, burnout also affects the patient-related quality of
care[5]. The numerous reasons for the development of burnout include basic
demographic characteristics such as sex[4,6] and age[7]; occupational factors such as
work experience (WE)[8], overtime (OT) work[9], and shift work[10]; lifestyle habits
such as sleep duration (SLD)[10,11] and exercise[11]; and health status (e.g., the
presence of chronic diseases)[12].
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In the United States, 13% of the workforce experience losses in productivity
stemming from a painful physical condition, amounting to an estimated US$61.2
billion in pain-related lost productive time each year[13]. Musculoskeletal (MS) in the
lower back, shoulders, and neck are most commonly reported[14]. In addition,
myofascial pain syndromes from trigger points are among the main causes of MS pain
due to traumatic/micro traumatic events (often secondary to occupational postu-
res/attitudes/activities)[15].

The United States Centers for Disease Control and Prevention defines sharp injuries
(SI) as an exposure event (blood/body fluid exposure) that occurs when a needle or
other sharp object penetrates the skin. SI frequently occurs among health care workers
and constitutes a critical infective problem upon contamination of the sharp object. As
one study noted, 0.42 hepatitis B infections, 0.05 to 1.30 hepatitis C infections, and 0.04
to 0.32 human immunodeficiency virus (HIV) infections develop per 100 cases of SI
per year. The literature review conducted in that study revealed that Sls led to mean
costs of €1966 if the source patient was HIV positive and had coinfections of hepatitis B
and hepatitis C[16]. SI occurrence has been reported to be associated with occupational
factors such as WE[17], work hours[18], and shift work schedules[19] as well as
demographic characteristics such as sex[20] and age[21]. Moreover, one article asserted
that the experience of SIs was related to the mental health of health care workers[22].
Therefore, the relationship between burnout level (as measured using a routine
questionnaire) and SI deserves scholarly attention with regard to the prevention of
work-related injuries among medical personnel. In the present study, a model of
causal relationships between SI, burnout, and work-related risk factors was
established to assess the extent to which burnout affects SI. This investigation serves as
a basis on which the impact of mental health on occupational injuries can be further
explored in the future. Specifically, the present study examined the relationship
between mental health and occupational injuries, with burnout and SI as agent
variables.

MATERIALS AND METHODS

This questionnaire was used for an observational and cross-sectional study, which was
based on members at a hospital affiliated with a medical university in Taichung,
Taiwan, in 2020. Of the 2531 individuals to whom the questionnaire was sent, 1838
(72.6%) completed the questionnaire. After exclusion for missing data, 1734 question-
naires (68.5%) were determined to be valid.

The participants” WE (years) and occupational category were provided by the
occupational safety department of the hospital. On the questionnaire, the participants
were asked whether they had a listed chronic disease (CD), with the selection of one or
more diseases classified as a “yes” response. The participants were also asked whether
they had experienced a SI in the past year. In response to the question on smoking in
the past month, “never” or “have quit smoking” were classified as “no.” As for
drinking in the preceding month, answers of “seldom” or “every day” were classified
as “yes,” whereas “never” was classified as “no.” SLD was classified as < 5, 5-6, 6-7,
7-8, or > 8 h. The participants were asked whether they exercised at least once a day,
at least once a week, at least once a month, less than once a month, or never. Possible
responses to the question on OT work were the following: seldom, fewer than 45 h per
month, 45-80 h per month, and more than 80 h per month. The responses were
classified as seldom, < 45 h per month, and > 45 h per month accordingly. As for work
schedule, the options given were day shift work, night shift work, irregular shift work,
and regular shift work.

This study adopted the Nordic MS Questionnaire (NMQ) modified and translated
by the Taiwan Institute of Occupational Safety and Health[23]. The NMQ, which is
used in the investigation of the site and frequency of MS pain, was developed in a
project funded by the Nordic Council of Ministers. The NMQ has acceptable reliability
[23] and has been applied in a wide range of occupational groups, including nurses
[24]. Items on the NMQ include questions on the presence of pain attributable to work-
related factors in the preceding year and on the pain sites, the options for which were
the neck (N1), left shoulder (N2), right shoulder (N3), upper back (N4), waist or lower
back (N5), left elbow (N6), right elbow (N7), left wrist (N8), right wrist (N9), left
hip/thigh/buttock (N10), right hip/thigh/buttock (N11), left knee (N12), right knee
(N13), left ankle (N14), and right ankle (N15). If a participant answered “yes” to the
question on the experience of work-related pain over the past year, they were
instructed to indicate its frequency: every day, once a week, once a month, or once
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every half year. Pain occurring every day or once a week was defined as frequent MS
(FMS) pain and was scored as 1. Pain occurring once a month or once every half year
was scored as 0.

In the present study, factor analysis was conducted on the NMQ results to
determine the underlying variables that explained most of the questionnaire.
According to the principle proposed by Hair et al[25], factors that should be retained
have feature vector values exceeding 1. Through varimax rotation, the standardized
scoring coefficients constituted new factor loadings and were defined as new factors
according to the corresponding significance of the factor loadings.

The Copenhagen burnout inventory (CBI), which comprises three scales assessing
PB, WB, and client-related burnout, has extremely high internal reliability and low
nonresponse rate[26]. The present study used the Chinese version of CBI, which has
proven to be a reliable and valid tool for assessment of burnout problems[27]; thus, it
was used to evaluate burnout in the present study, with a focus on PB and WB. The
first six items, which concern PB, are as follows: C1: “How often do you feel tired?”
C2: “How often are you physically exhausted?” C3: “How often are you emotionally
exhausted?” C4: “How often do you think ‘I can’t take it anymore’?” C5: “How often
do you feel worn out?” C6: “How often do you feel weak and susceptible to illness?”

Items 7-13, which concern WB, are as follows: C7: “Is your work emotionally
exhausting?” C8: “Do you feel burnt out because of your work?” C9: “Does your work
frustrate you?” C10: “Do you feel worn out at the end of the working day?” C11: “Are
you exhausted in the morning at the thought of another day at work?” C12: “Do you
feel that every working hour is tiring for you?” C13: “Do you have enough energy for
family and friends during leisure time?”

The response options-“always”, “often”, “sometimes”, “seldom”, and
“never/almost never”-are scored as 100, 75, 50, 25, and 0 points, respectively, except
for item C13, which is inverse scored (i.e., the responses are scored as 0, 25, 50, 75, and
100 points, respectively). Levels of PB and WB are represented by the mean of the total
PB and WB scores (the sum of scores on items C1-C6 and items C7-C13), respectively.

The categorical variables were subjected to the chi-square test or Fisher exact test.
Significance in the differences among the means of continuous variables was
determined using the f test or one-way ANOVA. Multiple linear or logistic regression
was conducted to control the interference of potential risk factors in the association
between the independent variables (IVs) and the dependent variable (DV)-specifically,
to determine whether adjustments to variables significantly affected IV-DV associ-
ations. Mediation effects were analyzed on the basis of the strategy proposed by Baron
and Kenny[28] in which: (1) The IV significantly affects the mediator (first-stage effect);
(2) The 1V significantly affects the DV in the absence of the mediator; (3) The mediator
has a significant unique effect on the DV (second-stage effect); and (4) The effect of the
IV on the DV weakens upon addition of the mediator to the model. A method for
mediation suitable for a combination of categorical and continuous variables,
developed by Iacobucci[29], was used; the (formula 1) are as follows.

¥ =bg; +cX
M = by, + aX
Y = by +c'X +bM
Zg=af 3;
Zy = 3/ Sp

Where X is an IV; Y is a DV; M is the adjusted variable (i.e., the mediating factor) in
a simple mediation model; a is a logistic/ Linear regression coefficient of X against M
when M and X are a DV and IV, respectively; b is the logistic/Linear regression
coefficient of M against Y in a simple mediation model; c is the logistic/Linear
regression coefficient of X against Y; and ¢' is the logistic/Linear regression coefficient
of X against Y with M as the adjusting variable. The standard errors of a and b are
represented by s, and s,, respectively.

The original formula of the Sobel test was rederived into formula 2.

e

Zmediation (Zm) =
fza2+zb2+1

Results exceeding |1.96 | and |2.57| (for a two-tailed test) are significant at a = 0.05
and o = 0.01, respectively. The present analyses were performed using SAS Enterprise
Guide 6.1 software (SAS Institute Inc., Cary, NC, United States), and significance was
set at P < 0.05.
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RESULTS

As shown in Table 1, the mean PB and WB scores were 36.69 + 17.59 and 34.19 + 16.29,
respectively. SI incidence was 8.42%. Q1, Q2, and Q3 represented the lower quartile,
median, and upper quartile, respectively. The highest proportions of SlIs (12.55% and
12.42%) corresponded to PB and WB (rank > Q3 for both), respectively. Differences in
SI occurrence were significant among the PB or WB ranks. Women reported higher PB
and WB than men (37.39 vs 33.64 and 34.89 vs 31.13, respectively; P < 0.01 for both), but
SIs were more common in men (13.85% vs 7.17%; P < 0.01). Regarding WE, ranks > Q2
and < Q3 corresponded to the highest PB level (mean = 38.94 + 17.60), whereas a rank
> Q3 corresponded to the lowest WB level (mean = 31.36 + 15.46). Moreover, ranks >
Q1 and < Q2 with regard to WE corresponded to the highest proportion of SI
occurrence (12.21%). Significant differences in the proportion of SI occurrence and in
the levels of PB and WB were noted among occupational groups, with nurses experi-
encing the highest PB and WB (41.22 and 39.33). Notably, SIs occurred most commonly
among physicians (15.86%). Levels of PB (mean = 39.51) and WB (mean = 36.17) were
significantly higher in participants who reported drinking during the preceding
month, as was SI occurrence (11.41%). SLD was significantly associated with PB level,
WB level, and SI occurrence. The highest PB and WB (mean scores = 48.52 and 41.82,
respectively) were observed in the participants who reported sleeping < 5 h per night,
as was the highest SI occurrence (14.52%). The participants who exercised daily
reported significantly lower PB and WB (mean scores = 31.27 and 28.84, respectively)
than those who exercised less frequently, but no significant difference in SI occurrence
was noted. Compared with those without such conditions, the participants with CD
had significantly higher levels of PB and WB (mean scores = 38.69 and 35.43,
respectively) and were more likely to have sustained an SI (10.53%). Burnout levels
and SI occurrence differed significantly according to the monthly number of OT hours.
Specifically, the participants who worked > 45 h per month had the highest PB and
WB (mean scores = 48.51 and 43.73, respectively). These individuals were also the most
likely to have sustained an SI (16.98%). Burnout levels and SI occurrence also differed
significantly with work schedule. Specifically, the participants who worked irregular
shifts reported the highest PB and WB (mean scores = 43.54 and 40.90, respectively) as
well as the highest SI occurrence (13.45%).

Table 2 presents information on the sites and occurrence of MS pain experienced
over the 12 mo as well as the sites and proportion of MS pain that occurred at least
once a week (i.e., FMS pain). Because the eigenvalues of factors 1 and 2 exceeded 1,
these factors were retained. Although the eigenvalue of factor 3 was lower than 1, it
was retained for the maximum explaining questionnaire. The factor loadings were
converted into standardized scoring coefficients through varimax rotation. The
relatively large factor loading values in bold for factors 1, 2, and 3 correspond to pain
in the upper trunk, lower limbs, and upper limbs, respectively. Frequent upper torso
pain (FUTP) occurred in the neck, both shoulders, and upper back, and its
standardized coefficient was defined as FUTP. As for frequent lower limb pain (FLLP),
sites included both hip/thigh/buttocks, both knees, and both ankles, and its
standardized coefficient was defined as FLLP. Frequent upper limb pain (FULP)
occurred in both elbows and both wrists, and its standardized coefficient was defined
as FULP. The explained variation in FUTP, FLLP, and FULP was 73.86%, 23.11%, and
8.67%, respectively. This indicated that the participants experienced upper trunk pain
most frequently, followed by lower limb and upper limb pain. Although FULP had the
smallest explained variation of the three, it was retained because the present study was
focused on the relationship between SI and upper limb pain.

Table 3 shows that the participants who had experienced an SI in the preceding year
had significantly higher FLLP and FULP scores than those who had not, but no
significant differences were noted for the FUTP score. In short, FLLP and FULP were
identified as risk factors for Sls.

Because of the extremely high proportion of Sls corresponding to PB or WB ranks >
Q3 (Table 1), PB rank was reclassified as PB > Q3 and PB < Q3, and WB rank was
reclassified as WB > Q3 and WB < Q3. PB > Q3 and WB > Q3 corresponded to high PB
level (HPBL) and high WB level (HWBL), respectively. Similarly, the participants who
worked irregular shifts had significantly higher PB and WB scores; therefore, the work
schedule was reclassified as irregular work shifts (IRWS) and other work schedules.
Moreover, because SIs were only reported by nine participants who worked > 45 h of
OT per month, OT work was reclassified as an experience of OT (EOT) work and
seldom worked OT.
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Table 1 Descriptive statistics concerning the results of the Copenhagen burn inventory and occurrence of sharps injuries (n = 1734)

PB score WB score Sl
Characters n

mean * SD mean * SD Subject (%)
Sl in past one year 1734 36.69 +17.59 3419 £16.29 146 (8.42)
PB ranks i
>Q3 542 56.93 +12.20 - 68 (12.55)
>Q2and £Q3 482 37.22 £331 . 30 (6.22)
> Q1 and < Q2 394 27.08 £2.09 - 29 (7.36)
<Ql 316 1312 £6.79 . 19 (6.01)
WB ranks o
>Q3 451 - 54.66 £ 9.45 56 (12.42)
>Q2and Q3 572 - 36.70 £4.03 39 (6.82)
> Q1 and £ Q2 344 - 26.61+1.78 25 (7.27)
<Q1 367 - 12.20+7.27 26 (7.08)
Sex ° b o
Male 325 33.64 £16.48 31.13 £15.28 45 (13.85)
Female 1409 37.39+17.77 34.89 £16.44 101 (7.17)
WE ranks ° ° o
<Q1 375 36.23 +17.73 34.72£17.37 34 (9.07)
> Q1 and £ Q2 434 37.29£17.98 35.12+£16.10 53 (12.21)
>Q2and £Q3 487 38.94 +17.60 35.48 £16.06 38 (7.80)
>Q3 438 34.07 +16.73° 31.36 £15.46 21 (4.79)
Occupation groups ‘ ‘ o
Doctors 145 37.10£17.37 34.11+16.78 23 (15.86)
Nurses 627 41.22 £17.27 39.33 £15.55 55 (8.77)
Others 962 33.67 £17.20 30.84 +15.82° 68 (7.07)
Right-handed
Yes 1663 36.89 +17.64 34.31+£16.31 142 (8.54)
No 71 31.87 £15.62 31.34£15.48 4 (5.63)
Drinking in past month ‘ b w
Yes 561 39.51 £17.05 36.17 £16.03 64 (11.41)
No 1173 35.34 £17.69 33.24 +£16.33 82 (6.99)
Smoking in past month
Yes 12 31.60 +16.80 25.89 +£17.04 2 (16.67)
No 1722 36.72 +17.60 34.24 £16.27 144 (8.36)
SLD (per day) ranks ¢ ‘ -
<5h 62 48.52 +20.62 41.82+£17.57 9 (14.52)
>5and<6h 566 41.04+17.91 38.26 £16.47 54 (9.54)
>6and<7h 771 34.91 +16.38 32.35+15.40 66 (8.56)
>7h 335 31.23 +£16.47 29.89 +15.80 17 (5.07)
Exercise per day " ‘
Yes 133 31.27 +18.88 28.84 +17.87 11 (8.27)
No 1601 3714 +£17.41 34.63 £16.08 135 (8.43)
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Suffering chronic disease " : e

Yes 608 38.69 +17.95 35.43 +16.70 64 (10.53)
No 1126 35.61 +17.31 33.51 +16.02 82 (7.28)
OT work ranks : ‘ o

>45h / mo 53 48.51+19.78 43.73 +18.34 9 (16.98)
<45h/ m 481 41.32+17.21 39.27 +15.82 58 (12.06)
Seldom 1200 34.31 +17.07° 31.73 +15.75 79 (6.58)
Work schedule classes : ‘ o
Irregular shift 223 43.54 +18.63 40.90 +16.91 30 (13.45)
Regular shift 204 37.89+17.15 35.19 +15.19 25 (12.25)
Night 204 37.77 +18.14 37.45+16.26 17 (8.33)
Day 1103 34.88 +16.99 32.04 +15.89 74 (6.71)

IChi-square test.

%Fisher exact test.

2P <0.05.

bp < 0.01.

P < 0.0001. OT: Over time; PB: Personal burnout; SD: Standard deviation; SI: Sharp injuries; SLD: Sleep duration; WB: Work-related burnout.

Table 2 Sites of musculoskeletal pain and factor analysis of the Nordic musculoskeletal questionnaire, n (%)

Pain past 12 months ~ FMS pain  Factor loadings

Pain site Subjects Subjects  Factor 1: Uppertorso  Factor 2: Lower limb  Factor 3: Upper limb
Neck 636 (36.68) 405 (23.36)  0.29 -0.04 -0.05
Left shoulder 370 (21.34) 234 (13.49)  0.27 -0.06 -0.03
Right shoulder 444 (25.61) 283 (16.32)  0.29 -0.05 -0.02
Upper back 327 (18.86) 210 (12.11)  0.19 0 0.01
Waist or lower back 529 (35.01) 300 (17.30)  0.12 0.02 0
Left elbow 65 (3.75) 35 (2.02) -0.03 -0.02 0.25
Right elbow 126 (7.27) 81 (4.67) -0.01 -0.04 0.27
Left wrist 103 (5.94) 67 (3.86) -0.03 0 0.24
Right wrist 205 (11.82) 110 (6.34)  -0.02 -0.04 0.31
Left hip/thigh/buttock 70 (4.04) 48 (2.77) -0.04 0.19 0.04
Right hip/thigh/buttock 70 (4.04) 45 (2.60) -0.04 0.19 0.05
Left knee 95 (5.48) 51 (2.94) 0.04 0.2 -0.09
Right knee 88 (5.08) 51 (2.94) 0.02 0.29 011
Left ankle 42 (2.42) 31 (1.79) -0.06 0.23 0
Right ankle 51(2.94) 39 (2.25) -0.05 0.21 0
Eigenvalues 4.02 1.26 0.47
Explained variation (%) 73.86 2311 8.67

The relatively large factor loading values were marked in bold for corresponding to musculoskeletal pain sites.

Figure 1 shows the mediation effect of burnout in the association between SIs and
the risk factors. The value of ¢ must be statistically significant and greater than that of
c'. Moreover, the values of @ and b must be statistically significant. In addition, a x b
and c¢-¢’ must differ significantly and be able to be tested by calculating the Z _ iio0n
value (Z,). HPBL partially mediated the relationships of SI with FLLP (Z,, = 2.84),
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Table 3 Differences in frequent musculoskeletal pain scores between participants who had and had not experienced an sharps injury in

the preceding year

With Sls in past year Without Sls in past year

FMS pain score P value
mean * SD mean * SD

FUTP 0.11+0.97 -0.01+0.86

FLLP 024%117 0.02+0.78 "

FULP 0.16 +0.96 -0.02+0.70 :

2P <0.05.

PP < 0.01. FMS: Frequent musculoskeletal; FUTP: Frequent upper torso pain; Sis: Sharps injuries.

a,= 0.28%(s,,= 0.06)
a,= 0.28%(s,,= 0.07)
a;= 0.73%(s,3= 0.11)
a,= 0.16 (s3= 0.18)
as= 0.68%(s,5= 0.15)
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Figure 1 Mediation effects of high personal burnout level/high work-related burnout level in the association between sharps injuries and
X;. 2P < 0.05,°P < 0.01, °P < 0.0001. ;: Frequent lower limb pain; ,: Frequent upper limb pain; ,: Experience of overtime vs seldom worked overtime; ,: Doctors vs
Nurses and others; ¢: Irregular work shifts vs other work schedules; ai: The logistic regression coefficient of risk factors for the association between sharps injurie (SI)
and risk factors; s,;: The standard error of a;; b;: The logistic regression coefficient of burnout as an adjusted variable with regard to the association between Sl and X;;
s,;: The standard error of b, SI: Sharps injurie; HPBL: High personal burnout level; HWBL: High work-related burnout level.

FULP (Z, = 2.70), EOT work (Z, = 3.03), and IRWS (Z, = 2.84). HWBL partially
mediated the relationships of SI with FLLP (Z,, = 2.54), FULP (Z, = 2.56), EOT work
(Z,, = 2.65), and IRWS (Z, = 2.70). A strong relationship between FMS pain and
burnout was observed, but whether FMS pain also mediated the relationship between
SI and burnout remains to be determined. Figure 2 shows FLLP significantly mediated
the relationships of SI with HPBL (Z,, = 2.44) and HWBL (Z,, = 2.40). By contrast, the
mediating effect of FULP was not significant. Neither FLLP nor FULP mediated the
relationships of SI with EOT work, being a physician, and IRWS.

From the analytical results (Table 1-3, Figure 1 and 2), the following inferences can
be made: an increase in the frequency of limb pain was closely correlated with an
increase in Sl incidence, and an increase in burnout level caused by an increase in the
frequency of limb pain increased SI occurrence. The participants with HPBL accounted
for a higher proportion of the Sls that occurred, and the increase in FLLP caused by
HPBL also raised the proportion of SI occurrence. The participants with EOT work
were more likely to sustain an SI, as were the participants experiencing serious
burnout caused by OT work, which would increase the rate of SI occurrence. Similarly,
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Figure 2 Mediation effects of frequent lower limb pain/frequent upper limb pain in the association between sharps injuries and X;. 2P <
0.05, °P < 0.01, °P < 0.0001. : High personal burnout level; ,: High work-related burnout level; ,: Experience of overtime vs seldom worked overtime; ,: Doctors vs
Nurses and others; ;: Irregular work shifts vs other work schedules; a;: The logistic regression coefficient of risk factors for the association between sharps injuries (SI)
and risk factors; s,;: The standard error of a;; b;: The logistic regression coefficient of burnout as an adjusted variable with regard to the association between Sl and X;;
s, The standard error of b,. SI: Sharps injurie; FLLP: Frequent lower limb pain; FULP: Frequent upper limb pain.

the participants with IRWS were also more likely to sustain an SI, as were the
participants experiencing serious burnout caused by IRWS, which would increase the
rate of SI occurrence.

Constructed on the basis of the results presented in Figure 1 and 2 is a simple
mediation model that indicates the existence of direct or mediating relationships
between SI and FLLP, HPBL/HWBL, and EOT work or IRWS. HPBL and HWBL
mediated the SI-FLLP relationship. Similarly, FLLP was a mediating factor in the
relationships of SI with HPBL and HWBL. Furthermore, HPBL and HWBL mediated
the relationships of SI with EOT work and IRWS.

DISCUSSION

In line with reports that both PB and WB levels are significantly higher among female
resident physicians[4] and that male nurses experience burnout syndrome less
commonly than female nurses[6], the women in the present sample reported
significantly higher PB and WB than the men (Table 1). Regarding Sls, a study
indicated that male health workers were 10 times more likely to sustain an SI than
were female health workers[30]. The men in the present study were more likely to
sustain SIs than the women (13.85% vs 7.17%).

Studies have reported that nurses and clinicians working OT are more likely to
experience burnout[9]. In one study, an increase in weekly work hours increased the
occurrence of SIs among nurses[31]. As shown in Table 1, a dose-response relationship
between SI and OT work (> 45, < 45 h, or seldom) was observed. Similar results were
noted for relationships of PB and WB with OT. Specifically, more OT work hours
increased SI occurrence and the mean levels of PB and WB, and PB and WB was
positively associated with SIs. These results suggest that OT work was related to PB
and WB level as well as to SI occurrence. PB and WB may contribute critically to the
relationship between SI and OT work; this possibility warrants further investigation.
As shown in Figure 1, PB and WB partially mediated the relationship between SI and
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EOT work; the effects were significant. These results suggest that EOT work affected SI
directly or indirectly (through an unknown path). Studies have noted that increased
OT was significantly associated with impairments in attention, executive function[32],
and stress response[33]. Whether OT work affects SI incidence through these factors
remains to be determined.

One study noted that burnout syndrome was more common among nurses working
irregular shifts than among those working regular shifts[6]. In the same vein, studies
have observed that working regular shifts exerted protective effects against Sis[19,21].
Consistent with results from other studies, in the present study, the highest mean PB
and WB was reported by participants working irregular shifts (Table 1). As shown in
Figure 1, PB and WB also partially mediated the relationship between SI and irregular
shifts, indicating that irregular shifts may have affected SI through burnout in some
participants; in others, irregular shifts may have exerted direct effects on SI through
other routes.

A large study conducted in the Netherlands on MS pain occurring over 12 mo
reported that lower back pain occurred the most frequently (43.9%), followed by
shoulder pain (30.3%) and neck pain (31.4%)[14]. In line with these results, the corres-
ponding occurrence of low back pain, shoulder pain, and neck pain in the present
study was 35.01%, 46.95%, and 36.68%, respectively (Table 2). A study on seven
occupational groups in Norway reported a significant association between burnout
and MS pain[34]. In the present study, the frequency of limb pain (lower or upper) was
positively associated with HPBL and HWBL (a = 0.28, P < 0.0001; a = 0.28, P < 0.0001;
Figure 1). A cross-sectional study on burnout and occupational accidents in which the
Maslach Burnout Inventory (MBI) questionnaire was administered to employees in the
occupational medicine department of a hospital reported that each one-unit increase in
the burnout score corresponded to a 9% increase in the risk of injury[35]. In a study on
Chinese nurses in which the MBI questionnaire was again used, emotional exhaustion
was positively associated with SI occurrence[36]. Regarding the present results
obtained from the CBI, SI occurrence differed significantly in PB (P < 0.01) and WB
ranks (P < 0.01) (Table 1). As shown in Figure 2, HPBL (¢ = 0.72, P < 0.001) and HWBL
(c =0.63, P < 0.01) were positively associated with SI occurrence. The present results
are consistent with those from other studies that used the MBIL. However, in an
extension of the literature, we further explored the causal relationships between SI,
work-related risk factors, and burnout through the analysis of mediating effects. As
shown in Figure 2, FLLP also mediated the relationships of SI with HPBL and HWBL,
indicating that FLLP and HPBL or HWBL form a vicious circle with SI (Figure 3).
These findings serve as a valuable reference for SI prevention. To test for significance,
we used the Z  formula developed by lacobucci[29], which can effectively test for
mediating effects in samples exceeding 300 when X, Y, and M are categorical variables.
The present sample size of 1734 more than meets this requirement. Therefore, the Z ,
formula was suitable.

WE, drinking in the preceding year, SLD, exercise, and CD, variables adjusted in the
model, were identified as risk factors for SI and burnout. The significant association of
these variables with SI and burnout is supported by results from other studies. For
example, studies have indicated that individuals with less WE are at a higher risk of
sustaining SIs[17], and the report of burnout was significantly positively associated
with higher alcohol consumption[37]. Moreover, PB has been demonstrated to be
significantly associated with impaired sleep quality[11], and reductions in SLD
increase the risk of occupational injury[38]. University students or nurses who engage
in physical activity or exercise have been noted to report significantly lower levels of
PB and fatigue[11], and individuals with burnout appear to be more susceptible to
physical illness than those without burnout[39]. Therefore, the adjustment of these
variables was both necessary and appropriate for reducing the impacts of possible
confounders on the SI model.

The burnout mediation model regarding SI and occupational risk factors (e.g., OT
work, irregular shift, and MS pain) provides strong evidence of an association between
mental health and SIs. The literature mostly examines the relationship between SI and
the work process or the use of protective equipment; deeper psychological factors are
seldom explored. The relationship between SIs and work-related injuries not induced
by burnout warrants further investigation. A study on 112 workers in metal melting
industries reported no significant association between occupational burnout and
unsafe actions[40]. Despite the small sample size in that study, results from both that
study and the present study suggest that if the problem of burnout is ignored, training
or safe operation may not be sufficient to effectively prevent work-related injuries.
Therefore, to mitigate the problem of work-related injuries, institutions should take
effective countermeasures to alleviate burnout among medical personnel.

WJCC | https://www.wjgnet.com 7400 September 6,2021 | Volume9 | Issue25 |



HPBL and HWBL

FLLP
(X1/Mp)

(X/My)

Chen YH et al. Burnout is a mediating factor

HPBL and
HWBL (M;)

N

sI
)

EOT and SI
IRWS (X3) —————* Y)

Figure 3 Simple mediation model for burnout and frequent lower limb pain. X and Y are the independent and dependent variables, respectively,
whereas M, is the mediating factor of sharps injuries (Y) and X;. FLLP: Frequent lower limb pain; HPBL: High personal burnout level; HWBL: High work-related
burnout level; EOT: The experience of overtime (work); IRWS: Irregular work shifts.
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This study was performed in the context of the coronavirus disease 2019 pandemic,
which may have been more demanding on medical personnel than the non-pandemic
period. Therefore, a similar study that assesses the regular work conditions and
exposure of health care workers during the non-pandemic period should be replicated
and compared with the result of the pandemic period.

CONCLUSION

Burnout was determined to contribute to SI occurrence; specifically, it mediated the
relationships of SI with FUTP, FLLP, EOT, and IRWS. FLLP also mediated the
relationship between SI and burnout, forming a vicious circle of burnout and FLLP
that further increased the frequency of SIs. To the best of our knowledge, this finding
has never been reported. The present findings serve as a reference for the management
of mental health and the prevention of SIs among medical personnel worldwide.

ARTICLE HIGHLIGHTS

Research background

Burnout affects approximately half of all nurses, physicians, and other clinicians.
Sharps injuries, which frequently occur among health care workers, constitute a critical
problem in the hospital.

Research motivation

Studies conducted in many countries revealed the relationship between burnout level
(as measured using a routine questionnaire) and sharps injury deserves scholarly
attention with regard to the prevention of work-related injuries among medical
personnel. However, studies assessing the extent to which burnout affects sharps
injuries are scarce.

Research objectives
To be established a model between sharps injuries, burnout, and the risk factors to
assess the extent to which burnout affects sharps injuries.

Research methods

A questionnaire was used for an observational and cross-sectional study, which was
based on members at a hospital affiliated with a medical university in Taichung,
Taiwan, in 2020. The valid responses constituted 68.5% (1734 of 2531). The items were
drawn from the Nordic Musculoskeletal Questionnaire and Copenhagen burnout
inventory and concerning work experience, occupational category, presence of chronic
diseases, sleep duration, overtime work, and work schedule. Factor analysis, chi-
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square test, Fisher exact test, multiple linear, logistic regression, and Sobel test were
conducted.

Research results

Our study found burnout was determined to contribute to sharps injuries occurrence;
specifically, it mediated the relationships of sharps injuries with frequent musculo-
skeletal pain, overtime work, and irregular shift work.

Research conclusions

Burnout was determined to contribute to SIs occurrence; specifically, it mediated the
relationships of sharps injuries with frequent musculoskeletal pain, overtime work,
and irregular shift work.

Research perspectives

A similar study that assesses the regular work conditions and exposure of health care
workers during the non-pandemic period should be replicated and compared with the
result of the pandemic period.
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Abstract

BACKGROUND

Needle stick and sharps injuries (NSIs) may cause infections among medical
personnel. Obesity and overtime work among medical personnel increase the
incidence of work injuries.

AIM
To investigate whether overtime work and obesity increase the risk of NSIs.

METHODS

This cross-sectional study used the data of 847 hospital personnel, including 104
doctors, 613 nurses, 67 medical laboratory scientists, 54 specialist technicians, and
nine surgical assistants. Of them, 29 participants notified the hospital of having at
least one NSI in 2017. The data collected included age, overtime work, body mass
index, medical specialty such as doctor or nurse, and professional grade such as
attending physician or resident. The y? and Fisher’s exact tests were used to
compare categorical variables. Multiple logistic regression analysis and the Sobel
test were used to assess the risk of NSIs.

RESULTS

Overtime work, body weight, and medical specialty were significantly associated
with NSIs (P < 0.05). After adjustment for risk factors, heavy overtime work was
an independent risk factor for NSIs, and healthy body weight and nursing
specialty were independent protective factors against NSIs. After adjustment for
risk factors, medical personnel with healthy body weight has half as many NSIs as
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those with unhealthy body weight; the proportion of NSIs in doctors with healthy
body weight was 0.2 times that in doctors with unhealthy body weight; the
proportion of injuries among residents was 17.3 times higher than that among
attending physicians; the proportion of injuries among junior nurses was 3.9 times
higher than that among experienced nurses; the proportion of injuries among
nurses with heavy overtime work was 6.6 times higher than that among nurses
with mild overtime work; and the proportion of injuries among residents was 19.5
times higher than that among junior nurses. Heavy overtime work mediated the
association of medical specialty with NSIs.

CONCLUSION

In addition to promoting the use of safety needles and providing infection control
education, managers should review overtime schedules, and medical personnel
should be encouraged to maintain a healthy weight.

Key Words: Medical staff; Needle stick and sharps injuries; Overtime work; Healthy body
weight; Obesity

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Needle stick and sharp injuries (NSIs) are complex multifactorial processes
that are commonly observed in physical, psychological, and environmental fields.
Therefore, preventing NSIs in medical personnel remains a critical health issue. To
reduce the risk of NSIs, other factors affecting their incidence, such as medical
specialty and body weight, should be analyzed. We investigated whether overtime and
obesity increase the risk of NSIs. We also aimed to provide insights into the
development of more effective prevention plans for NSIs. To the best of our
knowledge, these findings have never been reported.

Citation: Chen YH, Yeh CJ, Jong GP. Association of overtime work and obesity with needle
stick and sharp injuries in medical practice. World J Clin Cases 2021; 9(35): 10937-10947

URL: https://www.wjgnet.com/2307-8960/full/v9/i35/10937.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i35.10937

INTRODUCTION

Needlestick and sharp injuries (NSIs) carry the risk of various infections, such as
hepatitis B, hepatitis C, and human immunodeficiency virus (HIV) infections[1,2]. In
2000, occupational exposure to percutaneous injuries caused by medical personnel
resulted in 16000 cases of hepatitis C, 66000 cases of hepatitis B, and 1000 cases of HIV
worldwide[3]. The mean number of NSIs per 100 occupied beds per year was 4.8-7.6
from 2009 to 2011 in Japan[4]. Poor organizational climate and high workloads are
associated with NSIs and near-misses in nurses[5]; however, the incidence of NSIs
remains higher among doctors, commonly due to stress or overwork, followed by
careless attitude[6]. This careless attitude can be effectively reduced by providing
preventive education[7-10] and supplying protective equipment for procedures such
as intravenous access or blood draws[5]. Some occupational factors, such as long
working hours and overtime, can increase the risk of NSIs among medical personnel
[11,12]; the risk of work-related injuries due to overtime has also been observed in
other occupations[13]. According to the Survey of Occupational Injuries and Illnesses
compiled by the United States Department of Labor, overtime work increased the
injury hazard rate by 61%. In particular, the injury hazard rate was increased by 37%
and 23% for work that lasted more than 12 h daily and 60 h, respectively, per week
[13]. To ensure that medical services are promptly delivered, medical personnel
routinely extend their working hours in cases of personnel shortage or sudden spikes
in demand at the medical site. In Taiwanese hospitals, medical personnel working
overtime mainly comprise doctors, 40% of whom work more than 60 h per week. In
particular, 97% and 83% of doctors in medical centers and regional hospitals,
respectively, work overtime[14].
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Obesity has been significantly associated with diseases such as type 2 diabetes,
cardiovascular diseases, and several forms of cancer[15] and occupational injuries[16].
Occupational injuries caused by obesity generally comprise sprains, strains, lower
limb injuries, and falls[17]. However, a study found no significant relationship
between obesity and contact with sharp material agents without adjusting for medical
specialty and overtime work[16]. Male health workers were found to be 10 times more
likely than female health workers to encounter NSIs[18]. Furthermore, low work
experience was associated with high NSI incidence among nurses[9], and resident
doctors (RDs) have a higher incidence of NSIs than do attending physicians (APs)[19].
NSI incidence among doctors differed from that among nurses[7], and RDs had a
higher incidence than APs and nurses[19].

NSIs are complex multifactorial processes that are related to physical, psychological
and environmental fields. Therefore, preventing NSIs in medical personnel remains a
critical health issue. To further reduce the risk of NSIs, other factors affecting NSI
incidence should be analyzed, such as medical specialty and body weight (BW), and
an effective prevention plan should be developed accordingly.

MATERIALS AND METHODS

This cross-sectional study used data regarding doctors, nurses, and medical laboratory
scientists working in Chung Shan Medical University Hospital, Taichung, Taiwan,
recorded during 2017. The following data were collected: sex, age, height, weight,
intensity of overtime work, medical specialty (doctor, nurse, medical laboratory
scientist, specialist, or surgical assistant), professional level (AP or RD for doctors and
N, N1, N2, N3 or N4 for nurses based on The Guidelines of Nursing Clinical Ladder
System Program in Hospital). In this study, nurses with the professional level of N,
which represents < 1 year of clinical work, were categorized as junior nurses (JNs) and
nurses with higher levels were categorized as experienced nurses. We defined a
medical laboratory scientist as a professional technician (excluding pathology
laboratory personnel), a specialized technician as a specialist nurse in some medical
specialty, and a surgical assistant as a person who assists a doctor in performing a
surgical operation.

This study included 847 participants (104 doctors, 613 nurses, 67 medical laboratory
scientists, 54 specialist technicians, and nine surgical assistants). Among them, 29
notified the hospital of having at least one NSI in 2017; NSIs were recorded by the
hospital’s occupational safety and health department. In this study, the aforemen-
tioned data were analyzed after depersonalization. Body weight was classified
according to the definition of overweight or obesity by the Health Promotion Adminis-
tration, Ministry of Health and Welfare. Specifically, body mass index (BMI) between
18.5 and 24.0 was considered a healthy BW (HBW), and any other BMI outside this
range was considered an unhealthy BW (UHBW). Overtime work was classified
according to the workload levels in the Guidelines for Prevention of Diseases Caused by
Abnormal Workloads (Second Edition) from the Occupational Safety and Health Adminis-
tration, Ministry of Labor. Specifically, extra work (both overtime and non-overtime)
was categorized as slight (< 45 h/mo), moderate (45-80 h/mo), and heavy (> 80 h/mo)
overtime work, respectively.

All statistical analyses were conducted using SAS v6.1 (SAS Institute, Cary, NC,
United States). In addition, the y* and Fisher’s exact tests were used to compare
categorical variables. Multiple logistic regression analysis was used to analyze the
correlation of NSI with the study’s main variables. The mediation effect was
determined using the following approach proposed by Baron and Kenny (1986)[20]:
(1) The independent variable (IV) significantly affects the mediator (first-stage effect);
(2) The 1V significantly affects the dependent variable (DV) in the absence of the
mediator; (3) The mediator has a significant unique effect on the DV (second-stage
effect); and (4) The effect of the IV on the DV decreases upon the addition of the
mediator to the model. Finally, the Sobel test[21] was conducted to determine the
significance of this mediation effect, for which the sample size was required to be at
least 200[22]. Before performing the Sobel test, if the IV, mediator, or DV was not
continuous, the logistic regression coefficient was standardized: X is an independent
variable, Y is a dependent variable and M is an adjusting variable (mediating factor) in
a simple mediating model. a is the unary logistic regression coefficient of X against M
when M is the dependent variable and X is the independent variable. b is the logistic
regression coefficient of M against Y in a simple mediating model. c is the unary
logistic regression coefficient of X against Y, and c' is the logistic regression coefficient
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of X against Y with M as the adjusting variable. Moreover, S,and S, were the standard
errors of a and b, respectively. Mediation analysis for categorical variables was
conducted following the method recommended by Iacobucci (2012)[23].

?=b01+CX

M == b02 + aX
Y=b03+C,X+bM
Z, =0a/S,
Z,=Db/Sy
The original Sobel test formula was modified as follows:

o

_ a
Zmediation -
Za2+Zp%+1

It was considered significant at the o = 0.05 Level if its value exceeded |1.96| (for a
two-tailed test with o = 0.05). In this study, statistical significance was indicated by P <
0.05.

This study was approved by Institutional Review Board of Chung Shan Medical
University Hospital on December 2, 2019 (CSMUH No: C519137).

RESULTS

Table 1 presents the participant characteristics, including sex, body weight, and level
of overtime work. If the y? test’s assumptions were violated, Fisher’s exact test was
performed. Medical personnel were classified as doctors, nurses, and others (which
included medical laboratory scientists, specialist nurses, and surgical assistants).
Different types of medical personnel differed significantly in terms of NSI, sex, age,
and moderate or heavy overtime (Table 1). Among them, the proportion of NSIs was
the highest among doctors (7.7%). Furthermore, our cohort had an exceptionally low
proportion of male nurses, with 95.9% of nurses being female; by contrast, the
proportion of female doctors was lower (26.9%). Among the medical specialties, nurses
were the youngest, with a mean age of 33.6 years. Moreover, no significant differences
were observed in HBW between the three groups. The proportions of moderate and
heavy overtime work among doctors (29.8% and 16.3%, respectively) were
significantly higher than those among nurses and others.

Among doctors, APs and RDs differed significantly in terms of NSIs, sex, age, and
moderate and heavy overtime, but not in terms of HBW. The proportion of NSIs
among RDs (21.2%) was considerably higher than that among APs (21.2% vs 1.4%, P <
0.01). The significant difference in age between RDs and APs was expected due to the
training system (45.5 vs 31.0, P < 0.0001). The proportion of moderate overtime was
higher among APs than RDs (31.0% vs 27.3%, P < 0.01) but that of heavy overtime was
considerably higher among RDs than APs (33.3% vs 8.5%, P <0.01).

Nurses of different professional grades (N1-N4) differed significantly in terms of
age (P < 0.0001) and moderate overtime (P < 0.05). Nurses with the professional level
of N had the highest proportion of NSIs (6.2%). Age increased with the professional
grade, which was expected due to the nursing clinical ladder system. Among nurses,
nurses with the professional level of N had the highest proportion of moderate
overtime work (32.6%), but the proportion of heavy overtime work was not the highest
in this group (4.7%).

As presented in Table 2, the proportion of NSIs in participants with HBW was 0.5
times [odds ratio (OR) = 0.5, P < 0.05] that in participants with UHBW in the M, model
of all participants. The proportion of NSIs in doctors with HBW was 0.2 times (OR =
0.2, P < 0.05) that in doctors with UHBW in the M, model of doctors. In addition, the
proportion of NSIs in nurses with HBW was 0.5 times that in nurses with UHBW, but
the difference was not significant.

Table 2 presents a clear effect of heavy overtime work on NSIs: medical personnel
with heavy overtime work were 4.3-5.7 times more likely to experience an NSI than
those with mild overtime work, and the difference was significant. Similarly, NSIs
occurred 5.4 times more proportion in doctors with heavy overtime work (OR =54, P
< 0.05) than in those with slight overtime work; however, this effect could be
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Table 1 Characteristics of study participants according to their medical specialty and professional grade

NSls Female Age HBW Moderate OT  Heavy OT
n % P n % P meanxSD P n° % P n % P n % P

Variable Totaln

Profession groups

Doctors 104 8 77 28 269 409 +10.4 ¢ 53 510 NS 31 298 ° 17 163
Nurses 613 16 26 588 959 33.6+8.3 354 578 147  24.0 28 46
Others 130 5 39 95 731 40.6+7.1 64 492 15 115 0 00
Profession grade (doctor)

AP 71 1 14 " 14 197 ° 455493 © 3 45 NS 2 310 " 6 85 °
RD 33 7 212 14 424 31.0+2.9 20 606 9 27.3 11 333
Profession grade (nurse)

N 129 8 62 119 922 NS 253+33 ¢ 78 605 NS 42 326 ° 6 47 NS
N1 134 1 08 128 955 29.0 +4.9" 70 522 35 261 3 22

N2 145 3 21 140 966 34.6+6.7 84 579 24 166 9 62

N3 143 4 28 140 979 405465 86 601 29 203 6 42

N4 62 0 0 61 984 423+48 36 581 17 274 4 65

2P <0.05.

P <0.01.

P < 0.0001.

NS: Not significant.

1Chi-square test or Fisher’s exact test.

2Moderate overtime work is 45-80 h/mo, and heavy overtime work is > 80 h/mo.
30Overweight/Obesity.

OT: Overtime; NSIs: Needle stick and sharps injuries.

explained by the other effects such as HBW (OR = 0.2, P < 0.05) and RDs (OR =17.3, P
< 0.05). Although nurses with heavy overtime work experienced more NSIs (OR = 3.7
and 3.8) than others, the difference was not significant.

Doctors experienced more NSIs incidence than other types of medical personnel,
but the difference was nonsignificant (OR = 1.3-2.1, P > 0.05). After adjustment for
other variables (M, model), the nurse specialty was identified as an independent
protective factor for NSIs (OR = 0.3, P < 0.05). Among doctors, regardless of whether
adjustments were made for other variables, being an RD was an independent risk
factor for NSIs (OR = 18.9, P < 0.01 and OR = 17.3, P < 0.05). Similarly, among nurses,
being a JN was also an independent risk factor for NSIs regardless of whether
adjustments were made for variables (both OR =3.9, P < 0.01).

Consequently, RDs and JNs were added to the logistic regression model in Table 3
for further exploring the relationships of BW and overtime work with NSI in profes-
sional experience. HBW was a protective factor against NSI occurred regardless of
whether adjustments were made for variables (M,, M,, and M,). However, after
adjustment for HBW and RD effects, the effect of heavy overtime work was no longer
significant (M,, OR = 1.9, P > 0.05). The proportion of NSIs among RDs was 4.1 times (
M,, OR = 4.1, P < 0.05) higher than that among JNs without adjustment for variables;
this increased to 19.5 times (M,, OR = 19.5, P < 0.05) after adjustment for sex, age,
overtime work, and body weight. Therefore, UHBW was determined to be an
independent risk factor for NSIs in RDs and JNs.

Table 4 presents the results of multiple logistic regressions after adjusting for age for
NSI because experienced nurses have a wider age distribution. The results indicated
that the proportion of NSIs among nurses with heavy overtime work was 6.6 times
(OR = 6.6, P < 0.05) higher than that among nurses with mild overtime work, and the
difference was significant. However, the proportion of NSIs in nurses with HBW was
1.2 times (M,, OR = 1.2, P > 0.05) that of nurses with UHBW, but the difference was not
significant.

Table 5 illustrates the significant mediation effects (Z,, = 2.5, P < 0.05) of heavy
overtime work on the relationship between NSIs and doctors. No mediation effects
were noted for the other five combinations.
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Table 2 Main effects on needle stick and sharps injuries in different models for all participants

) ORs of NSIs for All participants  ORs of NSIs for doctors ORs of NSls for nurses
Main effect
N n M, M N n M M, N n M M

Body weightlevel ~HBW 471 11 0.5 0.5° 53 2 03 0.2° 354 7 0.6 0.5

UHBW 376 18 1.0 1.0 51 6 1.0 1.0 259 9 1.0 1.0
OT work Heavy 45 6 5.7° 4.3° 17 4 54" 2.0 28 2 3.7 3.8

Moderate 193 7 14 1.2 31 1 0.6 0.5 147 B 17 14

Mild 609 16 1.0 1.0 56 3 1.0 1.0 438 9 1.0 1.0
Type of medical Doctors 104 8 21 13 - - - - - - - -
personnel

Nurses 613 16 0.7 0.3° - - - - - - - -

Others 130 5 1.0 1.0 - - - - - - - -
Professional grade RD - - - - E8) 7 18.9 17.3% - - - -
(Doctors)

AP - - - - 71 1 1.0 1.0 - - - -
Professional grade  Junior - - - - - - - - 129 8 3.9 3.9"
(Nurses)

experiencing - - - - - - - - 484 8 1.0 1.0
4P < 0.05.
P <0.01.
P < 0.0001.

NS: Not significant.

Odds ratio = 1.0 indicates the reference; ORs: Odds ratios; N: Participants; n: Participants for needle stick and sharps injuries; M;: Model only including
main effect; M;: Model adjusted for sex, age, overtime work, and medical specialty; M,: Model adjusted for sex (only doctors), overtime work, professional
grade, and body weight; HBW: Healthy body weight; UHBW: Unhealthy body weight; OT: Overtime; NSIs: Needle stick and sharps injuries.

Table 3 Main effects on needle stick and sharps injuries in various models for resident doctors and junior nurses

) ORs for NSIs
Main effect N
n M, M, M,
Body weight level HBW 95 3 0.1° 0.1° 0.1°
UHBW 52 12 1.0 1.0 1.0
OT work Heavy 13 4 4.5° 4.5° 1.9
Moderate 46 5 1.6 1.6 1.7
Mild 88 6 1.0 1.0 1.0
Professional subfield RD 26 7 4.1° 127" 19.5%
IN 121 8 1.0 1.0 1.0
2P < 0.05.
bp < 0.001.

Odds ratio = 1.0 indicates the reference. ORs: Odds ratios; N: Participants; n: Participants for needle stick and sharps injuries; My: Model only including the
main effect; M;: Model adjusted for sex and age; M,: Model adjusted for sex, age, and main effects; RD: Resident doctor; JN: Junior nurse; HBW: Healthy
body weight; UHBW: Unhealthy body weight; OT: Overtime; NSIs: Needle stick and sharps injuries.

DISCUSSION

A cross-sectional study evaluating NSI incidence among 29 doctors and 51 nurses
demonstrated that the proportion of NSIs among nurses was 0.2 times that among
doctors[6]. A study including NSI data from 2002 to 2007 in a university hospital in
Pakistan demonstrated that the number of NSIs has higher in junior doctors than in
nurses[7]. The differences between doctors and nurses may stem from differences in
their work patterns or attitudes. For example, doctors often experience NSIs during
wound irrigation, sutures, incisions, handling body fluids, and tissue sample
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Table 4 Main effects on needle stick and sharps injuries for experienced nurses

ORs for NSIs
Main effect Participants
n M, M,

Body weight level HBW 276 5 13 12

UHBW 208 3 1.0 1.0
OT work Heavy 22 2 7.0° 6.6"

Moderate 105 1 0.7 0.7

Mild 357 5 1.0 1.0
P <0.05.

Odds ratio = 1.0 indicates the reference. ORs: Odds ratios; HBW: Healthy body weight; OT: Overtime; NSIs: Needle stick and sharps injuries; n:
Participants for needle stick and sharps injuries; My: Model only including the main effect; M;: Model adjusted for age, sex, body weight, and overtime

work.

Table 5 Mediation effect of heavy overtime work and healthy body weight for needle stick and sharps injuries and the main effect

Mediator factor

v Heavy OT work* HBW®

c c a S, b S, Z, c a S, b S, Z,
All participants
Doctors' 1.1° 0.8 1.6° 0.3 14° 05 2.5% 1.0° 0.2 0.2 -0.7N8 0.4 0.8

Doctors effect
RD” 2.9 2.6° 1.7° 0.6 11 08 1.2 3.3" 0.6 0.4 -1.8° 0.9 1.1
Nurse effect

IN° 1.4° 1.4° 0 05 12 0.8 0 14" 0.1 0.2 -0.6 0.5 -0.4

P <0.05.

°P <0.01.

P < 0.0001.

NS: Not significant.

IReference variable includes nurses and others.

Reference variable is Aps.

3Reference variable is experienced nurses.

#Reference variable includes moderate overtime and slight overtime.

SReference variable is unhealthy body weight.

IV: Independent variable; RD: Resident doctor; JN: Junior nurse; HBW: Healthy body weight.

collection. By contrast, for nurses, injuries often occur during injections, intravenous
infusions, heparin cap sealing, intravenous connections, and venous or arterial blood
collection[24]. In addition, some studies have determined that the NSI risk is affected
by education and work experience[9,10,25] among nurses and by stress and
carelessness[6] among doctors. Consistent with this finding, our study indicated that
doctors experienced more NSIs than nurses did (7.7% vs 2.6%). In addition, nurses
who intensively contact patients were the protective factor of NSIs (OR = 0.3, P < 0.05).
Our analysis revealed that the proportion of NSIs 4.1 times (OR = 4.1, P < 0.05) higher
among RDs than among JNs; this increased to 19.5 times after adjusting for age and
overtime work. Therefore, the NSI risk among RDs may be more serious than expected
and has often been ignored in the past.

A cross-sectional survey of staff physicians, RDs, staff dentists, nurses, and
laboratory technicians illustrated that RDs were significantly associated with NSIs;
NSIs were three times more common among RDs than among APs[19]. The present
data indicate a difference of 17.3 times between RDs and APs (21.2% vs 1.4%), which
was markedly higher than in past studies. This may be because the numbers of NSIs
among APs were low (n = 1), which may have led to the overestimation of this result.
Nevertheless, the risk of NSIs among RDs was higher than that among other types of
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medical personnel; for example this risk was 19.5 times higher in RDs than that in JNs.

Nurses with less work experience have a higher risk of NSIs[5,9]; in particular,
nursing work experience of <5 years was associated with significantly more NSIs than
nursing work experience of > 5 years[5,11]. Consistent with these results, our study
demonstrated that JNs have a higher risk of NSIs (OR = 3.9, P < 0.001) than
experienced nurses after adjustment for other variables.

A cohort study including 11 728 employees revealed that claims costs were 7-11
times higher among those with BMI > 40 compared with those within the
recommended weight range[26]. A prospective cohort study of nearly 70 000 public
sector employees demonstrated that, compared with employees whose BMI was in the
healthy range, overweight or obese employees had an 11%-62% excess risk of occupa-
tional injury[16]. In addition, a study involving 7690 employees aged 18-65 years of an
aluminum manufacturing company in the USA revealed that the proportion of injuries
of participants with overweight or obesity was 1.3-2.2 times higher than those with
normal weight[27]. The present results were in agreement with these findings and
revealed that the proportion of NSIs among medical personnel with HBW was 0.5
times (OR = 0.5, P < 0.05) that among medical personnel with UHBW. Although we
observed a relationship between NSIs and BW, the present study structure and data
collected was insufficient to illustrate how BW affects NSIs. However, studies have
demonstrated that fatigue increases the risk of NSIs among nurses and medical interns
[28,29], and studies on grip strength have identified that, all things being equal, young
people with obesity use more energy, have reduced endurance, and have accelerated
power loss compared with nonobese young people. However, these obesity-related
differences were not observed in the older age group[30]. These studies may explain
the positive correlation between obesity and NSIs; obese people are more likely to use
their poorer muscle strength improperly and be more prone to fatigue when
performing clinical tasks, thus increasing their risk of NSIs.

A strong dose-response effect was noted between work hours and hazard rate[13],
and working hours before injury will increase significantly compared to the past[31].
The positive trend between work hours and NSIs was observed in medical personnel:
nurses with work hours of > 8 h/d[11] or > 40 h/wk[8] had higher risk of NSIs than
those working < 8 h/d or < 40 h/wk. Our study found that the proportion of NSIs in
participants with heavy overtime work was 4.3 times (OR = 4.3, P < 0.05) that in those
with mild overtime work, but moderate overtime work effect (OR = 1.2, P > 0.05) was
not significant; therefore, only heavy overtime work increased the risk of NSIs. Heavy
overtime work was a risk factor for NSIs among doctors (OR = 5.4, P < 0.05) without
adjustment for any variable, but this relationship was not significant when
adjustments were made for sex, overtime work, professional grade, and BW; this was
probably due to the higher proportion of heavy overtime work in RDs (33.3%) than in
APs (8.5%). A dose-response effect was also noted between overtime work and NSIs
for nurses, but it was not significant. However, experienced nurses engaged in heavy
overtime work had 6.6 times (OR = 6.6, P < 0.05) more NSIs than those engaged in
mild overtime work (Table 4); the effect of moderate overtime work on NSIs was not
significant. Therefore, even among experienced nurses, only heavy overtime work
affected the risk of NSIs. The proportion of NSIs was related to overtime work, but this
relationship was not significant among nurses (Table 2); however, the association
between NSIs and overtime work (OR = 6.6-7.0, P < 0.05) was significant among
experienced nurses (Table4). In addition, the mediation analysis (Table 5)
demonstrated that heavy overtime work mediated (Z,= 2.5, P < 0.05) the relationship
between NSIs and medical specialty, confirming the impact of heavy overtime work
on NSI. However, heavy overtime work and HBW were not mediation factors for the
relationship between NSIs and experience level for doctors or nurses, indicating that
low experience among medical personnel might itself be the cause of NSIs. A study
indicated that the incidence of NSIs among first-year RDs was higher than
expected —more than 60% during the first 6 mo[32] —implying that education and
training may influence the risk of NSIs. Burnout also increases the risk of occupational
accidents and its sequelae[33], and it was also a factor influencing NSIs among nurses
[34]. Burnout decreases with an increase in professional experience[35]; this may also
explain by burnout why RDs experience higher NSIs incidence than Aps. Future
studies should comprehensively assess the burnout level of participants.

Because this study only collected data from one hospital, its findings are limited by
the data collection method, sample size, as well as the hospital’s environmental
facilities, education, and training systems. In addition, because the number of reported
NSIs was low, slight variations in the sample could have considerable influence on the
conclusions. Moreover, factors such as hospital employees” work patterns, workload,
burnout level, work stress, and willingness to report occupational injuries were not
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considered in this study. These factors should be incorporated in the questionnaire
design of future studies to further control for and discuss these effects on NSI risk.
Although our results regarding NSI risk were consistent with those of past studies,
this study compared the NSI risk between doctors and nurses, which has been rarely
discussed in the literature. The findings can guide NSI prevention strategies in the
medical practice.

CONCLUSION

This study revealed that heavy overtime work and low professional experience were
associated with an increased NSI risk, particularly among RDs. Moreover, the present
data indicated that HBW may reduce the risk of NSIs, which has rarely been evaluated
in other studies. Maintaining an HBW had a protective effect against NSI for RDs and
JNs. Therefore, in addition to promoting the use of safety needles and strengthening
education and training related to infection control, the overtime schedule of medical
personnel should be regularly reviewed; long work hours and excessive overtime
should be avoided. Furthermore, strategies aimed at promoting the maintenance of
HBW among employees should be implemented, which could further reduce NSI
incidence.

ARTICLE HIGHLIGHTS

Research background

Needle stick and sharp injuries (NSIs) may cause infections among medical personnel.
Obesity and overtime work among medical personnel increase the incidence of work
injuries.

Research motivation
The associations of overtime work and obesity with NSIs are unclear.

Research objectives
The study aimed to investigate whether overtime work and obesity increase the risk of
NSIs.

Research methods

This cross-sectional study used the data of 847 hospital personnel, including 104
doctors, 613 nurses, 67 medical laboratory scientists, 54 specialist technicians, and nine
surgical assistants. Of them, 29 participants notified the hospital of having at least one
NSI in 2017. The ¥ and Fisher’s exact tests were used to compare categorical variables.

Multiple logistic regression analysis and the Sobel test were used to assess the risk of
NSIs.

Research results

Overtime work, body weight (BW), and medical specialty were significantly associated
with NSIs. After adjustment for risk factors, heavy overtime work was an independent
risk factor for NSIs, and healthy BW (HBW) and nursing specialty were independent
protective factors against NSIs. Also, after adjustment for risk factors, medical
personnel with HBW had half as many NSIs as those with unhealthy BW (UHBW); the
proportion of NSIs in doctors with HBW was 0.2 times that in doctors with UHBW; the
proportion of injuries among residents was 17.3 times higher than that among
attending physicians; the proportion of injuries among junior nurses was 3.9 times
higher than that among experienced nurses; the proportion of injuries among nurses
with heavy overtime work was 6.6 times higher than that among nurses with mild
overtime work; and the proportion of injuries among residents was 19.5 times higher
than that among junior nurses. Heavy overtime work mediated the association of
medical specialty with NSIs.

Research conclusions

Heavy overtime work and low professional experience were associated with an
increased NSI risk, particularly among resident doctors. Maintaining HBW had a
protective effect against NSI for resident doctors and junior nurses.
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Research perspectives

In addition to promoting the use of safety needles and providing infection control
education, managers should review overtime schedules, and medical personnel
should be encouraged to maintain an HBW.
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Background: Epidemiological evidence suggests the association of diabetes
with an increased risk of stroke. Clinical studies have investigated the effects
of sodium-glucose co-transporter-2 (SGLT?2) inhibitors on new-onset stroke
(NOS), but the results are inconsistent.

Objectives: To determine the association between the use of SGLT2 inhibitors
and NOS in patients with type 2 diabetes mellitus (DM).

Methods: We conducted a retrospective longitudinal cohort study based
on the Taiwan Health Insurance Review and Assessment Service database
(2016-2019). The primary outcome of the assessment was the risk of incident
stroke by estimating hazard ratios (HRs) and 95% confidence intervals (Cls).
Multiple Cox regression was applied to estimate the adjusted HR of NOS.
Subgroup analysis was also conducted.

Results: Among the 232,101 eligible patients with type 2 DM aged > 20
years, SGLT2-inhibitor users were compared with non-SGLT2-inhibitor users
based on age, sex, and the duration of type 2 DM matching at a ratio of
1:2. The event rate per 10 000 person-months was 9.20 (95% Cl 8.95 to
9.45) for SGLT2-inhibitor users and 10.5(10.3-10.6) for non-SGLT2-inhibitor
users. There was a decreased risk of NOS for SGLT2-inhibitor users (adjusted
HR 0.85, 95% CI 0.82-0.88) compared with non-SGLT2-inhibitor users.
Results for the propensity score-matched analyses showed similar results
(adjusted HR 0.87, 95% CI 0.84-0.91 for both SGLT2-inhibitor users and
non-SGLT2-inhibitor users).
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Conclusion:

10.3389/fcvm.2022.966708

The risk of developing NOS was lower in patients with

SGLT2-inhibitor users than in non-SGLT2-inhibitor users. The decreased risk of
NOS in patients with type 2 DM was greater among patients with concurrent
use of statins, biguanides, thiazolidinediones, and glucagon-like peptide-1
receptor agonists. We, therefore, suggest that the long-term use of SGLT2
inhibitors may help reduce the incidence of NOS in patients with type 2 DM.

new-onset stroke, SGLT2 inhibitor, type 2 DM, concurrent medication, ischemic
stroke, hemorrhagic stroke

Introduction

The global incidence and prevalence of type 2 diabetes
mellitus (DM) have increased over the past two decades and
caused much health burden across the world (1, 2). Past studies
have demonstrated that type 2 DM is associated with an elevated
risk of stroke (3, 4). Stroke in patients with type 2 DM has a
poor prognosis, which is marked by worse mortality outcomes
relative to that in several other diabetes-related comorbidities,
including coronary heart diseases (4). It affects approximately
40% of patients with ischemic stroke who had been diagnosed
with diabetes in the United States (5). A study reported that
controlling glucose levels with intensive diabetes therapy could
reduce the risk of stroke by 57% (6).

Sodium-glucose co-transporter-2 (SGLT2) inhibitors are
used in patients with type 2 DM as glucose-lowering therapies
targeting SGLT2 (7, 8). Although these drugs are primarily
indicated for diabetes, several studies have examined their use
in the primary and secondary prevention of stroke (9, 10).
Animal studies have demonstrated a neuroprotective effect of
SGLT?2 inhibitors, which play an important role in antioxidant,
anti-inflammatory, and anti-apoptotic mechanisms (11-13).
SGLT?2 inhibitors also improve the endothelial function, prevent
remodeling, and exert a protective effect on the neurovascular
unit and the blood-brain barrier, which can be promising in
stroke therapy (14). However, the results of previous studies are
inconsistent in a clinical setting (15-17). Therefore, the objective
of the present study was to evaluate the risk of new-onset stroke
(NOS) associated with the prescription of SGLT2 inhibitors in a
nationwide cohort study of patients with type 2 DM in Taiwan.

Materials and methods

Study design

This is a retrospective study conducted on a population-
based cohort using data from the insurance claims provided by
the Taiwanese Bureau of National Health Insurance (TBNHI)
from January 2004 to December 2019. This database contains
anonymized longitudinal medical records that store the claims’
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information forms in two tables: a visit table and a prescription
table. The visit tables contain the patient’s identification
numbers, sex, age, three diagnostic codes for outpatient and
five for inpatient visits, medications, drug doses, medical
expenditures, and hospital and physician information. The
prescription table contains the quantity and expenditure for all
administered drugs, operations, and treatments undertaken.

Patients included in this study were of age at least 20
years, with a newly diagnosed case of type 2 DM with or
without prescribed SGLT2 inhibitors between May 2016 and
December 2019. SGLT2-inhibitor users were defined as patients
who received at least an SGLT2 inhibitor prescription for 180
days during the study period. In contrast, non-SGLT?2 inhibitor
users were patients who did not receive an SGLT2 inhibitor
prescription throughout the study period.

Study population

The study population comprised patients with type 2 DM
(ICD-10-CM, E11) who were admitted to the hospital or visited
the hospital as an outpatient between May 1, 2016 and December
31, 2019. At least one of the following enrollment criteria was
required to be met for inclusion in this study: (1) two or more
outpatient visits within 6 months, (2) all antidiabetic drugs were
continuously prescribed to the patients for >6 months during
the follow-up period, or (3) one or more inpatient admissions
with a diagnosis of type 2 DM. The primary endpoint was the
development of stroke, which was defined by the time a stroke
(ICD-10-CM codes 160, 161, 162, 163, 165, 166, 167.84, G45, G46)
code first appeared in the inpatient or outpatient claim records.
Comorbidities related to stroke were defined according to the
ICD-10-CM code and included coronary heart disease (ICD-
10-CM code 120-125), hypertension (ICD-10-CM code 110),
hyperlipidemia (ICD-9-CM code E78.1-E78.5), chronic kidney
disease (ICD-10-CM code N18), chronic liver disease (ICD-
10-CM code K71, K75, K76), chronic obstructive pulmonary
disease (ICD-10-CM code J44), atrial fibrillation and flutter
(ICD-10-CM code 148), and rheumatoid arthritis (ICD-9-CM
code MO05). Patients who fulfilled any of the following criteria
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n=2,115,163

Patients who were diagnosed type 2 DM from May 2016 to December 2019,

A 4
SGLT?2 inhibitor users,
n=282,211

A 4
SGLT?2 inhibitor non-users,
n=1,832,952

Excluded

o 1. Stroke before index date, n=14,785
2. Follow up < 6 months, n= 35,325

SGLT2 inhibitor users,

v 1:2 age, sex, and duration
of DM matched

A 4
SGLT?2 inhibitor non-users,

n= 232,101

A 4

SGLT?2 inhibitor users,

matched

1:1 propensity score

A

n=464,202

SGLT?2 inhibitor non-users,

n= 214,499

FIGURE 1
Patient flow chart.

A

n=214,499

were excluded from the study: (1) prior history of stroke before
May 1, 2016 and (2) patient age of <20 years. Considering
the differences in the baseline characteristics and stroke risk
between the SGLT2-inhibitor users and non-SGLT2-inhibitor
users, we applied age-, sex-, and type 2 DM duration matching
at a ratio of 1:2 for patients with type 2 DM with and without
SGLT?2 inhibitor use. Finally, the study group comprised 232,101
participants with type 2 DM who were SGLT2 inhibitor users,
and the control group included 464,202 randomly selected
participants with type 2 DM who were non-SGLT2-inhibitor
users (Figure 1). We also conducted propensity score matching
with age, sex, duration of type 2 DM, comorbidities, and drug
index date at a ratio of 1:1 for sensitivity analysis in patients
with type 2 DM with and without the use of an SGLT2 inhibitor
(Figure 1).
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Statistical analysis

Data were presented as valid percentages and the mean
values with a standard deviation. Differences in the demographic
data and clinical characteristics between SGLT2-inhibitor users
and non-SGLT2-inhibitor users were examined using a t-
test for continuous variables, whereas Chi-square tests were
performed for categorical variables. The Cox proportional
hazard regression model was applied to compare the risk of
developing study events between the SGLT2 inhibitor group
and the non-SGLT?2 inhibitor group. Adjusted hazard ratios
(HRs) and 95% confidence intervals (CIs) were calculated after
adjusting for important risk factors toward developing the
study events, including age, sex, concurrent medication, and
comorbidities. The risk of study outcomes over time for the
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TABLE 1 Baseline characteristics of all patients.

2:1 sex, age matching

1:1 Propensity score matching

10.3389/fcvm.2022.966708

Characteristics Non- SGLT2 SGLT2 P Non-SGLT2 SGLT2 ASD
(n=464,202)  (n=232,101) (n=214,499)  (n=214,499)
Sex 1.0000 0.00177
Female 204,534 (44.06%) 102,267 (44.06%) 94,518 (44.06%) 94,707 (44.15%)
Male 259,668 (55.94%) 129,834 (55.94%) 119,981 (55.94%) 119,792 (55.85%)
Age 1.0000 0.00000
<50 114,804 (24.73%) 57,402 (24.73%) 53,466 (24.93%) 53,131 (24.77%)
51-60 138,494 (29.83%) 69,247 (29.83%) 64,132 (29.90%) 64,128 (29.90%)
61-70 142,538 (30.71%) 71,269 (30.71%) 66,008 (30.77%) 65,896 (30.72%)
>70 68,366 (14.73%) 34,183 (14.73%) 30,893 (14.4%) 31,344 (14.61%)
Years (Mean = SD) 58.34 4 12.21 58.34 4 12.21 1.0000 58.44 4 11.89 58.29 4 12.23
DM history <0.0001 0.02967
<=2 years 133,455 (28.75%) 59,608 (25.68%) 54,688 (25.50%) 55,752 (25.99%)
3-4 years 243,394 (52.43%) 126,088 (54.32%) 115,391 (53.80%) 115,875 (54.02%)
>5 years 87,353 (18.82%) 46,405 (19.99%) 44,420 (20.71%) 42,872 (19.99%)
Comorbidities
dvil Hypertension 250,659 (54%) 139,336 (60.03%) <0.0001 128,819 (60.06%) 12,738 5(59.39%) 0.01363
dv13 Coronary artery disease 51,129 (11.01%) 41,448 (17.86%) <0.0001 33,966 (15.84%) 35,030 (16.33%) 0.01350
dvl4 Hyperlipidemia 257,784 (55.53%) 153,956 (66.33%) <0.0001 142,463 (66.42%) 140,575 (65.54%) 0.01858
dv19 Chronic kidney disease 104,962 (22.61%) 59,599 (25.68%) <0.0001 57,593 (26.85%) 54,907 (25.60%) 0.02847
dv20 Chronic liver disease 50,928 (10.97%) 26,537 (11.43%) <0.0001 24,725 (11.53%) 24,501 (11.42%) 0.00328
dve6 COPD 15,910 (3.43%) 8,446 (3.64%) <0.0001 7,301 (3.40%) 7,631 (3.56%) 0.00839
dv29 Atrial fibrillation and flutter 4,902 (1.06%) 3,824 (1.65%) <0.0001 3,087 (1.44%) 3,149 (1.47%) 0.00242
Rheumatoid arthritis 3,188 (0.69%) 1,285 (0.55%) 0.01696 1,168 (0.54%) 1,202 (0.56%) 0.00214
Concurrent medication
Drl NSAIDs 263,337 (56.73%) 133,108 (57.35%) <0.0001 122,355 (57.04%) 122,768 (57.23%) 0.00389
Dr2 Corticosteroids 88,850 (19.14%) 45,398 (19.56%) <0.0001 41,286 (19.25%) 41,608 (19.40%) 0.00380
Dr3 PPIs 35,647 (7.68%) 18,410 (7.93%) 0.0002 16,619 (7.75%) 16,739 (7.80%) 0.00209
Dr4 H2-receptor antagonists 120,629 (25.99%) 61,091 (26.32%) 0.0027 55,435 (25.84%) 56,109 (26.16%) 0.00716
Dr5 Aspirins 92,245 (19.87%) 63,518 (27.37%) <0.0001 55,176 (25.72%) 55,748 (25.99%) 0.00609
Dr25 Statins 240,244 (51.75%) 162,084 (69.83%) <0.0001 147,212 (68.63%) 146,131 (68.13%) 0.01084
Drl3 Biguanides 242,784 (52.3%) 151,068 (65.09%) <0.0001 134,691 (62.79%) 136,345 (63.56%) 0.01599
Drl4 Sulfonylureas 155,979 (33.6%) 101,140 (43.58%) <0.0001 91,743 (42.77%) 90,022 (41.97%) 0.01624
Drl5 Alpha glucosidase inhibitors 45,540 (9.81%) 43,008 (18.53% <0.0001 34,432 (16.05%) 35,391 (16.50%) 0.01211
Drl6 Thiazolidinediones 43,754 (9.43%) 41,938 (18.07% <0.0001 34,607 (16.13%) 34,857 (16.25%) 0.00316
Drl7 DPP4 inhibitors 99,152 (21.36%) 93,734 (40.39% <0.0001 80,445 (37.50%) 79,384 (37.01%) 0.01023
Drl8 Insulins 71,925 (15.49%) 57,020 (24.57% <0.0001 48,358 (22.54%) 48,840 (22.77%) 0.00537
Dr26 GLP-1 receptor agonists 5,101 (1.1%) 4,244 (1.83%) <0.0001 3,763 (1.75%) 3,665 (1.71%) 0.00350

COPD, chronic obstructive pulmonary disease; DPP4, Dipeptidyl peptidase 4; GLP-1, Glucagon-like peptide-1; NSAID, Non-steroid anti-inflammatory drug; PPI, proton pump inhibitor;

ASD, absolute standardized difference; PSM, propensity score matching; SD, standard deviation.

SGLT2 inhibitor group compared with the non-SGLT2 inhibitor
group was determined by survival analysis using the Kaplan—
Meier method.

We also conducted a sensitivity analysis to test the
robustness of our primary findings. Initially, a propensity
calculated for minimize

score was each patient to

Frontiers in Cardiovascular Medicine

04

with  other
risk factors between the SGLT2 inhibitor user group and

confounding by indication, when patients
non-SGLT2 inhibitor user group. Then, the propensity
score matching (1:1) and absolute standardized difference
(ASD) were performed to estimate the difference between
the two groups. An ASD of <0.10 implied a negligible

frontiersin.org


https://doi.org/10.3389/fcvm.2022.966708
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Lin et al.

TABLE 2 Incidence rate of stroke.

2:1 sex age matching

Non- SGLT2
N 464,202
Follow up person months 11,135,130
New case 11,701

Incidence rate*(95% C.I.) 10.50 (10.30-10.60)

Crude Relative risk (95% C.1.) Reference

Adjusted HR* (95% [ Reference

10.3389/fcvm.2022.966708

1:1 Propensity score matching

SGLT2 Non- SGLT2 SGLT2
232,101 214,499 214,499
5,634,359 5,177,840 5,191,193
5,186 5,328 4,678

9.20 (8.95-9.45)
0.88 (0.85-0.91)
0.85 (0.82-0.88)

10.20 (10.00-10.50) 9.01 (8.75-9.27)
0.88 (0.84-0.91)

0.87 (0.84-0.91)

Reference

Reference

*Incidence rate, per 10,000 person-months. Tadjusted hazard ratio, the covariates including duration of DM history, sex, age, co-morbidities, and medication at baseline.

difference in the potential confounders between the
two groups.

In addition, we conducted subgroup analyses stratified by
sex, age, duration of type 2 DM, presence of comorbidities, and
concurrent medication at baseline for the primary outcomes
of NOS. Statistical significance was considered at P < 0.05.
All statistical calculations were performed using the statistical
analysis software, version 9.3 (SAS Institute, Inc., Cary,

NC, USA).

Results

Study population and baseline
characteristics

A total of 696,303 patients were enrolled in the present study,
with the SGLT2-inhibitor user group consisting of 232,101
individuals from the NHIRD who were diagnosed with type
2 DM from May 2016 through December 2019. This group
was compared with 464,202 control patients who were non-
SGLT2-inhibitor users at a 1:2 ratio (Figure 1). There were
more men (55.94%) than women (44.06%) in this study. At
the baseline, patients receiving SGLT2 inhibitor had more
comorbidities, except for rheumatoid arthritis, and they used
more concurrent medication than those not receiving SGLT2
inhibitor (Table 1).

Analysis of the main TBNHI cohort

During the follow-up, 5,186 and 11,701 NOSs events
were recorded in the SGLT2-inhibitor user and non-SGLT2-
inhibitor user groups, respectively. The event rate was 9.20
per 10 000 person-months (95% CI 8.95-9.45) for SGLT2-
inhibitor users when compared with 10.50 (95% CI 10.30-
10.60) for non-SGLT2-inhibitor users. There was a significantly
lower the incidence rate of NOS after adjusting for the
duration of type 2 DM history, sex, age, comorbidities,
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and concurrent medication among the SGLT2-inhibitor users
when compared to that among the non-SGLT2-inhibitor
users (adjusted HR: 0.85; 95% CI: 0.82-0.88) (Table 2). The
cumulative incidence rate of developing stroke was also
lower in the SGLT2-inhibitor users than in the non-SGLT2-
inhibitor in the Kaplan-Meier survival analysis (P < 0.0001;
Figure 2A).

Propensity score-matched analysis

We included 428,998 patients (214,499 in the SGLT2-
inhibitor group and 214,499 in the non-SGLT2-inhibitor
group) in the propensity score matching, and the baseline
characteristics of sex, age, and duration of type 2 DM
did not differ (Table 1). At the baseline, the non-SGLT2-
inhibitor group had more comorbidities, except for coronary
artery disease, chronic obstructive pulmonary disease, atrial
fibrillation and flutter, and rheumatoid arthritis than the
SGLT2-inhibitor group. However, the SGLT2 inhibitor users
used more concurrent medication, except statins, sulfonylureas,
dipeptidyl peptidase 4 inhibitors, and glucagon-like peptide-
1 receptor agonists than the non-SGLT2 inhibitor users
(Table 1).

There were 4,678 and 5,328 NOS events recorded in the
SGLT2-inhibitor and non-SGLT2-inhibitor groups, respectively,
in the follow-up period. The event rate was 9.01 per 10 000
person-months (95% CI 8.75-9.27) for the SGLT2-inhibitor
group compared with 10.20 (95% CI 10.00-10.50) for the non-
SGLT2-inhibitor group. The relative risk of NOS after adjusting
the duration of type 2 DM history, sex, age, comorbidities,
and concurrent medication demonstrated a decreasing risk of
incident stroke in the SGLT2 inhibitor group when compared
to those in the non-SGLT2-inhibitor group (adjusted HR: 0.87;
95% CI: 0.84-0.91) (Table 2). Similarly, the SGLT2-inhibitor
group revealed a significantly lower cumulative incidence rate
of developing stroke than the non-SGLT2-inhibitor group
as per the Kaplan-Meier survival analysis (P < 0.0001,
Figure 2B).
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FIGURE 2
The cumulative incidence rate of developing stroke between SGLT2-inhibitor group and non-SGLT2-inhibitor group. (A) The main TBNHI
Cohort. (B) The propensity score-matched cohort.

Subgroup analysis

The results of the subgroup analyses revealed that, after
adjusting for the duration of type 2 DM history, sex,
age, comorbidities, and concurrent medication were partly
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consistent with the results of the main analyses (Table 3). The
two groups were different in terms of their incidental stroke,
with the SGLT?2 inhibitor users exhibiting a substantially high
risk of NOS with male, an adjusted HR = 1.34 (95% CI: 1.30 to
1.39) than female. Compared with younger patients (aged < 50),
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TABLE 3 Multiple Cox regression to estimate the hazard ratio for
subgroup analysis.

aHR (95% CI )
2:1 sex, age 1:1 propensity
matching score matching
Sex
Female reference reference
Male 1.34(1.30-1.39) 1.33(1.27-1.38)
Age
<50 reference reference
51-60 1.59(1.51-1.68) 1.51(1.41-1.63)
61-70 2.24(2.13-2.36) 2.17(2.02-2.32)
>70 3.67(3.48-3.88) 3.55(3.31-3.82)

Duration of type 2 DM history

<=2 years 1.21(1.14-1.28) 1.27(1.11-1.37)

2-4 years 1.16(1.11-1.23) 1.20(1.12-1.28)

>=4 years reference reference
Comorbidity(ref:

non-comorbidity)

Hypertension 1.22(1.18-1.26) 1.28(1.23-1.34

Coronary artery disease 1.02(0.97-1.06) 1.02(0.97-1.07

Hyperlipidemia 0.77(0.74-0.79) 0.80(0.77-0.83

Chronic kidney disease 1.17(1.13-1.21) 1.16(1.11-1.21
0.81(0.77-0.85)
1.02(0.96-1.08)
1.08(1.01-1.16)
1.79(1.64-1.95)

1.23(1.04-1.44)

Chronic liver disease
Malignancy 1.03(0.95-1.13
COPD 1.06(0.97-1.15
1.82(1.64-2.02

1.15(0.91-1.45

)

)

)

)

0.79(0.74-0.85)

)

)

Atrial fibrillation and flutter )

Rheumatoid Arthritis )
Medication (reference:

non-medication)

NSAIDs 1.00(0.97-1.04) 1.05(1.01-1.09
Corticosteroids 1.07(1.03-1.11) 1.08(1.02-1.13
PPIs 1.19(1.13-1.25) 1.20(1.12-1.28

H2-receptor antagonists 1.05(1.02-1.09) 1.07(1.02-1.12

Aspirins 1.53(1.48-1.59) 1.55(1.49-1.62
Statins 0.84(0.81-0.86)

Biguanides 0.77(0.75-0.79) 0.85(0.82-0.89
Sulfonylureas 1.09(1.06-1.13) 1.14(1.10-1.19

1.03(0.98-1.07) 1.06(1.01-1.12

)

)

)

)

)

0.88(0.84-0.92)

)

)

Alpha glucosidase inhibitors )
)
)

Thiazolidinediones 0.89(0.85-0.93) 0.93(0.88-0.98
DPP4 inhibitors 1.05(1.02-1.09) 1.08(1.03-1.12
Insulins 1.62(1.56-1.68) 1.67(1.60-1.74)

GLP-1 receptor agonists 0.84(0.71-0.98) 0.77(0.63-y0.93)

COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; DPP4, Dipeptidyl
peptidase 4; GLP-1, Glucagon-like peptide-1; NSAID, Non-steroid anti-inflammatory
drug; PPI, proton pump inhibitor.

elderly patients exhibited a significantly higher risk of NOS
(aHR 1.59, 95% CI 1.51-1.68 for patients aged 50-60; aHR 2.24,
95% CI 2.13-2.36 for patients aged 60-70; aHR 3.67, 95% CI
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3.48-3.88 for patients aged > 70). The duration of type 2 DM
history were higher in the <=2 or 2-4 years than in the >4 years.
Patients with hypertension, chronic kidney disease, chronic
obstructive pulmonary disease, atrial fibrillation and flutter, and
rheumatoid arthritis were also at significantly higher risks of
NOS (aHR = 1.22, 1.17, 1.08, 1.79, and 1.23, respectively).
However, patients with hyperlipidemia and chronic liver disease
have significantly lower risks of NOS (aHR = 0.77, and 0.81,
respectively). Similar findings were also noted for concurrent
medication of statins (aHR 0.84, 95% CI 0.81-0.86 in the main
TBNHI cohort; aHR 0.88, 95% CI 0.84-0.92 in the propensity
score matching), biguanides (aHR 0.77, 95% CI 0.75-0.79 in
the main TBNHI cohort; aHR 0.85, 95% CI 0.82-0.89 in the
propensity score matching), thiazolidinediones (aHR 0.89, 95%
CI 0.85-0.93 in the main TBNHI cohort; aHR 0.93, 95% CI
0.88-0.98 in the propensity score matching), and glucagon-like
peptide-1 receptor agonists (aHR 0.84, 95% CI 0.71-0.98 in
the main TBNHI cohort; aHR 0.77, 95% CI 0.63-0.93 in the
propensity score matching). However, an increased risk of NOS
was noted for concurrent medication with non-steroid anti-
inflammatory drugs (aHR 1.01, 95% CI 0.98-1.05 in the main
TBNHI cohort; aHR 1.05, 95% CI 1.01-1.05 in the propensity
score matching), corticosteroids (aHR 1.07, 95% CI 1.03-1.11
in the main TBNHI cohort; aHR 1.08, 95% CI 1.02-1.13 in the
propensity score matching), proton pump inhibitors (aHR 1.19,
95% CI 1.13-1.25 in the main TBNHI cohort; aHR 1.20, 95%
CI 1.12-1.20 in the propensity score matching), H2-receptor
antagonists (aHR 1.05, 95% CI 1.02-1.09 in the main TBNHI
cohort; aHR 1.07, 95% CI 1.02-1.12 in the propensity score
matching), aspirins (aHR 1.53, 95% CI 1.48-1.59 in the main
TBNHI cohort; aHR 1.55, 95% CI 1.49-1.62 in the propensity
score matching), sulfonylureas (aHR 1.09, 95% CI 1.06-1.13 in
the main TBNHI cohort; aHR 1.14, 95% CI 1.10-1.19 in the
propensity score matching), alpha-glucosidase inhibitors (aHR
1.03, 95% CI 0.98-1.07 in the main TBNHI cohort; aHR 1.06,
95% CI 1.01-1.12 in the propensity score matching), Dipeptidyl
peptidase 4 inhibitors (aHR 1.05, 95% CI 1.02-1.09 in the main
TBNHI cohort; aHR 1.08, 95% CI 1.03-1.12 in the propensity
score matching), and insulins (aHR 1.62, 95% CI 1.56-1.68 in
the main TBNHI cohort; aHR 1.67, 95% CI 1.60-1.74 in the
propensity score matching) (Table 3).

Discussion

The present findings suggest that the incidence of NOS
was decreased in type 2 DM patients who were SGLT2-
inhibitor users compared with those who were not. Sensitivity
analysis was also consistent with the main analysis. The
subgroups analysis identified the concurrent use of statins,
biguanides, thiazolidinediones, and glucagon-like peptide-1
receptor agonists as having a protective effect against developing
NOS. However, we observed the increased risk based on
whether non-steroid anti-inflammatory drugs, corticosteroids,
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proton pump inhibitors, H2-receptor antagonists, aspirins,
sulfonylureas, alpha-glucosidase inhibitors, dipeptidyl peptidase
4 inhibitors, and insulins were prescribed for concurrent use
with an SGLT2 inhibitor.

Hypertension, type 2 DM, and obesity are identified
as the most important risk factors for stroke (18). Several
experimental studies reported improvements in these risk
factors in diabetic and obese or stroke-prone mice and rats after
treatment with SGLT2 inhibitors (11-13, 19). In vitro data has
shown that the SGLT2 inhibitor significantly increased survival
(67%) of spontaneously hypertensive stroke-prone rats when
compared with controls (13). The authors observed that SGLT2
inhibitor-treated rats had weight and blood pressure reduction,
which could explain the reduced stroke risk and increased
survival. However, the effects of SGLT2 inhibitors on stroke
prevention were contradictory in different clinical trials. In the
Empagliflozin Cardiovascular Outcomes and Mortality in Type
2 Diabetes (EMPA-REG OUTCOME) trial (17), empagliflozin
users were found to be associated with an insignificantly
increased risk of stroke when compared to empagliflozin non-
users (HR, 1.18; 95% CI, 0.89-1.56; P = 0.26). On the other
hand, canagliflozin users were found to be associated with an
insignificantly decreased risk of stroke relative to canagliflozin
non-users (HR, 0.87; 95% CI, 0.69-1.09) in the Cardiovascular
and Renal Events in Type 2 Diabetes (CANVAS) trial (20).
However, several meta-analyses have demonstrated that SGLT2
inhibitors may lower the risk of embolic stroke (9, 21, 22).
Their results were the same as ours and they suggested a
possible protective effect of SGLT2 inhibitors including different
populations and the level of renal functions.

In our study, subgroups analyses demonstrated
that the patients concurrent use of statins, biguanides,
thiazolidinediones, and glucagon-like peptide-1 receptor
agonists had a protective effect against developing NOS,
whereas patients’ concurrent use of non-steroid anti-
inflammatory drugs, corticosteroids, proton pump inhibitors,
H2-receptor —antagonists, aspirins, sulfonylureas, alpha-
glucosidase inhibitors, dipeptidyl peptidase 4 inhibitors, and
insulins showed an increased risk of developing NOS. This
result demonstrates that different drugs may play a major role
in lowering or increasing the risk of NOS when combined with
SGLT?2 inhibitors for patients with type 2 DM, which conforms
to previous reports (23-27).

Other than antidiabetic effects, SGLT2 inhibitors also
promoted natriuresis and osmotic diuresis to lower blood
pressure in patients with cardiovascular disease and heart
failure (28-30). As evidence of the efficacy of SGLT-2 inhibitors
continued to grow, many trails and meta-analysis on these
drugs have expanded their prescriptions from diabetes patients
only to also include patients with HF without type 2 DM (28—
32). Furthermore, the safety and dose-response relationship
of SGLT2 inhibitors were recommended in the clinical

practice (33-35).
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In summary, there is negative association between the use
of SGLT2 inhibitors and the risk of NOS in patients with
type 2 DM. The decreased risk of NOS in patients with
type 2 DM was greater among patients with concurrent use
of statins, biguanides, thiazolidinediones, and glucagon-like
peptide-1 receptor agonists. Therefore, we suggest that the long-
term use of SGLT2 inhibitors may help reduce the incidence of
NOS in patients with type 2 DM.
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