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Abstract 

Study Objectives: Sleep-disordered-breathing, more male-prevalent, is associated 

with systemic inflammation, hypertension and metabolic aberration. Through sexual 

hormones’ protections, female have metabolic and cardiovascular preferences, 

speculatively attributed to better upper-airway conductivity and central-breathing 

control during sleep. The aim of this study is to investigate if above female 

superiorities exist when adjusted for sleep-disordered-breathing severity. 

Design: Retrospective data review analysis. 

Participants: 84 randomly-selected eligible sleep-disturbance female patients were 

enrolled to be matched with a male individually for apnea-hypopnea index (AHImt) 

or not (nAHImt), besides for age (< and ≥ 50 years [the average menopausal age, 

Taiwan]; Junior and Senior) and body mass index. Measurements and Results: In 

Junior/nAHImt (51 pairs), female (35.7±8.3 vs. 35.5±8.1 years, female vs. male; in 

same sequences as follows) had shorter neck circumference, better sleep architecture, 

lower AHI (16.2±17.5 vs. 30.3±24.3 events/hr), Epworth Sleepiness Scale score 

(ESS), blood pressure (BP), serial levels of total cholesterol (TC), triglyceride (TG) 

(97±51 vs. 147±142 mg/dL) and uric acid (UA) (5.1±1.4 vs. 6.3±1.5 mg/dL). In 

Junior/AHImt (33 pairs), female (38.6±7.9 vs. 38.9±8.5 years) appeared shorter neck 

circumference, lower waist/hip ratio (0.85±0.07 vs. 0.91±0.06), ESS, BP, TG(96±43 

vs.142±115 mg/dL) and UA (4.7±1.4 vs. 6.4±1.62 mg/dL). While in Senior/nAHImt 

(51 pairs), female (56.3±5.1 vs. 56.5±5.7 years) had lower AHI, neck circumference, 

and waist/hip ratio, with lower diastolic BP and UA (5.4±2.0 vs. 6.4±1.7 mg/dL). In 

Senior/AHImt (33 pairs), female (56.9±5.1 vs. 57.5±5.8 years) had similar waist/hip 

ratio, sleep architecture, BP, the lipid profile values, C-reaction protein, and UA. UA 

positively correlated with TG in Junior/male and Senior/female. In two 

triple-matched groups, positive correlations were found in UA-systolic BP and 

UA-TG of both Junior/male and Senior/female; and waist/hip ratio-UA of Junior and 

Senior/female.  

Conclusions: Beyond sleep-disordered-breathing’s attenuating effect, female’s gender 

preferences on TG, UA and BP persist till menopause age, potentially through central 

fat evolution. 
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The compelling evidences to date indicated that sleep disordered breathing (SDB) is 

the independent factor to evoke the systemic inflammation, linking to elevations of 

various cytokine (e.g. tumor necrosis factor-α) (1) and C-reactive protein(2). An 

elevation of blood pressure (3) in SDB are multifactorial carry-over effects from the 

nocturnal events, like an enhanced daytime sympathetic activity, and chemoreception 

resetting, tonic ‘normoxic’ chemoreception activation, baroreflex and endothelial 

dysfunction. Further, the SDB patients (4) had significantly higher percentage of 

hyperglycermia, and dyslipidemia besides of hypertension, and SDB’s severity, 

defined by apnea-hypopnea index (AHI) value, reflects metabolic syndrome 

parameters’ number. Taken together, SDB patients are also at increased risk for 

cardiovascular disease (5) substantially through neurohumeral and hemodynamic 

mechanisms leading to functional and structural damages within the cardiovascular 

system. The prevalence of SDB is 25-27% or 10-16% in middle-aged Asian men or 

women, respectively. No matter differences in races(6,7,8,9), male always more 

prevalent in SDB that the female. Previous study just indicated that (10) 

premenopausal hormonal status protected women from reductions in ventilation and 

upper airway narrowing and closure during sleep. One the other hand, administration 

of testosterone to premenopausal women (11) elevates the hypocapnic apnea 

threshold and fascilitates the development of central apnea during Non-REM sleep.

 Therefore, menopause is a significant risk factor for sleep apnea (12)in women 

and that hormone replacement appears to be associated with reduced risk. 

Menopause-increased cardiovascular disease(particularly coronary heart disease) (13) 

would be reduced by approximately 30-50 % if estrogen used. The similar situation 

happened in blood pressure (14) with HRT in majority of postmenopausal women. 

Given that SDB is a risk factor for hypertension and cardiovascular diseases, one 

could speculate that the reduction of cardiovascular morbidity/mortality in post 

menopausal women with HRT might be related, at least in part, to the reduction of 

SDB in this population. The possible mechanisms In contrast to 8:1 (6) or greater 

ratio of male to female sleep apnea cases seen in clinical population, only a 2-3: 1 

ratio was seen in community samples (7). The different clinical presentation 

especially in women might play the role in this difference. However, (GOM, I-3d) the 

relative risk for SDB between the sexes is still not clear, nor is it clear whether the 

consequences of this syndrome are the same in the two sexes. We hypothesized that 

when SDB severity is similar in SDB men and women, the sleep characters, 

pro-inflammatory state and metabolic situation are not necessarily the same, perhaps 

explaining the sex hormones’ effects cross chronological menopausal age.

 Convincingly, both BMI and age (15) are significant risk factors of sleep apnea.
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 Thus, we retrospectively compared their sleep characters, variables of 

po-inflammatory state and metabolic situation from the gender pairs with SDB, who 

were individually matched for AHI or not, besides for age, body mass index (BMI). 

Therefore, at cutting age set on chronological average age in menopause, the 

above parameters we compared in two subgroups might realize age-related gender 

discrepancy. 

 

METHODS 

Subjects 

With a chief complaint of sleep disturbance, two hundred and sixty-three patients with 

a wide spectrum of sleep disorders were recruited in the previous study (16), based on 

460 patients continuously attended in the Sleep Clinic, Chung-Shan Medical 

University Hospital from September 5, 2003 to April 1, 2004. After being approved 

by Institutional Review Board (IRB), the study was completely described to all 

subjects and all subjects signed written informed consent before participation. 

All the subjects had received venous blood sampling for various biochemical 

study to surveying the likelihood of metabolic syndrome and systemic inflammatory 

situation, in the next morning post an overnight sleep polysmnographic study. 

Inclusion criteria were patients diagnosed with sleep-disordered breathing (SDB) 

which refers to a wide spectrum of sleep-related breathing abnormalities including 

snoring, sleep apnea-hypopnea syndrome and upper airway resistance syndrome. 

Upper airway resistance syndrome is a sleep-disordered breathing syndrome 

characterized by complaints of daytime fatigue and/or sleepiness, increased upper 

airway resistance during sleep, frequent transient arousals, and no significant 

hypoxemia. 

 Patients were excluded if they were current smoker or had regular exercise 

program or were taking benzodiazepines, narcotic educations, or alcohol at the time of 

the study. Further, all diagnosed diseases before the current study were excluded such 

as cardiovascular diseases, cerebrovascular diseases, neurological diseases, 

neuromuscular diseases, pulmonary diseases, liver diseases, renal diseases, 

cardiomegaly and metabolic diseases. Thereafter, the patients on systemic steroid 

treatment, on medication for hypoglycemia, anti-hyperlipidemia and/or 

antihypertension medication or major GYN surgery or on hormone replacement 

therapy in female were also excluded. To minimize the possible confounding bias, the 

subjects, having a regular exercise habit or experiencing smoking were not enrolled. 

In addition, SDB patients whose duration of total sleep time was less than two 

hours in sleep laboratory were also excluded.  
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Questionnaire and Anthropometric Measurement 

All patients were requested to arrive at our sleep laboratory between 8:00 and 9:00 pm 

and to complete a Epworth Sleep Scale (ESS) (17) scoring and life style questionnaire 

including smoking and exercise habits. The assessments of anthropometric parameters 

were performed in all patients with loose-fitting clothing. Body weight and height 

were measured by an electronically calibrated scale and a calibrated stadiometer, 

respectively. Neck, waist and hip circumferences were measured in standing position 

at the end of gentle expiration by calibrated plastic tapes. Waist circumference was 

measured midway between the lower costal margin and iliac crest, and the hip 

circumference as the maximal girth at the greater trochanters. BMI was calculated as 

weight divided by height squared (kg/m
2
).  

Blood Pressure Measurements 

Pre-overnight sleep BPs were measured in wakeful status with at least 15 min quiet 

supine position before sleep, and post-overnight sleep BPs were measured just before 

getting out of bed using a Phillips V24E modular monitor with noninvasive blood 

pressure readouts on the right arm in supine position. Mean arterial blood pressure 

was calculated in the usual manner from the systolic and diastolic blood pressures (i.e., 

mean blood pressure = 1/3 systolic blood pressure + 2/3 diastolic blood pressure). 

Polysomnography and Sleep Scoring 

A 12-channel polysomnographic recording system (Rembrandt, Medcare, Amsterdam, 

Netherlands) was used to assess sleep, respiratory and cardiac variables. The 

recordings of electroencephalography (C3/A2, C4/A1), electrooculography, and 

submental electromyography were used to assess sleep state. These signals were used 

to determine the sleep stage for each 30 s interval of the polysomnographic record, 

according to conventional criteria (18). Oxyhemoglobin saturation (pulse oximetry), 

nasal airflow, nasal pressure (nasal cannulae and pressure sensor), rib cage and 

abdominal motion were measured to assess episodes of sleep-disordered breathing. 

Sleep staging and sleep-disordered breathing were subsequently scored using standard 

techniques. Sleep stages and respiratory events were assessed by trained technicians 

and reviewed by sleep specialists. All assessed criteria were based on the American 

Academy of Sleep Medicine Manual. Cessation of airflow for at least 10 s was 

defined as an episode of apnea. Hypopnea was defined as the nasal pressure signal 

excursions drop by at least 30% from the sleeping baseline level for 10 s or more that 

was associated with at least a 4% decrease in arterial oxyhemoglobin saturation. 

The AHI was defined as the average number of episodes of apnea and hypopnea per 

hour. Arousals (19) were defined as a sudden rise in EEG frequency to alpha or theta 

activity lasting at least 3s but less than 15s preceded by at least 10 s of sleep. Sleep 

polysomnographic parameters included total sleep time, AHI, arousal index, lowest 
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oxygen saturation, and duration of O2 saturation less than 90%, as well as the 

percentage of total sleep time spent in rapid eye movement (REM) sleep (REM, %), 

non-REM stage 1 and 2 (NREM 1+2, %), and non-REM stage 3+4 (NREM 3+4, %). 

Blood Sampling and Biochemical Study 

Overnight fasting blood samples in patients were drawn from 7:00 to 9:00 am by a 

trained phlebotomist via a venipuncture of an antecubital vein. The blood samples 

were drawn and immediately used for metabolic analysis and enzyme assay. Serum 

glucose, triglyceride, cholesterol, high density lipoprotein (HDL) cholesterol, and low 

density lipoprotein (LDL) cholesterol were immediately measured from freshly drawn 

blood samples. The serum glucose, triglyceride, cholesterol, and HDL were measured 

by a glucose oxidase autoanalyzer (Analytial Technologies, Farnborough, UK), a 

triglyceride enzyme autoanalyzer (Bayer Corporation, Tarrytown, NY, USA), a 

cholesterol oxidase autoanalyzer (Bayer Corporation) and HDL cholesterol (Sigma 

Diabnostics, St. Louis, MO, USA) on an ADVIA_ 1650 chemistry system (Bayer 

Corporation, Tarrytown, NY, USA) with reagents and calibrators. Low density 

lipoprotein (LDL) cholesterol was derived using the Friedwald equation. Serum CRP 

was assayed with a high-sensitivity assay of Immulite high sensitivity CRP (Immulite 

2000 Analyzer). The hsCRP, as a skewed variable, was log transformed to achieve a 

distribution close to normality. Serum uric acid levels were assessed 

spectrophotometrically using enzymatic methods using Hitachi 747 analyzer 

(Boehringer Mannheim, Mannheim, Germany). 

Matching of Gender Pairs 

350 patients with SDB were eligible for gender pairs matching. To show the impact 

of SDB severity (defined by AHI) on gender differences in various indicators of 

metabolic syndrome, uric acid (UA) and pro-inflammatory surrogate factor (hs-CRP), 

we randomly selected gender pairs matched on AHI (AHImt) or not (nAHImt), along 

with on age and BMI. For matching more precisely, 5 stratified BMI ranges in each 

10-year age portions (i.e., 20-29, 30-39, 40-49 and 50-60 years of age) and further 4 

severity levels of SDB (i.e., 0-4.9, 5.0-14.9, 15.0-29.9, and ≥ 30 events/hr in AHI for 

non- [or upper airway resistance syndrome], mild, moderate and severe SDB, 

respectively) were used (Table 1). 

From this our clinical database, random cases of women and matched men were 

selected to ensure that at least 30 cases could be analyzed for each clinical feature. 

This was done to ensure sufficient statistical power. Because menopausal is a 

continuous process for women in their female sexual hormone decay (20) at age 

around 50 years old (49.7 ± 4.3 years) in Taiwan (21). To investigate the effects 

cross-menopausal age on this gender issue, we separate two age groups (Junior and 

Senior) at the cutting age of 50 years. 

Analysis and Statistics 

Data are expressed as mean ± standard deviation. Statistical analysis was performed 
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with paired student t tests for each variable. The Person’s correlation was used to 

examine between each parameter of the same group.  A value of p < 0.05 was 

considered statistically significant. 

A log transformation was used if variables were not normally distributed. 

Table 1 The gender pairs' distributions in Junior and Senior groups, 

matched for stratified age and BMI alone (nAHImt) or for Apnea Hypopnea 

Index further (AHImt) 

 

 

Table 2 The differences of anthropometric characteristics, sleep 

polysomnography's parameters and ESS questionnaire score in counterparts of 

Junior and Senior gender-pairs, matched for  stratified age and BMI alone 

(nAHImt) and for Apnea Hypopnea Index further (AHImt) 
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Table 3 The differences of blood pressures and biochemical characteristics in 

counterparts of Junior and Senior gender-pairs, matched for stratified age and 

BMI alone (nAHImt) and for Apnea Hypopnea Index further (AHImt) 
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Fig. 1 Pearson’s correlation between plasma uric acid level and systolic blood 

pressure in male (A,D), female (B,E) and both together (C,F) in Junior/ (A,B,C) 

and Senior/AHImt (D,E,F) groups.  

 

 

 

 

 

Fig. 2 Pearson’s correlation between plasma uric acid level and plasma 

triglyceride level in male (A,D), female (B,E) and both together (C,F) in Junior/ 

(A,B,C) and Senior/AHImt (D,E,F) groups. 
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Fig. 3 Pearson’s correlation between waist/hip ratio and plasma uric acid 

level in male (A,D), female (B,E) and both together (C,F) in Junior/ (A,B,C) and 

Senior/AHImt (D,E,F) groups. 
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RESULTS 

As the result of gender pairing, the pair numbers in Junior/nAHImt, Junior/AHImt, 

Senior/nAHImt, and Senior/AHImt were 51, 33, 51, and 33 (Table 1), respectively. 

In Junior/nAHImt group (Table 2), the female had lower AHI value (16.2 ± 17.5 

vs. 30.3 ± 24.3 events/hr in female vs. male, p < .005; in same sequences as follows), 

shorter neck circumference (34.0 ± 2.8 vs. 38.1 ± 2.9 cm, p < .005), but similar 

waist/hip ratio (0.84 ± 0.07 vs. 0.87 ± 0.09, p > .05) in comparison with age (35.5 ± 

8.1 vs. 35.7 ± 8.3 yrs) and BMI (24.1 ± 3.7 vs. 24.4 ± 3.4 kg/m
2
) matched male. In 

polysomnographic study, female had significantly a shorter stage 1+2 (64.0 ± 12.1 vs. 

69.4 ± 12.5 %, p <.05), a longer stage 3+4 (9.7 ± 9.3 vs. 4.4 ± 6.4%, p <.005) in 

non-REM sleep and less Desaturation Index (6.8 ± 9.5 vs. 16.3 ± 21.2 events/hr, 

p<.005), a higher value of Lowest Oxygen Saturation (88 ± 7 vs. 82 ± 13 %, p < .005), 

and a lower ESS score (6.4 ± 4.6 vs. 7.9 ± 4.1, p < .05) compared with male, albeit no 

differences were found in values of Total Sleep Time, Sleep Efficiency, REM%, 

Arousal Index, and SaO2 < 90% period. Further, the female in this subgroup 

(Table 3) had significantly lower systolic blood pressure (116 ± 14 vs. 125 ± 16 

mmHg, p < .05) and lower mean blood pressure (90 ± 18 vs. 99 ± 14 mmHg, p < .05) 

and lower serum levels of total cholesterol (174 ± 38 vs. 190 ± 37 mg/dL, p < .05), 

triglyceride (97 ± 51 vs. 147 ± 142 mg/dL, p < .05) and uric acid (5.09 ± 1.39 vs. 6.30 



 12

± 1.46 mg/dL, p < .005), compared with the male. In these gender counterparts, they 

had similar values of diastolic blood pressure, serum levels of fasting glucose, HDL, 

LDL and hs-CRP and its log transformed value. 

In Junior/AHImt group (Table 2) based on age (38.6 ± 7.9 vs. 38.9 ± 8.5 yrs), 

BMI (23.9 ± 2.9 vs. 24.3 ± 2.8 kg/m
2
) and AHI (22.1 ± 24.6 vs. 23.2 ± 22.6 events/hr) 

matching, the female still significantly had lower values of neck circumference (34.1 

± 2.8 vs, 37.9 ± 3.2 cm, p < .005) and waist/hip ratio (0.85 ± 0.07 vs. 0.91 ± 0.06, p 

< .05) and lower ESS score (6.4 ± 4.9 vs. 8.4 ± 3.8 p< .05) than the male, while no 

differences in polysomnographic variables were noted. Moreover, the female in this 

group (Table 3) had significantly lower systolic (117 ± 13 vs. 128 ± 17 mmHg, p 

< .01), diastolic (80 ± 13 vs. 89 ± 12 mmHg, p < .005) and mean blood pressures (92 

± 12 vs. 102 ± 13 mmHg, p < .01) and lower serum values of triglyceride (95 ± 43 vs. 

142 ± 115 mg/dL, p < .05) and uric acid (4.73 ± 1.40 vs. 6.41 ± 1.62 mg/dL, p < .005) 

than the male. Again, no differences in between are values of fast glucose, total 

cholesterol, HDL, LDL and hs-CRP and its log transformed value. 

When focus shifting to Senior subject (Table 2), without AHI matching 

(Senior/nAHImt), the female (56.3 ± 5.1 vs. 56.5 ± 5.7 yrs and 24.5 ± 3.6 vs. 24.7 ± 

3.2 kg/m
2
 in age and BMI, respectively; both p > .05), compared with male, was 

characterized by a lower values of AHI (22.6 ± 21.2 vs. 39.2 ± 25.8 events/hr, p 

< .005), neck circumference (34.5 ± 2.1 vs. 38.7 ± 2.6 cm, p < .005) and waist/hip 

ratio (0.87 ± 0.10 vs. 0.94 ± 0.04, p < .05) and shorter NREM 3+4 (4.4 ± 6.4 vs. 1.4 ± 

3.7%, p <.005), lesser arousal index (36.2 ± 24.6 vs. 44.6 ± 19.3 events/hr, p < .01) 

and less severe O2 desaturation (11.2 ± 14.9 vs. 27.9 ± 22.8 events/hr, 86 ± 8 vs. 79 ± 

13%, and 5 ± 13 vs. 26 ± 49 min in Desaturation Index, Lower Oxygen Saturation and 

SaO2< 90%, respectively; all p < .005), though had similar Total Sleep Time, Sleep 

Efficiency, NREM 1+2, REM and Epworth Sleepiness Scales scores. In variables of 

blood pressure (Table 3), metabolic state and pro-inflammatory situation, all above 

mentioned ones were similar but diastolic blood pressure, again female less than male 

(86 ± 12 vs. 90 ± 12 mmHg, p < .05). 

Further with AHI matching in Senior/AHImt group (56.9 ± 5.1 vs. 57.5 ± 5.8 yrs, 

25.4 ± 4.4 vs. 25.6 ± 3.6 kg/m
2
, and 28.9 ± 23.5 vs. 26.6 ± 19.5 events/hr in age, BMI 

and AHI, respectively; all p > .05) (Table 2), the female still had shorter neck 

circumference (35.3 ± 1.9 vs. 39.7 ± 2.4 cm, p < .005), lower Lowest Oxygen 

Saturation (85 ± 7 vs. 81 ± 9%, p < .05) and shorter period in SaO2<90% (6 ± 10 vs. 

27 ± 56 min, p< .05) with equal values of rest parameters for objective and subjective 

sleep quality to the male. Interestingly, all the parameters related to blood 

pressure (Table 3), metabolic situation and pro-inflammatory state were all of no 

differences in between gender-paired counterparts. 
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Let’s focus on variables like systolic blood pressure, triglyceride uric acid and 

waist/hip ratio in these two triple-matching groups (i.e., Junior/AHImt and 

Senior/AHImt). In Junior group, uric acid levels were positively correlated with 

systolic blood pressure (Fig. 1A) and triglyceride (Fig. 2A) in Male and with 

waist/hip ratio (Fig. 3B, C) in Female and Male + Female. Whereas, in Senior 

groups uric acid was positively correlated with systolic blood pressure (Fig. 1E), 

triglyceride (Fig. 2E) and waist/hip ratio (Fig. 3E) in Female. In Senior group 

again, uric acid levels were also positively correlated with triglyceride (Fig. 2F) and 

waist/hip ratio (Fig. 3F) in Male + Female. Paradoxically, waist/hip ratio (Fig. 3D) 

was negatively correlated with uric acid in male. Further, in Junior Male + Female, 

waist/hip was positively correlated with systolic blood pressure (p< .05), whereas, in 

Senior Male + Female, there was a similar trend existed (p= .054) (both not shown by 

figure). 

Discussion 

In current gender difference study, the female preferences of daytime alertness, lower blood pressure, 

and lower serum values of uric acid and triglyceride are shown significantly at chronological 

premenopausal ages but not postmenopausal ones, independent of SDB severity. These results might 

be accounted for putatively by concentration changes in sex hormones and by their related central fat 

evolution. Low systemic inflammation, surrogated by elevated serum CRP values, appears not 

affected by SDB severity and of no gender difference. Additional AHI matching, besides of age 

and BMI matching, is meaningful in attenuating gender discrepancies in sleep architecture, serum 

levels of total cholesterol and uric acid in pre- and post-menopausal age groups, respectively but not in 

blood pressure, serum values of fast glucose, HDL and LDL, daytime sleepiness and pro-inflammatory 

state. 

SDB is an important disorder because of both its prevalence and its diffused cardiovascular and 

neurocognitive sequale (22,23). Overwhelming evidences indicated that SDB would induce 

systemic inflammation (2), elevate cytokine levels (e.g., tumor necrosis factor-α(1) or CRP (2)) and 

increase insulin resistance (24). Moreover, through acute elevated sympathetic activities and chronic 

neurohumoral effects, SDB might trigger or aggravate vascular pathogenicity (25).  Further, the AHI 

value, an indicator of SDB severity, was proved as the predictor of number of metabolic syndrome 

parameters (26); and potentially SDB and metabolic syndrome may share a common path mechanism 

(26). In gender issue, male have been proved greater prevalent in SDB in either community, laboratory, 

or ethnicity (6,7,8,9) base, whereas, (12) menopause appeared a risk factor for female’s SDB. This 

gender discrepancy might be caused by greater wakeful genioglossus activity (10) in female, greater 

increase in NREM sleep airway resistance in male (27) and other unknown mechanisms. Apparently, 

sex hormones (28) may play the major role: Administrating testosterone (11) to premenopausal women 

elevates the hypocapnic apnea threshold and facilitates the development of central apnea during NREM 

sleep; whereas, estrogen and progesterone supplementation (29) diminishes SDB severity in 
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healthy/nonobese/postmenopausal women. Thus, at considering gender discrepancy in various 

cardiovascular risk factors, SDB should be rationally looked as a confounding factor, besides of age 

and obesity. Moreover, menopause, although not absolutely a turning point, appears actually a dominant 

physiological watershed in female life (20). To our acknowledgement, few studies have 

investigated if gender differences still the same after excluding the impacts of SDB, and if after adding 

menopause effects further. Possibly, this study might be the first one in investigating gender effects 

on systemic inflammation, hypertension and metabolic aberration at matching of age, BMI and AHI, 

besides of life-style confounding such as alcohol, smoking and exercise habits (30).  

Interestingly, a recent study of pre- and post-menopausal female compared with age- and either 

AHI- or BMI-matched male, Yukawa et al. (31) reported that female (pre- and post-menopousal ages 

together) had lower AHI levels, supposedly contributing to lower ESS sores. Lower ESS score is also 

found in our Junior/nAHImt/Female group but not Senior one. However, their study could not show if 

gender difference in ESS scores were chronologic or physiologic menopause independent. Further, the 

subjects they recruited were older and fatter and had higher ESS scores than ours. Defined by 

receiving antihypertensive medication or systolic and diastolic blood pressures > 140 and 90 mmHg, 

respectively, hypertension in their study was associated with BMI, AHI and presence of both 

hyperlipidemia and diabetes mellitus, but not with gender. Apparently, their findings were not 

consistent with our results that gender effect on hypertension exists at premenopausal ages, 

independent from BMI and AHI. We presume it might too premature to conclude if gender affecting 

hypertension, when multiple potential bias not excluded such as BMI, AHI, smoking, alcohol, exercise 

habits, diabetes mellitus and others. From compelling studies, estradiol played the role in 

vessel-protection through several mechanisms, such as fatty streak protection, cytokine modulating and 

nitric oxide bioactivity elevation and prostacycline production increasing (32). Moreover, through 

diffused and sophisticated, central and peripheral mechanisms, depletion of estrogen with a 

concomitant increase in androgens, like postmenopausal situation, would lead to increased peripheral 

resistance and elevated blood pressure (33). The results of present study further, indicate female 

sexual hormones have a “direct effect” in lower blood pressure effect, beyond concomitant effects on 

SDB prevention, till postmenopausal ages. 

Each additional apnea or hypopnea event per sleep hour in SDB patients, has been proved to 

increase fasting insulin level and HOMAIR (34) by about 0.5%. In same cohort study, insulin 

resistance was confirmed as a significant predictor for hypertension. Their findings suggest that 

SDB is independently associated with insulin resistance (34), but not fasting glucose level.

 Without insulin values, we can not compare our results with theirs. However, their findings 

were quite consistent with ours that after matching age and BMI, no matter AHI matched further or no, 

there are no gender differences in serum fast glucose levels in both Junior and Senior groups.  

Coughlin et al. (35) had shown that SDB patients had lower HDL, higher total cholesterol/HDL 

ratio and higher TG than control. Those dyslipidemia would be improved by continuous positive 

airway pressure (CPAP) application, a gold therapeutic strategy for SDB (36,37). In animal studies, 
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(38) intermittent hypoxia would induce increases of liver TG and phospholipids by upregulating genes 

of lipid biosynthesis in lean mice. Moreover, SDB has the potential to induce not only quantitative, but 

also qualitative (or functional) changes (39) in plasma lipids. On the other hand, premenopausal 

women have a less atherogenic lipid profile (40) and gender dimorphism in lipid metabolism 

determined by (41) both sex steroid hormones and body fat distribution. Further, estrogen 

administration (42) may decrease hepatic lipase activity and increase HDL even in postmenopausal 

women. Again, these previous studies did not take gender and gender-related SDB severity together 

into consideration. In tri-matching groups of our study just showed just TG, but not HDL, LDL or 

total cholesterol levels is significantly low in female than male in Junior group and these lipid profile 

are similar in values between female and male in Senior group. It just reflects that TG are more 

affected than HDL, LDL and total cholesterol by female sex hormone beyond by age, BMI and SDB. 

In SDB patients, CPAP therapy (37), independent of total body fat, would reduce significantly 

intraabdominal fat. This visceral fat, but not total body fat, was confirmed (43) as an important 

determinant of hepatic lipase activity content. Thus, the presence of SDB is conducive to 

accumulation of visceral fat and thereby contributes to the occurrence of components of the metabolic 

syndrome, through alterations in the secretion of adipokines (44). On the other hand, (45) 

premenopausal women with less visceral fat are more insulin sensitive than men, whereas 

postmenopausal women have insulin sensitivity similar to men, however, SDB severity not excluded. 

Further, (46) waist/hip ratio had been found as a good alternative for non-smoking men and women in 

predicting metabolic disorders. In our Junior/AHImt groups, male have a wider neck 

circumference, a higher waist/hip ratio, higher values of BP, serum TG level and serum UA levels than 

the sex counterparts.  However, at Senior/AHImt groups, there are no gender differences in above 

variables except neck circumferences. Thus, these findings might indicate beyond SDB, sex (or sex 

hormone) effects are still meaningful in visceral fat accumulation, in turn, affecting blood pressure, uric 

acid, (potentially insulin sensitivity) and some lipid profile (explained latter).  Although, not 

regarding to serum UA concentration at all (47), Saito H et al had pointed out that in SDB patients, 

overnight increase in urinary UA/ creatinine ratio and plasma adenosine level during sleep might 

reflect the severity of tissue hypoxia. When tissue hypoxia occurs, a net degradation of adenosine 

triphosphate would lead to the release of purine intermediates (adenosine, inosine, hypopxathine, and 

xanthine) and the purine catabolic end product, UA. Hyperuricemia clearly demonstrated an increased 

risk of coronary heart and stroke (48) and was associated with hypertension, menopause, metabolic 

syndrome (49,50,51,52) and atherothrombosis (53,54) in a metabolic syndrome-independent manner.

 Epidemiologically age-related increases in serum UA in women are due to menopause (55), 

which may get reversed or attenuated by hormone replacement therapy (56). Further, two studies in 

either Taiwan (57) or Japan (58) showed that elderly women appeared centrally obese and the size of 

intra-abdominal visceral fat is positively correlated with serum UA and negatively correlated with UA 

clearance. Moreover,(59) the gender difference in serum UA levels decreased along with aging 

(60,61,62,63). The findings of these studies were somewhat similar to ours that waist/hip ratio is 
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positively correlated with UA values in Junior and Senior/AHImt/Female or Female+Male (Fig. 3).

 Further, in a non-obese, -hypertensive and -alcoholic male study, Collantes EE (64) had found 

asymptomatic hyperuricemia, frequently associated with mixed hyperlipidemia or hypertriglyceridemia, 

from which they speculated purine metabolism flowing triglyceride pathways. 

Interestingly, even in our case controlled study the above phenomena still appear in our 

Junior/AHImt/Male, Junior/AHImt/Male+Female, Senior/AHImt/Female, and 

Senior/AHImt/Male+Female (Fig. 2). This gender effect on UA-TG relationship appears substantially 

dependent on chronological menopausal age. In other words, young male’s 

high-androgen/low-estrogen related UA-TG association seems shifting to senior female as the result of 

postmenopausal hormonal changes, possibly the similar mechanisms on UA-systolic BP too (Fig, 1). 

 Conversely, the linkages of systolic BP and TG to hyperurecemia are absent in 

Junior/AHImt/Female and Senior/AHImt/Male. We supposed that there might be same compensatory 

mechanisms that counteract or attenuate the associative relationship in between. Paradoxically, in 

Senior/AHImt/Male, waist/hip ratio is negatively correlated with serum UA levels. This is hard to 

explain. We hypothesize that in these senior men, through long term central obesity effect on an 

increase of cardiac output (65) even during sleep, which likely mitigates the tissue hypoxia impact 

from SDB; i.e., the greater waist/ hip ratio, the lower the serum UA levels. On the other hand, that 

visceral fat still affects BP and lipid profile, will diminish SBP-UA and TG-UA association in 

Senior/AHImt/Male.  However, to confirm these, further studies are needed. 

Shepertycky et al. (66) had reported that women with SDB are more likely to be treated for 

depression, to have insomnia and to have hypothyroidism than are age, BMI, AHI, and ESS score 

matched men. In general population, the presence of excessive daytime sleepiness is strongly 

associated with depression, obesity, diabetes and SDB, age, exercise habit and other covariates.

 Recently, Basta et al (30) has shown that in obese subjects (BMI 35-40 kg/m
2
), predictors of 

moderate sleepiness (ESS score ≅ 13.5) for both sexes were depression and log AHI. However, gender 

difference of excessive daytime sleepiness, after controlling age, BMI, AHI and exercise, is still 

unknown. The results of our study just indicated that in relatively slim subjects on sleep clinic base, the 

female of premenopausal ages have lower ESS score than the male. This gender difference was not 

found when they got older than chronological menopausal ages. Further study in this agenda should be 

needed. 

Serum CRP levels, a potential early marker of cardiovascular disease (67,68,69,70), will be 

elevated by aging, smoking, obesity/visceral obesity, insulin resistance, hypertension (71) or total/ 

partial sleep deprivation (72). In the clinical SDB subjects, Guilleminault et al (73) had reported that 

only BMI was significantly associated with high CRP values, no matter men and women considered 

separately. However, the linkage between SDB severity and CRP values was not consistent in other 

studies (71,74). Lui et al (71) recently had shown that in their male SDB patients, the CRP level was 

significantly predicted by each value of AHI, waist circumference, and serum TG level. In our study, 

after age- and BMI-matching, no gender difference of serum CRP levels is found, no matter AHI 
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matching or not, in both Junior and Senior groups. This result is likely supporting Guilleminault et 

al.’s finding; but actually still not against Lui et al.’s, because CRP-AHI association is not examined in 

either gender or total group in our study.  In SDB subjects, it is quite frequently that sleep is 

fragmented accompanied with total sleep time reduced and sleep efficiency diminished. Thus, in 

present study, no gender disparity in both total sleep time and sleep efficiency, in either AHImt or 

nAHImt of both Junior and Senior groups, possibly plays a role at least in part, in attenuating male’s 

dominant effects of AHI, blood pressure and waist/hip ratio on CRP values. 

AHI matching further in our study, is quite meaningful in attenuating gender discrepancies in 

sleep architecture, serum levels of total cholesterol and uric acid in pre- and post-menopausal age 

groups, respectively. This result just demonstrates that gender impact seems stronger than SDB in 

certain cardiovascular factors such as BP, TG, UA, visceral fat accumulation and daytime sleepiness, 

although fading away when people get older. On the other hand, BMI matching potentially diminish 

gender differences in some portion of lipid profile and pro-inflammatory state. In clinical 

implication, our study might somehow show up the different impact weighting of gender, BMI, SDB, 

waist/hip ratio and age on various cardiovascular risk factors. 

Limitations 

This is a clinical base, rather than a population base study. Due to the gender differences in clinical 

pictures (66), it might be limited to extend our results exponentially to general population. Besides, 

craniofascial character is a dominant predictor for SDB in Asian against BMI in Caucasian 

counterparts. Potentially, our patients are relatively lower in BMI values than are those in Western 

studies. Therefore, it should be cautious when our results would be generalized to other ethic groups. 

Conclusion 

In this retrospective, clinical based, gender pairing, case control study, several conclusions might be 

noteworthy: 

1. At chronological premenopausal age, female has actually preferences against age- and 

BMI-matched male, in daytime alertness, blood pressure, and serum levels of triglyceride and uric 

acid, which persists even beyond sex related sleep disordered breathing. 

2. The fact that female preferences fade away cross the physiological watershed of menopause might 

be accounted for, at least in part, by central fat evolution. 

3. Additional AHI matching, besides of age and BMI matching, is meaningful in attenuating gender 

discrepancies in sleep architecture, serum levels of total cholesterol and uric acid in pre- and 

post-menopausal age groups, respectively. 
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