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Strengths and limitations of this study

►► This cross-sectional study had a large sample size.
►► This study is the first to explore (in great detail) the 
effect modification by gender of obstructive sleep 
apnoea (OSA) characteristics on dyslipidaemia. We 
sought both additive and multiplicative interactions 
between gender and sleep apnoea characteristics.

►► Sleep data were collected via standard polysomnog-
raphy, ensuring reliability of the results.

►► Certain potential confounding factors, the obser-
vational hospital-based design and the ‘first night 
effect’ constitute the major limitations of the study.

Abstract
Objectives  Obstructive sleep apnoea (OSA) 
characteristics differ by gender, possibly affecting any 
association between OSA and dyslipidaemia. We explored 
whether gender influenced any association between OSA 
characteristics and dyslipidaemia.
Methods/Design  This was a cross-sectional, large-
scale hospital-based study. Male and female risks of 
dyslipidaemia by OSA characteristics were assessed with 
logistic regression. Additive interactions were measured 
using three indices: the relative excess risk due to 
interaction, the attributable proportion due to interaction 
and the synergy index. Multiplicative interaction was 
evaluated via logistic regression.
Setting  A single secondary-care setting in China.
Participants  3760 patients with OSA.
Primary and secondary outcome measures  Outcomes 
were male and female risks of dyslipidaemia, and the 
associated additive and multiplicative interactions 
between the apnoea–hypopnea index (AHI), the oxygen-
desaturation index (ODI), the microarousal index (MAI), 
and gender.
Results  After controlling for confounding factors, males 
(but not females) with AHIs>30 were at higher risk of 
hyper-total cholesterol (TC), hypo-high-density lipoprotein 
cholesterol (HDL-C) status and a hyper-TC/HDL-C ratio 
than males with AHIs≤30. Positive additive interactions 
were evident between the male gender and AHI on a 
hyper-TC/HDL-C ratio and hypo-HDL-C status. Males 
with ODIs>40.1 were at higher risk of hypo-HDL-C status 
and a hyper-TC/HDL-C ratio than males with ODIs≤40.1. 
Positive additive and multiplicative interactions were 
evident between male gender and ODI on hyper-TC/
HDL-C ratio. Males with MAIs>28.6 were at higher risk of 
hyper-TC and hyper-low-density lipoprotein cholesterol 
status than males with MAIs≤28.6, but no statistically 
significant interactions were apparent between gender 
and MAI.
Conclusions  Males (but not females) with higher AHIs, 
ODIs or MAIs were at higher risks of some measures of 
dyslipidaemia. Positive interactions between male and 
severe OSA or intermittent hypoxia on some measures of 
dyslipidaemia were apparent. Thus, dyslipidaemia should 
be evaluated in patients with OSA, especially males with 
severe OSA or intermittent hypoxia.

Introduction
Obstructive sleep apnoea (OSA) is one of 
the most common sleep disorders; the preva-
lence of moderate-to-severe OSA in a recent 
population-based study in Switzerland was 
23.4% in females and 49.7% in males.1 Many 
studies, including the Sleep Heart Health 
Study and the PROOF (PROgnostic indicator 
OF cardiovascular and cerebrovascular events) 
Study, have found that OSA is independently 
and positively associated with total cholesterol 
(TC), triglyceride (TG) and low-density lipo-
protein cholesterol (LDL-C) levels, and is nega-
tively associated with high-density lipoprotein 
cholesterol (HDL-C) levels.2–10 The two typical 
pathophysiological characteristics of OSA, that 
is, intermittent hypoxia and sleep fragmenta-
tion, were also independently associated with 
dyslipidaemia.8 9

Previous studies have found that OSA prev-
alence, onset time, severity, symptoms and 
characteristics differ significantly between 
males and females.11–14 Males are twice as 
likely as females to develop OSA. Males 
develop more severe and earlier-onset OSA, 
and exhibit more typical OSA symptoms (ie, 
more obvious oxygen desaturation and longer 
apnoea duration); females are more likely to 

http://bmjopen.bmj.com/
http://orcid.org/0000-0001-8967-6960
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-028509&domain=pdf&date_stamp=2019-09-04


2 Xia Y, et al. BMJ Open 2019;9:e028509. doi:10.1136/bmjopen-2018-028509

Open access�

Figure 1  Enrollment flow chart for the study population. 
ESS, Epworth Sleepiness Scale; OSA, obstructive sleep 
apnoea; PSG, polysomnography.

exhibit rapid-eye-movement-dominant events.11–13 The 
cumulative exposure to OSA differs between females and 
males.15 16 Also, males and females obviously differ in terms 
of the physiological cycle; oestrogen maintains female lipid 
metabolism prior to menopause. Male and female patients 
with OSA may also differ in terms of lifestyle factors, 
including alcohol consumption and smoking. Such gender 
differences may affect the relationships between OSA and 
metabolic disorders; one study found that OSA was inde-
pendently associated with liver fat accumulation in males 
but not females.17 Thus, we hypothesised that the relation-
ships between OSA characteristics and dyslipidaemia might 
differ between males and females. Gender might modify 
the effects of OSA characteristics on dyslipidaemia.

To date, no study has explored the effect modification 
by gender of intermittent hypoxia and sleep fragmentation 
in terms of dyslipidaemia. We thus performed a large-scale 
cross-sectional study to investigate these issues.

Methods
Patient and public involvement
When formulating the research questions, and when 
designing the study, the development and content validity 
of the outcome measure was ensured by qualitatively inter-
viewing patients who underwent polysomnography (PSG). 
Patients were not involved in the recruitment or conduct 
of the study. When the results are published, they will be 
disseminated in a local newspaper and on WeChat.

Study design
This was a cross-sectional large-scale hospital-based study.

Setting
From 2010 to 2016, we consecutively enrolled 4583 subjects 
with suspected OSA treated in the sleep centre of the 
Department of Otolaryngology/Head and Neck Surgery, 
Shanghai Jiao Tong University Affiliated Sixth People’s 
Hospital.

Participants
In total, 823 patients who did not take lipid-lowering drugs 
were excluded for the following reasons: age less than 18 
years (n=41); presence of serious systematic diseases (eg, 
heart or renal failure; n=4); missing data (n=91); abnormal 
data (n=227); prior treatment (eg, weight loss surgery, 
Z-palatopharyngoplasty or continuous positive airway pres-
sure treatment; n=158); another sleep disorder (n=1); and 
failure to meet the diagnostic criteria for OSA (n=301). In 
total, 3760 subjects were finally included (figure 1). Written 
informed consent was obtained from all participants 
according to the guidelines of the National Ethics Regula-
tion Committee.

Anthropometric measurements
Weight was measured, with the subject standing in light 
clothing while barefoot. Height was the maximum vertical 
distance from the bottom of the feet to the highest point 
on the head while standing barefoot, with the feet together 

and arms by the sides, and with the heels, buttocks and 
upper back in contact with a wall. Body mass index (BMI) 
was calculated as weight (kg)/height2 (m2). Waist circum-
ference (WC) was measured midway between the lower 
costal margin and the iliac crest, and hip circumference 
(HC) was the maximum girth at the greater trochanters. 
The waist-hip ratio (WHR) was calculated as: WC (cm)/HC 
(cm).

Questionnaires
All subjects were asked to complete questionnaires exploring 
history of hypertension (yes or no) and/or diabetes (yes or 
no), and smoking and alcohol consumption status. Smoking 
status was divided into non-smoker, current smoker and 
ex-smoker; we also recorded the mean number of cigarettes 
smoked per day, smoking duration (years) and number of 
years since quitting (for ex-smokers).18 Non-smokers were 
defined as those who had either never smoked or had 
smoked for less than 12 months. Current smokers were 
those who self-reported cigarette use for at least 12 months. 
Ex-smokers were former smokers who had given up after 
smoking for at least 12 months and had remained abstinent 
for at least 12 months. We explored alcohol consumption 
status (non-drinkers, current drinkers and ex-drinkers). 
Ever-drinkers were considered to be alcohol consumers.

Overnight PSG parameters
Respiratory events were scored via laboratory-based PSG 
(Alice 4 or 5 platform; Respironics, Pittsburgh, Penn-
sylvania, USA). We obtained electroencephalographic, 
electro-oculographic, electrocardiographic and electro-
myographic data; nasal and oral airflows; thoracic and 
abdominal respiratory efforts; pulse oximetry data; informa-
tion on posture; and snoring data. The apnoea–hypopnoea 
index (AHI) was the number of apnoea and hypopnoea 
events per hour during sleep. The oxygen desaturation 
index (ODI) was defined as the number of times per hour 
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of sleep that the blood oxygen level dropped by ≥4% from 
baseline. The microarousal index (MAI) was the number of 
arousals per hour of sleep. AHIs of ≥5, >15 and >30 events 
per hour were taken to reflect mild, moderate and severe 
OSA, respectively, in line with the criteria of the American 
Academy of Sleep Medicine.19

Biochemical markers
Fasting blood samples were drawn from the antecu-
bital vein. Serum lipid profiles (including TC, HDL-C, 
LDL-C, fasting serum glucose and fasting serum insulin 
levels) were measured using routine procedures; serum 
glucose levels were measured with an H-7600 autoanal-
yser (Hitachi, Tokyo, Japan) and serum insulin levels via 
immunoradiology. The TC/HDL-C ratio was given by TC 
(mmol/L)/HDL-C (mmol/L). Insulin resistance was calcu-
lated using homeostasis model assessment (HOMA-IR) as 
follows: fasting serum insulin (μU/mL)×fasting plasma 
glucose (mmol/L)/22.5.20 Hyper-TC, hypo-HDL-C and 
hyper-LDL-C status were defined as levels >5.17 mmol/L, 
≤1.03 mmol/L and ≥3.37 mmol/L, respectively; these are 
the diagnostic criteria of the Joint Committee for Devel-
oping Chinese Guidelines on Prevention and Treatment 
of Dyslipidemia in Adults.21 A hyper-TC/HDL-C ratio was 
defined as a ratio ≥4.22 23

Statistical methods
Data are presented as means±SD, medians (with IQRs) or 
numbers (with percentages) if they were normally distrib-
uted, skewed or categorical, respectively. We dichotomised 
each sleep apnoea characteristic, with a high-level AHI 
defined as an AHI>30 and a high-level ODI and MAI defined 
as values above the medians. For each characteristic, we 
performed stratified analysis by dividing all patients into 
four groups by gender and the high (vs low) binary variable, 
and explored interactions between these two variables, as 
described previously.24 For example, when exploring inter-
actions between gender and the ODI, we compared the ORs 
of females with ODIs≤40.1, females with ODIs>40.1, males 
with ODIs≤40.1 and males with ODIs>40.1. The group with 
the lowest risk served as the reference; we then calculated 
ORs for the other three groups and computed interactions. 
All models were adjusted for age, BMI, WHR, insulin level, 
smoking and alcohol consumption, diabetes, hypertension 
and MAI when analysing interactions between gender and 
AHI or ODI; and were adjusted for age, BMI, WHR, insulin 
level, smoking and alcohol consumption, diabetes, hyper-
tension and ODI when analysing interactions between 
gender and MAI.

Additive biological interactions were measured using 
three indices: the relative excess risk due to interaction 
(RERI), the attributable proportion due to interaction (AP) 
and the synergy index (S).24 25 A RERI or AP of 0, and an S 
value of 1, reflected no additive interaction.26 Multiplicative 
interaction was evaluated via logistic regression. Multiple 
linear regression was used to quantify the incremental value 
of each independent variable using the part-R-squares; we 
also calculated regression coefficients.

All statistical analyses were performed with SPSS (V.22.0) 
and R software (V.3.4.4; R Development Core Team, Vienna, 
Austria). A two-tailed p value<0.05 was considered to reflect 
statistical significance.

Results
Ultimately, we analysed 3760 subjects: 638 females and 3122 
males. The median ODI was 40.1 and the median MAI was 
28.6 (table 1).

Male and female risks of dyslipidaemia by AHI>30
We divided the patients into four groups by gender and 
AHI: females with AHIs≤30 (n=377), females with AHIs>30 
(n=261), males with AHIs≤30 (n=1128) and males with 
AHIs>30 (n=1994). After controlling for age, BMI, WHR, 
insulin level, smoking and alcohol consumption, diabetes, 
hypertension and MAI, we found that the risks of hyper-TC 
and hypo-HDL-C status, a hyper-TC/HDL-C ratio and 
hyper-LDL-C status for females with AHIs>30 were not 
significantly greater than those for females with AHIs≤30 
(OR (95% CI)=1.358 (0.948 to 1.945); OR (95% CI)=1.006 
(0.683 to 1.483); OR (95% CI)=1.038 (0.723 to 1.490); 
and OR (95% CI)=1.233 (0.850 to 1.787), respectively) 
(tables 2–5).

In males, the risk of hyper-LDL-C status of those with 
AHIs>30 was not significantly higher than that for subjects 
with AHIs≤30 (OR(95% CI)=1.071 (0.895 to 1.282)), 
but the risks of hyper-TC and hypo-HDL-C status and a 
hyper-TC/HDL-C ratio were significantly higher for males 
with AHIs>30 (OR (95% CI)=1.236 (1.030 to 1.483); and 
OR(95% CI)=1.284 (1.084 to 1.520); and OR(95% CI)=1.332 
(1.100 to 1.612), respectively) (tables 2–5).

Interaction between gender and AHI on dyslipidaemia
After adjusting for age, BMI, WHR, insulin level, smoking 
and alcohol consumption, diabetes, hypertension and 
MAI, females with AHIs>30 (OR (95% CI)=2.239 (1.648 
to 3.039)) exhibited the highest OR for hyper-TC status 
of all groups; males with AHIs≤30 served as the reference 
group. The RERI (95% CI) was 0.3297 (−0.3488 to 1.008), 
indicating no statistically significant additive interaction 
between gender and AHI (table  2, figure  2). Males with 
AHIs>30 (OR (95% CI)=3.012 (2.296 to 3.969)) exhibited 
the highest OR in terms of hypo-HDL-C status when females 
with AHIs≤30 served as the reference group. Although 
the S value (95% CI) was 1.4012 (0.9626 to 2.0398), the 
RERI (95% CI) was 0.5761 (0.0520 to 1.1001) and the AP 
(95% CI) was 0.1913 (0.0178 to 0.3648), indicating a posi-
tive additive interaction between gender and AHI (table 3, 
figure 3). Males with AHIs>30 (OR (95% CI)=2.031 (1.544 
to 2.671)) exhibited the highest OR for a hyper-TC/HDL-C 
ratio when females with AHIs≤30 served as the reference 
group. Although the S value (95% CI) was 1.9086 (0.7993 to 
4.5569), the RERI (95% CI) was 0.4910 (0.0610 to 0.9209) 
and the AP (95% CI) was 0.2417 (0.0295 to 0.4539), indi-
cating a positive additive interaction between male gender 
and AHI (table  4, figure  4). In terms of hyper-LDL-C 
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Table 2  Additive interaction between gender and AHI on 
the risk of hyper-TC

AHI≤30 AHI>30

AHI>30 vs 
AHI≤30

OR (95% CI)
P value

OR (95% CI)
P value

Male 1.0 1.251 (1.047 to 
1.497)
p=0.014

1.236 (1.030 to 
1.483)
p=0.023

Female 1.658 (1.261 to 
2.176)
p<0.001

2.239 (1.648 to 
3.039)
p<0.001

1.358 (0.948 to 
1.945)
p=0.095

Measure of effect modification on additive scale: RERI 
(95% CI)=0.3297 (−0.3488 to 1.008); AP (95% CI)=0.1473 (−0.1287 
to 0.4232); S (95% CI)=1.3626 (0.7224 to 2.5703). ORs were 
adjusted for age, BMI, WHR, insulin level, smoking and alcohol 
consumption, diabetes, hypertension and MAI. OR (95% CI) 
of diabetes in females=0.960 (0.594 to 1.554); OR (95% CI) of 
diabetes in males=0.812 (0.571 to 1.153).
AHI, apnoea–hypopnoea index; AP, attributable proportion due to 
interaction; BMI, body mass index; MAI, microarousal index; RERI, 
relative excess risk due to interaction; S, synergy index; TC, total 
cholesterol; WHR, waist to hip ratio.

Table 3  Additive interaction between gender and AHI on 
the risk of hypo-HDL-C

AHI≤30 AHI>30

AHI>30 vs 
AHI≤30

OR (95% CI)
P value

OR (95% CI)
P value

Female 1.0 1.060 (0.744 to 
1.508)
p=0.745

1.006 (0.683 to 
1.483)
p=0.975

Male 2.375 (1.811 to 
3.131)
p<0.001

3.012 (2.296 to 
3.969)
p<0.001

1.284 (1.084 to 
1.520)
p=0.004

Measure of effect modification on additive scale: RERI 
(95% CI)=0.5761 (0.0520 to 1.1001); AP (95% CI)=0.1913 (0.0178 
to 0.3648); S (95% CI)=1.4012 (0.9626 to 2.0398); ORs were 
adjusted for age, BMI, WHR, insulin level, smoking and alcohol 
consumption, diabetes, hypertension and MAI. OR (95% CI) 
of diabetes in females=0.782 (0.474 to 1.292); OR (95% CI) of 
diabetes in males=1.677 (1.183 to 2.377).
AHI, apnoea–hypopnoea index; AP, attributable proportion due to 
interaction; BMI, body mass index; HDL-C, high-density lipoprotein 
cholesterol; MAI, microarousal index; RERI, relative excess risk due 
to interaction; S, synergy index; WHR, waist to hip ratio.

Table 4  Additive interaction between gender and AHI on 
the risk of hyper-TC/HDL-C ratio

AHI≤30 AHI>30

AHI>30 vs 
AHI≤30

OR (95% CI)
P value

OR (95% CI)
P value

Female 1.0 1.034 (0.737 to 
1.452)
p=0.848

1.038 (0.723 to 
1.490)
p=0.838

Male 1.507 (1.151 to 
1.972)
p=0.003

2.031 (1.544 to 
2.671)
p<0.001

1.332 (1.100 to 
1.612)
p=0.003

Measure of effect modification on additive scale: RERI 
(95% CI)=0.4910 (0.0610 to 0.9209); AP (95% CI)=0.2417 (0.0295 
to 0.4539); S (95% CI)=1.9086 (0.7993 to 4.5569). ORs were 
adjusted for age, BMI, WHR, insulin level, smoking and alcohol 
consumption, diabetes, hypertension and MAI. OR (95% CI) 
of diabetes in females=1.099 (0.667 to 1.812); OR (95% CI) of 
diabetes in males=0.924 (0.628 to 1.359).
AHI, apnoea–hypopnoea index; AP, attributable proportion due to 
interaction; BMI, body mass index; HDL-C, high-density lipoprotein 
cholesterol; MAI, microarousal index; RERI, relative excess risk due 
to interaction; S, synergy index; TC, total cholesterol; WHR, waist 
to hip ratio.

Table 5  Additive interaction between gender and AHI on 
the risk of hyper-LDL-C

AHI≤30 AHI>30

AHI>30 vs 
AHI≤30

OR (95% CI)
P value

OR (95% CI)
P value

Male 1.0 1.096 (0.919 to 
1.307)
p=0.307

1.071 (0.895 
to1.282)
p=0.455

Female 1.150 (0.870 to 
1.513)
p=0.323

1.260 (0.920 to 
1.720)
p=0.147

1.233 (0.850 
to1.787)
p=0.270

Measure of effect modification on additive scale: RERI 
(95% CI)=0.0149 (−0.4305 to 0.4603); AP (95% CI)=0.0118 
(−0.3397 to 0.3634); S (95% CI)=1.0607 (0.1806 to 6.2285). 
ORs were adjusted for age, BMI, WHR, insulin level, smoking 
and alcohol consumption, diabetes, hypertension and MAI. 
OR (95% CI) of diabetes in females=1.044 (0.638 to 1.710). OR 
(95% CI) of diabetes in males=0.535 (0.367 to 0.781).
AHI, apnoea–hypopnoea index; AP, attributable proportion due to 
interaction; BMI, body mass index; LDL-C, low-density lipoprotein 
cholesterol; MAI, microarousal index; RERI, relative excess risk due 
to interaction; S, synergy index; WHR, waist to hip ratio.

status, the RERI (95% CI) was 0.0149 (−0.4305 to 0.4603), 
indicating no statistically significant additive interaction 
between gender and AHI (table 5, figure 5).

After adjusting for confounding factors, no statistically 
significant multiplicative interaction between gender and 
AHI was found in terms of hyper-TC (OR (95% CI)=1.002 
(0.995 to 1.010)), hyper-LDL-C (OR (95% CI)=1.000 (0.993 
to 1.007)), hyper-TC/HDL-C (OR (95% CI)=1.007 (0.999 
to 1.015)) or hypo-HDL-C (OR (95% CI)=1.001 (0.994 to 
1.009)) status (table 6).

Male and female risks of dyslipidaemia by the median ODI
All subjects were divided into four groups: females with 
ODIs≤40.1 (n=422), females with ODIs>40.1 (n=216), 
males with ODIs≤40.1 (n=1459) and males with ODIs>40.1 
(n=1663). After controlling for age, BMI, WHR, insulin 
level, smoking and alcohol consumption, diabetes, hyper-
tension and MAI, the risks of hyper-TC, hypo-HDL-C, 
hyper-TC/HDL-C ratio and hyper-LDL-C status for females 
with ODIs>40.1 were not significantly higher than those 
for females with ODIs≤40.1. In males, the risks of hyper-TC 
and hyper-LDL-C status of subjects with ODIs>40.1 were not 
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Figure 2  Additive interaction between gender and AHI on 
the risk of hyper-TC. AHI, apnoea–hypopnoea index; TC, total 
cholesterol; Ref, reference; RERI, relative excess risk due to 
interaction.

Figure 3  Additive interaction between gender and AHI on 
the risk of hypo-HDL-C. AHI, apnoea–hypopnoea index; 
HDL-C, high-density lipoprotein cholesterol; Ref, reference; 
RERI, relative excess risk due to interaction.

Figure 4  Additive interaction between gender and AHI on 
the risk of hyper-TC/HDL-C ratio. AHI, apnoea–hypopnoea 
index;TC, total cholesterol; HDL-C, high-density lipoprotein 
cholesterol; Ref, reference; RERI, relative excess risk due to 
interaction.

Figure 5  Additive interaction between gender and AHI on 
the risk of hyper-LDL-C. AHI, apnoea–hypopnoea index; 
LDL-C, low-density lipoprotein cholesterol; Ref, reference; 
RERI, relative excess risk due to interaction.

significantly higher than those of males with ODIs≤40.1, 
but the risks of hypo-HDL-C status and a hyper-TC/HDL-C 
ratio were significantly higher in the group with ODIs>40.1 
(online supplementary tables 1–4).

Interactions between gender and ODI on dyslipidaemia
After adjusting for confounding factors, no statistically 
significant additive or multiplicative interaction between 
gender and ODI was apparent in terms of any of hyper-TC, 
hypo-HDL-C or hyper-LDL-C status (online supplemen-
tary tables 1–5). Although the S value (95% CI) was 2.2656 
(0.9214 to 5.5710), the RERI (95% CI) was 0.6686 (0.2031 to 
1.1342) and the AP (95% CI) was 0.3043 (0.1045 to 0.5042), 
indicating positive additive interactions between male 
gender and ODI (online supplementary table 3). A posi-
tive multiplicative interaction of male gender and ODI on 
a hyper-TC/HDL-C ratio was evident (OR (95% CI)=1.008 
(1.001 to 1.016)) (online supplementary table 5).

Male and female risks of dyslipidaemia by median MAI
We divided the patients into four groups by gender and 
median MAI: females with MAIs≤28.6 (n=426), females 
with MAIs>28.6 (n=212), males with MAIs≤28.6 (n=1456) 
and males with MAIs>28.6 (n=1666). In females, no 

significant difference in the risk of hyper-TC, hypo-HDL-C, 
hyper-TC/HDL-C ratio or hyper-LDL-C status was evident 
between those with MAIs>28.6 and≤28.6. In males, those 
with MAIs>28.6 were at significantly greater risk of hyper-TC 
and hyper-LDL-C status than those with MAIs≤28.6, but no 
significant difference in the risk of either hypo-HDL-C or 
hyper TC/HDL-C ratio status was evident (online supple-
mentary tables 6–9).

Interaction between gender and MAI on dyslipidaemia
After adjusting for age, BMI, WHR, insulin level, smoking 
and alcohol consumption, diabetes, hypertension and 
ODI, no statistically significant additive interaction between 
gender and MAI on hyper-TC, hypo-HDL-C, hyper-TC/
HDL-C ratio or hyper-LDL-C status was apparent (online 
supplementary tables 6–9). After adjusting for confounding 
factors, no statistically significant multiplicative interaction 
between gender and MAI in terms of hyper-TC or hypo-
HDL-C status, hyper-TC/HDL-C ratio or hyper-LDL-C 

https://dx.doi.org/10.1136/bmjopen-2018-028509
https://dx.doi.org/10.1136/bmjopen-2018-028509
https://dx.doi.org/10.1136/bmjopen-2018-028509
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https://dx.doi.org/10.1136/bmjopen-2018-028509
https://dx.doi.org/10.1136/bmjopen-2018-028509
https://dx.doi.org/10.1136/bmjopen-2018-028509
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status was evident (all p values for gender*MAIs>0.05) 
(online supplementary table 10).

Subgroup analysis of subjects aged ≥55 years
In total, 829 patients with OSA were aged ≥55 years. For 
both females and males, no significant difference in the risk 
of either hyper-TC or hypo-HDL-C status, the hyper-TC/
HDL-C ratio or hyper-LDL-C status was evident between 
groups divided by AHI, ODI or MAI described above 
(online supplementary tables 11–22).

In those aged ≥55 years, positive additive and multi-
plicative interactions between the male gender and the 
AHI on a hyper-TC/HDL-C ratio were evident (RERI 
(95% CI)=0.6828 (0.0925 to 1.2730); OR (95% CI) for 
male*AHI=1.017 (1.003, 1.031), respectively) (online 
supplementary tables 13 and 23). Positive additive and 
multiplicative interactions between the male gender and 
the ODI on a hyper-TC/HDL-C ratio were apparent (RERI 
(95% CI)=0.6690 (0.1015 to 1.2364); OR (95% CI) for 
male*ODI=1.018 (1.005 to 1.032)) (online supplementary 
tables 17 and 24). No statistically significant interaction 
between gender and MAI on dyslipidaemia was evident 
(online supplementary tables 19–22 and 25).

Subgroup analysis of the regression coefficients of HDL-C 
levels
To estimate regression coefficients for each factor associ-
ated with HDL-C, age, BMI, WHR, insulin level, smoking 
and alcohol consumption, diabetes, hypertension, ODI 
and MAI were subjected to multiple linear regression. In 
males, the adjusted associations of HDL-C levels included 
BMI (β=−0.137, R2=0.030), drinking (β=0.107, R2=0.012), 
smoking (β=−0.103, R2=0.009), hypertension (β=0.076, 
R2=0.007), insulin (β=−0.067, R2=0.005), age (β=0.057, 
R2=0.002) and diabetes (β=−0.049, R2=0.002) . In females, 
the adjusted associations of HDL-C levels were insulin 
(β=−0.178, R2=0.078), hypertension (β=0.131, R2=0.020), 
BMI (β=−0.090, R2=0.016), WHR (β=−0.124, R2=0.006) and 
age (β=0.112, R2=0.011) (online supplementary table 26).

Discussion
After controlling for confounding factors, we found that 
males (but not females) with severe OSA (AHI>30) were 
at higher risks of hyper-TC and hypo-HDL-C status and a 
hyper-TC/HDL-C ratio than those with AHIs≤30. Positive 
additive interactions were evident between male gender and 
AHI on hypo-HDL-C status and a hyper-TC/HDL-C ratio. 
Further analysis revealed that males with ODIs>40.1 were at 
higher risk of hypo-HDL-C and hyper-TC/HDL-C ratio status 
than those with ODIs≤40.1. Positive additive and multiplica-
tive interactions were evident between male gender and ODI 
on hyper-TC/HDL-C ratio status (online supplementary 
tables 3 and 5). Only males with MAIs>28.6 were at higher 
risk of hyper-TC and hyper-LDL-C status than those with 
MAIs≤28.6, but no statistically significant additive or multi-
plicative interaction between gender and MAI in terms of 
dyslipidaemia was apparent. Subgroup analysis revealed that 
for those aged ≥55 years, although the significant differences 

https://dx.doi.org/10.1136/bmjopen-2018-028509
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in terms of the risk of dyslipidaemia between groups divided 
by AHI, ODI or MAI disappeared in males, the interactions 
between male gender and AHI or ODI on some measures of 
dyslipidaemia remained. In terms of the HDL-C level, inde-
pendent factors affecting this level included obesity, hyper-
tension, alcohol consumption, smoking, diabetes, age and 
insulin level in males; and insulin level, hypertension, obesity 
and age in females.

We found that severe OSA (as reflected by an AHI>30) 
was associated with increased risks of hyper-TC, hypo-HDL-C 
status and a hyper-TC/HDL-C ratio, but only in males (not 
in females). One of the most significant pathophysiological 
characteristics of OSA, intermittent hypoxia (as reflected 
by the ODI), was also associated with increased hypo-
HDL-C status and a hyper-TC/HDL-C ratio in males but not 
females. We found positive additive interactions (synergistic 
effects) between male gender and AHI on hypo-HDL-C 
status and a hyper-TC/HDL-C ratio, and positive multipli-
cative and additive interactions between male gender and 
ODI on a hyper-TC/HDL-C ratio, suggesting that maleness 
augments the effect of severe OSA or intermittent hypoxia 
on certain measures of dyslipidaemia. Thus, the impact of 
severe OSA or intermittent hypoxia on dyslipidaemia was 
more obvious in males than females. Several possible expla-
nations for this may be advanced. First, OSA develops early 
and is more severe in males, who exhibit more typical symp-
toms, more obvious oxygen desaturation and longer apnoea 
durations.11–13 Males have higher rates of OSA than females 
of the same AHI.15 16 Second, oestrogen may protect females 
from dyslipidaemia. Intermittent hypoxia increases the liver 
level of hypoxia-inducible factor-1 (HIF-1α), in turn, acti-
vating the sterol regulatory element binding protein 1 and 
stearoyl-coenzyme desaturase-1, which act to increase liver 
fatty acid synthesis, in turn, elevating the levels of lipids such 
as TG and cholesterol.27 28 Earlier rodent studies revealed 
that oestrogen downregulated HIF-1α production,29 thus 
curtailing the effects of intermittent hypoxia on dyslipi-
daemia in females. Third, males with OSA have more visceral 
adipose tissue (VAT) than females with OSA, although BMIs 
and WCs are similar14; excess VAT is closely associated with 
an atherogenic dyslipidaemic profile.30 31 Our earlier clinical 
study revealed that in females with OSA, age, obesity/central 
obesity and glucose metabolism were major risk factors for 
elevations in the serum levels of most lipids, and were major 
determinants of dyslipidaemia after multiple adjustments; 
OSA had only a limited effect on dyslipidaemia in females.32 
Thus, severe OSA and intermittent hypoxia affects dyslipi-
daemia principally in males.

Although we did not find any statistically significant addi-
tive or multiplicative interactions between gender and MAI 
(sleep fragmentation) in terms of dyslipidaemia, males 
with MAIs>28.6 were at higher risk of hyper-TC and hyper-
LDL-C status than those with MAIs≤28.6, indicating that 
sleep fragmentation affected dyslipidaemia. A previous 
rodent study found an association between sleep fragmen-
tation in late-stage pregnant mice and dyslipidaemia only 
in male offspring.33 As is true of intermittent hypoxia, sleep 
fragmentation affected males more than females. Sleep 

fragmentation is associated with autonomic (sympathetic) 
nervous system activation, the sleep-related autonomic acti-
vation index is correlated with an increased LDL-C level, 
which may explain the link between sleep fragmentation 
and hyper-LDL-C status,34 but the underlying mechanism 
of effect modification by gender of sleep fragmentation in 
terms of dyslipidaemia remains unclear.

In subjects aged ≥55 years, the statistically significant differ-
ences (in younger subjects) in the risks of dyslipidaemia 
between groups divided by AHI, ODI or MAI disappeared 
in males, which may (in part) reflect the relatively small 
number of participants in this category. The interactions 
between male gender and AHI or ODI in terms of some 
measures of dyslipidaemia remained; severe OSA or inter-
mittent hypoxia increased some measures of dyslipidaemia 
in males. Thus, OSA in older males should not be ignored 
when treating dyslipidaemia. We found that diabetes 
was positively associated with hypo-HDL-C status (OR 
(95% CI)=1.677 (1.183 to 2.377)) (table 3) and negatively 
linked to hyper-LDL-C status (OR (95% CI)=0.535 (0.367 to 
0.781)) (table 5) in males, but was not independently asso-
ciated with dyslipidaemia in females (tables 2–5). We also 
analysed effects on HDL-C levels. Although such levels are 
influenced by many factors, the major determinant was BMI 
(with the largest R2 value: 0.030) in males, and insulin level 
(with the largest R2 value: 0.078) in females (online supple-
mentary table 26). Thus, obesity and diabetes in males, and 
insulin resistance in females, should be addressed when 
seeking to control HDL-C levels. However, the negative 
association between diabetes and hyper-LDL-C status that 
we found contradicts the result of previous studies35; further 
work is required.

Our study had certain limitations. First, although we 
adjusted for several common confounding factors, other 
more complex factors, such as lifestyle choices, exercise 
status and dietary habits, were not considered. Interaction 
analysis cannot reveal any essential difference between the 
genders. Second, our study used an observational hospi-
tal-based design, rather than a prospective or communi-
ty-based design. Third, the sleep architecture abnormalities 
noted may have been caused, at least in part, by the ‘first 
night effect’ during the single night of PSG monitoring.36 
Finally, we did not classify the lipid-lowering drugs used; 
various drugs were prescribed. Despite these limitations, the 
sleep data and relatively large sample size enhance the cred-
ibility of the results.

In conclusion, in males with severe OSA, a higher 
ODI or MAI was associated with a greater risk of certain 
forms of dyslipidaemia. Positive additive interactions were 
evident between male gender and AHI on hypo-HDL-C 
status and a hyper-TC/HDL-C ratio. Positive additive and 
multiplicative interactions were also apparent between 
male gender and intermittent hypoxia on a hyper-TC/
HDL-C ratio. However, we found no statistically signif-
icant additive or multiplicative interaction between 
gender and MAI in terms of dyslipidaemia. Thus, dyslip-
idaemia status should be evaluated in patients with OSA, 
especially males with severe OSA or intermittent hypoxia.

https://dx.doi.org/10.1136/bmjopen-2018-028509
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