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INTRODUCTION

Snoring, an indicator of increased airway resistance, is com-
monly regarded as a surrogate marker of obstructive sleep ap-
nea.1 Earlier epidemiological studies have shown that snoring 
is associated with metabolic syndrome, hypertension, and di-
abetes mellitus (DM).2-4 Moreover, recent studies have indi-
cated that habitual snoring is a significant risk factor for car-
diovascular disease.5,6 Both metabolic pathways and non-me-
tabolic features such as subclinical atherosclerosis may mediate 
the association between snoring and cardiovascular disease.7,8
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Purpose: We explored whether a gender difference was evident in terms of the associations of snoring with hemoglobin A1c 
(HbA1c) and homeostatic model assessment-insulin resistance (HOMA-IR) levels in a healthy population without type 2 diabetes 
mellitus (DM).
Materials and Methods: We analyzed 2706 males and 4080 females who participated in the baseline survey of the Namwon Study. 
In terms of self-reported snoring frequency, participants were classified as non-snorers or occasional (1−3 days/week), frequent 
(4−6 days/week), or constant (7 days/week) snorers. Participants with DM, defined as a fasting blood glucose level ≥126 mg/dL 
and/or use of insulin or hypoglycemic medication, were excluded from the analysis.
Results: In females, the fully adjusted mean (95% confidence interval) HbA1c levels in non-snorers and in occasional, frequent, 
and constant snorers were 5.53% (5.47−5.59%), 5.53% (5.47−5.59%), 5.57% (5.49−5.64%), and 5.57% (5.51−5.64%), respectively, re-
flecting a dose-response relationship (p trend=0.004). Compared with female non-snorers, the risk of an elevated HbA1c level (top 
quintile, ≥5.9%) in constant snorers remained significant (odds ratio 1.30, 95% confidence interval 1.02−1.66) after full adjustment. 
In addition, in females, a significant linear trend in HbA1c level odds ratio by increased snoring frequency was apparent (p trend= 
0.019 in model 3). In contrast, no significant association between snoring frequency and HbA1c level was identified in males. No sig-
nificant association between snoring frequency and HOMA-IR was detected in either gender.
Conclusion: We discovered a gender-specific association between snoring and HbA1c level in a healthy, community-dwelling pop-
ulation free of DM. 
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Measurement of hemoglobin A1c (HbA1c) is diagnostically 
valuable when monitoring long-term glycemic control of DM 
patients. Higher concentrations of HbA1c in such patients, in-
dicating suboptimal control of blood glucose levels over the 
prior 2−3 months, have been directly linked to long-term dia-
betic complications such as cardiovascular events and death.9,10 
In addition, recent epidemiological studies have shown that 
elevated HbA1c concentrations are associated with atheroscle-
rosis and cardiovascular disease, even in individuals without 
DM.11-13

To date, any association between snoring and HbA1c levels 
in individuals without DM has received little attention. Poly-
somnography, the gold standard for diagnosis of obstructive 
sleep apnea, is expensive, labor-intensive, and time-consum-
ing.14 However, it is important to determine whether snoring, a 
useful public health screening tool, is significantly associated 
with HbA1c levels in general populations. Furthermore, alth-
ough a recent meta-analysis found that habitual snoring was 
a risk factor for DM only in females,15 limited information is 
available on the gender-specific relationship between snoring 
and HbA1c levels in individuals without DM. Thus, the aim of 
the present study was to investigate a possible gender differ-
ence between self-reported snoring status and HbA1c levels 
in a community-dwelling general population without DM. This 
study also evaluated the relationship between snoring frequen-
cy and homeostatic model assessment-insulin resistance (HO-
MA-IR), a widely utilized method of quantifying insulin resis-
tance.

MATERIALS AND METHODS

Study population
The study population consisted of both males and females who 
participated in the baseline survey of the Namwon Study be-
tween 2004 and 2007.16 Of the total of 10667 individuals en-
rolled, 10076 aged ≥50 years were initially included. Next, 2058 
participants for whom information on snoring was lacking 
(totals of 1956 who were not surveyed in terms of snoring in 
2004 and 102 who were inadequately surveyed in 2005−2007), 
and 204 participants for whom no information on HbA1c, fast-
ing blood glucose (FBG), and insulin levels was available were 
excluded. An additional 1028 participants with DM, defined 
as those using anti-diabetic medications or having a FBG level 
≥126 mg/dL, were also excluded. Thus, 6786 participants (2706 
males and 4080 females) were included in the final analysis. 
The study protocol was approved by the Institutional Review 
Board of Chonnam National University Hospital (I-2007-07-
062). All participants were fully informed of the nature of the 
study, and all provided written informed consent for use of 
their data.

Interview
Information on demographics, cigarette smoking, alcohol 
consumption, medical history, and medications used (to treat 
DM, hypertension, and/or dyslipidemia) was collected using 
a standardized questionnaire administered by well-trained 
interviewers. Smoking status was classified into current smok-
er and current non-smoker. Alcohol consumption was scored 
as drinks/day. Educational level was scored as elementary 
school or lower (≤6 years), middle or high school (7−12 years), 
and college or higher (≥13 years).

Snoring status was assessed in a structured interview that 
included the two questions: 1) “Do you know or have you ever 
been told that you snore?” (yes or no) and 2) “How often do you 
snore?” Snoring frequency was scored as non-snorer, occasion-
al snorer (1−3 days/week), frequent snorer (4−6 days/week), 
and constant snorer (7 days/week).

Anthropometric and biochemical parameters
Height was measured to the nearest 0.1 cm and weight to the 
nearest 0.1 kg with each participant lightly dressed. Body 
mass index (BMI) was calculated as weight in kilograms di-
vided by height in meters squared. Waist circumference (WC) 
was measured to the nearest 0.1 cm, during expiration, at the 
midpoint between the lowest rib margin and the iliac crest. 
Blood pressure was measured on the right upper arm using a 
mercury sphygmomanometer (Baumanometer; WA Baum Co., 
Inc., Copiague, NY, USA) fitted with customized cuffs. Three 
consecutive blood-pressure measurements, performed at 
1-min intervals, were taken after each participant had sat for at 
least 5-min, and the average values were used in the analysis.

Blood was drawn from the antecubital vein in the morning 
after a 12-h overnight fast; serum was separated on-site and 
stored at -70°C prior to analysis. Total cholesterol, high-densi-
ty-lipoprotein (HDL) cholesterol, triglyceride, and FBG levels 
were analyzed enzymatically using an automatic analyzer 
(Hitachi-7600; Hitachi Ltd., Tokyo, Japan). HbA1c concentra-
tions were measured by high-performance liquid chromatog-
raphy (VARIANT II system; Bio-Rad, Hercules, CA, USA). Insu-
lin levels were measured using an automated, chemilumine-
scent microparticle immunoassay (AxSYM; Abbott Diagnostics, 
Abbott Park, IL, USA). HOMA-IR was calculated using the for-
mula [FBG (mg/dL)×fasting insulin (μU/mL)/405]. DM was 
considered present when the FBG level was ≥126 mg/dL or the 
participant used insulin or hypoglycemic medication (again, 
participants with DM were excluded from the analysis).

Statistical analysis
We analyzed male and female data separately. Continuous 
variables are expressed as means±standard deviations and cat-
egorical variables as frequencies (with percentages). Differ-
ences in characteristics by snoring status were compared us-
ing analysis of variance for continuous variables and the chi-
squared test for categorical variables. The mean HbA1c con-
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centrations by snoring frequency were compared using a ge-
neral linear model. Multiple logistic regression was used to 
evaluate the association between snoring and HbA1c level. All 
HbA1c concentrations were dichotomized as normal or elevat-
ed (highest quintile, ≥5.9%). Adjusted odds ratios (ORs) and 
95% confidence intervals (CIs) for elevation of HbA1c levels 
by snoring frequency were compared. General linear model-
ing and logistic regression were sequentially performed as fol-
lows: age-adjusted (model 1); further adjusted for educational 
level, systolic blood pressure, the total-to-HDL cholesterol ra-
tio, triglyceride level, current smoking, alcohol consumption, 
use of medication to treat hypertension, and use of medica-
tion to treat dyslipidemia (model 2); and further adjusted for 
BMI and WC (model 3). We, thus, sought to identify an inde-
pendent association between snoring and HbA1c level after 
excluding the influence of all other glycemic indices. All sta-
tistical analyses were performed with the aid of SPSS software, 
version 22.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Baseline characteristics of the study population
The characteristics of males and females, by snoring status, 
are shown in Tables 1 and 2. The mean age of male participants 

was 64.4±7.0 years and that of females 63.2±7.1 years. The pro-
portions of non-snorers and occasional, frequent, and con-
stant snorers were 46.4, 28.2, 7.7, and 17.7% among males and 
48.2, 29.1, 6.4, and 16.3% among females, respectively. The 
gender difference in the snoring frequency proportion was of 
borderline significance (p=0.054). In males, FBG, insulin, and 
HOMA-IR levels exhibited significant linear trends by snoring 
status, while HbA1c levels did not. However, HbA1c, FBG, in-
sulin, and HOMA-IR levels exhibited significant linear trends 
by snoring status in females. In either gender, BMI, WC, and 
alcohol consumption all increased significantly with increas-
ingly severe snoring status (p trend <0.05). Snoring frequency 
was significantly associated with FBG, insulin, and HOMA-IR 
in both genders, but was associated with HbA1c in females 
only (Table 3).

HbA1c and HOMA-IR concentrations by snoring 
frequency
The gender-specific HbA1c and HOMA-IR concentrations by 
snoring frequency are presented in Table 4. No significant dif-
ference in HbA1c levels between non-snorers and occasional, 
frequent, and constant snorers was observed when models 1, 
2, and 3 were applied to males. In contrast, among females, 
HbA1c concentrations in frequent and constant snorers were 
significantly higher than those of non-snorers in models 1 and 

Table 1. Characteristics of the Male Study Population by Self-Reported Snoring Frequency (n=2706)

Non-snorers 
(n=1256)

Occasional snorers 
(n=762)

Frequent snorers 
(n=209)

Constant snorers 
(n=479)

p trend

Age (yr)   65.4±7.0 63.3±6.9 63.3±7.0 63.8±6.9 <0.001
BMI (kg/m²)   23.1±2.7 23.9±2.7 24.2±2.8 24.5±2.8 <0.001
WC (cm)   83.3±7.8 84.8±7.7 85.5±7.5 85.9±8.0 <0.001
Systolic blood pressure (mm Hg)   126.2±17.7 126.2±16.4 127.4±15.9 127.0±18.4 0.239
Diastolic blood pressure (mm Hg)     80.1±10.0 80.8±9.9 81.1±8.9   80.5±10.1 0.440
HbA1c (%)     5.5±0.4   5.5±0.4   5.4±0.4   5.5±0.4 0.766
FBG (mg/dL) 100.2±9.8 101.9±11.0 102.0±11.6 101.5±10.0 0.033
Insulin (μU/mL)     4.3±3.2   4.7±3.9   4.9±4.2   5.0±4.2 0.001
HOMA-IR     1.1±0.9   1.2±1.1   1.2±1.1   1.3±1.1 0.001
Total cholesterol (mg/dL)   178.1±34.2 181.8±34.6 179.6±34.3 183.0±33.7 0.042
HDL cholesterol (mg/dL)     46.9±12.1   47.5±12.5   48.0±12.3   46.5±11.4 0.707
Total-to-HDL cholesterol ratio     4.0±1.1   4.0±1.1   4.0±1.2   4.1±1.1 0.108
Triglycerides (mg/dL)      124 (87−185)      122 (86−192)      133 (79−194)      135 (88−197) 0.060
Use of medication to treat hypertension, n (%) 216 (17.2) 142 (18.6)   47 (22.5) 100 (20.9) 0.036
Use of medication to treat dyslipidemia, n (%) 41 (3.3) 35 (4.6) 13 (6.2) 30 (6.3) 0.003
Alcohol consumption (drinks/day)     1.9±3.3   2.0±3.1   3.1±4.3   2.1±3.4 0.002
Current smoking, n (%) 431 (34.3) 231 (30.3)   65 (31.1) 135 (28.2) 0.013
Educational level, n (%) 0.079

Elementary school or lower 833 (66.3) 471 (61.8) 126 (60.3) 300 (62.6)
Middle or high school 367 (29.2) 251 (33.0)   72 (34.4) 154 (32.2)
College or higher 56 (4.5) 40 (5.2) 11 (5.3) 25 (5.2)

BMI, body mass index; WC, waist circumference; HbA1c, hemoglobin A1c; FBG, fasting blood glucose; HOMA-IR, homeostatic model assessment-insulin resis-
tance; HDL, high-density lipoprotein.
Data are presented as means±standard deviations, or medians (with interquartile ranges) or numbers (with percentages). All participants were divided into non-
snorers, occasional snorers (1–3 days/week), frequent snorers (4–6 days/week), and constant snorers (7 days/week).
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2. Fully adjusted HbA1c concentrations of constant snorers 
were significantly higher than those of non-snorers. In model 
3, the fully adjusted mean (95% CI) HbA1c concentrations for 
non-snorers and occasional, frequent, and constant snorers 
were 5.53% (5.47−5.59%), 5.53% (5.47−5.59%), 5.57% (5.49− 
5.64%), and 5.57% (5.51−5.64%), respectively, reflecting a 
dose-response relationship (p trend=0.004). In both genders, 
a dose-response relationship between snoring frequency and 
HOMA-IR concentration was detected in models 1 and 2. How-
ever, after further adjustment for BMI and WC in model 3, the 
association between snoring and HOMA-IR was no longer sig-
nificant in males (p trend=0.801) or females (p trend=0.630).

Association between snoring and elevated HbA1c and 
HOMA-IR levels
The relationships between snoring frequency and elevated 
HbA1c and HOMA-IR levels are shown in Table 5. After ad-

justing for age (model 1), the ORs for elevated HbA1c levels 
were not significantly higher or lower for occasional, frequent, 
or constant male snorers than for non-snorers. In males, no 
significant relationship between snoring frequency and an el-
evated HbA1c level was apparent in either model 2 or 3. In 
contrast, the ORs for an elevated HbA1c level were signifi-
cantly higher for females who snored frequently (OR 1.54, 95% 
CI 1.11−2.15) or constantly (OR 1.65, 95% CI 1.31−2.07) than for 
non-snorers (model 1). After further adjustment, the ORs for 
elevated HbA1c levels in females who snored constantly re-
mained significant (OR 1.45, 95% CI 1.22−1.95 in model 2; OR 
1.30, 95% CI 1.02−1.66 in model 3). For females only, signifi-
cant linear trends were evident in all of models 1, 2, and 3.

Although a dose-response relationship between snoring 
frequency and elevated HOMA-IR level was observed in males 
in model 1, the significant association disappeared after fur-
ther adjustment in models 2 and 3. In females, a dose-response 

Table 2. Characteristics of the Female Study Population by Self-Reported Snoring Frequency (n=4080)

Non-snorers 
(n=1966)

Occasional snorers 
(n=1188)

Frequent snorers 
(n=261)

Constant snorers 
(n=665)

p trend

Age (yr) 63.8±7.1 62.0±7.3 63.9±7.1 63.4±6.6 0.687
BMI (kg/m²) 23.7±3.0 24.7±3.0 25.1±3.0 25.7±3.3 <0.001
WC (cm) 84.3±8.6 86.5±8.4 87.9±8.2 89.1±9.1 <0.001
Systolic blood pressure (mm Hg) 123.7±18.9 124.8±18.5 125.6±18.2 126.2±18.2 0.003
Diastolic blood pressure (mm Hg)   79.0±10.3   79.7±10.2   79.6±10.2   80.4±10.3 0.005
HbA1c (%)   5.5±0.4   5.5±0.4   5.5±0.4   5.6±0.4 <0.001
FBG (mg/dL) 97.5±9.6 98.2±9.3 99.0±9.4   98.2±10.2 0.049
Insulin (μU/mL)   5.2±3.6   5.6±4.0   5.7±3.4   6.1±4.0 <0.001
HOMA-IR   1.3±0.9   1.4±1.0   1.4±0.9   1.5±1.1 <0.001
Total cholesterol (mg/dL) 191.9±35.8 194.0±36.4 195.6±36.0   194.8±36.7 0.066
HDL cholesterol (mg/dL)   48.1±11.3   48.5±11.1   49.2±12.2   47.8±11.6 0.904
Total-to-HDL cholesterol ratio   4.2±1.1   4.2±1.1   4.3±2.3   4.3±1.1 0.037
Triglycerides (mg/dL)        122 (86–177)       126 (86–179)     136 (98–188)     137 (96–193) <0.001
Use of medication to treat hypertension, n (%)   374 (19.0)   275 (23.1)   86 (33.0) 205 (30.8) <0.001
Use of medication to treat dyslipidemia, n (%)   93 (4.7)   73 (6.1) 17 (6.5) 44 (6.6) 0.156
Alcohol consumption (drinks/day)   0.1±0.5 0.1±0.5   0.2±0.8   0.1±0.5 0.015
Current smoking, n (%)   76 (3.9)   48 (4.0)   8 (3.1) 23 (3.5) 0.560
Educational level, n (%) 0.973

Elementary school or lower 1762 (89.6) 1003 (84.4) 238 (91.2) 596 (89.6)
Middle or high school 192 (9.8)   169 (14.2) 22 (8.4) 66 (9.9)
College or higher   12 (0.6)   16 (1.4)   1 (0.4)   3 (0.5)

BMI, body mass index; WC, waist circumference; HbA1c, hemoglobin A1c; FBG, fasting blood glucose; HOMA-IR, homeostatic model assessment-insulin resis-
tance; HDL, high-density lipoprotein.
Data are presented as means±standard deviations, or medians (with interquartile ranges) or numbers (with percentages). All participants were divided into non-
snorers, occasional snorers (1–3 days/week), frequent snorers (4–6 days/week), and constant snorers (7 days/week).

Table 3. Correlations between Snoring Frequency and Blood Glucose Control Indicators

HbA1c (%) FBG (mg/dL) Insulin (μU/mL) HOMA-IR
r p r p r p r p

Males 0.007   0.731 0.054 0.005 0.072 <0.001 0.072 <0.001
Females 0.080 <0.001 0.034 0.031 0.093 <0.001 0.093 <0.001
HbA1c, hemoglobin A1c; FBG, fasting blood glucose; HOMA-IR, homeostatic model assessment-insulin resistance. 
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relationship between snoring frequency and elevated HOMA-
IR level was detected in models 1 and 2. However, after further 
adjustment for BMI and WC in model 3, no significant associ-
ation between snoring and elevated HOMA-IR level was evi-
dent in females.

DISCUSSION

We explored gender-specific cross-sectional associations be-
tween self-reported snoring frequency with HbA1c and HO-
MA-IR levels in a healthy population, aged ≥50 years, without 
DM. We found that more frequent snoring was significantly 
associated with increased HbA1c levels among females with-
out DM but not males; the association remained consistent af-
ter adjustment for covariates.

Earlier epidemiological studies examined the association 
between self-reported snoring and DM, although the results 

were inconsistent. A recent meta-analysis found a significant 
relationship between habitual snoring and DM; the associa-
tion was strong in females but not in males.15 Although the de-
tailed mechanism of the association between snoring and DM 
remains poorly understood, biological causes have been sug-
gested. Intermittent hypoxia and hypercapnia developing 
during snoring may stimulate sympathetic activity, induce ox-
idative stress, increase the levels of counter-regulatory hor-
mones, and activate pro-inflammatory cytokines, contributing 
to the pathogenesis of DM by increasing insulin resistance.17,18 
In addition, the close relationships between snoring and both 
subclinical atherosclerosis and cardiovascular disease may 
trigger the development of DM.7

It was important to explore the association between snoring 
and HbA1c level in individuals without DM, as higher HbA1c 
levels are indicative of poor glycemic control, suggesting that 
DM may be developing.19 However, although many studies have 
explored the association between snoring and DM, only a few 

Table 4. Gender-Specific HbA1c and HOMA-IR Levels by Snoring Frequency Derived Using a General Llinear Model

Model 1* Model 2† Model 3‡

Mean (95% CI) p Mean (95% CI) p Mean (95% CI) p
HbA1c

Males 
Non-snorers 5.47 (5.44–5.49) 5.49 (5.44–5.53) 5.49 (5.44–5.53)
Occasional snorers 5.47 (5.44–5.50) 0.899 5.49 (5.45–5.54) 0.775 5.49 (5.44–5.54) 0.943
Frequent snorers 5.44 (5.39–5.50) 0.436 5.47 (5.40–5.53) 0.433 5.46 (5.39–5.52) 0.330
Constant snorers 5.49 (5.45–5.53) 0.284 5.51 (5.46–5.56) 0.340 5.50 (5.45–5.55) 0.546
p for trend 0.544 0.648 0.904

Females
Non-snorers 5.46 (5.45–5.48) 5.52 (5.46–5.58) 5.53 (5.47–5.59)
Occasional snorers 5.48 (5.46–5.50) 0.223 5.53 (5.47–5.60) 0.432 5.53 (5.47–5.59) 0.982
Frequent snorers 5.53 (5.49–5.58) 0.007 5.58 (5.50–5.65) 0.035 5.57 (5.49–5.64) 0.138
Constant snorers 5.55 (5.52–5.58) <0.001 5.59 (5.53–5.66) <0.001 5.57 (5.51–5.64) 0.011
p for trend <0.001 <0.001 0.004

HOMA-IR
Males 

Non-snorers 1.10 (1.05–1.16) 1.35 (1.24–1.46) 1.32 (1.21–1.42)
Occasional snorers 1.20 (1.13–1.27) 0.033 1.44 (1.32–1.56) 0.048 1.36 (1.24–1.47) 0.363
Frequent snorers 1.22 (1.09–1.36) 0.106 1.44 (1.28–1.60) 0.212 1.34 (1.18–1.49) 0.787
Constant snorers 1.27 (1.18–1.36) 0.003 1.46 (1.34–1.59) 0.030 1.34 (1.22–1.46) 0.679
p for trend 0.004 0.049 0.801

Females
Non-snorers 1.26 (1.22–1.31) 1.51 (1.36–1.66) 1.52 (1.38–1.66)
Occasional snorers 1.38 (1.32–1.44) 0.002 1.58 (1.43–1.73) 0.036 1.52 (1.37–1.66) 0.870
Frequent snorers 1.42 (1.30–1.54) 0.017 1.59 (1.40–1.77) 0.215 1.48 (1.30–1.65) 0.471
Constant snorers 1.52 (1.45–1.60) <0.001 1.68 (1.52–1.84) <0.001 1.51 (1.36–1.67) 0.812
p for trend <0.001 <0.001 0.630

HbA1c, hemoglobin A1c; HOMA-IR, homeostatic model assessment-insulin resistance, CI, confidence interval; BMI, body mass index; WC, waist circumference.
Data are presented as mean (95% CI). All participants were divided into non-snorers, occasional snorers (1–3 days/week), frequent snorers (4–6 days/week), 
and constant snorers (7 days/week).
*Adjusted for age, †Adjusted for age, educational level, systolic blood pressure, total-to-high density lipoprotein cholesterol ratio, triglyceride level, current 
smoking, alcohol consumption, use of medication to treat hypertension, and use of medication to treat dyslipidemia, ‡Adjusted for the variables of model 2 plus 
BMI and WC.
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epidemiological works have examined the association between 
snoring and HbA1c levels in populations without DM. Again, 
the findings have been inconsistent.20,21 The Korean Health and 
Genome Study on non-obese normoglycemic adults found that 
habitual snoring was significantly associated with elevated 
HbA1c levels (5.8%; the top quintile) in both males and pre-
menopausal females, but not in postmenopausal females. 
However, the results were not adjusted in terms of FBG or in-
sulin levels.20 One large American study of adults without DM 
found that snoring frequency was positively associated with 
both insulin and HbA1c levels. However, gender-specific as-
sociations may not have been explored: all analyses were run 
on a population including both males and females.21 The Ko-
rean Multi-Rural Communities Cohort Study found that more 
frequent snoring was significantly associated with elevated 
FBG levels (≥100 mg/dL). However, DM patients currently on 
medication were included and their elevated FBG levels would 
have affected the analyses.2 In the present study, we excluded 

patients with DM; we explored the association between snor-
ing and HbA1c levels in only adults without DM (thus those 
who were normal or had prediabetes). 

In contrast to what was previously found,20 we showed that 
habitual snoring was significantly associated with increased 
HbA1c levels in females but not males. Interestingly, this gen-
der-specific association was similar to that found between 
snoring and DM in a prior meta-analysis; the association was 
significant in females but not males.15 We found that, even in 
females without current DM, habitual snoring was associated 
with poor glycemic control, which may increase the risk of DM 
development and subsequent cardiovascular disease. It is not 
clear why the association between snoring and HbA1c level 
among adults without DM differs by gender, although hor-
mones may play a role. Sleep-disordered breathing and diabe-
tes are both affected by sex steroid hormones. In females, sleep-
disordered breathing increases after menopause and can be 
alleviated by hormone replacement therapy.22,23 Females with 

Table 5. Gender-Specific Risk for Elevated HbA1c and HOMA-IR Levels by Snoring Frequency, Derived Using Logistic Regression

Model 1* Model 2† Model 3‡

Elevated HbA1c (top quintile, ≥5.9%)
Males

Non-snorers 1.00 1.00 1.00
Occasional snorers 0.88 (0.68–1.14) 0.88 (0.68–1.15) 0.87 (0.67–1.13)
Frequent snorers 0.77 (0.49–1.19) 0.76 (0.48–1.18) 0.73 (0.47–1.15)
Constant snorers 1.12 (0.85–1.49) 1.11 (0.83–1.48) 1.07 (0.80–1.43)
p for trend 0.693 0.754 0.948

Females
Non-snorers 1.00 1.00 1.00
Occasional snorers 1.17 (0.96–1.44) 1.15 (0.93–1.42) 1.07 (0.87–1.33)
Frequent snorers 1.54 (1.11–2.15) 1.42 (1.01–2.01) 1.31 (0.93–1.85)
Constant snorers 1.65 (1.31–2.07) 1.45 (1.22–1.95) 1.30 (1.02–1.66)
p for trend <0.001 <0.001 0.019

Elevated HOMA-IR (top quintile, ≥1.74)
Males

Non-snorers 1.00 1.00 1.00
Occasional snorers 1.24 (0.97–1.58) 1.21 (0.94–1.56) 1.08 (0.83–1.41)
Frequent snorers 1.40 (0.96–2.04) 1.27 (0.85–1.89) 1.08 (0.71–1.65)
Constant snorers 1.38 (1.05–1.82) 1.21 (0.90–1.62) 0.93 (0.68–1.27)
p for trend 0.012 0.156 0.729

Females
Non-snorers 1.00 1.00 1.00
Occasional snorers 1.24 (1.04–1.48) 1.14 (0.95–1.37) 0.95 (0.78–1.15)
Frequent snorers 1.40 (1.04–1.90) 1.19 (0.86–1.64) 0.89 (0.63–1.25)
Constant snorers 1.73 (1.41–2.12) 1.48 (1.19–1.82) 0.93 (0.74–1.17)
p for trend <0.001 <0.001 0.449

HbA1c, hemoglobin A1c; HOMA-IR, homeostatic model assessment-insulin resistance; OR, odds ratio; CI, confidence interval; BMI, body mass index; WC, waist 
circumference.
Data are presented as OR (95% CI). All participants were divided into non-snorers, occasional snorers (1–3 days/week), frequent snorers (4–6 days/week), and 
constant snorers (7 days/week).
*Adjusted for age, †Adjusted for age, educational level, systolic blood pressure, total-to-high density lipoprotein cholesterol ratio, triglyceride level, current 
smoking, alcohol consumption, use of medication to treat hypertension, and use of medication to treat dyslipidemia, ‡Adjusted for the variables of model 2 plus 
BMI and WC.
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polycystic ovary syndrome often develop DM and suffer from 
sleep apnea.24,25 The presence of polycystic ovary syndrome in 
premenopausal females may partially explain gender differ-
ences in the association between snoring and HbA1c.26 Be-
cause males have a higher risk for cardiovascular disease than 
females, it is possible that males with severe snoring may have 
passed away at a younger age and been less likely to be includ-
ed in the study. There is also the possibility of a gender bias in 
the classification of self-reported snoring frequency. Lastly, con-
founders not accounted for in this study may have influenced 
outcomes. Further studies are needed to explore whether snor-
ing is significantly associated with HbA1c levels in either gender.

Obesity is associated with snoring and sleep apnea.27,28 There 
are also strong associations of obesity with type 2 diabetes and 
impaired glucose tolerance.29,30 In this study, we assessed the 
association between snoring and HbA1c level independent of 
obesity, which is a potent risk factor for hyperglycemia and in-
creased HbA1c. After adjustment for BMI and WC in model 3, 
the OR for elevated HbA1c levels in females who snored con-
stantly was slightly attenuated, but remained significant. There-
fore, although obesity influences HbA1c levels, a significant as-
sociation between snoring and HbA1c was identified indepen-
dent of obesity. However, the significant dose-response relation-
ship between snoring frequency and elevated HOMA-IR dis-
appeared after further adjustment for obesity indices, such as 
BMI and WC, in females. The exact underlying mechanism is 
unknown; however, the following is a possible explanation. 
HOMA-IR is used to qualify insulin resistance, and obesity is a 
risk factor for insulin resistance,31,32 implying a cause-and-ef-
fect relationship.33,34 It is possible that obesity indices confound 
the association between snoring frequency and elevated HO-
MA-IR. In this study, controlling for the potential confounding 
effect of obesity may in fact reveal no association between snor-
ing and elevated HOMA-IR in females.

Our study had certain limitations. First, the cross-sectional 
design renders it impossible to draw causal inferences between 
snoring and outcome variables. Nevertheless, several studies 
have addressed direct causal relationships. Snoring-induced 
hypoxia and hypercapnia can stimulate sympathetic activity 
and increase plasma catecholamine and cortisol levels, there-
by impairing glucose homeostasis and causing insulin resis-
tance.35-37 In addition, the formation of reactive oxygen species 
with intermittent hypoxia increases the secretion of proin-
flammatory cytokines, which may mediate peripheral insulin 
resistance and induce diabetes.17,38 Second, snoring data were 
obtained via a questionnaire; polysomnography would have 
been more objective. Finally, snorers who live or sleep alone 
are often unaware of their snoring status. This means that mis-
classification bias may have attenuated the association be-
tween snoring and HbA1c level. Despite these limitations, our 
work is valuable in that it increases our understanding of the 
gender-specific association between snoring status and HbA1c 
levels in large general populations.

In conclusion, we found that, in a healthy general popula-
tion without DM, habitual self-reported snoring was positively 
associated with elevated HbA1c levels in females but not in 
males. This finding may influence the early management and 
treatment of sleep disorders, as individuals with prediabetes 
and increased HbA1c levels are more likely to develop DM. 
Further prospective studies are required to explore gender-spe-
cific differences in the association between snoring and HbA1c 
levels in large general populations.
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