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ABSTRACT

Objectives The present study aimed to examine whether
habitual snoring was independently associated with risk of
type 2 diabetes among Chinese adults, and to assess the
role that adiposity measures play in the snoring—diabetes
association, as well as to evaluate the joint influence of
snoring and adiposity measures on diabetes.

Research design and methods The China Kadoorie
Biobank study recruited 512715 adults aged 30-79
years from 10 regions in China during 2004 and 2008.
Data from 482413 participants without baseline diabetes
were analyzed in the present study. Autoregressive cross-
lagged panel analysis was used to assess the longitudinal
relationship between adiposity measures and habitual
snoring. Cox proportional hazards models were used to
examine the association between habitual snoring and
diabetes risk.

Results Both higher body mass index and waist
circumference were associated with higher risks of
subsequent habitual snoring, whereas no reverse
association was detected. A total of 16479 type 2 diabetes
cases were observed during a 10-year follow-up. Habitual
snoring was independently associated with 12% (95% Cl
6% to 18%) and 14% (95% Cl 9% to 19%) higher risks of
diabetes among men and women, respectively. Habitual
snorers who had general obesity or central obesity were
about twice as likely to develop diabetes as non-snorers at
the lowest levels of adiposity measures.

Conclusion Habitual snoring was independently
associated with a higher risk of type 2 diabetes among
Chinese adults. It is important to maintain both a healthy
weight and a normal waist circumference to prevent or
alleviate habitual snoring and ultimately prevent diabetes
among Chinese adults.

INTRODUCTION

Diabetes now is affecting more than
475million people and has become the
fourth leading cause of disability globally.'
The estimated standardized prevalence of
diabetes was as high as 10.9% among Chinese
adults in 2018.% Snoring is the most common
symptom of obstructive sleep apnea (OSA)
characterized by repetitive episodes of
complete or partial upper airway obstruction

Significance of this study

What is already known about this subject?

» Previous studies from mostly Western countries
suggested that habitual snoring was associated with
increased risks of type 2 diabetes.

» High-quality evidence on snoring—diabetes associ-
ation is lacking for the Asian population whose adi-
posity characteristics are different from those of the
Western population.

What are the new findings?

» Both higher body mass index and waist circumfer-
ence were associated with higher risks of subse-
quent habitual snoring.

» Habitual snoring was independently associated with
an increased risk of type 2 diabetes among Chinese
adults.

» Habitual snorers who had general obesity or central
obesity were about twice as likely to develop diabe-
tes as non-snorers at the lowest levels of adiposity
measures.

How might these results change the focus of

research or clinical practice?

» These findings demonstrate that it is important to
maintain both a healthy weight and a normal waist
circumference to prevent or alleviate habitual snor-
ing and ultimately prevent diabetes among Chinese
adults.

occurring during sleep.” The prevalence of
habitual snoring ranges from 13.6% to 31.4%
among men and from 4.3% to 16.2% among
women in different studies in the Asian
population.®

Previous studies suggested that habitual
snoring and OSA increased the risk of type 2
diabetes." ™" As the information on snoring
status is more convenient to collect in large-
scale research or population screenings
compared with a clinical diagnosis of OSA
with objective measurements, estimating the
association between snoring and diabetes has
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more public health implications and can help identify
individuals at higher risks of type 2 diabetes. However,
previous snoring-related studies are mostly conducted in
the Western population,'™* and high-quality evidence is
lacking for the Asian population with different adiposity
characteristics.'® '’ Some cross-sectional studies found
a positive correlation between habitual snoring and
the worsening of glucose metabolism indexes in Asian
adults."®

In the present study, we use data from the China
Kadoorie Biobank (CKB), a nationwide prospective
study conducted among half a million Chinese adults
aged 30-79 years, to examine whether habitual snoring
was independently associated with a higher risk of
type 2 diabetes among the Chinese population, and to
explore the mediating or confounding effect of adiposity
measures on the snoring—diabetes association, as well
as the joint impact of habitual snoring and different
adiposity measures on the risk of diabetes.

RESEARCH DESIGN AND METHODS

Study population

The baseline survey of the CKB study was conducted in
five urban and five rural areas across China from 2004 to
2008. The cohort enrolled a total of 512715 participants
aged 30-79 years who had complete baseline information,
including a questionnaire, anthropometric measure-
ments, blood sample collection, and a written informed
consent. About 5% of randomly chosen surviving partic-
ipants were resurveyed twice with the same measure as
in the baseline. The first resurvey was conducted in 2008
and the second one between 2013 and 2014. More details
about the study design are available in previous publica-
tions.” **

To analyze the association between habitual snoring
and risk of type 2 diabetes, we excluded participants who
had previously physician-diagnosed or screen-detected
diabetes at baseline (n=30300), lacked information
on baseline body mass index (BMI, n=2), or lost to
follow-up immediately after they completed the baseline
survey (n=1), and thereby included a total of 482413
participants.

Data collection

In the baseline questionnaire, participants were asked
whether they snored during sleep, and the options were:
(1) Yes, often; (2) Yes, sometimes; (3) Never/I do not
know. In the present analysis, participants with the first
option were categorized as habitual snorers while the
rest of all were non-snorers.” ** According to the quality
control study done in 15718 participants at a median
interval of 7 days (IQR: 3-15 days) after the baseline
survey, the kappa value for repeatability of habitual
snoring was 0.657. Information about other sleep charac-
teristics such as total sleep duration (including the dura-
tion of daytime napping) and daytime napping frequency

(always, only in summer, or never) was also collected at
baseline.

The baseline survey also collected information about
sociodemographic characteristics (age, gender, educa-
tional attainment, household income, and marital status),
lifestyle factors (alcohol intake, smoking status, phys-
ical activity, and consumption of fresh vegetables, fresh
fruit, and red meat), self-reported diagnosis of chronic
diseases (hypertension, diabetes, stroke or transient isch-
emic attack, and coronary heart disease), family history
of diabetes, and menopausal status (only for women).

For each participant, a 10 mL non-fasting blood sample
(with the time of last meal recorded) was collected into
one EDTA vacutainer (BD Hemogard, USA).* For
participants with a random blood glucose level >7.8 and
<11.Immol/L, a fasting blood glucose test was done the
following day. The screen-detected diabetes was defined
as a random glucose level >211.1 mmol/L or a fasting
glucose level 27.0mmol/L, but without self-reported
diabetes.

Anthropometric measurements

Trained health workers measured standing height, body
weight, and waist circumference of participants using
calibrated instruments following standard procedures.
Participants were measured for standing height in bare
feet and body weight in light clothes. BMI was calculated
using the following formula: BMI (kg/mz)zweight (kg)/
(height (m))® BMI was grouped into three categories
according to Chinese guidelines,”” namely underweight/
normal for BMI <24.0kg/m® overweight for BMI 24.0-
27.9kg/m2, and general obesity for BMI 228.0kg/m2.
Waist circumference was also grouped into three cate-
gories (not central obesity: waist circumference <85cm
for men and <80 cm for women, precentral obesity: waist
circumference 85.0-89.9cm for men and 80.0-84.9 cm
for women, central obesity: waist circumference 290 cm
for men and =85 cm for women) according to Chinese
guideline.27

Identification of incident type 2 diabetes

The CKB study followed up participants from the time
they completed baseline questionnaires until the occur-
rence of type 2 diabetes, death, loss to follow-up, or 31
December 2016, whichever came first. Type 2 diabetes
cases were ascertained through linkage to the disease
surveillance system, death registries, and the national
health insurance system, and through active follow-up.
Participants were identified in these systems with their
Chinese resident identity card numbers. Trained staff
who were blinded to baseline information of participants
coded the type 2 diabetes cases according to the Inter-
national Classification of Diseases, 10th Version . In the
present study, type 2 diabetes was defined using the codes
of E11 (type 2) and E14 (unspecific) but not E10 (type 1)
from the sources mentioned earlier during the follow-up
to minimize under-reporting of type 2 diabetes.
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Statistical analysis

The baseline characteristics of participants with different
snoring status were presented as means and percentages
adjusted for age, gender, and study region via general
linear regression for continuous variables and logistic
regression for categorical variables.

Bidirectional analysis of adiposity measures and habitual snoring
An autoregressive cross-lagged panel analysis was
conducted among a subcohort of 25037 participants
participating in both the baseline and second resurvey
to assess the longitudinal relationship between BMI,
waist circumference, and habitual snoring. The general-
ized structural equation model was used, with BMI, waist
circumference, and habitual snoring at second resurvey
as the outcomes and their baseline values as the inde-
pendent variables, adjusting for baseline characteristics
including age, gender, study region, educational attain-
ment, household income, marital status, smoking status,
alcohol consumption, and physical activity level.

Assessment of the association between habitual snoring and
diabetes

Among the 482413 participants, Cox proportional
hazards models were used to estimate HRs of type 2
diabetes for habitual snorers in comparison with non-
snorers among men and women, respectively. Using
age at follow-up as the timescale, the Cox models were
stratified by age at baseline (in 5-year interval) and 10
study regions, and were adjusted for a range of baseline
factors, including education, household income, marital
status, BMI, waist circumference, smoking status, alcohol
intake, physical activity, family history of diabetes, preva-
lent hypertension, prevalent stroke or transient ischemic
attack, prevalent coronary heart disease, menopausal
status (only for women), total sleep duration, daytime
napping, and dietary factors. The method of Schoenfeld
residuals found no violation of the proportional hazards
assumption for habitual snoring in the fully adjusted
model.

Several subgroup analyses were further conducted
according to participants’ BMI, waist circumference,
and other baseline factors. Multiplicative interactions
between habitual snoring and these baseline factors
were assessed with likelihood ratio tests. In addition, we
performed joint analyses to estimate the relative risks of
type 2 diabetes for participants with different combina-
tions of snoring status and BMI or waist circumference,
with non-snorers at the lowest levels of BMI or waist
circumference treated as the reference groups.

Sensitivity analyses were conducted by additionally
adjusting for body fat percentage, or excluding type
2 diabetes events happening during the first 2 years
of follow-up to account for reverse causality, or by
excluding participants who were never married, divorced
or widowed at baseline to minimize underreporting
of snoring symptom. Besides, to explore the potential
impact of the underdiagnosis of type 2 diabetes during

the follow-up, we have updated incident diabetes cases
in a subcohort of participants using information about
self-reported and screen-detected diabetes at the second
resurvey and assessed the snoring—diabetes association
in this subcohort of participants. To assess whether
occasional snoring was associated with risk of type 2
diabetes, ‘sometimes snorers’ were also compared with
never snorers in multivariable-adjusted Cox proportional
hazards models.

For primary analyses and sensitivity analyses, statis-
tical significance was defined as p<0.05. For subgroup
analyses and multiplicative interaction tests, the Bonfer-
roni correction was used, and the statistical significance
was defined as p<0.003 (16 subgroup analyses were
conducted). All statistical analyses were carried out using
Stata V.15.0 (StataCorp, College Station, Texas, USA).

RESULTS

Among the 482413 participants, 28.3% of male partic-
ipants and 16.7% of female participants were habitual
snorers. Habitual snorers were more likely to be older,
urban residents, current daily smokers, current weekly
alcohol consumers, regular red meat consumers, to
have higher adiposity measures, and to take a nap in
the daytime (p<0.05). They also tended to have a family
history of diabetes, a diagnosis of hypertension, stroke or
transient ischemic attack, and coronary heart disease at
baseline. Among male participants, habitual snorers were
also more likely to be married and with higher family
income (table 1).

The ORs of habitual snoring at second resurvey were
1.31 (95% CI1.23 to 1.40) and 1.10 (95% CI1.03to 1.17)
for per SD increment in baseline BMI and waist circum-
ference, but no significant association was observed
for habitual snoring at baseline with neither BMI (f:
-0.023, 95% CI —-0.075 to 0.028) nor waist circumference
(B: 0.018, 95% CI -0.166 to 0.201) at second resurvey
(figure 1 and online supplementary table e-1).

A total of 16479 incident cases of type 2 diabetes were
identified during a median follow-up of 10.1 years among
482413 participants. Habitual snorers were 1.47 (95% CI
1.39 to 1.54) and 1.48 (95% CI 1.41 to 1.52) times more
likely to develop type 2 diabetes than non-snorers among
men and women in models adjusted for baseline factors
except for adiposity measures (table 2). The association
was markedly attenuated with further adjustment for BMI
and waist circumference. However, habitual snoring was
still independently associated with 12% (95% CI 6% to
18%) and 14% (95% CI 9% to 19%) higher risks of type
2 diabetes after full adjustment among men and women,
respectively (p value for interaction=0.320).

Subgroup analyses showed that the association
between habitual snoring and type 2 diabetes remained
consistent within each stratum of adiposity measures and
other baseline characteristics (figure 2, online supple-
mentary figure e-1). No multiplicative interaction was
found between snoring status and adiposity measures
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Table 1

The baseline characteristics of participants according to snoring status among 482 413 participants

Men

Women

Non-snoring

Habitual snoring Non-snoring Habitual snoring

Participants, n (%) 142367 (71.7)

Age (year) 52.4
Urban (%) 40.2
Middle school or above (%) 57.3
Married (%) 92.2
Household income >¥10 000/year (%) 73.0
Current daily smoker (%) 67.2
Current weekly alcohol consumer (%) 32.5
BMI (kg/m?) 22.9
Waist circumference (cm) 80.5
Physical activity (MET-hour/day) 22.4
Sleep duration (hours) 7.4
Always taking a daytime nap (%) 23.1
Postmenopause (%) -
Family history of diabetes (%) 0.5
Prevalent hypertension (%) 33.7
Prevalent stroke or transient ischemic 2.0
attack (%)

Prevalent coronary heart disease (%) 2.2
Regular fresh vegetable consumer* (%) 98.0
Regular fresh fruit consumer* (%) 22.8
Regular meat consumer* (%) 50.0

56153 (28.3) 236381 (83.3) 47512 (16.7)

53.0 50.3 54.2
471 43.2 46.2
58.0 43.9 42.8
94.8 89.3 89.7
75.1 69.9 711
69.9 2.6 3.1
35.8 2.0 2.5
24.4 23.4 25.3
84.8 77.9 82.7
22.3 20.8 20.4

7.5 7.3 7.5
25.1 17.3 19.8
- 50.7 51.1

7.0 6.3 8.0
42.8 30.0 40.1

2.6 1.0 1.6

3.0 2.6 3.8
98.8 98.2 98.7
22.8 31.8 32.4
53.7 43.5 45.7

Values of variables except age and urban were adjusted for age at study date and study regions, when appropriate.
*Regular consumers were referred to those consuming corresponding foods at least four times a week.

BMI, body mass index; MET, metabolic equivalent.

or other baseline characteristics. Sensitivity analyses
showed no major changes in risk estimates by addition-
ally adjusting for body fat percentage, excluding diabetes
cases identified during the first 2 years of follow-up, or
excluding participants who were never married, divorced

BMI BMI
Habitual Habitual
snoring snoring
‘Waist Waist
circumference 0.542 > circumference
Baseline 2" resurvey
Figure 1 The autoregressive cross-lagged model between

BMI (kg/m?), waist circumference (cm), and habitual snoring.
The model was adjusted for baseline characteristics
including age, gender, study region, educational attainment,
household income, marital status, smoking status, alcohol
consumption, and physical activity level. Solid lines show
coefficients with p values <0.05 while dashed lines present
coefficients with p values >0.05. BMI, body mass index.

or widowed at baseline (online supplementary table e-2).
The sensitivity analysis conducted among a subcohort of
participants with updated information about incident
diabetes at the second resurvey also showed a similar risk
estimate (HR: 1.17, 95% CI 1.05 to 1.31; online supple-
mentary table e-3) to the primary analysis. In addition,
occasional snoring was associated with a minor increased
risk of type 2 diabetes among women (HR: 1.07, 95% CI
1.02 to 1.12) but not among men (HR: 0.94, 95% CI 0.88
to 1.00; online supplementary table e-4) when compared
with never snorers.

Compared with non-snorers who were underweight or
normal weight, the relative risks of diabetes for general
obese non-snorers were 1.80 (95% CI 1.57 to 2.05) among
men and 1.65 (95% CI 1.51 to 1.80) among women,
which rose to 2.06 (95% CI 1.81 to 2.34) among men and
1.83 (95% CI 1.66 to 2.02) among women for general
obese habitual snorers. Similarly, in the joint analysis of
snoring and central obesity, participants who were both
central obese and habitual snorers had the highest risk of
type 2 diabetes, which was 1.96 (95% CI 1.77 to 2.18) for
men and 1.97 (95% CI 1.82 to 2.14) for women (figure 3,
online supplementary table e-5).
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Table 2 The association between habitual snoring and type 2 diabetes among 482 413 participants

Men Women P value for
Non- snoring Habitual snoring Non- snoring  Habitual snoring interaction*
Cases 3700 2611 7271 2897
Person-years 1376688 542611 2357347 464937
Incidence rate (per 10000 26.9 48.1 30.8 62.3
person-years)
Model 1 1.00 1.59 (1.51, 1.67) 1.00 1.62 (1.55, 1.69) 0.192
Model 2 1.00 1.58 (1.50, 1.66) 1.00 1.62 (1.55, 1.69) 0.206
Model 3 1.00 1.48 (1.40, 1.55) 1.00 1.49 (1.42, 1.56) 0.417
Model 4 1.00 1.47 (1.39, 1.54) 1.00 1.48 (1.41, 1.52) 0.441
Model 5 1.00 1.12 (1.06, 1.18) 1.00 1.14 (1.09, 1.19) 0.320

Model 1: Stratified by age groups and 10 study regions. Adjusted for education, household income, and marital status.
Model 2: Additionally adjusted for smoking status, alcohol intake, and physical activity based on model 1.
Model 3: Additionally adjusted for family history of diabetes, prevalent hypertension, prevalent stroke or transient ischemic attack, and

prevalent coronary heart disease based on model 2.

Model 4: Additionally adjusted for menopausal status (only for women), sleep duration, daytime napping, fresh vegetables, fresh fruit, and

red meat consumption based on model 3.

Model 5: Additionally adjusted for baseline body mass index (BMI) and baseline waist circumference based on model 4.
*P values for multiplicative interaction between habitual snoring and gender.

DISCUSSION

The present study, prospectively conducted among a
nationwide sample of 0.5million Chinese adults, indi-
cated that adiposity measures were associated with an

Subgroup

Cases*/person years

increased risk of future habitual snoring, and the latter
was associated with a higher risk of type 2 diabetes in both
men and women independent of adiposity measures.
Besides, participants who had both habitual snoring and

HR (95% ClI) P values for interaction

Men
BMI subgroups
Underweight/normal
Overweight

General obesity

Waist circumference subgroups

Not central obesity
Pre-central obesity

Central obesity

Women
BMI subgroups
Underweight/normal
Overweight

General obesity

Waist circumference subgroups

Not central obesity
Pre-central obesity

Central obesity

2,120/1,137,346
2,843/620,664
1,348/161,289

2,447/1,218,498
1,249/307,528
2,615/393,273

3,358/1,582,798
4,294/930,584
2,516/308,902

3,353/1,637,302
2,200/518,252
4,615/666730

1.10 (1.00,1.21) . 0.924
1.12 (1.03,1.20) —
1.16 (1.04,1.30) —_—
1.10 (1.01,1.21) —— 0.401
1.20 (1.07,1.35) —_—
1.09 (1.01,1.19) -
1.14 (1.04,1.25) — 0.510
1.15 (1.07,1.23) —
1.14 (1.05,1.24) —_—
1.16 (1.06,1.27) — 0.479
1.13 (1.03,1.25) —_—
1.13 (1.07,1.21) ——

| T 1

0.80 10 12 1.5
HR (95% CI) for habitual snoring vs non-snoring

Figure 2 Subgroup analyses of the association between habitual snoring and type 2 diabetes according to different adiposity
measures. “Total incident diabetes cases for participants with habitual snoring and non-snoring. Models were stratified by age
and 10 study regions, and adjusted for the same factors as in model 5 of table 2, except the subgrouping variables. BMI, body

mass index.
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HR (95% CI)

HR (95% CI)
2

—

Underweight/normal  Overweight
Figure 3 Adjusted HRs of diabetes for participants with
different combinations of snoring status and adiposity
measures. (A) Combination of snoring status and BMI
subgroups. (B) Combination of snoring status and waist
circumference subgroups. The Cox proportional hazards
models were stratified by age and study region and were
adjusted for the same factors as in model 5 of table 2,
except baseline BMI and waist circumference. Baseline BMI
was adjusted for in joint analyses of waist circumference and
snoring while baseline waist circumference was adjusted for
in joint analyses of BMI and snoring. BMI, body mass index.

General Obesity Normal Pre-central obesity Central obesity

general/central obesity were at the highest risk of devel-
oping type 2 diabetes, indicating a multiplicative joint
effect.

A systematic review and meta-analysis involving eight
studies from Western countries suggested that habitual
snoring was associated with an increased risk of type 2
diabetes compared with non-snores, with a pooled OR
of 1.37 (95% CI 1.20 to 1.57) for six cross-sectional
studies and a pooled HR of 1.65 (95% CI 1.30 to 2.08)
for two cohorts.'”” Mixed results from cohort studies in
the Western population were reported. Two cohorts with
small sample sizes in Sweden and the USA failed to spot
a statistically significant association between snoring and
diabetes.'' * The Nurses’ Health Study (NHS) found that
the relative risk of diabetes was 2.03 (95% CI 1.71 to 2.40)
for women who snored regularly in comparison with
those who did not.*® Recently, a study on the NHS study
and the Health Professionals Follow-up Study involving
a total of 151194 participants suggested that habitual
snoring without self-reported OSA was still independently
associated with an increased risk of diabetes, although to
alesser extent (HR: 1.25,95% CI 1.19 to 1.31)."* Another
prospective study conducted among 10854 participants
from Northern Europe also found that snoring without
self-reported OSA was independently associated with
a higher risk of diabetes during a mean follow-up of
11.3years."”

In contrast, prospective evidence is limited for the Asian
population whose body sizes are different from their
Western (:ounterparts.16 7 Some crosssectional studies
suggested a positive correlation between habitual snoring
and elevated glucose or hemoglobin Alc levels among
Asian adults without prevalent diabetes.'® *** However,
cross-sectional studies are prone to reverse causation and
other biases. The present study, which was the first large-
scale prospective cohort to assess the snoring—diabetes
association among Chinese adults, found that habitual

snoring was independently associated with a >10%
increased risk of type 2 diabetes.

The mechanisms through which habitual snoring
increases the risk of type 2 diabetes remained unclear
but might be attributed to obstruction of the upper
airway during sleep, similar to the mechanism of OSA,
as snoring without OSA was considered an early stage in
the spectrum of sleep-disordered breathing.**~*' Hypoxia
caused by upper airway obstruction promotes sympa-
thetic activation and thereby disrupting insulin sensitivity
and glucose tolerance, leading to an increased risk of
type 2 diabetes.”*

Previous cross-sectional studies observed a positive
correlation between central/general obesity and habitual
snoring among the Chinese population.” 2! * * The
present autoregressive cross-lagged analysis showed that
the risks of habitual snoring within 8years increased by
~30% per SD increment in baseline BMI and by 10% per
SD increment in baseline waist circumference. There-
fore, adiposity measures were critical confounding factors
and should be carefully controlled for when assessing the
snoring—diabetes association, as adiposity measures were
also associated with risk of diabetes.”>™ In the present
study, the observed effects of snoring and obesity on
diabetes risk followed a multiplicative scale, and habitual
snorers who had general obesity or central obesity were at
the highest risk of developing type 2 diabetes among all
combinations of snoring and obesity status. In particular,
although Chinese adults’ mean BMI was lower than the
Western population, they were more likely to be central
obese than their Western counterparts at given BML'® 7
Therefore, in the prevention of diabetes among Chinese
adults, attention should not be focused solely on BMI.
Snoring status and indicators of both general and central
obesity should all be taken into account instead. Another
clinical implication of our study is that even the early-
stage symptom of sleep-disordered breathing can inde-
pendently increase the risk of diabetes, highlighting the
need for early detection and intervention for snoring.

The strengths of the present study include the
geographical diversity of the study population, prospec-
tive design, long-term follow-up, and the high validity of
diabetes diagnosis (a medical record review for about
1000 incident cases of type 2 diabetes found a positive
predictive value of 97%). Also, the detailed information
on adiposity measures and other baseline characteris-
tics made it possible to minimize confounding bias by
carefully adjusting for a range of potential confounding
factors, and the large sample size enabled us to exten-
sively explore the snoring—diabetes association within
each subgroup of adiposity measures. Nevertheless, there
are some limitations. First of all, the present study did
not assess OSA objectively using polysomnography and
thus was unable to examine whether the observed asso-
ciation between habitual snoring and type 2 diabetes
was entirely due to the impact of OSA, which is a chal-
lenge that most snoring-related epidemiological studies
confront. Second, for most participants, snoring status
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was self-reported only once at baseline. Some participants
might underreport their habitual snoring status, espe-
cially for those who live alone, and snoring status could
change during the follow-up. However, the misclassifica-
tion was more likely to be non-differential and tended
to underestimate the strength of association. Also, in the
sensitivity analysis, we further excluded participants who
were never married, divorced, or widowed to minimize
the underreporting for people without bed partners,
which revealed similar results. Third, the underdiagnosis
of incident diabetes is a prevalent problem in China®
which may affect our findings in the present study.
However, the sensitivity analysis done in a subcohort of
participants with updated information on self-reported
or screen-detected diabetes at the second resurvey found
no major change in the risk estimate. Last, the possibility
of residual confounding bias could not be ruled out due
to the observational nature of this study.

CONCLUSIONS

In conclusion, adiposity was positively associated with
subsequent habitual snoring, which was shown to be a
risk factor of type 2 diabetes independent of different
adiposity measures among Chinese adults. The coexis-
tence of habitual snoring and general/central obesity led
to the highest risk of type 2 diabetes, which highlights the
need for raising the public’s awareness in snoring and
maintaining a healthy weight and waist circumference
to prevent type 2 diabetes among Chinese adults. More
prospective studies are warranted to verify our findings.
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