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A B S T R A C T

Objectives: To determine whether severity of obstructive sleep apnea is associated with incident diabe-
tes in middle-aged and older adults.
Methods: A prospective analysis of 1453 non-diabetic participants of both the Atherosclerosis Risk in
Communities Study and the Sleep Heart Health Study (mean age 63 years, 46% male) had in-home
polysomnography (1996–1998) and was followed up for incident diabetes. Using the apnea–hypopnea
index derived from home polysomnography, study participants were categorized as follows: <5.0 (normal),
5.0–14.9 (mild), 15.0–29.9 (moderate), and ≥30.0 events/h (severe). Incident diabetes was ascertained
during annual follow-up telephone calls through 2013.
Results: During a median follow-up of 13 years, there were 285 incident diabetes cases among the 1453
participants. Participants with severe obstructive sleep apnea were at greater risk of incident diabetes
compared to persons classified as normal after adjustment for confounders including body mass index
and waist circumference (1.71 [1.08, 2.71]). The association between severe obstructive sleep apnea and
incident diabetes was similar when analyses were restricted to obese individuals.
Conclusions: Severe obstructive sleep apnea was associated with greater risk of incident diabetes, inde-
pendent of adiposity in a community-based sample. Healthcare professionals should be cognizant of the
high prevalence of OSA in the general population and the potential link to incident diabetes.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Given the morbidity and mortality associated with type 2 dia-
betes mellitus [1], the identification of potentially modifiable risk
factors for diabetes remains a clinical and public health priority.
Obstructive sleep apnea (OSA) is a common condition with approx-
imately 13% of adult men and 6% of adult women having moderate
to severe undiagnosed OSA [2]. Evidence collected over the last two
decades from clinical and community-based studies suggests that
OSA is associated with insulin resistance, glucose intolerance, and
type 2 diabetes independent of the confounding effects of obesity
[3,4]. Moreover, data from murine models [5] and experimental
human studies [6] have also shown that exposure to intermittent
hypoxia and sleep fragmentation can lead to alterations in insulin

sensitivity and glucose disposal. Thus, observational [7–11] and ex-
perimental data [12,13] are convergent and implicate OSA as an
independent risk factor for development of diabetes. Unfortu-
nately, interventional data examining the effects of OSA treatment
on metabolic outcomes such as insulin sensitivity, glucose toler-
ance, and glycosylated hemoglobin have been equivocal [12,13],
and thus have raised significant doubt regarding the role of OSA
in the pathogenesis of type 2 diabetes. Thus, recommendations re-
garding case-identification for OSA in those at risk for metabolic
dysfunction need to be tempered by the lack of a strong empirical
base. Part of the challenge in interpreting the available interventional
data on the effects of OSA treatment on metabolic parameters is
due to the wide range of methodological limitations in the avail-
able studies [7]. Relatively limited sample sizes, poor adherence
with treatment, and duration of treatment are some of the many
pitfalls in the treatment-related data available to date. There is also
a dearth of longitudinal data on whether untreated OSA in those
free of diabetes increases the predisposition for developing
diabetes [14,15]. Longitudinal evidence to support temporality
of the association between OSA and diabetes, and whether the
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association is independent of obesity, is lacking. Availability of such
evidence would motivate case-identification and early interven-
tion for OSA to mitigate some of the risk for developing diabetes.
The longitudinal studies that have examined the impact of OSA on
incident diabetes have either been based on clinical samples [10,11]
or have not included full montage polysomnography [9,11]. There-
fore, using data from a subset of Atherosclerosis Risk in Communities
Study (ARIC) participants who took part in the Sleep Heart Health
Study (SHHS), the current study sought to determine whether OSA
is associated with incident diabetes, independent of known con-
founding factors such as obesity.

2. Methods

2.1. Study population

In 1987–1989, using population-based probability sampling,
the ARIC study enrolled 15,792 adults (aged 45–64 years) from
four US communities [16]. A total of four follow-up visits have taken
place (1990–1992, 1993–1995, 1996–1998, and 2011–2013) since
the initial visit. During the fourth ARIC visit (1996–1998), which
constitutes baseline for the present study, a subset of 1920 ARIC
participants from the study sites of Washington County, MD and
suburban Minneapolis, MN were recruited into the SHHS [17] and
underwent an in-home overnight polysomnogram. For the current
analysis, 467 participants were excluded for the following reasons:
(1) prevalent diabetes at baseline defined as a fasting glucose
≥126 mg/dL or non-fasting glucose of ≥200 mg/dL, self-reported
history of physician-diagnosed diabetes, or medication use for di-
abetes over the last twoweeks (N = 261); (2) non-white race (N = 11);
(3) lack of follow-up information (N = 28); and (4) incomplete data
on OSA severity (N = 167). The final analytic sample included 1453
participants (Fig. 1). Institutional review boards at each participat-

ing institution approved the study and all participants provided
written informed consent.

2.2. Sleep assessments

An overnight unattended in-home polysomnogram was con-
ductedusingaportablemonitor (PS-2System;Compumedics Limited,
Abbotsford, Victoria, Australia), using (previously described)methods
[18]. As in previous analyses of SHHS data, an apnea was defined if
there was an absence or near absence of airflow (at least <25% of
baseline) for at least 10 s [18]. Hypopnea was defined as a 30% de-
crease in the amplitude of the airflow for at least 10 s. The apnea–
hypopnea index (AHI) was derived as the number of obstructive
apneas (regardless of the oxygen desaturation level) plus hypopneas
(with at least a 4% decrease in oxygen saturation) per hour of sleep,
which corresponds to current definitions used by Medicare for
reimbursement. Central sleep-disordered breathing events were
excluded from the AHI definition. Participants were categorized
basedon theAHI as follows:<5.0 events/h (normal), 5.0–14.9 events/h
(mild), 15.0–29.9 events/h (moderate), and ≥30.0 events/h
(severe).

Nocturnal hypoxemia was characterized by the average oxyhe-
moglobin saturation during non-rapid eye movement (non-REM)
and REM sleep, and by the oxygen desaturation index which was
defined as the average number of 4% or greater oxygen desaturation
events per hour of sleep (4% ODI). Arousals were identified as abrupt
shifts ≥3 sec in electroencephalogram frequency [19]. The arousal
index was defined as the average number of arousals per hour of
sleep. As detailed in the results, only about 5% of the ARIC sample
was classified as having severe OSA, defined by AHI ≥ 30 events/h.
In order to make the distributions of nocturnal hypoxemia and the
arousal index comparable to the definition of severe OSA, for an-
alytic purposes we categorized these variables into quintiles,
and then further divided the most adverse category at the 5th per-
centile. Thus, for average oxyhemoglobin saturation, the main
comparison is the lower 5th percentile of the distribution to those
in the highest quintile (percentiles 80–100). For 4% ODI and the
arousal index the main comparison is of those in the ≥95th per-
centile to those in the lowest quintile (percentiles 0–20).

Habitual sleep duration per week was assessed with the
following questions: “How much sleep do you usually get at night
(or in yourmain sleep period): onweekdays orworkdays?” and “on
weekends or non-work days?” Average usual sleep time (h) perweek
was determined as a weighted average: [(habitual total sleep time
during the workdays) × 5 + (habitual total sleep time during the
weekends) × 2]/7.

2.3. Incident diabetes and assessment of covariates

Diabetes was diagnosed using information collected from ARIC
annual follow-up phone calls that took place from the baseline visit
(1996–1998) through 2013. Participants who reported physician-
diagnosed diabetes or diabetesmedication usewere categorized as
having incident diabetes. Covariates and potential mediators were
assessed at the baseline examination (1996–1998). Information
on socioeconomic status,marital status, smoking status, and alcohol
use was self-reported. Measures of socioeconomic status included
educational attainment (less than high school, high school gradu-
ate, beyond high school), income (<$25,000, $25,000–$49,999,
≥$50,000), and occupation (managerial and professional job or not).
Physiologic variables were measured by trained technicians. BMI
was assessed as weight (kg) divided by height (m) squared. Waist
circumference was measured at the umbilicus. High-sensitivity
C-reactive protein (hsCRP) was measured using a latex-particle
enhanced immunoturbidimetric assay kit (Roche Diagnostics,
Indianapolis, IN 46250, USA).

N = 1659

N = 1648

N = 1620
Missing information for AHI

N = 167

Final analytic sample
N = 1453

Other Race
N = 11

Prevalent Diabetes
N = 261

Loss to Follow-up
N = 28

ARIC Visit 4
N =11657

Not participants of SHHS
N = 9737

SHHS-ARIC Study
N = 1920

Fig. 1. Study sample flow chart. AHI, apnea–hypopnea index; ARIC Study, Athero-
sclerosis Risk in Communities Study; SHHS, Sleep Heart Health Study.
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2.4. Statistical analysis

Descriptive statistics were generated for all sleep-related vari-
ables and covariates, stratified by OSA severity. Analysis of variance
and χ2 tests were used to examine differences in means for con-
tinuous variables or in proportions for categorical variables,
respectively. Spearmancorrelationcoefficientswere calculatedamong
the key variables of interest. Cox proportional hazards regression
models were used to estimate hazard ratios (HRs) and 95% confi-
dence intervals (CIs) relating OSA severity to incident diabetes. The
linear trend was tested by including the OSA severity categories in
the models as a linear term. Follow-up time was calculated from
thedate of thebaseline visit until thedate of the telephone call during
which incident diabetes was first reported, the date of last contact
if the participantwas lost to follow-up, or the date of the 2013 annual
follow-up phone call, whichever came first.

We constructed and compared a series of nested models: Model
1 included age, sex, and center as covariates. Model 2 additionally
adjusted for socioeconomic status (educational attainment, income,
occupation), marital status, and behavioral risk factors (smoking
status, alcohol use, physical activity). Model 3 further adjusted for
adiposity (BMI and waist circumference). The proportional hazards
assumption was evaluated by testing the interaction between OSA
categories and the natural log of follow-up time, and by visual in-
spection of graphs of the survival function vs survival time, stratified
by OSA categories. In secondary analyses we assessed whether sys-
temic inflammation mediated the association between OSA and
incident diabetes by adding hsCRP to covariates inModel 3. To assess
whether self-reported sleep duration confounded the association
between OSA and incident diabetes, habitual sleep duration was
added to the covariates in Model 3. As both OSA and diabetes are
strongly influenced by obesity, we conducted analyses that were
restricted to participants with a BMI ≥ 30 kg/m2. Additionally, effect
modification of the association between OSA and diabetes by sex
was assessed by including cross-product terms of the sex and OSA

variables in Model 3. Finally, sensitivity analyses were conducted
in which participants who at baseline did not self-report being di-
abetic, but who had high blood glucose (fasting glucose ≥126mg/dL
or non-fasting glucose of ≥200 mg/dL), were retained in the anal-
ysis. In secondary analyses, we explored the associations of other
indices of sleep (ie, hemoglobin desaturation during REM and non-
REM sleep, 4% ODI, and the arousal index) with risk of incident
diabetes. These exposures were modeled categorically. All analy-
ses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA).

3. Results

The 1453 participants in the final analytic sample were 53.5%
female, on average 62.5 years old, and had amean BMI of 28.3 kg/m2.
Over a median of 12.8 years (max = 13.7 years) of follow-up, 285
incident diabetes cases occurred, yielding a crude total diabetes in-
cidence of 17.6 per 1000 person-years. Of the sample, 5.7% had severe
OSA, 12.9% had moderate OSA, 28.8% had mild OSA, and 52.6% were
without OSA (Table 1). Those with severe OSA were more likely to
be older, male, current or former smokers, hypertensive, and had
a higher BMI andwaist circumference than thosewithout OSA.More-
over, compared to the participants without OSA, those with severe
OSA reported shorter habitual sleep duration and had a lower average
oxyhemoglobin saturation, higher 4% ODI, and arousal index
(Table 2). AHI was positively correlated with BMI (r = 0.39) and waist
circumference (r = 0.44) and inversely correlated with average oxy-
hemoglobin saturation during REM sleep (r = −0.52) and non-REM
sleep (r = −0.44). Furthermore, the correlation of AHI and average
oxyhemoglobin saturation during REM sleep and non-REM sleep
was stronger in obese than in non-obese participants (r = −0.56
and r = −0.44 in obese, and r = −0.44 and r = −0.36 in non-obese,
respectively).

A dose–response association was observed between OSA sever-
ity and incident diabetes across all statistical models (p-trend ≤ 0.01)
(Table 3). After adjustment for demographics and health

Table 1
Participant characteristics according to sleep apnea–hypopnea index categories: the ARIC Study/SHHS 1996–1998.

OSA category Normal Mild Moderate Severe p for difference

AHI <5.0 5.0–14.9 15.0–29.9 ≥30.0
N (%) 765 (52.6) 418 (28.8) 187 (12.9) 83 (5.7)

Demographics
Age, years* 61.8 ± 5.5 63.3 ± 5.3 63.6 ± 5.4 63.3 ± 5.3 <0.001
Male, N (%) 257 (33.6) 230 (55.0) 132 (70.6) 56 (67.5) <0.001
Education, N (%)
<High school 61 (8.0) 51 (12.2) 22 (11.8) 7 (8.4)
High school graduate 374 (49.0) 187 (44.7) 82 (43.9) 41 (49.4) 0.27
>High school graduate 329 (43.1) 180 (43.1) 83 (44.4) 35 (42.2)

Annual income, N (%)
<$25,000 142 (19.0) 75 (18.7) 43 (23.4) 19 (23.8)
$25,000–$49,999 288 (38.5) 161 (40.1) 70 (38.0) 31 (38.8) 0.76
≥$50,000 318 (42.5) 166 (41.3) 71 (38.6) 30 (37.5)

Occupation, N (%)
Managerial or professional 235 (30.7) 88 (21.1) 26 (13.9) 10 (12.1) <0.001

Married, N (%) 650 (85.0) 368 (88.0) 167 (89.3) 68 (81.9) 0.17
Behavioral characteristics
Sport index* 2.6 ± 0.8 2.6 ± 0.8 2.5 ± 0.8 2.4 ± 0.7 0.13
Cigarette smoking, N (%)
Current 104 (13.6) 28 (6.7) 16 (8.6) 7 (8.4)
Former 333 (43.5) 220 (52.6) 104 (55.6) 45 (54.2) 0.004
Never 328 (42.9) 170 (40.7) 67 (35.8) 31 (37.4)

Current alcohol drinker, N (%) 544 (71.1) 294 (70.3) 117 (62.6) 57 (68.7) 0.15
Physiologic characteristics
Body mass index, kg/m2* 26.9 ± 4.3 28.8 ± 4.5 30.7 ± 5.4 33.9 ± 5.1 <0.001
Waist, cm* 97.0 ± 12.1 102.5 ± 11.6 107.7 ± 12.8 114.6 ± 11.6 <0.001
Prevalent hypertension, N (%) 248 (32.4) 176 (42.4) 74 (39.8) 45 (54.2) <0.001
Hypercholesterolemia medication, N (%) 119 (15.6) 59 (14.1) 29 (15.5) 16 (19.3) 0.68

ARIC Study, Atherosclerosis Risk in Communities Study; SHHS, Sleep Heart Health Study; AHI, apnea–hypopnea index; BMI, body mass index.
* Represented as mean (standard deviation).
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behaviors, participants with severe OSA were at 2.75-times (95% CI:
1.81, 4.19) greater risk of incident diabetes than participants without
OSA. The association remained statistically significant despite ad-
justment for adiposity (HR: 1.71 [1.08, 2.71]). With additional
adjustment for hsCRP, results were slightly attenuated (HR: 1.57 [0.98,
2.54]). There was no evidence that sex modified the association
between OSA severity and incident diabetes. As the majority of par-
ticipants with OSA were obese, additional analyses restricted to
participants of BMI ≥ 30 kg/m2 were conducted (Table 3). Even after
adjusting for adiposity, obese participants with severe OSA were at
2.03-times (1.20, 3.44) greater risk of incident diabetes than obese
participants without OSA. Moreover, sleep duration did not con-
found the association between OSA and incident diabetes in either
the full sample or when restricted to obese participants. In sensitivity
analyses, the association between OSA and incident diabetes was
not appreciably changedwhenwe retained participants who at base-
line had elevated blood glucose level but did not report diagnosed
diabetes (N = 64) (see Table E1 in the online data supplement).

Associations between several markers of nocturnal hypoxemia
and sleep fragmentation – namely average oxyhemoglobin satura-
tion during REM and non-REM sleep, 4% ODI, and the arousal index
– and risk of incident diabetes in the full sample and among obese

participants are provided in Tables E2 and E3 in the online data sup-
plement, respectively. Overall, more adverse levels of nocturnal
hypoxemia and sleep fragmentation were associated with greater
risk of incident diabetes, though associations were at times attenu-
ated with adjustment for adiposity (Table E2). When the sample was
restricted to obese individuals, relative to those in the lowest cat-
egories, being in the highest categories of 4% ODI and the arousal
index were associated with greater risk of incident diabetes, even
after adjusting for adiposity (Table E3). However, in analyses re-
stricted to obese individuals, hemoglobin desaturation was not
significantly associated with diabetes risk.

4. Discussion

Severe OSA, as assessed by in-home polysomnography, was as-
sociated with a 71% increased risk of incident type 2 diabetes,
independent of potential diabetes risk factors including BMI and
waist circumference, in this community-based sample. The current
study provides strong evidence for a longitudinal association between
OSA and incident diabetes. The association persisted even after the
analyses were restricted to obese individuals, providing further
credence to the idea that OSA increases the risk for diabetes, and

Table 2
Sleep characteristics according to sleep apnea–hypopnea index categories: the ARIC Study/SHHS 1996–1998.

OSA category Normal Mild Moderate Severe p for difference

AHI <5.0 5.0–14.9 15.0–29.9 ≥30.0
N (%) 765 (52.6) 418 (28.8) 187 (12.9) 83 (5.7)

AHI* 2.0 ± 1.4 9.0 ± 2.9 20.7 ± 4.2 47.4 ± 15.0 <0.001
Self-reported average sleep time per night (h)*
Workdays 7.2 ± 1.1 7.2 ± 1.1 7.1 ± 1.1 7.0 ± 1.2 0.41
Weekends 7.6 ± 1.2 7.5 ± 1.2 7.5 ± 1.2 7.5 ± 1.3 0.74
Overall‡ 7.3 ± 1.1 7.3 ± 1.1 7.2 ± 1.1 7.2 ± 1.2 0.45

Average % hemoglobin oxygen saturation*
During non-REM sleep 95.2 ± 1.6 94.4 ± 1.5 93.7 ± 1.7 92.7 ± 1.8 <0.001
During REM sleep 95.4 ± 1.6 94.2 ± 1.8 93.1 ± 2.2 90.8 ± 3.5 <0.001

4% Oxygen desaturation index* 1.7 ± 1.3 5.9 ± 3.0 13.0 ± 7.4 33.3 ± 15.8 <0.001
Arousal index* 15.6 ± 7.0 19.1 ± 8.0 24.1 ± 9.7 36.3 ± 15.8 <0.001

AHI, apnea–hypopnea index; ARIC Study, Atherosclerosis Risk in Communities Study; BMI, body mass index; SHHS, Sleep Heart Health Study.
* Represented as mean (standard deviation).
‡ [(habitual total sleep time during the workdays) × 5 + (habitual total sleep time during the weekends) × 2]/7.

Table 3
Association between obstructive sleep apnea–hypopnea index and incident diabetes: the ARIC Study/SHHS 1996–2013.

Obstructive sleep apnea
Category Normal Mild Moderate Severe
AHI <5.0 5.0–14.9 15.0–29.9 ≥30.0 p for trend

Total sample
Median AHI 1.7 8.4 19.5 42.8
N participants 765 418 187 83
Person years 8716 4691 1967 801
N diabetes cases 130 78 48 29
HR (95% CI)
Model 1 1.00 1.12 (0.84–1.49) 1.71 (1.21–2.42) 2.57 (1.70–3.89) <0.001
Model 2 1.00 1.09 (0.81–1.46) 1.66 (1.17–2.37) 2.75 (1.81–4.19) <0.001
Model 3 1.00 0.94 (0.70–1.27) 1.28 (0.89–1.84) 1.71 (1.08–2.71) 0.01

Sample with BMI ≥30 kg/m2

Median AHI 2.3 8.8 19.4 42.5
N participants 149 146 91 66
Person years 1546 1642 941 600
N diabetes cases 45 28 30 28
HR (95% CI)
Model 1 1.00 0.57 (0.36–0.92) 1.14 (0.71–1.84) 1.82 (1.11–2.98) <0.001
Model 2 1.00 0.60 (0.37–0.97) 1.23 (0.75–2.01) 2.15 (1.30–3.57) <0.001
Model 3 1.00 0.59 (0.36–0.96) 1.18 (0.72–1.95) 2.03 (1.20–3.44) <0.001

Model 1: Adjusted for age, sex, and center. Model 2: Adjusted for Model 1 + socioeconomic status (education attainment, income, occupation), marital status, and behav-
ioral risk factors (smoking status, alcohol drinking, physical activity). Model 3: Adjusted for Model 2 + adiposity (body mass index, waist circumference).
AHI, apnea–hypopnea index; ARIC Study, Atherosclerosis Risk in Communities Study; BMI, body mass index; CI, confidence intervals; HR, hazard ratio; SHHS, Sleep Heart
Health Study.
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is not merely linked through a common correlation with adiposi-
ty. These findings support recommendations from the International
Diabetes Federation consensus statement that “OSA patients should
be routinely screened for markers of metabolic disturbance and car-
diovascular risk,” including markers of glucose homeostasis [20].

Our findings are consistent with results from several clinic-
based studies [10,11], and a recently published historical cohort of
patients undergoing diagnostic sleep studies,which found that those
with severe OSA were at 30% greater risk of incident diabetes, in-
dependent of BMI [15]. Population-based studies that have assessed
theprospective associationhave yieldedmixed results partly because
of the relatively small number of incident cases of diabetes in
participants with moderate-severe OSA [7,8]. While the degree of
nocturnal intermittent hypoxemia as assessed through pulse-
oximetry has been associated with incident diabetes risk in a
Japanese population-based sample [9], the lack of polysomnography
in that study is a notable limitation. Longitudinal studies (eg, Nurses’
Health Study) that have used self-reported sleep symptoms, such
ashabitual snoring, as surrogates forOSAhavealso found these symp-
toms to be associatedwith higher diabetes risk [21,22]. The current
study extends these seminal observations by demonstrating that
moderate to severe OSA as defined by overnight polysomnography
does predict incident diabetes in a large community sample that
has a relatively long period of follow-up. We also provided novel
evidence that both nocturnal hypoxemia and sleep fragmentation
are associated with OSA risk.

Clinical trials onwhether treatment of OSAwith continuous pos-
itive airwaypressure (CPAP) improves insulin resistance andglycemic
control in non-diabetic and diabetic patientswith OSA have yielded
mixed results [12]. The lack of a consistent effect could be related
to a number ofmethodological limitations including the lack of avail-
ability of an adequately powered randomized clinical trial [4,20]. It
is important to recognize that the impact of OSA on development
of diabetesmay, in fact, bedistinct from its effects onglycemic control.
It is certainly possible that OSA is an independent risk factor for di-
abetes but has a less important role for glycemic control after the
onset of diabetes. Alternatively, it is also plausible that with beta
cell failure and subsequent development of diabetes, the potential
effects of OSA on insulin secretion and sensitivity are irreversible
[23]. There are several possible mechanisms underlying the asso-
ciation betweenOSA and incident diabetes. OSA-related intermittent
hypoxemia and recurrent arousals may affect glucose metabolism
through activation of the sympathetic nervous system [24], changes
in activity of the hypothalamic–pituitary–adrenal axis [25] with in-
creasing levels of circulating corticosteroids, formation of reactive
oxygen species [26], and increases in inflammatory markers (eg,
hsCRP, interleukin-6, and tumornecrosis factor-α) [27] andadipocyte-
derived factors [28] (eg, leptin, adiponectin, and resistin).

The findings of the current study should be interpreted in light
of several limitations. The assessment of OSA was conducted in par-
ticipants’ homes rather than at a sleep laboratory. However, AHI
measured by in-home polysomnography is highly concordant with
polysomnography in the laboratory [19]. Second, measurement error
(and subsequentmisclassification) in ascertainment of diabetes cases
may have occurred as these data were self-reported. Previous work
in the ARIC study has demonstrated that self-reported diabetes has
high specificity (85–91%) and moderate sensitivity (56–80%) when
compared with objective definitions [29]. It is also possible that par-
ticipants with diagnosed OSA receive more frequent medical care
and are thus more likely to have diabetes identified than those
without diagnosed OSA. Measurement error may have also been a
problem for some of the confounders, such as physical activity, which
could result in residual confounding. Third, the analytic sample was
limited to Caucasians and thus the results may not be generaliz-
able to other races. Lastly, information on OSA treatment during the
follow-up period was not available.

Despite these limitations, our study has several strengths. In-
home polysomnography enabled us to objectively characterize OSA.
In addition, the SHHS also assessed a variety of sleep characteris-
tics which, when coupled with the wealth of information from the
ARIC study, allowed a rigorous assessment as to whether the as-
sociation between OSA and incident diabetes was independent of
known diabetes risk factors including BMI and waist circumfer-
ence. Lastly, the ARIC study identified incident diagnosed diabetes
annually using a standardized follow-up call.

5. Conclusion

In a community-based longitudinal study, objectively mea-
sured severe OSA was associated with greater risk of incident
diabetes. Notably, the association was independent of BMI and waist
circumference, and persisted even when the sample was re-
stricted to obese participants. These findings complement the
existing evidence suggesting a causal relationship between severe
OSA and risk of diabetes, and support recommendations from the
International Diabetes Federation that health professionals working
in both type 2 diabetes and OSA should adopt clinical practices to
ensure that patients presenting with one condition are consid-
ered for the other [20]. Furthermore, additional large and well-
designed randomized clinical trials to examine whether treating
severe OSA can lower glucose, and possibly contribute to diabetes
prevention, may be warranted.
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