Association of Sleep Apnea and Type Il Diabetes

A Population-based Study

Kevin ]. Reichmuth, Diane Austin, James B. Skatrud, and Terry Young

Department of Medicine, University of Wisconsin Medical School; and De

Madison, Wisconsin

Rationale: Cross-sectional association has been reported between
sleep-disordered breathing (SDB) and insulin resistance, but no
prospective studies have been performed to determine whether
SDB is causal in the development of diabetes.

Objectives: The purpose of our study was to investigate the preva-
lence and incidence of type If diabetes in subjects with SDB and
whether an independent relationship exists between them.
Methods: A cross-sectional and longitudinal analysis was performed
in 1,387 participants of the Wisconsin Sleep Cohort. Full polysom-
nography was used to characterize SDB. Diabetes was defined in
two ways: (1) physician-diagnosis alone or (2) for those with giu-
cose measurements, either fasting glucose = 126 mg/dl or physician
diagnosis.

Measurements and Main Results: There was a greater prevalence of
diabetes in subjects with increasing levels of SDB. A total of 14.7%
of subjects with an apnea-hypopnea index (AHI) of 15 or more had
a diagnosis of diabetes compared with 2.8% of subjects with an
AHI of less than 5. The odds ratio for having a physician diagnoses
of diabetes mellitus with an AHI of 15 or greater versus an AHI of
less than 5 was 2.30 (95% confidence interval, 1.28-4.11; p = 0.005)
after adjustment for age, sex, and body habitus. The odds ratio for
developing diabetes mellitus within 4 yr with an AHI of 15 or more
compared with an AHI of less than 5 was 1.62 (95% confidence
interval, 0.67-3.65; p = 0.24) when adjusting for age, sex, and body
habitus.

Conclusions: Diabetes is more prevalent in SDB and this relationship
is independent of other risk factors. However, it is not clear that
SDB is causal in the development of diabetes.
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Sleep-disordered breathing (SDB) and diabetes mellitus (DM)
are prevalent diseases that share several risk factors, including
advanced age and obesity (1, 2). Diabetes was the sixth leading
cause of death listed on U.S. death certificates in 2003 and is
associated with a higher incidence of cardiovascular, cerebrovas-
cular, and renal disease (3, 4). There is also mounting evidence
that SDB may be an independent risk factor for cardiovascular
and cerebrovascular disease (5). Interest in a potential indepen-
dent link between the two diseases continues to grow.

Several studies have explored this relationship with conflict-
ing results. Four recent studies demonstrated an inverse relation-
ship between apnea-hypopnea index (AHI) and insulin sensitiv-
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ity (6-9). The relationship was independent of body mass index
(BMI) and age in all three studies. Another study found a rela-
tionship between fasting insulin levels and increasing AHI in
patients with BMI of 29 or greater, but not in those with lower
BMIs (10). Finally, Stoohs and colleagues found the relationship
between worsening insulin sensitivity and SDB in a group of 50
“healthy, normotensive individuals™ was completely accounted
for by increased BMI (11). The primary objective of these studies
was to explore the relationship between insulin sensitivity, or
surrogates thereof, and SDB at a single time point. The prepon-
derance of evidence supports the theory that SDB independently
contributes to a decrease in insulin sensitivity.

However, the relationship between SDB and diabetes is less
understood and less well studied. A few studies have attempted
to evaluate the cross-sectional relationship with mixed results
(12-15).

Whether SDB contributes to the development of DM is also
unknown. Two recent population studies using questionnaire-
based research found that reported “habitual” or “regular” snor-
ing was an independent risk for the development of diabetes
(16, 17). These studies did not involve any objective measures of
sleep apnea, leaving uncertainty about the relationship between
SDB and diabetes mellitus. Although insulin resistance is a
known risk factor for the development of diabetes and, as dis-
cussed previously, there is evidence that SDB contributes to
insulin resistance, the current body of evidence does not answer
the question about whether SDB is an independent risk factor
for developing diabetes. A more definitive understanding of
the interaction between these diseases would provide important
guidance to health care providers who manage them.

The purpose of our study was to investigate the prevalence
and incidence of type Il diabetes in patients with SDB and
whether an independent relationship exists between them. This
study is novel in its longitudinal design and use of full nocturnal
polysomnography (PSG) to evaluate SDB. Some of the results
of these studies have been previously reported in the form of
an abstract (18).

METHODS

Participants

Baseline and follow-up data from 1,387 participants in the Wisconsin
Steep Cohort, a population-based longitudinal study of sieep disorders,
were used for this investigation. The protocols and informed-consent
documents were approved by the Institutional Review Board of the
University of Wisconsin Medical School. The design of the cohort is
discussed elsewhere (2) and in the online supplement.

Data Collection

The overnight protocol included full PSG (polygraph model 78; Grass
Instruments, Quincy, MA) and standard anthropometric methods to
obtain weight, height, waist girth, and other measures of body habitus.
Details of the PSG measurements and definitions can be found in the
online supplement,

A questionnaire was completed at each visit and included questions
about personal heaith history, sleep habits and problems, and lifestyle.
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Participants who reported being diagnosed with diabetes by a physician
provided the date of diagnosis and treatment.

The morning after the sleep study, a venipuncture was performed
for fasting plasma glucose. The blood draw did not become part of the
protocol until 1993 (the first follow-up visit for most subjects). Diabetes
was defined in two ways: (1) report of physician-diagnosed diabetes
alone or (2) for those with glucose measurements, either fasting glucose
of 126 mg/dl or greater or physician-diagnosed diabetes. They were
further categorized as “type [" if they were diagnosed before 30 yr of
age or had BMI of less than 25 and were treated with insulin alone.
They were categorized as “type II” if their treatment regimen included
oral hypoglycemic agents or they were managed with lifestyle modi-
fications. We were interested in the relationship between SDB and
type 11 DM; therefore, we excluded people with type [ diabetes from
the analysis.

Statistical Analysis

All analyses were performed using SAS/STAT 9.1 (SAS Institute, Cary,
NC). Odds ratios (ORs) for prevalent type Il diabetes (both definitions)
with two levels of SDB (AHI 5~15 and AHI = 15, both vs. AHI < 5)
were estimated using multiple logistic regression. To examine more
severe SDB, we also examined ORs for diabetes with AHI of 30 or
greater versus AHI of less than 5. A linear contrast was used to test for
trend. Generalized estimating equations with an exchangeable working
correlation were used to account for within-subject correlation and to
produce robust standard errors for hypothesis tests and confidence
intervals (CIs). ORs were examined with adjustment for sex and age
only and with adjustment for body habitus measures. We found that
waist girth was the body habitus measure with the best correlation with
diabetes, which was consistent with a recent report (19). When including
both BMI and waist girth in models of diabetes, BMI was no longer
significant; therefore, we chose to use waist girth (with an interaction
with sex when significant) as our body habitus measure. Other poten-
tially confounding variables were examined to determine if they signifi-
cantly changed the SDB-diabetes relationship.

To examine 4-yr incidence of diabetes, subjects with diabetes at their
first visit or with only a single visit were excluded from the data. ORs
of developing diabetes at the end of a 4-yr period for two levels of SDB
(measured at the beginning of the period) were estimated using multiple
logistic regression. Generalized estimating equations were used to ac-
count for within-subject correlation for subjects with more than one at-
risk 4-yr period for developing diabetes. A similar procedure was used
for 8-yr incidence. We used subject “visits™ rather than individuals to
improve the power of our study to detect independent relationships.

RESULTS

A total of 1,387 subjects (2,524 visits) were included in the cross-
sectional analysis. Forty-one subjects were excluded from the
original sample of 1,428 subjects because of missing or insuffi-
cient data or type 1 diabetes. Characteristics of the sample are
shown in Table 1. The mean age of the group was 49.0 yr (% 8.3)
with a median BMI of 28.9 kg/m*® (interquartile range, 25.5-33.3);
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23% of subjects had an initial AHI of 5 or greater (26% of all
visits).

The cumulative prevalence of type I diabetes in the cross-
sectional sample was 4.2% (Table 2). There was a greater preva-
lence of diabetes in subjects with increasing levels of SDB. A total
of 14.7% of subjects with an AHI of 15 or greater had a diagnosis
of diabetes compared with 2.8% of subjects with an AHI of less
than 5. When weighted for the original sampling scheme, the
cumulative prevalence of DM was 3.6%.

The OR for having physician-diagnosed DM with an AHI of
5-15 compared with an AHI of less than 5 was 1.83 (95% ClI,
1.07-3.11; p = 0.026; Table 3) when adjusted for age and sex.
When comparing those with an AHI of 15 versus an AHI of
less than 5, the OR was 4.75 (95% CI, 2.62-8.63; p < 0.0001).
When body habitus measures (waist girth and waist girth X sex
interaction) were included in the model, the OR for mild SDB
{(AHI 5-15) was no longer significant (OR, 1.25; 95% CI, 0.75-
2.07, p = 0.40). Although there was attenuation of the OR for
more severe SDB (AHI = 15), it remained statistically significant
with an OR 0f2.30 (95% CI, 1.28-4.11; p = 0.0052). When compar-
ing those with an AHI of 30 or greater with those with an AHI
of less than 5, the OR was 3.48 (95% CI, 1.69-7.18; p = 0.0007);
there was also a significantly increasing trend (p = 0.0009).

To provide a more inclusive definition of diabetes, we also
did cross-sectional analysis defining diabetes as either fasting
glucose of 126 mg/dl or greater or of physician-diagnosed diabe-
tes. Because we did not start collecting blood glucose until 4 yr
after the initiation of the cohort, we had fewer subjects and
observations (1,552 visits from 1,117 subjects). When adjusted
for age, sex, and body habitus, the OR for having DM with an
AHI of 5-15 compared with an AHI of less than 5 was 1.14
(95% CI, 0.76-1.71; p = 0.54). The OR for DM with an AHI
of 15 or greater versus an AHI of less than 5 was 1.67 (95% ClI,
1.04-2.67; p = 0.03). The results were similar when comparing
an AHI of 30 or greater versus an AHI of less than 5 (OR, 1.79;
95% CI, 1.02-3.12; p = 0.04; test for trend: p = 0.026).

Our longitudinal analysis included 978 subjects (representing
1,857 4-yr follow-up periods) from the larger cohort who re-
ported no diagnosis of diabetes on the first visit of cach 4-yr period
and had at least one follow-up visit. The OR for having a diagnosis
of DM on a follow-up visit for those with an initial AHI of 5-15
compared with those with an AHI of less than 5 when adjusting
for age and sex was 2.81 (95% CI, 1.51-5.23; p = 0.001; Table 4).
The OR decreased to 1.56 when adjusted for age, sex, and body
habitus, and this was no longer significant (95% CI, 0.80-3.02;
p = 0.19). Similarly, the OR for developing DM with an AHI
of 15 or greater compared with an AHI of less than 5 was 4.06

TABLE 1. CHARACTERISTICS OF THE CROSS-SECTIONAL SAMPLE—2,517 VISITS FROM 1,382

PARTICIPANTS (779 MEN, 603 WOMEN)

AHI < 5 AHI 5-15 AHY = 15 Alf

Observations, n (% all) 1,861 (73.7) 414 (16.4) 249 (9.9) 2,524
Age, yr, mean (5D) 48.0 (8.0) 51.7 (8.2) 52.1 (8.3) 49.0 (8.3)
BMI, median (Q1, Q3) 27.9 (24.7-31.7) 32.0 (27.8-36.6) 34.2 (30.7-39.9) 28.9 (25.5-33.4)
Wiaist girth, cm

Women: mean (5D) 89.1 (15.7) 102.0 (14.9) 114.5 (16.4) 92.1 (17.1)

Men: mean (SD) 97.1(11.3) 105.2 (12.6) 111.7 (15.1) 100.6 (13.2)
Total sleep time, h, mean (SD) 6.2 (1.0) 6.3 (1.0) 6.0 (1.1) 6.2 (1.0)
Usual sleep, h, mean (SD) 7.1 (0.9) 7.2 (0.9) 7.1(1.1) 7.1 (0.9)
Exercise per wk, h, mean (SD) 2.5(2.9) 2.0Q.7) 2131 2.4(2.9)
Current cigarette smoker, n (%) 323(17.4) 70 (16.9) 37 (14.9) 430 (17.1)

Definition of abbreviations: AHI = apnea-hypopnea index; BMI = body mass index; Q1, Q3 = interquartile range.
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TABLE 2. DIAGNOSED TYPE i DIABETES BY INITIAL
APNEA-HYPOPNEA INDEX STATUS

Type H Diabetes Diagnosis, n (%)

Initial AHI n Initial Follow-up Cumuilative
<5 1,072 17 (1.6) 13(1.2) 30 (2.8)
5-15 199 6 (3.0 5(2.5) 11 (5.5)
=15 116 9 (7.8) 8 (6.9) 17 (14.7)
All 1,387 32 (2.3) 26 (1.9) 58 (4.2)

Definition of abbreviation: AHI = apnea—hypopnea index.

(95% CI, 1.86-8.85; p = 0.0004), with adjustment for age and
sex, but decreased to 1.62 when body habitus measures were
included in the model. The CI included unity and thus the OR
was no longer statistically significant (95% CI, 0.67-3.65; p =
0.24). When using a more severe degree of SDB (AHI = 30 vs.
AHI < 5), the results were essentially unchanged and there was
no significant trend. Using the alternative definition of diabetes
(physician-diagnosed diabetes or fasting glucose = 126 mg/dl),
neither level of SDB was a significant risk for developing DM
when adjusted for age and sex only or with additional adjustment
for body habitus (Table 5); the test for trend was also not statisti-
cally significant. We also looked at 8-yr incidence data and found
similar results (data not shown).

In an attempt to control for sleep deprivation as a mechanism
for a relationship between SDB and DM, we included the objec-
tive measure of “total sleep time” from PSG analysis as well as
the subjective report of “usual sleep time” from questionnaire
data in the longitudinal and cross-sectional analyses. Recently,
it was demonstrated that reported sleep time of fewer than 6 h
was independently associated with prevalent diabetes; however,
similar to the report of Punjabi and colleagues, including objec-
tive and subjective measures of sleep time in the model did not
explain the relationship (8, 20). We also examined sleepiness
using an Epworth Sleepiness Scale score of 11 or greater to
deterrhine if more symptomatic participants had a higher risk
of developing diabetes. There was no significant change in the
OR for the two AHI levels in either the cross-sectional or longi-
tudinal models when sleepiness was included in the models.

The majority of subjects with SDB in the cohort have not
been diagnosed with obstructive sleep apnea syndrome and do
not use continuous positive airway pressure. If, as hypothesized,
SDB does lead to a greater likelihood of developing DM, contin-
uous positive airway pressure use might reduce the effect of SDB.
However, excluding the 37 subjects who began using continuous
positive airway pressure resulted in no significant change in our

TABLE 3. ODDS RATIOS FOR PREVALENT,
PHYSICIAN-DIAGNOSED DIABETES FOR TWO LEVELS
OF SLEEP-DISORDERED BREATHING

TABLE 4. ODDS RATIOS FOR 4-YR INCIDENCE OF
PHYSICIAN-DIAGNOSED DIABETES FOR TWO LEVELS OF
SLEEP-DISORDERED BREATHING

95% Confidence

Odds Ratio Interval p Value
Adjusted for sex and age
AHI 5-15 vs. AHI < 5 2.81 1.51-5.23 0.001
AHE = 15 vs. AHI < 5 4.06 1.86-8.85 0.0004
Adjusted for sex, age,
and body habitus*
AHI 5-15 vs. AHI < 5 1.56 0.80-3.02 0.19
AHl = 15 vs, AHI < § 1.62 0.67-3.65 0.24

Definition of abbreviation: AHI = apnea~hypopnea index.
* Body habitus measures: waist girth.

findings. Similarly, controlling for smoking did not alter any of
these results.

DISCUSSION

The Wisconsin Sleep Cohort provided a unique opportunity to
investigate the relationship between diabetes and SDB with both
a cross-sectional and prospective designs. In the cross-sectional
study, we found that self-reported diabetes was three to four
times more prevalent in subjects with an AHI of 5 or greater
than in those with an AHI of less than 5. An independent rela-
tionship remained even after controlling for shared risk factors
such as age, sex, and body habitus., A significant independent
association was also found when we used a more inclusive defini-
tion of diabetes that included either physician diagnosis or ele-
vated fasting blood glucose. However, we did not find a statisti-
cally significant independent causal effect in the development
of type II diabetes in our prospective analysis, The incidence of
diabetes over a 4-yr follow-up period was not significantly related
to the severity of SDB at the time of initial enrollment in the
cohort when shared risk factors were taken into account,

Similar to Punjabi and colleagues (8), we were not able to
demonstrate that including measures of sleep time in the model
explained the relationship. Although all hypopnea events were
marked by oxyhemoglobin desaturation of 4% or greater, we
did not have data expressed as the percentage of sleep time at
or below oxygen saturation cut points. Others have demon-
strated an association between overall desaturation exposure
and impaired glucose utilization (6, 7). However, many cardio-
vascular and respiratory diseases and conditions can contribute
to lower oxygenation during sleep, so these associations do not
necessarily reflect effects of SDB.

TABLE 5. ODDS RATIOS FOR 4-YR INCIDENCE OF FASTING
GLUCOSE = 126 mg/dl OR PHYSICIAN-DIAGNOSED DIABETES
FOR TWO LEVELS OF SLEEP-DISORDERED BREATHING

95% Confidence

95% Confidence

Odds Ratio Interval p Value Odds Ratio Interval p Value
Adjusted for sex and age Adjusted for sex and age
AHE 515 vs, AHE < 5 1.83 1.07-3.11 0.026 AHI 5-15 vs, AHI < § (0.93-3.29) 0.08
AHl = 15 vs, AHI < 5 4.75 2.62-8.63 < 0.0001 AHl = 15 vs. AHI < § (0.73-4.83) 0.19
Adijusted for sex, age, Adjusted for sex, age,
and body habitus* and body habitus*
AHI 5-15 vs, AHI < § 1.25 0.75-2.07 0.40 AHI 5-15 vs. AHf < 5 1.00 (0.49-2.02) 0.85
AHI = 15vs. AHI < 5 2.30 1.28-4.11 0.005 AHI = 15vs. AHE < § 0.91 (0.36-2.33) 0.85

Definition of abbreviation: AH| = apnea-hypopnea index.
* Body habitus measures: waist girth and waist girth X sex interaction.

Definition of abbreviation: AHl = apnea-hypopnea index.
* Body habitus measures: waist girth.
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To our knowledge, our study is the first to look longitudinally
at a large cohort of subjects with full PSG-evaluated SDB to
determine if higher levels of SDB resulted in a greater likelihood
of developing diabetes. Previous prospective studies have used
snofing as a surrogate for SDB without the benefit of nocturnal
PSG (16, 17). The conclusion from these previous studies is that
snoring is an independent risk factor for the development of diabe-
tes. It is unlikely that the subjects categorized as having “habitual”
and “regular” snoring had worse SDB (i.e., AHI > 50) compared
with the group we studied; the specificity of snoring for severe
SDB is not high (21, 22). Although we cannot be sure of the
reason for the disparity with the previous studies, use of PSG
allowed a more precise quantification of the magnitude of SDB
and its relationship to the development of diabetes over time,

We must reconcile our findings of an association of SDB with
diabetes in the cross-sectional study, and the lack of an indepen-
dent causal effect in the prospective, longitudinal analysis. Several
cross-sectional studies have indicated that increasing levels of
AHI are independently associated with worsened insulin resis-
tance and glucose intolerance (6-9). There have been no pro-
spective studies done that demonstrate a causal relationship
between SDB and insulin resistance. Diabetes is often preceded
by a “prediabetic” state including insulin resistance, impaired
glucose tolerance, and possibly impaired fasting glucose, but the
progression from one of these conditions to diabetes is variable
and not well defined (23-26). It is possible that SDB does inde-
pendently impair the body’s use of glucose without altering the
progression to DM. One widely accepted theory on the develop-
ment of type II DM is that insulin resistance precedes DM
and, in certain individuals, some of whom may have a genetic
predisposition, the insulin secretion falters and diabetes ensues
(27). SDB may not affect this last step, independent of other
factors such as increased obesity, age, or genetic predisposition.

One potential conclusion from our data is that SDB contrib-
utes to weight gain and obesity and this leads to an increased
risk of developing diabetes. It may be that persons with SDB
gain more weight, especially centrally, than those without sleep
apnea, which would [ead to an increased incidence of diabetes.
Whether those with SDB become more obese than matched
control subjects is uncertain (28-31). Sleep curtailment has been
shown to increase appetite (32). In addition, it has been shown
that people with untreated obstructive sleep apnea had higher
leptin levels, suggesting that obstructive sleep apnea is associated
with resistance to the weight reduction effects of leptin (29).
There is some biologic plausibility to the possibility that sleep
apnea results in increased weight gain (29). Other possibilities
for our findings include some predisposing risk factor, such as
a genetic predisposition, that leads to an increased likelihood
of developing diabetes and SDB in parallel. In addition, half of
the participants with diabetes had preexisting diabetes when they
enrolled in the cohort and were excluded from the longitudinal
analysis of incident diabetes. It is possible that the most “suscep-
tible” subjects had already developed diabetes, leaving those
more “resistant” to the adverse metabolic effects of sleep apnea
in the prospective analysis. Prospective studies of younger co-
horts may be needed to determined if the effects of SDB occur
earlier in the natural history of diabetes. It has been tempting to
speculate that because the preponderance of evidence supports
worsened insulin sensitivity and glucose utilization in those with
SDB that this would lead to more diabetes. However, our data
do not clearly support this and it underscores the complexity of
the pathway from insulin resistance to the diabetic state and the
difficulty in predicting who will go on to develop diabetes (33).
It is important to remember that the studies looking at SDB
and insulin resistance have been cross-sectional in design. There
are no published prospective studies demonstrating an increased

propensity for persons with SDB to develop insulin resistance
or glucose intolerance.

Finally, diabetes may be causal in the development of SDB,
as some have hypothesized. An analysis of the Sleep Heart
Health Study found that people with diabetes had more episodes
of periodic breathing than did those without diabetes (15). In
addition, several smaller studies have looked at whether people
with diabetes are more likely to have disordered breathing dur-
ing sleep. It has been proposed that the autonomic dysfunction
that may occur in those with DM could lead to this breathing
instability (34-38). There are not enough subjects in our cohort
with diabetes at baseline to have adequate power to examine
whether they are more likely to develop SDB or have worsening
of their AHI. It is possible that diabetes, either by autonomic
instability or some other undefined mechanism including an in-
flammatory process, may lead to more breathing abnormalities
during sleep. Alternatively, the leptin resistance noted in ob-
structive sleep apnea could be a potential mechanism for noctur-
nal respiratory instability because leptin deficiency has been
associated with depressed respiratory control (39). If diabetes
predisposes to the development of SDB, this could explain why
we see a statistically significant cross-sectional relationship, but
no clear evidence that SDB independently predisposes to devel-
oping diabetes.

Our study has several limitations. First, our classification of
diabetes does not meet the American Diabetes Association’s
clinical criteria but is an accepted method for epidemiologic
studies (40). We used report of physician-diagnosed diabetes,
supported by details of the date of diagnosis and treatment, or
fasting glucose rather than glucose tolerance testing, which may
have resulted in misclassification. We had fewer subjects with
fasting glucose data, but when using either physician-diagnosed
diabetes or fasting glucose to define a diagnosis of “diabetes,”
we found similar results. A second limitation is that we had a
relatively small number of participants in the cohort who devel-
oped diabetes during follow-up. Diabetes is a multifactorial dis-
ease, and if sleep apnea only contributes a small additional risk,
we may not have had enough subjects to demonstrate a statisti-
cally significant risk. Furthermore, we may not have had a severe
enough exposure group to demonstrate a statistically significant
risk that may exist with more severe SDB. Approximately 4% of
studies were in the category of an AHI of 30 or greater. A third
concern is the possibility of a latent period that could extend
beyond the duration of our study. We found no difference in the
8-yr incidence data compared with the 4-yr data, but even 8 yr
may not have been long enough to demonstrate an exposure
effect. A final limitation is that we were not easily able to separate
our subjects with SDB into those with purely obstructive discase
versus more ceniral or mixed patterns of disease, which may
have allowed us to see if a particular type of SDB was more
associated with diabetes as some have proposed (15). However,
the prevalence of central sleep apnea in other population studies
is extremely low (15, 41). Because the average age of our sample
was lower, we expect an even lower prevalence of central sleep
apnea. Furthermore, this type of classification would be more
important if we were looking at diabetes as a cause of SDB.
Because our study population was 96% white, it is uncertain
whether our findings can be generalized to other racial groups;
the role of SDB in the development of diabetes may differ in other
ethnic groups. There are ethnic groups with a greater prevalence of
diabetes even at lower BMIs. Sleep apnea may have a different
effect in these populations (42, 43).

Diabetes and SDB are two common conditions that are asso-
ciated with significant morbidity. Although our data do not pro-
vide evidence for a causal link between these two conditions, the
findings trom our population-based investigation have clinical
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relevance. The strong association of SDB with diabetes supports
the need for a lower threshold for sleep evaluation referral in
patients with diabetes and vigilance in those taking care of patients 19
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thermore, treatment of sleep apnea improves insulin sensitivity

and could benefit the metabolic profiles of these patients, al- 20.
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Contfiict of Interest Statement: None of the authors have a financial relationship
with a commercial entity that has an interest in the subject of this manuscript. 22.

Acknowledgment: The authors thank Debra Swan and Gina Young for their tech- 23.
nical assistance with this manuscript.

References
L. Early release of selected estimates based on data from the January-June
2003 National Health Interview Survey. Released 12/17/2003 [cited
January 20, 2005). Available from: http://www.cdc.govinchs/about/
major/nhis/released200312.htm [4.
2. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occur-
rence of sleep-disordered breathing among middle-aged adults. N Eng!
J Med 1993;328:1230-1235.
. Hoyert DL, Kung H, Smith BL. Deaths: preliminary data for 2003. Nat
Vital Stat Rep 2005:15:5.
4. Centers for Disease Control and Prevention. National diabetes fact sheet:

W

as a risk factor for type Il diabetes mellitus: a prospective study. Am
J Epidemiol 2002;155:387-393,

24.

26.

history of glucose tolerance, beta-cell function and peripheral insulin
sensitivity in cystic fibrosis patients with fasting euglycemia, Eur J
Endocrinol 2003:149:53-59.

Meigs JB, Muller DC, Nathan DM, Blake DR, Andres R. The natural
history of progression from normal glucose tolerance to type 2 diabetes
in the Baltimore Longitudinal Study of Aging. Diabetes 2003;52:1475—
1484,

. Warram JH, Sigal RJ, Martin BC, Krolewski AS, Soeldner JS. Natural

history of impaired glucose tolerance: follow-up at Joslin Clinic. Diubet
Med 1996;13:S40-S45.

Weyer C, Bogardus C, Mott DM, Pratley RE. The natural history of
insulin secretory dysfunction and insulin resistance in the pathogenesis
of type 2 diabetes mellitus. J Clin Invest 1999:104:787-794.

general information and national estimates on diabetes in the United 27. Porte D Jr, Kahn SE. Beta-cell dysfunction and failure in type 2 diabetes:
States. Atlanta, GA: U.S. Department of Health and Human Services, potential mechanisms. Diabetes 2001:50:S160-S163.

Centers for Disease Control and Prevention; 2005, Available from: 28. Pendlebury ST, Pepin JL, Veale D, Levy P. Natural evolution of moderate
http:/iwww.cde.govidiabetes/pubs/estimates05.htm deaths. sleep apnoea syndrome: significant progression over a mean of 17

5. Young T, Peppard PE, Gottlieb DJ. Epidemiology of obstructive sleep months. Thorax 1997:52:872-878.
apnea: 4 population health perspective. Am J Respir Crit Care Med 29. Phillips BG, Kato M, Narkiewicz X, Choe I, Somers VK. Increases in
2002:165:1217-1239. leptin levels, sympathetic drive, and weight gain in obstructive sleep

6. Ip MS, Lam B, Ng MM, Lam WK, Tsang KW, Lam KS. Obstructive apnea. Am J Physiol Heart Circ Physiol 2000:279:H234-H237.
sleep apnea is independently associated with insulin resistance. Am J 30. Phillips BG, Hisel TM, Kato M. Pesek CA, Dyken ME, Narkiewicz K,
Respir Crit Care Med 2002:165:670-676. Somers VK. Recent weight gain in patients with newly diagnosed

7. Punjabi NM, Sorkin JD, Katzel LI, Goldberg AP, Schwartz AR, Smith obstructive sleep apnea. J Hypertens 1999;17:1297-1300.
PL. Sleep-disordered breathing and insulin resistance in middle-aged 31. Lindberg E, Elmasry A, Gislason T, Janson C, Bengtsson H, Hetta J,
and overweight men. dm J Respir Crit Care Med 2002;165:677-682. Nettelbladt M, Boman G. Evolution of sleep apnea syndrome in sleepy

8. Punjabi NM, Shahar E, Redline S, Gottlieb DJ, Givelber R, Resnick HE. snorers: a population-based prospective study. Am J Respir Crit Care
Sleep-disordered breathing, glucose intolerance, and insulin resistance: Med 1999;159:2024-2027.
the Sleep Heart Health Study. Am J Epidemiol 2004;160:521--530. 32. Spiegel K, Tasali E, Penev P, Van Cauter E. Brief communication: sleep

9. Meslier N, Gagnadoux F, Giraud P, Person C, QOuksel H, Urban T, curtailment in healthy young men is associated with decreased leptin
Racineux JL. Impaired glucose-insulin metabolism in males with ob- levels, elevated ghrelin levels, and increased hunger and appetite. Ann
structive sleep apnoea syndrome. Eur Respir J 2003;22:156-160. Intern Med 2004;141:846-850.

10. Strohl KP, Novak RD, Singer W, Cahan C, Boehm KD, Denko CW, 33. Bergman RN, Finegood DT, Kahn SE. The evolution of beta-cell dystunc-
Hottstem VS. Insulin levels, blood pressure and sleep apnea, Sleep tion and insulin resistance in type 2 diabetes. Eur J Clin Invest 2002:32:
1994;17:614-618. 35-45.

11 Stoohs RA, Facchini F, Guilleminault C. Insulin resistance and sleep- 34. Catterall JR, Calverley PM, Ewing DI, Shapiro CM, Clarke BF, Douglas
disordered breathing in healthy humans. Am J Respir Crit Care Med NJ. Breathing, sleep, and diabetic autonomic neuropathy. Diabetes
1996;154:170--174. 1984;33:1025-1027.

12. Elmasty A, Lindberg E, Berne C, Janson C, Gislason T, Awad TM, 35. Ficker JH, Dertinger SH, Siegfried W, Konig HJ, Pentz M, Sailer D,
Boman G. Sleep-disordered breathing and glucose metabolism in hy- Katalinic A, Hahn EG. Obstructive sleep apnoea and diabetes mellitus:
pertensive men: a population-based study. J Intern Med 2001:249: the role of cardiovascular autonomic neuropathy. Eur RespirJ 1998:11:
153-161. 14-19.

13. Katsumata K. Okada T, Miyao M, Katsumata Y. High incidence of sleep 36. Mondini S, Guilleminault C. Abnormal breathing patterns during sleep
apnea syndrome in a male diabetic population. Diabetes Res Clin Pract in diabetes. Ann Newrol 1985;17:391-395.
1991;13:45-51. 37. Rees PJ, Prior JG, Cochrane GM, Clark TJ. Sleep apnoea in diabetic

14. Newman AB, Nieto FJ, Guidry U, Lind BK. Redline S, Pickering TG, patients with autonomic neuropathy. J R Soc Med 1981;74:192-195.
Quan SF. Relation of sleep-disordered breathing to cardiovascular 38. Bottini P, Dottorini ML, Cristina CM, Casucci G, Tantucei C. Sleep-
disease risk factors: the Sleep Heart Health Study. Am J Epidemiol disordered breathing in nonobese diabetic subjects with autonomic
2001;154:50-59. neuropathy. Eur Respir J 2003;22:654--660.

15, Resnick HE, Redline S, Shahar E, Gilpin A, Newman A, Walter R, 39. O’Donnell CP, Tankersley CG, Polotsky VP, Schwartz AR, Smith PL.
Ewy GA, Howard BY, Punjabi NM. Diabetes and sleep disturbances: Leptin, obesity, and respiratory function. Respir Physiol 2000:119:
findings from the Sleep Heart Health Study. Diabetes Care 2003;26: 163-170.

702-709. 40. Report of the Expert Committee on the Diagnosis and Classification of
t6. Elmasry A, Janson C, Lindberg E, Gislason T, Tageldin MA, Boman G. Diabetes Mellitus. Diabetes Care [997:20:1183~1197,
The role of habitual snoring and obesity in the development of diabetes: 41. Bixler EQ, Vgontzas AN, Lin HM, Ten Have T, Rein J, Vela-Bueno A,
a 10-year follow-up study in a male population. J Intern Med 2000: Kales A. Prevalence of sleep-disordered breathing in women: effects
248:13-20. of gender. Am J Respir Crit Care Med 2001;163:608-613.
17. Al Delaimy WK, Manson JE, Willett WC. Stampfer MJ, Hu FB. Snoring 42. Araneta MR, Wingard DL, Barrett-Connor E. Type 2 diabetes and meta-

bolic syndrome in Filipina-American women: a high-risk nonobese
population. Diabetes Care 2002:25:494-499.



Reichmuth, Austin, Skatrud, et al.: Association of Sleep Apnea and Type Il Diabetes

43. Fujimoto WY. The growing prevalence of non-insulin-dependent dia-
betes in migrant Asian populations and its implications for Asia. Dia-
betes Res Clin Pract 1992;15:167-183.

44. Brooks B, Cistulli PA, Borkman M, Ross G, McGhee S, Grunstein RR,
Sullivan CE, Yue DK. Obstructive sleep apnea in obese noninsulin-
dependent diabetic patients: effect of continuous positive airway pres-
sure treatment on insulin responsiveness. J Clin Endocrinol Metab
1994;79:1681-1685.

45. Cooper BG, White JE, Ashworth LA, Alberti KG, Gibson GJ. Hormonal
and metabolic profiles in subjects with obstructive sleep apnea syn-

1595

drome and the acute effects of nasal continuous positive airway pres-
sure (CPAP) treatment. Sleep 1995:18:172-179.

46. Harsch IA, Schahin SP, Radespiel-Troger M, Weintz O, Jahreiss H,
Fuchs FS, Wiest GH, Hahn EG, Lohmann T, Konturek PC, er ul.
Continuous positive airway pressure treatment rapidly improves insu-
lin sensitivity in patients with obstructive sleep apnea syndrome. Am
J Respir Crit Care Med 2004;169:156~162.

47. Babu AR, Herdegen J, Fogelfeld L, Shott S, Mazzone T. Type 2 diabetes,
glycemic control, and continuous positive airway pressure in obstruc-
tive sleep apnea. Arch fnrern Med 2005;165:447-452.



