
EDUCATIONAL OBJECTIVE: Readers will evaluate the evidence linking sleep loss to poor glucose control 
and type 2 diabetes mellitus 

Does lack of sleep cause diabetes?
■■ ABSTRACT

Several lines of evidence indicate that chronic lack of 
sleep may contribute to the risk of type 2 diabetes mel-
litus. Adequate sleep and good sleep hygiene should be 
included among the goals of a healthy lifestyle, especially 
for patients with diabetes. We urge clinicians to recom-
mend at least 7 hours of uninterrupted sleep per night as 
part of a healthy lifestyle.

■■ KEY POINTS

Sleep loss and sleep disturbances have become very 
common in our society, and so have obesity and type 2 
diabetes. 

In epidemiologic studies, people who reported sleeping 
less were at higher risk of diabetes or disordered glucose 
metabolism.

In laboratory studies, short-term sleep deprivation caused 
measurable changes in glucose metabolism, hormone 
levels, autonomic nervous system activity, and other 
variables, which are plausible mechanisms by which loss 
of sleep could contribute to diabetes.

Obstructive sleep apnea is very common in people with 
diabetes and may be directly linked to diabetes risk 
and worse diabetes control. Diabetic patients should be 
systematically assessed for obstructive sleep apnea, and 
patients with known obstructive sleep apnea should be 
screened for diabetes.
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A dults are sleeping less and less in our 
society. Yet sleep is no longer thought of 

as strictly a restorative process for the body. 
The importance of sleep for metabolic func-
tion and specifically glucose homeostasis is 
now widely accepted, as many studies have 
shown a correlation between sleep deprivation 
or poor sleep quality and an increased risk of 
diabetes.
 Obesity and aging are both associated with 
worse sleep. As the prevalence of obesity and 
diabetes increases, and as the number of elder-
ly people increases, it is imperative to target 
sleep in the overall treatment of our patients.
 In the pages that follow, we examine the 
evidence of a link between sleep loss (both 
short sleep duration and poor-quality sleep) 
and the risk of diabetes. (For evidence linking 
short sleep duration and the related problem of 
obesity, we invite the reader to refer to previ-
ous publications on the topic.1,2)

 ■ SLEEP LOSS, OBESITY, AND DIABETES 
ARE ALL ON THE RISE

The prevalence of obesity and, consequent-
ly, of type 2 diabetes mellitus has increased 
alarmingly worldwide and particularly in the 
United States in the past few decades. Such 
a rapid increase cannot be explained simply 
by an alteration in the genetic pool; it is more 
likely due to environmental, socioeconomic, 
behavioral, and demographic factors and the 
interaction between genetics and these fac-
tors. Besides traditional lifestyle factors such as 
high-calorie diets and sedentary habits, other, 
nontraditional behavioral and environmental 
factors could be contributing to the epidemic 
of obesity and diabetes. 
 At the same time, people are sleeping less, 
and sleep disorders are on the rise. According 
to recent polls from the US Centers for Dis-
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ease Control and Prevention, approximately 
29% of US adults report sleeping less than 7 
hours per night, and 50 to 70 million have 
chronic sleep and wakefulness disorders.3

 The sleep curtailment of our times prob-
ably is partly self-imposed, as the pace and the 
opportunities of modern society place more 
demands on time for work and leisure activi-
ties and leave less time for sleep.
 The quality of sleep has also declined as 
the population has aged and as the prevalence 
of obesity and its related sleep disorders has in-
creased. Furthermore, patients with type 2 di-
abetes tend to sleep less, and to sleep poorly.4,5 
Poor sleep quality generally results in overall 
sleep loss.

 ■ GLUCOSE TOLERANCE  
HAS A CIRCADIAN RHYTHM 

The human body regulates blood levels of glu-
cose within a narrow range. 
 Glucose tolerance refers to the ability to 
maintain euglycemia by disposing of exog-
enous glucose via insulin-mediated and non–
insulin-mediated mechanisms. Normal glu-
cose tolerance depends on the ability of the 
pancreatic beta cells to produce insulin. As 
insulin sensitivity declines, insulin secretion 
increases to maintain normal glucose levels. 
Diabetes becomes manifest when the pancre-
atic beta cells fail to compensate for the de-
creased insulin sensitivity. 
 Glucose tolerance varies in a circadian 
rhythm, including during the different stages 
of sleep.

 ■ HOW SLEEP AFFECTS  
METABOLISM AND HORMONES

Sleep has often been thought of as a “restor-
ative” process for the mind and the body; 
however, many studies have shown that it also 
directly affects many metabolic and hormonal 
processes.6

 Sleep has five stages: rapid eye movement 
(REM) sleep and stages 1, 2, 3, and 4 of non-
REM sleep. The deeper stages of non-REM 
sleep, ie, stages 3 and 4, are also known as 
slow-wave sleep and are thought to be the most 
restorative.
 Additionally, the onset of slow-wave sleep 

is temporally associated with transient meta-
bolic, hormonal, and neurophysiologic chang-
es, all of which can affect glucose homeosta-
sis. The brain uses less glucose,7 the pituitary 
gland releases more growth hormone and less 
corticotropin,8 the sympathetic nervous sys-
tem is less active, and conversely, vagal tone 
is increased.9 
 As a result, in the first part of the night, 
when slow-wave sleep predominates, glucose 
metabolism is slower. These effects are re-
versed in the second part of the night, when 
REM sleep, stage 1, and awakening are more 
likely. 
 In view of these important changes in glu-
cose metabolism during sleep, it is not surpris-
ing that getting less sleep or poorer sleep on a 
regular basis could affect overall glucose ho-
meostasis.

 ■ SHORT SLEEP DURATION  
AND RISK OF DIABETES

Laboratory and epidemiologic evidence sup-
ports an association between short sleep du-
ration (< 7 hours per night) and the risk of 
diabetes, and also between poor sleep quality 
and the risk of diabetes. We will explore puta-
tive mechanisms for these relationships.

Laboratory studies of short sleep duration 
and glucose metabolism
Studies in small numbers of healthy volun-
teers who underwent experimental sleep re-
striction or disruption have revealed mecha-
nisms by which sleep loss might increase the 
risk of diabetes. 
 Kuhn et al10 performed the very first labo-
ratory study of the effect of sleep deprivation 
on metabolism. Published in 1969, it showed 
that total sleep deprivation led to a marked 
increase in glucose levels. 
 A caution in extrapolating such results to 
real-life conditions is that total sleep depriva-
tion is uncommon in humans and is inevitably 
followed by sleep recovery, with normaliza-
tion of glucose metabolism. However, people 
in modern society are experiencing recurrent 
partial sleep deprivation, and its effect on glu-
cose metabolism may be different.
 Spiegel et al,11 in landmark laboratory 
studies of partial sleep deprivation in healthy, 
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lean adults, found that restricting sleep to 4 
hours per night for 6 nights resulted in a 40% 
decrease in glucose tolerance, to levels simi-
lar to those seen in older adults with impaired 
glucose tolerance. This metabolic change was 
paralleled by an increase in the activity of the 
sympathetic nervous system, and both of these 
effects reversed with sleep recovery. 
 A criticism of these initial studies is that 
they restricted sleep to 4 hours, a restriction 
more severe than that seen in real life.
 Nedeltcheva et al12 more recently exam-
ined the effects of less-severe sleep curtail-
ment (5.5 hours per night for 14 nights) in 
sedentary middle-aged men and women. This 
degree of bedtime restriction led to a decrease 
in glucose tolerance due to decreased insulin 
sensitivity in the absence of adequate beta cell 
compensation.
 Such recurrent bedtime restriction is clos-
er to the short sleep duration experienced by 
many people in everyday life, and in people at 
risk it may facilitate the development of insu-
lin resistance, reduced glucose tolerance, and 
ultimately diabetes. Indeed, epidemiologic 
studies suggest that people who sleep less than 
6 hours per night are at higher risk of type 2 
diabetes.

Epidemiologic studies of short sleep  
duration and glucose metabolism
Multiple cross-sectional epidemiologic studies 
have suggested an association between short 
sleep duration and diabetes, and several pro-
spective epidemiologic studies have suggested 
that short sleep actually plays a causative role 
in diabetes. 
 The landmark observations of Spiegel et 
al11 led to a number of epidemiologic studies 
examining the relationships between sleep 
duration and sleep disturbances and diabetes 
risk.13

 The Sleep Heart Study14 was a large, cross-
sectional, community-based study of the car-
diovascular consequences of sleep-disordered 
breathing. The authors assessed the relation-
ship between reported sleep duration and im-
paired glucose tolerance or type 2 diabetes in 
more than 1,400 men and women who had no 
history of insomnia. After adjustment for age, 
sex, race, body habitus, and apnea-hypopnea 
index, the prevalence of impaired glucose 

tolerance and type 2 diabetes was higher in 
those who reported sleeping 6 hours or less per 
night—or 9 hours or more per night (more be-
low about the possible effect of too much sleep 
on the risk of diabetes). 
 The major limitations of the study were 
that it was cross-sectional in design, sleep du-
ration was self-reported, the reasons for sleep 
curtailment were unknown, and possible con-
founding variables as physical activity, diet, 
and socioeconomic status were not measured. 
 Knutson et al,4 in our medical center, ex-
amined the association between self-reported 
sleep duration and sleep quality on the one 
hand and hemoglobin A1c levels on the other 
in 161 black patients with type 2 diabetes. In 
patients without diabetic complications, gly-
cemic control correlated with perceived sleep 
debt (calculated as the difference between 
self-reported actual and preferred weekday 
sleep duration); the authors calculated that a 
perceived sleep debt of 3 hours per night pre-
dicted a hemoglobin A1c value 1.1 absolute 
percentage points higher than the median 
value. The analyses controlled for age, sex, 
body mass index, insulin use, and the presence 
of major complications; it excluded patients 
whose sleep was frequently disrupted by pain. 
The effect size was comparable to (but oppo-
site) that of oral antidiabetic drugs. However, 
the direction of causality cannot be confirmed 
from this association, as it is possible that poor 
glycemic control in diabetic patients could 
impair their ability to achieve sufficient sleep.
 To date, several major prospective studies 
have looked at the association between short 
sleep duration and sleep problems and the risk 
of developing type 2 diabetes in adults. 
 The Nurses Health Study15 followed 
70,000 nondiabetic women for 10 years. Com-
pared with nurses who slept 7 to 8 hours per 
24 hours, those who slept 5 hours or less had 
a relative risk of diabetes of 1.34 even after 
controlling for many covariables, such as body 
mass index, shift work, hypertension, exercise, 
and depression.
 The first National Health and Nutrition 
Examination Survey (NHANES I)16 exam-
ined the effect of sleep duration on the risk 
of incident diabetes in roughly 9,000 men and 
women over a period of 8 to 10 years. The sta-
tistical model included body mass index and 
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hypertension and adjusted for physical activ-
ity, depression, alcohol consumption, ethnic-
ity, education, marital status, and age. Find-
ings: those who slept 5 hours or less per night 
were significantly more likely to develop type 
2 diabetes than were those who slept 7 hours 
per night (odds ratio 1.57, 95% confidence in-
terval [CI] 1.11–2.22), and so were those who 
slept 9 or more hours per night (odds ratio 
1.57, 95% CI 1.10–2.24). 
 Kawakami et al17 followed 2,649 Japanese 
men for 8 years. Those who had difficulty go-
ing to sleep and staying asleep, which are both 
likely to result in shorter sleep duration, had 
higher age-adjusted risks of developing type 2 
diabetes, with hazard ratios of 2.98 and 2.23, 
respectively. 
 Björkelund et al18 followed 6,599 nondia-
betic Swedish men for an average of 15 years. 
Self-reported difficulty sleeping predicted the 
development of diabetes with an odds ratio of 
1.52 even after controlling for age, body mass 
index at screening, changes in body mass in-
dex at follow-up, baseline glucose level, fol-
low-up time, physical activity, family history 
of type 2 diabetes, smoking, social class, and 
alcohol intake.19 
 Interestingly, the authors found that the 
resting heart rate was higher at baseline in the 
men who later developed diabetes. This find-
ing could be interpreted as reflecting greater 
sympathetic nervous system activity, a puta-
tive mediator of the metabolic dysfunction 
associated with both short sleep duration and 
obstructive sleep apnea.20,21 
 Meisinger et al,22 in a study of more than 
8,000 nondiabetic German men and women 
25 to 74 years old, found a hazard ratio of de-
veloping diabetes of 1.60 (95% CI 1.05–2.45) 
in men and 1.98 (95% CI 1.20–3.29) in wom-
en who reported difficulty staying asleep, who 
thus would have shortened sleep duration. 
This effect was independent of other risk fac-
tors for diabetes.
 Yaggi et al,23 in a prospective study of 1,139 
US men, also found a U-shaped relationship 
between sleep duration and the incidence of 
diabetes, with higher rates in people who slept 
less than 5 or more than 8 hours per night.
 Cappuccio et al24 performed a meta-anal-
ysis of all the prospective studies published to 
date. Their review included 10 prospective 

studies, with 107,756 participants followed for 
a median of 9.5 years. Sleep duration and sleep 
disturbances were self-reported in all the stud-
ies. They calculated that the risk of develop-
ing diabetes was 28% higher with short sleep 
duration (≤ 5 or < 6 hours in the different 
studies), 48% higher with long sleep duration 
(> 8 hours), 57% higher with difficulty going 
to sleep, and 84% higher with difficulty stay-
ing asleep.
 Limitations of these studies. A consider-
ation when trying to interpret the relationship 
between length of sleep and the incidence of 
diabetes is that sleep duration in these studies 
was self-reported, not measured. If a patient 
reports sleeping more than 8 hours per night, 
it could mean that he or she is not truly get-
ting so much sleep, but rather is spending 
more time in bed trying to sleep.
 Another possibility is that the higher in-
cidence of type 2 diabetes in people who slept 
longer is due to undiagnosed obstructive sleep 
apnea, which is associated with daytime sleep-
iness and possibly longer sleep time to com-
pensate for inefficient sleep. 
 Finally, depressive symptoms, unemploy-
ment, a low level of physical activity, and 
undiagnosed health conditions have all been 
associated with long sleep duration and could 
affect the relationship with diabetes risk.
 In summary, epidemiologic studies from 
different geographic locations have consis-
tently indicated that short sleep or poor sleep 
may increase the risk of developing type 2 dia-
betes mellitus and suggest that such an asso-
ciation spans different countries, cultures, and 
ethnic groups. 
 Therefore, there is a need for additional 
prospective epidemiologic studies that use ob-
jective measures of sleep. Furthermore, studies 
need to determine whether the cause of sleep 
restriction (eg, insomnia vs lifestyle choice) 
affects this relationship. Randomized, con-
trolled, interventional studies would also be 
useful to determine whether lengthening sleep 
duration affects the development of impaired 
glucose tolerance or type 2 diabetes mellitus. 

Putative mechanisms linking short sleep 
duration and the risk of diabetes
The effects of sleep loss on glucose metabo-
lism are likely multifactorial, involving sev-
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eral interacting pathways. 
 Decreased brain glucose utilization has 
been shown on positron emission tomography 
in sleep-deprived subjects.25 
 Hormonal dysregulation. Sleep depriva-
tion is associated with disturbances in the 
secretion of the counterregulatory hormones 
growth hormone26 and cortisol.11 
 Young, healthy volunteers who were al-
lowed to sleep only 4 hours per night for 6 
nights showed a change in their patterns of 
growth hormone release, from a normal single 
pulse to a biphasic pattern.26 They were ex-
posed to a higher overall amount of growth 
hormone in the sleep-deprived condition, 
which could contribute to higher glucose lev-
els. 
 Also, evening cortisol levels were signifi-
cantly higher in young, healthy men who were 
allowed to sleep only 4 hours per night for 6 
nights,11 as well as in young, healthy women 
who were allowed to sleep only 3 hours for 1 
night.27 A cross-sectional analysis that includ-
ed 2,751 men and women also demonstrated 
that short sleep duration and sleep disturbanc-
es are independently associated with more 
cortisol secretion in the evening.28 Elevated 
evening cortisol levels can lead to morning 
insulin resistance.29 
 Inflammation. Levels of inflammatory 
cytokines, inflammation, or both increase as 
sleep duration decreases, which in turn can 
also increase insulin resistance.30,31

 Sympathetic nervous system activity. 
Patients who have been sleep-deprived have 
been shown to have higher sympathetic ner-
vous system activity, lower parasympathetic 
activity, or both.11,32 The sympathetic ner-
vous system inhibits insulin release while the 
parasympathetic system stimulates it, so these 
changes both increase glucose levels.33 More-
over, overactivity of the sympathetic nervous 
system results in insulin resistance.34 

 Excess weight is a well-established risk 
factor for type 2 diabetes mellitus, and sev-
eral epidemiologic studies have suggested that 
sleep loss may increase the risk of becoming 
overweight or obese,1,35 which would ultimate-
ly increase the risk of type 2 diabetes. 
 A primary mechanism linking sleep depri-
vation and weight gain is likely to be hyper-
activity of the orexin system. Orexigenic neu-

rons play a central role in wakefulness, but, 
as suggested by the name, they also promote 
feeding.36 Studies in animals have indicated 
that the orexin system is overactive during 
sleep deprivation,37–39 and this could be in part 
mediated by the increase in sympathetic ac-
tivity. 
 Increased sympathetic activity also affects 
the levels of peripheral appetite hormones, in-
hibiting leptin release40 and stimulating ghre-
lin release.41 Lower leptin levels and higher 
ghrelin levels act in concert to further acti-
vate orexin neurons,42,43 resulting in increased 
food intake. 
 One could also argue that less time sleep-
ing also allows more opportunity to eat.44 
 Reduced energy expenditure. Sleep loss 
and its associated sleepiness and fatigue may 
result in reduced energy expenditure, partly 
due to less exercise but also due to less non-
exercise activity thermogenesis. To date, re-
duced energy expenditure is an unexplored 
pathway that could link short sleep, the risk 
of obesity, and ultimately diabetes. In many 
overweight and obese people, this cascade of 
negative events is likely to be accelerated by 
sleep-disordered breathing, a reported inde-
pendent risk factor for insulin resistance.45,46

 ■ SLEEP QUALITY  
AND THE RISK OF DIABETES

Slow-wave sleep and diabetes
Slow-wave sleep, the most restorative sleep, 
is associated with metabolic, hormonal, and 
neurophysiologic changes that affect glucose 
homeostasis. Its disturbance may have delete-
rious effects on glucose tolerance.
 Shallow slow-wave sleep occurs in elder-
ly people47 and in obese people, even in the 
absence of obstructive sleep apnea.48,49 Both 
groups are also at higher risk of diabetes.50 
One wonders if the decreased slow-wave sleep 
could in part contribute to the risk of diabetes 
in these groups. 
 A few studies specifically tested the ef-
fect of experimental suppression of slow-wave 
sleep on glucose homeostasis. 
 Tasali et al51 evaluated nine young, lean, 
nondiabetic men and women after 2 consecu-
tive nights of undisturbed sleep and after 3 
consecutive nights of suppressed slow-wave 
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sleep without a change in total sleep duration 
or in REM sleep duration. Slow-wave sleep 
was disturbed by “delivering acoustic stimuli 
of various frequencies and intensities” when-
ever the subjects started to go into stage 3 or 
stage 4 sleep. This decreased the amount of 
slow-wave sleep by nearly 90%, which is com-
parable to the degree of sleep fragmentation 
seen in moderate to severe obstructive sleep 
apnea. After 3 nights of slow-wave sleep sup-
pression, insulin sensitivity decreased by 25%, 
without a compensatory increase in insulin re-
lease, which resulted in a reduction in glucose 
tolerance of 23%, a value seen in older adults 
with impaired glucose tolerance.52

 Stamatakis et al53 confirmed these find-
ings in a similar study of 11 healthy, normal 
volunteers whose sleep was fragmented for 2 
nights across all stages of sleep using auditory 
and mechanical stimuli. Insulin sensitivity 
significantly decreased, as did glucose effec-
tiveness (ability of glucose to dispose itself in-
dependently of an insulin response) after the 
2 nights of disturbed sleep quality.
 These results support the hypothesis that 
poor sleep quality with short durations of 
slow-wave sleep, as seen with aging and obesi-
ty, could contribute to the higher risk of type 2 
diabetes in these populations. These data also 
suggest that more studies are needed to look at 
the relationship between amount and quality 
of slow-wave sleep and diabetes risk.

Obstructive sleep apnea and diabetes
The most robust evidence that not only short 
sleep duration but also poor sleep quality af-
fects diabetes risk comes from studies of meta-
bolic function in patients with obstructive 
sleep apnea, an increasingly common condi-
tion. 
 Obstructive sleep apnea is characterized by 
recurrent episodes of partial or complete upper 
airway obstruction with intermittent hypoxia 
and microarousals, resulting in low amounts 
of slow-wave sleep and overall decreased sleep 
quality.54 
 Obstructive sleep apnea is common in pa-
tients with type 2 diabetes, and several clini-
cal and epidemiologic studies suggest that, 
untreated, it may worsen diabetes risk or con-
trol.21,45–46,55–59 
 The Sleep AHEAD (Action for Health in 

Diabetes) study60 revealed, in cross-sectional 
data, that more than 84% of obese patients 
with type 2 diabetes had obstructive sleep ap-
nea (with an apnea-hypopnea index ≥ 5). 
 Aronsohn et al,5 in a study conducted 
in our laboratory in 60 patients with type 2 
diabetes, found that 46 (77%) of them had 
obstructive sleep apnea. Furthermore, the 
worse the obstructive sleep apnea, the worse 
the glucose control. After controlling for age, 
sex, race, body mass index, number of dia-
betes medications, level of exercise, years of 
diabetes, and total sleep time, compared with 
patients without obstructive sleep apnea, the 
adjusted mean hemoglobin A1c was increased 
in a linear trend by (in absolute percentage 
points):
•	 1.49% in patients with mild obstructive 

sleep apnea (P = .0028)
•	 1.93% in patients with moderate obstruc-

tive sleep apnea (P = .0033)
•	 3.69% in patients with severe obstructive 

sleep apnea (P < .0001).
 Other epidemiologic studies. A growing 
number of epidemiologic studies, in various 
geographic regions, have suggested an inde-
pendent link between obstructive sleep apnea 
and risk of type 2 diabetes.61 Most of the stud-
ies have been cross-sectional, and while most 
had positive findings, a criticism is that the 
methodology varied among the studies, both 
in how obstructive sleep apnea was assessed 
(snoring vs polysomnography) and in the met-
abolic assessment (oral glucose tolerance test, 
homeostatic model assessment, hemoglobin 
A1c, medical history, physician examination, 
or patient report). 
 So far, 14 population studies (TABLE 1) have 
assessed obstructive sleep apnea with polysom-
nography,5,45,55,62–72 but only two of them were 
prospective.64,65 Of the cross-sectional studies, 
all but the earliest study, which also was the 
smallest,62 found an association between the 
increased severity of obstructive sleep apnea 
and alterations in glucose metabolism consis-
tent with an increased risk of diabetes. The 
one retrospective study63 and the first pub-
lished prospective study64 did not find an in-
dependent relationship between the severity 
of obstructive sleep apnea at baseline and the 
incidence of diabetes. Of note, the duration of 
follow-up in the prospective study was only 4 
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TABLE 1

Studies linking obstructive sleep apnea to altered glucose metabolism and diabetes

 AUTHOR AND YEAR NO. OF 
PATIENTS

FINDINGS 

Cross-sectional studies

Stoohs et al,62 1996      50 Increase in insulin resistance in obstructive sleep apnea (OSA) was entirely 
dependent on body mass index

Elmasry et al,66 2001    116 Prevalence of severe OSA in people with diabetes was 36% vs 14% in those 
without diabetes (P < .05)

Punjabi et al,55 2002    150 Quartiles of OSA severity (apnea-hypopnea index [AHI] 5–40) had dose effect on 
2-hour glucose and insulin levels 

Ip et al,45 2002    270 One unit increase in AHI increased fasting insulin or homeostasis model 
assessment for estimating insulin resistance (HOMA-IR) by 0.5% 

Reichmuth et al,64 2005 1,382 Odds ratio of diabetes with AHI > 15 vs < 5 was 2.30  
(95% confidence interval [CI] 1.28–4.11) 

Lam et al,67 2006    255 AHI ≥ 5 (vs < 5) increased the odds of fasting glucose ≥ 110 mg/dL, with an odds 
ratio of 2.74 (95% CI 1.16–6.49) 

Okada et al,68 2006    207 12% of subjects with sleep-disordered breathing had hemoglobin A1c > 5.8%,  
vs only 4% of those without sleep-disordered breathing (P < .05)

Sulit et al,69 2006    394 Subjects with oxygen saturation < 90% ≥ 2% of time had odds ratio of 2.33  
(95% CI 1.38–3.94) of impaired glucose tolerance 

Seicean et al,70 2008 2,588   Respiratory disturbance index ≥ 10 events/hour was associated with odds ratio 
of 1.3 (95%CI 1.1–1.6) for impaired fasting glucose, 1.2 (1.0–1.4) for impaired 
glucose tolerance, 1.4 (1.1–2.7) for both impaired fasting glucose and impaired 
glucose tolerance, and 1.7 (1.1–2.7) for occult type 2 diabetes mellitus

Punjabi et al,71 2009    118  26.7% reduction in insulin sensitivity with mild sleep-disordered breathing,  
36.5% with moderate, and 43.7% with severe

Steiropoulos et al,72 2009      56 Fasting glucose and hemoglobin A1c were not correlated with AHI or average 
oxygen saturation; HOMA-IR correlated with average oxygen saturation 
(P = .008)

Aronsohn et al,5 2010      60 Mean hemoglobin A1c significantly increased by 1.49% with mild OSA, 1.93% 
with moderate OSA, and 3.69% with severe OSA

Prospective studies

Reichmuth et al,64 2005    987 No change in odds ratio of type 2 diabetes with higher AHI when adjusted for 
waist girth

Botros et al,65 2009    544 For every quartile of severity of OSA, there was a significant 43% increased 
incidence of type 2 diabetes

Retrospective study

Mahmood et al,63 2009 1,088 OSA was not independently associated with type 2 diabetes
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years, which may not be sufficient.64 
 A more recent prospective study of 544 
nondiabetic patients65 showed that the risk of 
developing type 2 diabetes over an average of 
2.7 years of follow-up was a function of the se-
verity of obstructive sleep apnea expressed in 
quartiles: for each increased quartile of sever-
ity there was a 43% increase in the incidence 
of diabetes. Additionally, in patients with 
moderate to severe sleep apnea, regular use of 
continuous positive airway pressure (CPAP) 
was associated with an attenuated risk.65 
 Two prospective studies (not included in 
TABLE 1) used snoring as a marker of obstructive 
sleep apnea; at 10 years of follow-up, snoring 
was associated with a higher risk of developing 
diabetes in both men and women.73,74

 Does CPAP improve glucose metabo-
lism? Other studies have specifically exam-
ined the effects of CPAP treatment on glucose 
metabolism, in both diabetic and nondiabetic 
populations. Accumulating evidence suggests 
that metabolic abnormalities can be partially 
corrected by CPAP treatment, which supports 
the concept of a causal link between obstruc-
tive sleep apnea and altered glucose control. 
This topic is beyond the scope of this review; 
please see previously published literature61,75 
for further information. Whether treating ob-
structive sleep apnea may delay the develop-
ment or reduce the severity of type 2 diabetes 
is another important unanswered question.
 Is obstructive sleep apnea a cause or con-
sequence of diabetes? It may be a novel risk 
factor for type 2 diabetes, and its association 
with altered glucose metabolism is well sup-

ported by a large set of cross-sectional stud-
ies, but there are still insufficient longitudinal 
studies to indicate a direction of causality. 
 If obstructive sleep apnea is the cause, 
what is the mechanism? There are likely 
many. High levels of sympathetic nervous 
system activity, intermittent hypoxia, sleep 
fragmentation, and sleep loss in obstructive 
sleep apnea may all lead to dysregulation of 
the hypothalamic-pituitary axis, endothelial 
dysfunction, and alterations in cytokine and 
adipokine release and are all potential mecha-
nisms of abnormal glucose metabolism in this 
population. 

 ■ WHAT TO TELL PATIENTS

Taken together, the current evidence suggests 
that strategies to improve the duration and the 
quality of sleep should be considered as a po-
tential intervention to prevent or delay the de-
velopment of type 2 diabetes mellitus in at-risk 
populations. While further studies are needed 
to better elucidate the mechanisms of the re-
lationship between sleep loss and diabetes risk 
and to determine if extending sleep and treat-
ing obstructive sleep apnea decreases the risk 
of diabetes, we urge clinicians to recommend 
at least 7 hours of uninterrupted sleep per night 
as a goal in maintaining a healthy lifestyle. 
Additionally, clinicians should systematically 
evaluate the risk of obstructive sleep apnea in 
their patients who have type 2 diabetes melli-
tus and the metabolic syndrome, and converse-
ly, should assess for diabetes in patients with 
known obstructive sleep apnea.	 ■
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