1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Curr Diab Rep. Author manuscript; available in PMC 2019 August 17.

-, HHS Public Access
«

Published in final edited form as:
Curr Diab Rep. ; 18(10): 82. d0i:10.1007/s11892-018-1055-8.

The Epidemiology of Sleep and Diabetes

Rachel P. Ogilvie, PhD, MPH! and Sanjay R. Patel, MD, MS?
LDepartment of Psychiatry, University of Pittsburgh, Pittsburgh PA

2.Division of Pulmonary, Allergy and Critical Care Medicine, University of Pittsburgh, Pittsburgh PA

Abstract

Purpose of review: To provide an overview of the mechanistic and epidemiologic evidence
linking sleep-related exposures, such as short sleep duration, obstructive sleep apnea, shift work,
and insomnia, with type 2 diabetes risk in adults.

Recent findings: Both poor sleep habits and sleep disorders are highly prevalent among adults
with type 2 diabetes. In observational studies, short sleep duration, obstructive sleep apnea, shift
work, and insomnia are all associated with higher risk of incident type 2 diabetes and may predict
worse outcomes in those with existing diabetes. However, interventional studies addressing sleep
abnormalities in populations with or at high risk for type 2 diabetes are scarce.

Summary: Although common sleep abnormalities are associated with risk of incident type 2
diabetes and worse prognosis in those with established diabetes, there are few randomized trials
evaluating the impact of sleep-focused interventions on diabetes, making it difficult to determine
whether the relationship is causal.
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Introduction

Although we spend a third of our lives sleeping, clinicians rarely consider sleep when caring
for individuals with type 2 diabetes. Nevertheless, exposures that occur during sleep may
affect insulin resistance, beta cell function and glycemic control. In this paper, we review the
epidemiology of sleep-related exposures and type 2 diabetes in adults, including
hypothesized mechanisms. We focus on chronic insufficient sleep, obstructive sleep apnea
(OSA), shift work, and insomnia.
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What is sleep?

Sleep is a biologically important reversible state of inactivity associated with reduced
responsiveness to the external environment. Sleep occurs in all multicellular animals,
indicating its universal and fundamental functionality [1]. Like hunger or thirst, there exists
a homeostatic drive for sleep. As an organism goes without sleep, it gets continuously
sleepier and is more likely to fall asleep. In animal studies, complete sleep deprivation leads
to death after a few weeks [2]. While sleep is tied to health, its exact function remains
controversial [3]. Leading theories suggest that sleep allows brain energy stores to rebuild
[4], facilitates synaptic plasticity thereby promoting memory and learning [5], and provides
an opportunity for the clearance of neural waste [6].

Sleep/wake regulation is tied to circadian rhythms, the body’s internal clock that regulates
metabolic processes. The master circadian clock in the suprachiasmatic nucleus of the
hypothalamus regulates the sleep drive that regularizes daily sleep patterns. Timing of sleep
is a rough marker of circadian phase. Conversely, because light is the strongest stimulus for
shifting circadian rhythms, and sleep terminates exposure to light, sleep and its timing
impact circadian rhythms. Thus, sleep and circadian rhythms are intertwined.

Mechanisms

In recent years, there has been interest in the link between sleep and pathophysiologic
changes predisposing to type 2 diabetes. One such pathway is the effect of poor sleep on
insulin sensitivity. In laboratory studies, sleep restriction to 4-5 hours per night for about a
week results in lower glucose tolerance and insulin sensitivity [7, 8]. At the cellular level,
four days of 4.5 hour sleep restriction reduces insulin sensitivity in subcutaneous adipocytes
as assessed by ability of exogenous insulin to increase levels of phosphorylated Akt in vitro
[9]. Of note, a 3-week trial of 1.5 hour sleep restriction found worsening insulin sensitivity
at one week that did not persist at two and three week assessments, suggesting compensatory
mechanisms might reduce the long term impacts of sleep restriction [10]. Nevertheless, in a
small uncontrolled six-week intervention study, sleep extension was correlated with
improvements in insulin sensitivity as assessed by the quantitative insulin check index
(QUICKI) [11]. Isolated suppression of slow wave sleep over 3 nights without changing
total sleep time also results in lower insulin sensitivity, suggesting this sleep stage may play
arole in glucose homeostasis [12, 13].

OSA-related exposures also produce impairments in insulin sensitivity. Experimental
fragmentation of sleep for two nights while maintaining total sleep time constant reduced
insulin sensitivity by 25% [12]. Similarly, intermittent hypoxia, another characteristic
exposure of OSA, lowers insulin sensitivity in human and mouse models [14, 15]. These
findings have been corroborated by observational studies, which have found cross-sectional
associations between OSA and insulin resistance among people without type 2 diabetes
[16-18].

Circadian misalignment, whereby sleep and feeding occur at abnormal circadian phase, also
has adverse effects on insulin sensitivity. In a 10-day protocol where sleep and feeding were

Curr Diab Rep. Author manuscript; available in PMC 2019 August 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ogilvie and Patel

Page 3

misaligned relative to endogenous rhythms but total sleep time and food intake were held
constant, insulin sensitivity was worsened [19].

The impact of sleep-related exposures on beta cell function has been less well studied. Sleep
restriction studies have found, despite the reduction in insulin sensitivity, no change occurs
in the acute insulin response to glucose leading to a reduced disposition index, suggesting an
impairment in the ability of pancreatic beta cells to respond to the stress of sleep restriction
[8]. A similar pattern of response was observed with selective slow wave sleep suppression
[12]. However, in the Insulin Resistance and Atherosclerosis Study (IRAS), shorter self-
reported habitual sleep duration was associated with a greater acute insulin response [20].
Regarding OSA-related exposures, pancreatic beta cells are exquisitely sensitive to hypoxia
[21]. In humans, acute exposure to intermittent hypoxia does not lead to an increase in the
acute insulin response to glucose, despite the reduction in insulin sensitivity leading to a
reduction in the disposition index [14]. Moderate to severe OSA has also been associated
with lower pancreatic -cell function [22].

There are several mechanisms by which sleep abnormalities may impact pathways
predisposing to type 2 diabetes. Elevations in sympathetic neural output is an important
pathway. Normal sleep is associated with a substantial reduction in sympathetic neural
output [23]. In-laboratory sleep restriction results in higher levels of nocturnal
catecholamines [23, 24]. Further, markers of heart rate variability suggest alterations in
sympathovagal balance during periods of wake following sleep restriction, isolated slow
wave sleep restriction, sleep fragmentation, and exposure to intermittent hypoxia [7, 12-14].
In OSA, there is higher sympathetic neural output both during wake and sleep, which
reduces rapidly with treatment [25].

Alterations in cortisol, which has a strong circadian rhythm, may represent another potential
mechanism by which sleep impacts type 2 diabetes risk. In laboratory studies of sleep
restriction, cortisol levels rise in the evening after deprivation [7, 26]. Shift workers also
have greater chronic exposure to cortisol than day workers as assessed by hair cortisol [27].

Inflammation may represent another pathway linking sleep and type 2 diabetes risk. Both
sleep disturbances and insomnia have been associated with higher circulating markers of
inflammation [28]. Small studies have suggested elevations in circulating markers of
inflammation in those with OSA fall with treatment [29, 30]. A moderate sized clinical trial
also found treatment of OSA over 12 weeks was associated with a reduction in C-reactive
protein (CRP) levels [31]. Short term circadian misalignment has also been associated with
elevations in CRP levels [32].

Alterations in melatonin signaling may represent yet another mechanism. Urinary levels of
6-sulfatoxymelatonin, the primary metabolite of melatonin, were associated with incident
type 2 diabetes risk in a nested case control study, such that lower levels of melatonin
secretion was associated with higher risk [33]. Genome-wide association studies have
identified a common variant in the melatonin receptor 1B (MTNR1B) gene as a type 2
diabetes risk allele [34, 35]. Individuals with the risk polymorphism have impaired beta cell
function as evidenced by a reduced acute insulin response to glucose and reduced
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disposition index. Further, melatonin administration appears to acutely worsen oral glucose
tolerance, primarily in those with the MTNR1B risk variant [36]. These results suggest that
susceptibility to the adverse glycemic effects of circadian misalignment and shift work may
be modulated by MTNR1B genotype.

Sleep duration

Correlates and prevalence of sleep duration

Sleep duration, often defined as the total amount of time spent asleep over a 24-hour period,
is one of the simplest sleep dimensions to measure. Because of the increasing evidence
linking insufficient sleep with adverse health outcomes, multiple professional organizations
as well as the Centers for Disease Control and Prevention recommend that adults sleep at
least seven hours per night [37-40]. However, data from the Behavioral Risk Factor
Surveillance System (BRFSS) demonstrate that roughly a third of American adults were not
meeting these recommendations [41].

Several demographic groups are at higher risk for short sleep duration. Older adults are at
higher risk, as sleep duration declines with age by approximately ten minutes per decade
[42-44]. Sex differences in sleep duration also exist, with men sleeping approximately 25-45
minutes less per night than women [42, 43, 45-47]. There are also racial differences, with
African Americans generally sleeping 45-65 minutes less compared to whites [45, 46, 48].
In addition, those with lower levels of education are often at higher risk of short sleep [43,
44, 49, 50]. Unemployment is also associated with longer, more irregular sleep durations.
Among the employed, those doing low paying manual work and high-level managers have
higher prevalences of short sleep than those doing high paying blue collar work, clerical
workers, and low-level managers [44, 51, 52].

There is also extensive evidence suggesting that short sleep duration may be a risk factor for
obesity [53-55]. Short sleep duration is associated with higher risk of subsequent weight
gain and obesity [56]. Short term reductions in sleep duration lead to increased food intake
and reduced physical activity [57, 58]. However, the benefits of extending sleep duration on
obesity are not yet clear [59].

Most epidemiological studies on sleep and type 2 diabetes rely on self-reported measures of
sleep duration. Self-report of habitual sleep practices is inaccurate with overestimation of
time spent sleeping and only modest correlations ranging from 0.20 to 0.47 compared to
objective measures of sleep such as actigraphy and polysomnography [60-62]. Further, the
error in self-report varies strongly by factors such as sex, race, employment status, and
depression [60, 62, 63]. Importantly, self-reported long sleep duration is associated with type
2 diabetes (and other comorbidity) risk but there is no association when objective measures
are used [64, 65]. The prevalence of long sleep duration is much greater with self-report than
objective measures, suggesting that some individuals are reporting time in bed rather than
time asleep [66, 67]. As such, associations between long self-reported sleep and type 2
diabetes may be due to limited physical activity, significant comorbidities from type 2
diabetes or its complications, or may reflect confounding due to predictors of error in self-
report [66, 68].
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Sleep duration and diabetes

There is an extensive literature on the association between habitual sleep duration and type 2
diabetes. Several cross-sectional studies with self-reported measures of sleep duration have
found associations between both short and long sleep duration and measures of insulin
resistance among people without diabetes [69, 70] as well as associations between sleep
duration and impaired glucose tolerance [71, 72]. Few cross-sectional studies have used
objective sleep measures to investigate the sleep duration — diabetes relationship. In the
Multi-Ethnic Study of Atherosclerosis (MESA), actigraphy-derived sleep duration < 5 hours
was associated with approximately a 1.3-fold higher odds of elevated fasting glucose or
hypoglycemic medication use compared to those sleeping 5-8 hours, while no association
was found for long-sleep [64]. In contrast, in a subset of 155 CARDIA participants, no
association between actigraphic sleep duration and fasting glucose or insulin resistance
assessed using the homeostatic model assessment (HOMA) method was found [73].

There are many prospective studies on the association between sleep duration and type 2
diabetes in large community-based samples. Meta-analyses of prospective cohort studies
show a U-shaped association between sleep duration and incident type 2 diabetes, with those
reporting 7-8 hours of sleep per night at the lowest risk [65, 74]. In the Whitehall 11 study,
those who increased their sleep over a five year period as well as consistent short sleepers
had a 1.3-1.7 times higher odds of incident diabetes compared to those who consistently
slept 7 hours a night [75]. However, no prospective studies have assessed the relationship
between objective measures of sleep duration and incident type 2 diabetes.

There are few interventional studies on the effect of sleep extension on type 2 diabetes risk
or glycemic control. An unblinded single arm study of 16 healthy volunteers who increased
nightly sleep time by 1 hour for six weeks reported no improvement in fasting glucose and
insulin levels despite increased actigraphic sleep duration [11]. A small four-week
randomized study of healthy habitual short sleepers found no differences between sleep
extension and control groups in fasting glucose, insulin, and HOMA [76]. A randomized
trial of sleep extension versus control in 125 obese individuals found no improvement in
fasting glucose, insulin, or QUICKI with sleep extension, though the intervention did not
improve actigraphic sleep duration [59].

Obstructive Sleep Apnea (OSA)

Prevalence of OSA

One of the most common sleep disorders is OSA, a form of sleep-disordered breathing
characterized by repetitive collapse of the upper airway during sleep. Symptoms of OSA
include loud snoring, frequent awakenings from sleep, and excessive daytime sleepiness.
OSA has been associated with hypertension, stroke, heart failure, and atrial fibrillation [77].
Notably, 85% of people with OSA are asymptomatic [78]. The primary metric used to
quantify OSA severity, the apnea hypopnea index (AHI), is calculated as the number of
complete (apnea) and partial (hypopnea) stoppages in breathing per hour of sleep [79]. An
AHI of 5 to 15 events/hour signifies mild OSA, an AHI of 15 to 30 events/hour signifies
moderate OSA and an AHI > 30 events/hour signifies severe OSA. The prevalence of OSA
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in middle aged Americans is 34% in men and 17% in women, while the prevalence of
moderate to severe OSA is 13% in men and 6% in women [80]. This prevalence has risen
over the past two decades, likely due to the increasing age and body mass index (BMI) of
the population [80].

The prevalence of OSA is high among people with type 2 diabetes. In the Sleep Heart Health
Study, 23.8% of participants with self-reported diabetes had moderate or severe OSA [81],
while in a substudy of the Look AHEAD trial, the prevalence of OSA was 86% and the
prevalence of moderate to severe OSA was 53% [82]. A study of consecutive type 2 diabetes
patients referred to a diabetes clinic reported the prevalence of moderate to severe OSA was
36% [83].

OSA risk factors

The prevalence of OSA in adults increases with age [84-88] and is greater in men than
women. Among US adults, the prevalence of OSA is 20% in 30-49-year-old men and 38.5%
in 50-70-year-old men, while it is 6.6% in 30-49 year old women and 24.4% in 50-70 year
old women [80]. Among younger adults, the prevalence of OSA is roughly twice as high in
men than women, but this sex difference narrows in older age due to menopause [86, 89-91].
Obesity is one of the strongest risk factors for OSA with a roughly 3% higher AHI for every
1% higher BMI [92]. The impact of obesity on OSA is driven by central adiposity, with
waist circumference more strongly associated with OSA risk than BMI in many studies [93],
although neck circumference also contributes to risk [86, 90]. Weight change is associated
with change in AHI and randomized trials of weight loss interventions have demonstrated
improvements in OSA severity [94-96]. Excess weight has been estimated to be responsible
for over 40% of OSA cases among US adults [97]. Individuals of East Asian descent are at
higher risk for OSA at a given BMI compared to other races, which appears to be related to
differences in craniofacial anatomy [46, 98, 99].

OSA and diabetes

Cross-sectional analyses have consistently found OSA and type 2 diabetes co-exist. OSA is
associated with fasting glucose intolerance [16, 64]. In a population-based study of middle-
aged adults from Lausanne, Switzerland, the odds of diabetes among those in the highest
quartile of AHI was 4.9-fold greater than the lowest quartile; after accounting for obesity
and body fat distribution, the odds ratio was attenuated but remained elevated [90]. Among
those with type 2 diabetes, those with severe OSA have adjusted hemoglobin Alc (HbAlc)
levels that are 0.72% higher than those with no OSA after controlling for demographics,
behaviors, comorbidities, and medications [100, 101].

Prospective studies have demonstrated that OSA is also associated with incident type 2
diabetes. In large community-based prospective cohort studies, OSA severity is associated
with risk of incident type 2 diabetes [102, 103]. Similar associations have been identified in
retrospective analyses of clinical cohorts of patients undergoing sleep testing for OSA
evaluation [104, 105]. In one large clinical cohort, the 5-year cumulative incidence of type 2
diabetes was 7.5% in those with mild OSA, 9.3% in those with moderate OSA, and 14.9% in
those with severe OSA [105].

Curr Diab Rep. Author manuscript; available in PMC 2019 August 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ogilvie and Patel

Page 7

Despite strong cross-sectional and prospective relationships between OSA and type 2
diabetes, the evidence that OSA treatment can alter type 2 diabetes risk or glycemic control
is limited. First line therapy for OSA is continuous positive airway pressure (CPAP), a
device that delivers positive pressure to the upper airway via a mask, thereby preventing its
collapse during sleep [106]. Trials evaluating the impact of CPAP in OSA patients without
diabetes have been inconsistent on whether it improves insulin sensitivity; however, a meta-
analysis of six trials suggested a positive association [107]. In a trial of patients with OSA
and impaired glucose tolerance (IGT), CPAP did not reduce the prevalence of IGT overall;
however, a greater improvement in insulin sensitivity was found in those with severe OSA,
suggesting a clinical benefit may exist in this subgroup [108]. A subsequent trial of CPAP in
severe OSA patients with morbid obesity found CPAP lowered the prevalence of IGT from
47% to 24% while no change in prevalence was observed in the control arm [109]. In
another trial of patients with OSA and prediabetes, two weeks of CPAP therapy delivered in
the hospital to ensure 8 hours adherence improved insulin sensitivity, suggesting suboptimal
adherence to CPAP may explain the mixed results found in more “real world” trials [110].

Data regarding the effect of CPAP on incident diabetes risk is limited. In a retrospective
cohort study, no association of regular CPAP use with risk of incident type 2 diabetes was
observed in those with mild OSA, but among those with moderate to severe OSA, regular
use of CPAP was associated with a 47% risk reduction [104]. A dose-response relationship
has been reported where greater CPAP use is associated with greater reduction in risk [111].
In a large clinical trial assessing the effect of CPAP on cardiovascular events, the cumulative
incidence of diabetes was 4.9% in the CPAP arm versus 5.7% in the control arm, suggesting
a 14% risk reduction [112]. However, the number of cases was small as the trial was not
designed to evaluate this secondary endpoint.

Among those with type 2 diabetes, several studies have assessed the impact of CPAP on
glycemic control. Early case series suggested CPAP may have a large effect [113]; however,
cohort studies have generally found no improvement in HbAlc levels with initiation of
CPAP therapy [114, 115]. Despite no change in HbAlc, some evidence suggests glucose
levels during sleep are reduced and more stable [116]. Randomized trial data also suggests
no impact of CPAP therapy on glycemic control in those with established type 2 diabetes. A
small double-blind randomized trial of CPAP found no effect on glycemic control or insulin
sensitivity measured by euglycemic clamp at 3 months [117]. A subsequent trial of 50
patients reported CPAP was associated with a 0.1%-point increase in HbAlc levels at 3
months but a 0.4%-point decrease at 6 months [118]. This benefit was not confirmed in a
larger trial of 416 patients where no difference in HbAlc levels between CPAP and control
groups was found at 6 months [119]. This lack of effect may be related to suboptimal
adherence, as a small single arm study of 12 patients with OSA and type 2 diabetes treated
with 8 hours CPAP in the hospital reported reductions in 24-hour glucose profiles due
primarily to overnight glucose levels [120].

OSA and type 2 diabetes complications

Among those with type 2 diabetes, there has been interest in whether OSA is associated with
microvascular complications. Cross-sectional studies suggest no clear relationship between
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OSA and diabetic retinopathy [121]. However, a prospective study of type 2 diabetes
patients attending diabetes clinics found OSA was associated with progression to
preproliferative/proliferative diabetic retinopathy and among those with OSA, CPAP had a
protective effect [122]. In a small study of type 2 diabetes patients with macular edema and
OSA, adherence to CPAP was associated with improvement in visual acuity at 6 months
[123]. For renal disease, cross-sectional studies have found OSA is associated with
reductions in estimated glomerular filtration rate (eGFR) and proteinuria [124, 125]. Greater
OSA severity also is associated with steeper decline in eGFR [126]. Evidence for a cross-
sectional association between OSA and diabetic neuropathy in type 2 diabetes is mixed with
more consistent evidence for an association in type 1 diabetes [127]. Nevertheless, one study
found OSA is associated with foot ulcers in type 2 diabetes [128]. No randomized trials have
yet evaluated whether treating OSA can prevent or improve microvascular complications.

Shift work

Shift work is typically defined as a schedule outside the usual 9 am — 5 pm workday. It can
refer to both a consistent evening or night work schedule as well as work on a rotating shift
schedule. Approximately 15% of the U.S. full-time working population are shift workers,
with 4.7% working evening shifts, 3.2% night shifts, 3.1% irregular schedule shifts, and
2.5% rotating shifts [129].

The prevalence of shift work declines with age, with 22.3% of adults aged 20-24 years
reporting shift work but only 12.5% of adults aged 55 to 64 [129]. The prevalence of shift
work is higher in men (16.7%) than in women (12.4%) [129]. Racial differences also exist
with blacks having the highest prevalence of shift work (20.8%) [129].

The circadian misalignment and shorter sleep duration that result from shift work may act
synergistically on metabolism to increase weight and reduce insulin sensitivity [130, 131].
Four days of a simulated night shift work schedule reduces insulin sensitivity by 25% [132].

Numerous cohort studies have identified shift work as a risk factor for obesity and metabolic
syndrome [133, 134]. Cohort studies have also found that both rotating and night shift work
are associated with incident type 2 diabetes [135]. These associations are present in both
blue collar and white collar occupations [135, 136]. In a cohort of female nurses, duration of
exposure to shift work was monotonically associated with the risk of incident type 2
diabetes, with women who had at least 20 years history of shift work having 1.5 times higher
risk compared to women with no exposure [137].

Insomnia

Insomnia is a common sleep disorder characterized by difficulty initiating or maintaining
sleep, resulting in daytime fatigue or dysfunction [138]. The prevalence of insomnia among
US adults is roughly 15% [139]. However, the prevalence of insomnia in T2DM is higher
and has been rising more rapidly over time [140].

Insomnia prevalence increases with age and is more common among women than men
[141-144]. Other risk factors include lower socioeconomic status, unemployment, divorced
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or widowed marital status, depression, anxiety and other chronic health conditions [141,
143, 144].

An analysis of administrative billing data found individuals with a diagnosis of insomnia are
at higher risk for incident type 2 diabetes, and this risk rises with longer duration of
insomnia [145]. A meta-analysis of prospective cohort studies found insomnia symptoms are
associated with incident type 2 diabetes, with higher risk in both those reporting difficulty
initiating sleep and difficulty maintaining sleep [74]. Cross-sectional studies suggest a more
severe insomnia subtype defined by both insomnia symptoms and objectively measured
short sleep may be most closely associated with type 2 diabetes. [146, 147].

Type 2 Diabetes as a cause of poor sleep

While sleep exposures may predispose to type 2 diabetes, there are also pathways by which
diabetes may adversely impact sleep. Pain from common complications such as peripheral
neuropathy or nocturia from poor glycemic control may lead to disturbances in sleep
[148-150]. In addition, diabetes may predispose to sleep disorders. A periodic breathing
pattern during sleep is more common among those with diabetes, although whether this
contributes to sleep symptoms is unclear [81]. Restless legs syndrome (RLS) is also
common among patients with type 2 diabetes with a prevalence of 17-27% [151-153]. The
mechanism by which type 2 diabetes increases RLS risk is unclear but may be partially
mediated by peripheral neuropathy [152, 153].

Conclusion

Chronic insufficient sleep, OSA, shift work, and insomnia are highly prevalent in patients
with type 2 diabetes. Prospective studies suggest that these conditions may contribute to the
development of diabetes or worsen prognosis in those with established diabetes. However,
interventional studies addressing sleep abnormalities in populations with or at high risk for
type 2 diabetes are scarce. Thus, the extent to which strategies aimed at improving sleep can
prevent the development of type 2 diabetes or improve clinical outcomes in those with
established diabetes is not well understood. Nevertheless, because over 90% of people with
diabetes report at least one sleep problem [154], there is a rationale for clinicians to ask
patients with type 2 diabetes about their sleep. Addressing these common co-morbidities
could improve symptoms and quality of life in patients with diabetes.
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