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Abstract

Review Article

IntRoductIon

Type 2 diabetes mellitus (T2DM) and sleep disturbances both 
are common health problems and detrimental to the each 
other. Sleep disturbances are common among individuals 
with diabetes. Persons with diabetes report higher rates of 
insomnia, poor sleep quality, excessive daytime sleepiness, and 
higher use of sleeping medications.[1] Sleep disturbances may 
be due to the disease itself or due to physical complications 
of disease such as peripheral neuropathy and polyuria. 
Assessment of sleep quality and sleep disorders is of paramount 
importance in persons with T2DM.[2]

On the other hand, sleep curtailment as well as erratic sleep 
behavior as a result of lifestyle choices, which is part and parcel 
of modern society, has been itself linked with higher risk of 
obesity, metabolic syndrome, and T2DM.[3]

physIology of sleep

Sleep is a complex behavioral and physiologic process and 
divided into rapid eye movement (REM) sleep and non-REM 
sleep. Although generally viewed as a passive condition, 
it is highly active and dynamic process. The later stages of 
non-REM sleep, Stages 3 and 4, also known as slow-wave sleep 
are most refreshing and restorative. Sleep is important not only 
for restoring brain functions but it also modulates a variety of 

metabolic, endocrine, and cardiovascular systems. Normally, 
during non-REM sleep, there is decrease in metabolic rate, 
sympathetic nervous system activity, blood pressure, and heart 
rate and increase in cardiac vagal activity.[4] However, this 
sleep physiology is disrupted in persons with sleep disorders 
including obstructive sleep apnea (OSA).[5]

dIabetes and sleep dIstuRbances

Sleep disorders are significantly more common in persons 
with diabetes as compared to those without diabetes. Multiple 
factors may contribute to insomnia in persons with diabetes 
including discomfort or pain associated with peripheral 
neuropathy, restless legs syndrome, periodic limb movements, 
rapid changes in blood glucose levels during night leading 
to hypoglycemic and hyperglycemic episodes, nocturia and 
associated depression.[6] Individuals with diabetes have a 
significantly increased risk of developing depression when 
compared to their nondiabetic counterparts and depression 
is one of the important factors contributing to poor sleep in this 
population. Furthermore, diabetes itself has multiple impacts 
on central nervous system causing alterations involving 
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neurobehavioral and neurotransmitter functioning and 
autonomic functions, and can adversely affect endocrine 
functions, and hence itself cause sleep disturbances.[7]

sleep dIstuRbances and RIsk of obesIty and 
type 2 dIabetes MellItus

Epidemiological data have suggested higher risk of obesity and 
T2DM in individuals with shorter sleep duration (<5–6 h/night) 
as well as those of poor sleep quality. Studies have also reported 
higher risk of obesity and T2DM in individuals with long sleep 
duration (≥9 h/day) also. The categories of sleep disturbances 
that contribute to obesity and T2DM include the following: 
(1) alterations of sleep duration, chronic sleep restriction, 
and excessive sleep; (2) alterations in sleep architecture; 
(3) sleep fragmentation; (4) circadian rhythm disorders and 
disruption (i.e., shift work); and (5) OSA.[3]

A recent systematic review and meta-analysis demonstrated 
sleep disturbances as significant risk factors for diabetes with 
effect sizes similar to those imparted by traditional risk factors. 
After adjustment for confounders, the risk of developing 
diabetes due to OSA, difficulty maintaining or initiating sleep 
was slightly less than the risk of having a family history of 
diabetes but greater than that of being physically inactive. 
Difficulty initiating sleep increased the risk of T2DM by 55%, 
while difficulty maintaining sleep increased its risk by 
74%. Similarly, the risk of developing T2DM associated 
with insufficient (≤5 h/day) or excessive sleep duration 
(≥9 h/day) or performing shift work was comparable to that 
of being physically inactive. The authors concluded that sleep 
disturbances should therefore be systematically considered in 
guidelines for the screening as well as while making preventive 
strategies for T2DM.[8]

MechanIsM of obesIty and glyceMIc 
dysRegulatIon wIth sleep dIstuRbances

Sleep disturbance are associated with dysregulation of the 
neuroendocrine control of appetite. One of the important 
mechanisms linking weight gain with sleep deprivation 
is likely hyperactivity of orexin system. Orexin system is 
overactive during sleep deprivation which along with over 
activity of sympathetic nervous system leads to overfeeding. 
Furthermore, there is increase in circulating levels of ghrelin, 
hunger-promoting hormone as well a decrease in leptin, which 
is a satiety factor.[9]

VanHelder et al. showed that the insulin response to an oral 
glucose challenge was higher when comparing the total sleep 
deprivation condition to the normal sleep condition, suggesting 
an insulin resistant state that is induced by acute sleep 
deprivation.[10] Another study reported that a 1-week period 
of sleep restriction (only 4 h of sleep daily) in young, healthy 
subjects could produce a prediabetic state.[11] Acute sleep 
deprivation whether total or partial is associated with an 
elevation of evening cortisol concentration.[12] Spiegel et al. 

demonstrated impaired glucose tolerance with chronic sleep 
deprivation.[13]

Possible causes of impaired glucose metabolism in sleep 
disordered breathing (SDB) including OSA might be 
intermittent hypoxia and sleep fragmentation associated with 
them. Sleep fragmentation increases sympathetic activity, 
which can increase blood glucose levels by decreasing insulin 
sensitivity.[14] Furthermore, these episodes of respiratory 
disturbance may induce frequent arousal episodes and the 
consequent sleep loss may also facilitate the development of 
metabolic disturbances.[15]

dIabetes and sleep apnea

Sleep apneas are significantly more in persons with diabetes 
and correlate highly with obesity. In fact, a strong association 
exists between obesity, impaired glucose tolerance, insulin 
resistance, and SDB. Although OSA is most common type of 
SDB, central-type apneas and periodic breathing have been 
reported in patients with autonomic diabetic neuropathy.[16,17]

OSA is a sleep-related breathing disorder characterized by 
collapse of the upper airway leading to cessation of airflow 
in the setting of continued respiratory effort. The resultant 
hypoxia leads to frequent arousals causing sleep fragmentation 
and symptoms of excessive daytime sleepiness. The prevalence 
of OSA in the population with type 2 diabetes may be as high 
as 23%, and the prevalence of any SDB may be as high as 
58%.[18] In obese participants enrolled in the Action for Health 
in Diabetes (Look AHEAD) trial, it exceeded 80%.[19] Common 
symptoms of OSA include loud snoring, frequent cessation of 
breathing during sleep, choking and gasping episodes during 
sleep, waking up sweating during sleep, morning headaches, 
feeling unfreshed in the morning after apparently adequate 
night sleep, excessive daytime sleepiness and lethargy, rapid 
weight gain, and cognitive deficits.[20]

OSA itself has been linked with increased risk of variety of 
negative health outcomes including endocrine dysfunction, 
insulin resistance, hypertension, and cardiovascular 
disease (CVD). One explanation for this overlap is the presence 
of shared risk factors such as obesity but an increasing number 
of studies show that these two conditions can be associated 
independent of obesity. OSA is associated with higher risk 
of CVD through various mechanisms such as hypoxia and 
oxidative stress, increased inflammatory markers such as 
interleukin-6, sympathetic overactivity, and dysregulation of 
lipid metabolism.[21]

OSA might also be a reason of ineffective treatment of type 2 
diabetes. Studies have shown a robust graded relationship 
between the severity of OSA and poor glycemic control 
after controlling for the degree of adiposity and multiple 
other potential confounders.[22] Furthermore, data also support 
higher risk of development and progression of complications 
from long-standing T2DM in the setting of inadequately treated 
OSA. There is some evidence that the treatment of OSA by 
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continuous positive airway pressure might correct some 
metabolic abnormalities in glucose metabolism; however, the 
evidence for a treatment effect on glycemic control is mixed.[21] 
OSA treatment by all means significantly improves quality of 
life and blood pressure control.[23]

evaluatIon of sleep dIsoRdeRs

Assessment of sleep quality, sleep disorders, and sleep hygiene 
is of paramount importance in persons with diabetes. In fact, 
the latest American Diabetes Association 2017 guidelines has 
specifically added new section and recommend assessment 
of sleep pattern and duration as part of the comprehensive 
medical evaluation in persons with diabetes based on emerging 
evidence suggesting a relationship between sleep quality and 
glycemic control.[2]

As discussed in previous sections, etiology of sleep 
disruption in diabetes is often multifactorial. Therefore, a 
detailed history, careful examination, and handful laboratory 
investigations will be required for successful evaluation and 
subsequent treatment of sleep disorders in this population. 
History should include difficulty falling or staying asleep, 
excessively sleepy during the day, history of snoring as told 
by spouse/family members, history of apneic episodes, and 
history of uncomfortable sensations in the legs in the evening 
that are relieved by movement. Keeping a sleep diary during 
the past 2-week period can provide a detailed assessment 
of sleep patterns. An evaluation for depression by simple 
clinical tools should be done in all patients. Majority of sleep 
disorders can be diagnosed with proper history and physical 
examination. However, when a diagnosis of sleep apnea 
is suspected, in addition an overnight polysomnogram is 
required for diagnosis. Once medical and psychiatric causes 
of insomnia are ruled out, a diagnosis of primary insomnia 
may be made.

ManageMent of sleep dIsoRdeRs

The management of sleep disorders is highly rewarding. 
Successful management of sleep disorders often requires 
a multifaceted approach including relief of symptoms and 
treatment of the common comorbid conditions. Behavioral 
approaches are very important in the management of 
insomnia, which include adherence to good sleep hygiene, 

sleep restriction, cognitive behavioral therapy, and relaxation 
therapies.[24,25] Some basic dos and don’ts for good sleep 
hygiene for persons with diabetes are summarized in Table 1. 
Common measures to rectify common comorbid conditions 
causing sleep problems in diabetes are summarized in 
Table 2. Some patients may benefit from pharmacologic 
therapies such as use of benzodiazepine receptor agonists and 
the newer hypnotic agents such as zolpidem and zaleplon.

conclusIons

T2DM and sleep disorders are common problems that often 
coexist. There is a high prevalence of sleep disorders in people 
with T2DM which can be detrimental to their health, mood, 
and quality of life. Conversely, sleep disorders including OSA 
themselves predispose to higher risk of metabolic disorders 
including T2DM. All patients with T2DM should be screened 
for sleep disorders as a part of routine clinical practice and 
treated appropriately.
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Table 1: Sleep hygiene ‑ Dos and Don’ts for persons with diabetes

Do Don’t
Establish a regular bedtime and rise time
Exercise in late afternoon or early evening
Establish a comfortable sleep environment (e.g., comfortable bed and clothing)
Sleep in a dark and quiet area with temperature and humidity control
Establish a regular relaxing presleep routine to be used every night before sleep 
such as washing face/feet, listening to soft music
Putting cell phones in silent/off mode

Taking daytime naps
Too much use of caffeine and nicotine, especially in 
late evening and night
Drinking alcohol before bedtime
Sleeping too hungry or after too heavy meal in night
Eating too spicy foods in night
Late night television watching or phone calls
Trying too hard to fall asleep

Table 2: Associated comorbidities contributing to poor 
sleep in persons with diabetes and possible measures to 
rectify them

Co‑morbidities Measures to rectify
Fluctuation in 
blood glucose

Optimum glycemic control
Avoiding hypoglycemia

Obstructive sleep 
apnea

Weight loss
Identification/treatment of anatomic and 
functional upper airway obstruction
Nasal continuous positive airway pressure

Restless legs 
syndrome

Identifying and correcting iron deficiency or 
thyroid disease
Dopamine agonists
Benzodiazepines and gabapentin
Opiates in severe cases

Peripheral 
neuropathies

Analgesics
Antidepressants (such as tricyclics)
GABAergic agents (gabapentin, pregabalin)

GABA: Gamma-aminobutyric acid
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