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Abstract
Diabetes mellitus (DM) is a highly prevalent condition 
affecting about 347 million people worldwide. In 
addition to its numerous clinical implications, DM also 
exerts a negative effect on patient’s sleep quality. 

Impaired sleep quality disrupts the adequate glycemic 
control regarded as corner stone in DM management 
and also lead to many deleterious effects causing a 
profound impact on health related quality of life. This 
article outlines various factors leading to impaired sleep 
quality among diabetics and delineates how individual 
factor influences sleep. The article also discusses 
potential interventions and lifestyle changes to promote 
healthy sleep among diabetics.
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Core tip: Diabetes mellitus (DM) is one of the common 
chronic medical conditions affecting approximately 
347 million people worldwide. Studies have shown 
that up to one third of patients with DM suffer from 
concomitant sleep disorder. Factors associated with 
disrupted sleep among diabetic patient include nocturia, 
nocturnal hypoglycemia, peripheral neuropathy, re
stless leg syndrome and sleep disordered breathing. 
These conditions, when associated with diabetes can 
cause fragmented sleep and poor quality of life. It is 
imperative for the primary care physicians and health 
care providers to address this important issue among 
the diabetic patients during their visit.
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INTRODUCTION
Sleep is a prerequisite for healthy functioning of human 
mind and body. It is generated based on a circadian 
rhythm and homeostatic pressure that follows a period 
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of wakefulness. Poor or impaired sleep has not only 
being associated with various diseases and conditions 
but also led to poor performance and occupational 
accidents. Medical literature regarding sleep sciences 
reveals numerous studies that characterize sleep 
quality and determine various factors leading to 
impaired sleep among different patient populations[1-6]. 
Based on findings from these studies, it is inferred 
that in addition to many behavioral factors including 
poor sleep habits and hygiene, various pathological 
conditions have been recognized that adversely affect 
the sleep. Most notable among these conditions are 
obstructive sleep apnea, chronic insomnia and restless 
legs syndrome.

Diabetes mellitus (DM) is being increasingly re
cognized as a significant health burden. Based on 
recent data published by World Health Organization 
(WHO), it is estimated that approximately 347 million 
people are suffering from diabetes worldwide, 90% of 
who have type 2 diabetes. Patients with DM, by virtue 
of its numerous clinical and associated implications, 
suffer a poor quality of life[7,8]. It is not surprising that 
sleep quality among these patients are significantly 
impaired. Patients with DM can experience challenges 
to their sleep and wakefulness due to physiological 
imbalance and co-morbid sleep pathologies. In this 
review we attempted to present several factors, which 
directly affect the sleep quality among patients with 
DM (Figure 1).

DIABETES AND SLEEP
The significance of good sleep cannot be over em
phasized when it comes to chronic medicinal condition 
like DM. Poor sleep quality, apart from its usual 
effect of daytime sleepiness, has ramifications that 

affect every aspects of life. The pertinent ones are: 
exacerbation of seizures, short-term memory deficits, 
long-term cognitive effects and headache. These, 
when combine to “already worsened” quality of life 
in patients with chronic diseases, can have several 
deleterious consequences in an individual’s life.

Clinical research has shown that up to one third 
of patients with DM suffered from concomitant 
sleep disorders, as compared with 8.2% of controls 
without DM[9]. In another study, more than half of 
the patients with type 2 DM are likely to report being 
“poor sleepers”, according to a research poll conducted 
at University of Pittsburgh. The patients with type 2 
DM were more likely to have low Pittsburgh Sleep 
Quality index (PSQI)[10]. (PSQI is a validated tool which 
measures sleep quality and pattern in older adults. It 
discriminate poor sleepers from normal by assessing 
seven components of sleep over a one month time 
interval)[10]. Part of the components of these index’s 
metrics are common insomnia variables, such as sleep 
latency and efficiency. The same study also showed 
that the sleep quality correlated well with other 
diabetic quality of life scores[11]. In general, patients 
with other chronic medical conditions are also more 
likely to experience insomnia. In a large community-
base sample of 3282 adults, polysomnographic data 
was analyzed along with self-reported sleep habits and 
current health. The adjusted odds ratio for insomnia 
was 1.4 in patients with DM, compared with people 
without the disorder. Even when data obtained on 
polysomnography was adjusted for age, gender and 
apnea-hypopnea index, patients with diabetes mellitus 
and insomnia had lower sleep efficiency than those 
without the disease[12]. Sleep deprivation and sleep 
fragmentation has been shown to correlate with insulin 
resistance in obese individuals[13]. Poor sleep quality 
has implications on diabetes self-management. Adult 
diabetic patients, who reported poor quality sleep 
underwent completion of questionnaires measuring 
diabetes control, sleep quality and daytime sleepiness. 
The patients with poor sleep were found to have 
difficulty with diabetes control, other demographic 
factors such as education, age, gender, were measured 
and these were not found to be associated with 
diabetes control problems[14]. Studies have linked poor 
sleep and insomnia to be associated with decrease in 
gamma-aminobutyric acid (GABA). A lower level of 
GABA is also seen in the patients with depression[15]. 
GABA is produced in significant levels in pancreas. 
It has also been shown to be inhibiting apoptosis of 
the rodent beta cells. The glutamate decarboxylase 
the primary enzyme (GAD) involved in the synthesis 
of GABA has been linked with type 1 DM[16,17]. It is 
possible that GABA is one of the neurotransmitter 
involved in the sleep quality among diabetics, when 
in low levels. Orexins also has been associated with 
sleep, arousal, energy balance and feeding. Orexins 
have been implicated in the metabolism of glucose. 
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Figure 1  Illustration how different conditions associated with diabetes 
mellitus affects the sleep quality. OSA: Obstructive sleep apnea; CHF: 
Congestive heart failure.



Its expression is inhibited by obesity, obstructive 
sleep apnea and depression[18]. The pathogenetic link 
between sleep deprivation and DM has been further 
elucidated in a recent cross over study involving 
fourteen healthy subjects who underwent 4 h sleep 
restriction. This sub-chronic sleep restriction led 
to a reduction in peripheral insulin sensitivity but 
interestingly the hepatic insulin sensitivity did not 
decrease. There was no significant reduction in slow 
wave sleep associated with it. There was a modest 
increase in cortisol and catecholamines. This increases 
lipolysis. Fasting non-esterified fatty acids and β-OH 
butyrate levels were elevated indicating an increase in 
lipolysis and hepatic fatty acid oxidation. The resting 
energy expenditure was unchanged but the respiratory 
quotient decreased consistent with fat oxidation. The 
elevated non-esterified fatty acids may modulate 
hepatic metabolism. Thus the insulin resistance is 
driven by extrahepatic tissue[19].

NOCTURIA
Nocturia is defined by waking up at night to void and 
is considered clinically meaningful if it occurs two or 
more times per night. Patients report nocturia as a 
leading cause of sleep disturbance, affecting both sleep 
onset and maintenance[20]. Polyuria, defined as 24-h 
urine output of more than 2800 mL (or above 40 mL/
kg per 24 h)[21]. Polyuria may cause nocturia through 
generally increased urine production wherein nocturnal 
urine output exceeds functional bladder capacity (FBC). 
However, polyuria and nocturnal polyuria are not 
mutually inclusive.

Nocturia in persons with DM can occur in asso
ciation with polyuria, and the mechanism is solute 
diuresis, but can also be associated with frequently co-
morbid sleep-breathing disorder, such as obstructive 
sleep apnea. It has been postulated that in patients 
with obstructive sleep apnea, the negative intra-
thoracic pressure and stretching of the myocardium 
releases atrial natriuretic peptide (ANP). This, in 
turn, causes vasodilatation and inhibits aldosterone 
resulting in excess sodium and water excretion. When 
a sleep disorder is suspected, for example in patients 
with complaints of snoring, gasping for breath when 
sleeping, or with daytime sleepiness, a nocturnal 
polysomnography should be performed[22]. In a study 
conducted in Australia with 74 patients with type 2 
DM, nocturia was correlated with sleep maintenance 
difficulties[23].

NOCTURNAL HYPOGLYCEMIA
Nocturnal hypoglycemia can lead to sleep disruption 
and can be regarded as one of the many factors lea
ding to poor sleep quality among diabetics. Longer 
intervals between self-monitoring glycemia are 
generally seen during the night and this period is 

associated with the highest sensitivity to insulin. 
Studies observing continuous glucose monitoring have 
shown that in patients with diabetes mellitus type 1 
spent on average of 2.3 h per day with glucose levels 
below 70 mg/dL, and most of the hypoglycemic values 
occur at night[24]. These findings were corroborated 
by another study with same principles of continuous 
monitoring, showing that in more than half of the 
nights studied, nocturnal hypoglycemia occurred[25]. 
Moreover, various insulin regimens can also predispose 
a diabetic patient to nocturnal hypoglycemia. In 
a study comparing bedtime insulin NPH (neutral 
protamine hagedorn) and bedtime insulin glargine, the 
incidence of nocturnal hypoglycemia was statistically 
significant with bedtime insulin NPH (24% vs 9.9%)[26].

RESTLESS LEGS SYNDROME
Restless legs syndrome is a sensorimotor-related sleep 
disorder and can be either primary or secondary, when 
related to other conditions such as anemia, pregnancy, 
or end-stage renal disease, among others. The In
ternational Restless Syndrome Study Group (IRLSSG) 
has published four essential criteria to diagnose patient 
with restless leg syndrome. It includes: Presence of 
an urge to move the legs the legs accompanied by 
an unpleasant sensation (creeping, crawling, painful, 
itching or jittering feeling in the legs), relieved by 
movement, aggravated by rest (i.e., when patients 
lie down to attempt to fall asleep) and worsening of 
symptoms in the evening or at night[27]. Other body 
parts such as the upper extremities can also be 
involved. Females suffer from RLS twice as much as 
their male counterparts across all different populations 
and ages[28]. There is evidence linking an increased 
risk for RLS in patients with diabetes mellitus[29,30]. 
Several diabetic patients with RLS also suffer from 
peripheral neuropathy[29]. Diabetic patients who 
suffer from RLS are more likely to report worse sleep 
quality, have longer sleep latency and worse sleep 
efficiency, and experience more daytime dysfunction 
compared with diabetic controls without RLS[31]. RLS 
can be treated with non-pharmacologic methods which 
include implementing lifestyle changes such as regular 
physical activity, restriction on all caffeinated food and 
drinks, using pneumatic compression devices applied 
to the thigh and leg during sleep, massage therapy, 
soaking the legs in warm water[32]. Pharmacotherapy 
can be achieved with dopamine agonists, such as 
pramipexole and ropinirole, anticonvulsants, such 
as gabapentin, opiates, benzodiazepines, minerals 
and vitamin supplementation, particularly oral iron in 
patients with low serum ferritin levels below 50 μg/L[32]. 
Several pharmacological agents have been implicated 
in worsening symptoms of RLS. Selective serotonin 
receptor inhibitors, antihistamines, dopamine agonists 
and sympathomimetic agents are common drug 
associated with RLS[33]. These include antihistamines, 
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Cheyne Stokes breathing and Obstructive sleep 
apnea, effects of medicines, symptom of heart failure 
(dyspnea, orthopnea and paroxysmal nocturnal 
dyspnea) and health problems including pain and 
depression[41]. 

The treatment of impaired sleep quality and sleep 
fragmentation should involve the education of the 
patients regarding the sleep hygiene techniques, 
behavioral modification, cognitive behavioral therapy 
and pharmacological therapies. The detail discussion 
of which is beyond the scope of this manuscript. In 
addition the specific etiologies, which are specific 
for the sleep fragmentation, poor sleep quality and 
insomnia among diabetics as nocturia, pain related to 
diabetic neuropathy, restless leg syndrome, obstructive 
sleep apnea, heart failure and nocturnal hypoglycemia 
should be addressed and treated.

CONCLUSION
DM is one of the most common diseases worldwide. 
DM, in addition to causing direct sleep disturbances 
as a result of nocturia, polyuria, diabetic neuropathy 
and neuropathy pain, has also been associated 
with several chronic illness as obstructive sleep 
apnea, cardiovascular complications, hypertension, 
cerebrovascular accidents and depression which can 
impair sleep and quality of life. The patient may not 
bring the sleep issues during their visit to healthcare 
providers, with acute issues taking precedence 
during their visit. It is important for the health care 
providers treating the patient with DM to address 
their sleep issues and the impaired quality of life 
due to inadequate and fragmented sleep, as it may 
be severely affect their recovery, control of diabetes 
as well as quality of life. Sleep education should 
also be considered an essential part in the diabetic 
management armamentarium.
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