
Abstract
Sleep is a physiological state that helps in the smooth
functioning of many organ systems in the body by
maintaining the circadian rhythms. Human beings spend
about one third of their life in sleep. Sleep hygiene is a
practice of good quality and quantity of sleep, which
ensures day time alertness of human beings. Economic
development and shift based work culture lead to a
reduction in the sleep time in the last two decades. Sleep
hygiene is recognized as an important modifiable risk
factor for type 2 diabetes mellitus. The prevalence of
diabetes is at an alarming proportion in young
individuals, possibly due to the sleep deprivation.
Education about the proper sleep hygiene should be an
integral part of the diabetes management. In this article,
we describe the pathophysiological links between the
sleep deprivation and diabetes along with lifestyle
recommendations to improve the sleep hygiene.
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Introduction
Sleep plays an important role in normal functioning of the
brain, heart, immune system, neurobehavioural system
and generalized performance of human beings. The
ability to sleep soundly for more than eight hours a day is
a dream, which most adults in the 21st century are
deprived of. Sleep disorders are on the rise in the present
era of highly competitive professional environment and
the use of advanced technologies. The average number of
hours of sleep, decreased from 9 to 7 per day in the last
century of economic development.1 Shorter sleep
duration (SSD) is coupled with lack of physical activity and
availability of excess calories for consumption. These
lifestyle changes pose an enormous burden on the
metabolic milieu of the human body, leading to a group
of lifestyle disorders, including obesity, hypertension,
type 2 diabetes mellitus (T2DM).2 These adverse
consequences of SSD are increasing in the society in a
subtle manner and are assuming gigantic proportions

now. The lack of sleep is affecting the younger generation
mostly in the productive age group.3

Diabetes is the fourth common killer among the non-
communicable diseases in the world. The world has 382
million people living with type 2 diabetes mellitus (T2DM)
as per the 2013 census of the world health organization.4
The numbers are expected to rise exponentially to an
astronomical figure of 600 million in the next decade.
Amongst the various modifiable risk factors for DM,
quality and quantity of sleep are increasingly being
recognized as an important contributor.5 Sleep hygiene is
a practice of good quality and quantity of sleep, which
ensures normal day time alertness of human beings.
Though sleep duration is a component of sleep which is
most widely studied, sleep cycle, self-reported quality of
sleep, day to day pattern of sleep are other important
constituents of sleep hygiene.6 In this article, we shall
highlight the pathophysiological mechanisms leading to
diabetes due to the sleep deprivation and certain
remedial measures to be emphasized during the patient
counselling.

What is sleep hygiene?
Sleep is an important physiological process that helps in
the provision of adequate physical and mental rest to the
human body. The duration of the sleep is broadly divided
into the rapid eye movement (REM) and non-REM (NREM)
sleep. There are about five to six cycles of NREM and REM
sleep phases during each night spread over eight hours.7
The human circadian clock is situated in the
suprachiasmatic nucleus of the hypothalamus and is
assisted by various hormonal, metabolic and physiologic
stimuli in regulating the sleep-wake cycle.

The sleep hygiene consists of a practice of improving the
quality and quantity of the sleep. There are multiple
strategies that help in identifying the sleep habits to
recognize the sleep problems and mitigate them to
improve the sleep hygiene. The various measures to
consider in improving the sleep hygiene are given in Box-
1. Lack of good sleep hygiene predisposes to various
behavioural disorders, cardiovascular diseases,
cerebrovascular diseases, impaired immunity, cancers,
obesity and T2DM as shown in Figure-1.8 Hence, to attain
good health it is imperative to have good sleep hygiene.
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The lack of proper sleep leads to tiredness, easy
fatigability, inability to concentrate, irritability, excessive
daytime drowsiness, myalgia, arthralgia and other
somatic manifestations. A sleep debt results in themental,
physical and emotional fatigue of the individual. Daytime
sleepiness, prolonged initiation of sleep and nighttime
wakefulness are the earliest manifestations of impaired

sleep hygiene.

Sleep hygiene and Diabetes
— Pathophysiological links
Sleep deprivation and SSD are
intricately related to the insulin
resistance and T2DM. Many
epidemiological studies have shown
that SSD has multiple adverse
effects onmetabolic functions of the
body.5,9 Sleep deprivation alters the
release of the hunger regulatory
hormones like leptin and ghrelin
resulting in increased appetite.10 The
excess consumption of the calories
leads to the obesity and impaired
glucose tolerance. SSD has been
shown to increase the sympathetic
activity with elevated
catecholamine levels.11 These
hormones increase the insulin
resistance and are diabetogenic
directly by inducing the
glycogenolysis. The brain tissue
requires a constant supply of
glucose and SSD results in the
reduction in the cerebral glucose
utilization. This may result in
hyperglycaemia, which further
induces IR and T2DM. Sleep
deprivation is perceived as a
stressful event resulting in an
increase in the cortisol secretion
from the adrenal gland.12 Cortisol is
a potent diabetogenic hormone and
leads to a reduction in the insulin
sensitivity in peripheral tissues.
Altered sleep duration also leads to
the creation of an imbalance
between the pro-inflammatory and
anti-inflammatory cytokines,
thereby exacerbating the insulin
resistance.13 The pathophysiological
mechanisms that link sleep
deprivation and T2DM is shown in
Figure-2.

Sleep deprivation has a two way relation with the T2DM,
both as a cause and consequence. Figure-3 depicts the
intricate cause-effect relationship between the T2DM and
sleep deprivation. The patients with diabetes may have
polyuria, nocturia that disturb the sleep hygiene. In
addition to this, the psychosocial burden of a chronic
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Figure-1: Sleep hygiene and health consequences.

Figure-2: Pathophysiological links between the sleep deprivation and T2DM.



lifestyle disorder disturbs the emotional balance, leading
to a tremendous effect on the sleep cycle of a patient.
Studies have also demonstrated that disturbance in
circadian systems as seen in shift workers also predispose
to T2DM. The circadian rhythm disruption decreases the
insulin sensitivity, impairs pancreatic function, increases
free fatty acid levels and also increases the diabetogenic
hormones like growth hormone and cortisol. The
glycaemic control is worsened with worsening sleep
duration and there is a rise of 1.1% in the glycosylated
haemoglobin with a sleep deficit of more than two
hours.14

The link between prolonged sleep duration and T2DM is
controversial. Few studies have demonstrated an
increased risk of T2DM with long duration of sleep,
whereas the others have failed to establish such
association. A recent meta-analysis has shown that both
the short and long duration of sleep is associated with an
elevated risk for T2DM.15 The optimal sleep duration for an
adult individual is 7 hours. A decrease or increase in the
sleep duration of one hour is associated with 9% and 14%
risk of T2DM respectively.

Measures to improve diabetes through sleep
hygiene
The general measures pertaining to the sleep hygiene
have been described in the Box. Adequate emphasis has
to be laid in explaining the need for proper sleep hygiene
during every interaction with the patient. Bromocriptine
is the only oral anti-diabetic drug which has a central
action and is approved for themanagement of diabetes.16
The drug increases the dopaminergic activity and reduces
the sympathetic activity and leads to improvement in the
insulin sensitivity. The drug has no receptor in the

peripheral organs that have a role in carbohydrate
metabolism like liver, adipose tissue and muscle. Though
the antidiabetic efficacy is modest with a 0.5% reduction
of glycosylated haemoglobin, the drug has a great
potential in its central sympatholytic action. The sleep
deprivation in T2DM could be partially mediated by the
central sympathetic outflow and this drug could be a
useful adjunct in the therapy of diabetes patients with
SSD.17 The recommended initial dose is 1.6 mg, which can
be increased to amaximum of 4.8mg once daily. The drug
is recommended to be taken with breakfast to minimize
the gastrointestinal side effects. It is imperative to note
that sleep duration is only one component of good sleep
hygiene which is widely studied. Quality of sleep like day
to day pattern of sleep, self- reported quality of sleep,
frequent waking, late initiation etc are other components
of sleep hygiene, which are of paramount importance to
attain good health and require further investigation in
well planned studies.

Conclusion
This review highlights the importance between sleep
hygiene and diabetes. The risk of sleep deprivation
potentiates diabetes and further complications. Like
dietary and exercise interventions, an ideal sleep schedule
also should be seen as an important behavioural
intervention in the management of T2DM. Future
research should identify a quantifiable sleep hygiene
biomarker, which can aid in the therapeutic intervention.

References
1. Cedernaes J, Schiöth HB, Benedict C. Determinants of shortened,

disrupted, and mistimed sleep and associated metabolic health
consequences in healthy humans. Diabetes. 2015; 64: 1073-80.

2. Li X, Lin L, Lv L, Pang X, Du S, Zhang W, et al. U-shaped
relationships between sleep duration and metabolic syndrome

Vol. 66, No. 12, December 2016

Sleep hygiene and diabetes 1667

Figure-3: Two way relation between SSD and diabetes.
Box: The general measures pertaining to the sleep hygiene.
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