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Sleep accounts for one-third to one-fourth of a human life-
time. Proper sleep is crucial for maintaining general and meta-
bolic health. Sleep disturbances include all disorders of initiat-
ing and maintaining sleep and are inherently associated with
an increase in various noncommunicable diseases. Qualitative
or quantitative disturbances during sleep increase the preva-
lence of obesity, diabetes, cardiovascular diseases, and hyper-
tension [1]. Over the past decade, the prevalence rates of sleep
disturbances and type 2 diabetes mellitus (T2DM) have been
increasing dramatically worldwide. The association between
sleep disorders and diabetes is bidirectional because chronic
sleep disorders increase the risk of insulin resistance/diabetes,
and diabetes worsens the quality of sleep [2].

Numerous community-based and hospital-based epidemio-
logical studies suggest that both quantitative and qualitative dis-
orders of sleep significantly increase the risk of diabetes. Re-
garding quantity, both prolonged and short durations of sleep
increase the risk of diabetes. Yaggi et al. 3] reported that people
who sleep for less than 5 hours/night have two times higher risk
of developing diabetes, and those who sleep for more than 8
hours have three times higher risk than those who sleep for 7
hours a day. According to a meta-analysis assessing the dose-
response relationship between duration of sleep and risk of
T2DM, the lowest risk of T2DM was observed in individuals
who slept 7 to 8 hours a day. Shorter and longer durations of
sleep were associated with a higher risk of T2DM [4]. These
quantitative disorders of sleep have been associated with in-
creased insulin resistance, upregulation of appetite, and reduced

energy expenditure [5,6]. Not only the quantity of sleep, but also
the quality of sleep is closely associated with development of di-
abetes. In a recent meta-analysis, poor sleep quality was associ-
ated with increased glycosylated hemoglobin (HbA1c) (weight-
ed mean difference, 0.35%; 95% confidence interval, 0.12 to
0.58) in patients with T2DM [7]. Obstructive sleep apnea, a rep-
resentative disease that lowers the quality of sleep, is character-
ized by chronic intermittent hypoxia and increased sympathetic
activity. It increases insulin resistance by altering the metabo-
lism of glucose and lipids and the levels of stress hormones and
appetite-related hormones [8]. Sleep disturbance can also indi-
rectly affect glycemic control by disrupting diabetes self-man-
agement [9].

Conversely, frequent nocturia, nocturnal hypoglycemia,
restless leg syndrome, and depression, which are relatively
common in patients with diabetes, cause frequent nocturnal
awakening and deteriorate sleep quality [10]. Peripheral neu-
ropathy and related symptoms are also associated with sleep
disturbances [11]. This reverse causality is supported by find-
ings from studies conducted in non-obese patients with type 1
diabetes who had a high prevalence of obstructive sleep apnea
[12,13]. Diabetic neuropathy affects central control of respira-
tion and the upper airway neural reflex, facilitating sleep-dis-
ordered breathing. Furthermore, sleep-disordered breathing
causes intermittent hypoxemia and hypercapnia, increases oxi-
dative stress, and results in inflammation and sleep distur-
bance [7,14].

In the article titled “Deterioration of sleep quality according
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to glycemic status,” Hur et al. [15] investigated the effect of gly-
cemic status on sleep quality in individuals with T2DM, predi-
abetes, and normal glucose tolerance. To evaluate the preva-
lence of sleep disorders in patients with prediabetes or early di-
abetes, the present study recruited patients without overt
symptomatic neuropathy. Objective sleep quality was mea-
sured with the actigraph wrist-worn device (Actigraph Corp.,
Pensacola, FL, USA), and sleep efficiency decreased across
normal glucose tolerance, prediabetes, and T2DM groups
(90.22%, 87.99%, and 86.25%, respectively; P<0.05). Although
the participants were not necessarily conscious of their sleep
disturbances, their HbAlc level revealed a significant negative
correlation with sleep efficiency (r=-0.348, P=0.001).

Cho et al. [16] reported the associations between snoring in
prediabetes and diabetes in a Korean population. Snoring is
the most common and prominent symptom of obstructive
sleep apnea that inhibits good-quality sleep. Data of self-re-
ported multiple characteristics of snoring were collected from
3,948 middle-aged adults without prior cardiovascular diseas-
es. Participants with the most severe snoring were at 1.84 times
higher risk for prediabetes and 2.24 times higher risk for dia-
betes than non-snorers. Such graded association was also ob-
served among the most frequent snorers with higher risk for
prediabetes (odds ratio [OR], 1.78) and diabetes (OR, 2.03; all
P<0.05). Higher snoring intensity and higher frequency were
positively associated with fasting glucose and HbA1lc levels,
and the association remained robust after additional adjust-
ment for sleep duration, excessive daytime sleepiness, unwake-
fulness, and sleep-deprived driving. As such, the association
between sleep disturbances and dysglycemia is significant and
begins even before the development of T2DM. Deterioration
of sleep quality was confirmed in patients with prediabetes,
and low sleep quality through snoring was related to elevated
blood glucose level in otherwise metabolically healthy adults.

It is not yet clear whether sleep quality deteriorates even in
the pre-diabetes stages; however, related research results have
been proposed recently. Engeda et al. [17] reported that clini-
cally identified pre-diabetes was associated with poor sleep
quality as assessed using a questionnaire on trouble maintain-
ing sleep, waking up too early, and short sleep. Some of the
complications of diabetes, such as peripheral neuropathy or
autonomic neuropathy, which are associated with poor sleep
quality [18], have been reported not only in patients with a
long duration of diabetes, but also in patients with prediabetes
or early T2DM [19]. In the above study, the prevalence rate of
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peripheral neuropathy was 49% in adults with prediabetes and
50% in patients with new-onset diabetes. These findings sug-
gest that early diagnosis and management of sleep disturbanc-
es are required in patients with prediabetes or early T2DM.
The prevalence of sleep apnea syndrome was confirmed to in-
crease with progression of pre-diabetes. Furthermore, evi-
dence suggests that obstructive sleep apnea can alter glucose
metabolism in individuals without T2DM [20,21]. Treatment
of obstructive sleep apnea using continuous positive airway
pressure, which is the gold standard treatment for obstructive
sleep apnea, significantly improved insulin sensitivity and glu-
cose metabolism both in patients without diabetes [22] and in
those with prediabetes [23].

As noted above, diabetes and sleep disturbance are closely
associated with each other, and this bidirectional association
seems to develop before onset of T2DM. Uncontrolled diabe-
tes itself causes sleep disturbances, and sleep disturbances in-
duce high blood glucose, which can lead to vicious cycles of
diabetes and sleep disturbances. Furthermore, as the preva-
lence of diabetes and sleep disturbances increase, more atten-
tion should be paid to the importance of their relationship.
However, in clinical practice, efforts to evaluate the quality and
amount of sleep in patients with diabetes are insufficient.
Proper diet, exercise, and weight control are important to con-
sider when physicians assess and educate patients with diabe-
tes. Similarly, sleep patterns should be regarded as one of the
important alterable factors of lifestyle modifications in patients
with diabetes. Likewise, the need to assess diabetes risk should
be emphasized in patients with sleep disturbances. Appropri-
ate assessment and therapeutic approach can help these pa-
tients improve glucose control and sleep disturbances.
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