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Abstract 

Background :Body functions need good quality and quantity of sleep. Glucose regulation is affected by numerous types of sleep 
disorders. Shorter sleep duration was found to be associated with increase in the incidence of type 2 diabetes mellitus. Several studies link 
sleep deprivation with increased risk of  diabetes. Through alternation of the glucose metabolism and increase obesity .    

           Objectives :The aims of  this study were to demonstrate  the relationship between sleep disorders and diabetes mellitus and to assess  
the pathogenesis of sleep disorders and  diabetes mellitus . 

Review of literature : Sleep is a biobehavioral phenomenon . That is regulated by neurohormonal process , circadian and homeostatic .  

Sleep restriction affects  many body functions like endocrine function, metabolic function and immunity . 

Conclusion: This study found that sleep disorders have a significant role in changing of blood glucose level. The increasing of stresses in 
social life and occupational pressure contribute to less sleeping hours and changes in the sleeping pattern . Although it found a relationship 
between obstructive sleep apnea , decrease in slow wave sleep and increase risk of type 2 diabetes mellitus . 

 In summary, a compelling evidence from several studies confirmed the relationship between disturbance in sleep physiology as a risk 
factor that increases the possibility of developing type 2 diabetes mellitus.  

Key words : diabetes mellitus, sleep disorders , glucose metabolism , insomnia , Obstructive sleep apnea , growth hormone, Glycated 
hemoglobin . 

                                                               ——————————      —————————— 

1 INTRODUCTION  

 
 

Diabetes mellitus(DM) is a metabolic disorder that happens 
when there is no adequate amount of insulin in the body[1] . The 
incidence of diabetes mellitus worldwide increase from 108 mil-
lion in 1980 to 422 million in 2014[2].  In Saudi Arabia, DM 
represents 3.4 million in 2015 which makes it one of the highest 
19 countries in diabetes prevalence[3] .  

There are 2 types of diabetes ,type 1 diabetes mellitus which 
results from destruction of beta cells in  the pancreas and type 2 
which mainly results from insulin resistance . In insulin resis-
tance, the pancreas produces more insulin but the body cells 
don't  response to the insulin which lead to increase in the blood  
sugar[4] . 

 The causes of diabetes mellitus type 1 are either genetic or envi-
ronmental factors while the causes of type 2 are lifestyle factors 

like being overweight , insufficient physical activity, diet, age 
and some medication types such as antihypertensive drug  and 
high dose of corticosteroids[4]  . 
 It was found recently that change in normal sleep pattern also 
can result in diabetes mellitus . Sleep disorders are a group of 
syndromes manifested  by alternation in sleep amount and  
sleep pattern .Change in sleep can take many forms such as 
change in sleep duration, sleep apnea , slow wave sleep and 
shift work sleep disorders . All these disorders contribute to 
increase  risk of diabetes by causing disturbance in glucose me-
tabolism and increase in appetite[5],[6],[7] .  

Body functions need good quality and quantity of sleep. Glu-
cose regulation is affected by numerous types of sleep disord-
ers. Shorter sleep duration was found to be associated with in-
crease in  the incidence of type 2 diabetes mellitus. Several stu-
dies link sleep deprivation with increased risk of  diabetes. 
Through alternation of the glucose metabolism and increase 
obesity .   

Another form of sleep disorder; the obstructive sleep apnea 
has a critical rule in changes of glucose metabolism and increase 
proinflammatory  cytokines which increase leptin hormone that 
increases risk of type 2 diabetes mellitus. Also, less slow wave 
sleep are associated to increase type 2 diabetes mellitus through 
decrease insulin sensitivity and  blood glucose level[8] .  
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These alternation in metabolism of the glucose might be asso-
ciated with the hypothalamic –secretory axis .Changes in secre-
tion of cortisol , counter regulatory hormones and growth hor-
mone ( GH) ,might be linked to alternation in glucose metabol-
ism  during the depravation of sleeping . Growth hormone 
(GH) is secreted in the blood by the anterior pituitary gland 
.Growth hormone play important rule in the metabolism , main-
taining the blood glucose level within the normal level and 
maintain normal body structure . In addition , sleep deprivation 
were linked to increase the evening level of cortisol and increase 
the nighttime growth hormone  level . Also , prolonged  expo-
sure of peripheral tissues to greater growth hormone level 
might be linked to reduction of glucose uptake by the muscles. 
That’s affect glucose metabolism . Also, increase the concentra-
tion of cortisol are linked to decrease the insulin sensitivity[7].       
There are 2 hormones control food intake , leptin which is an 
appetite-inhibiting hormone that stimulates feelings of satiety. 
The other hormone is ghrelin which increases food intake .It 
was found that the leptin hormone decreases in sleep restriction 
.The alteration in the ratio of ghrelin-to-leptin was powerfully 
connected to the alteration in hunger ratings, suggesting that 
the alterations detected in these appetite hormones was incom-
pletely responsible for the increase in appetite and hunger.   All 
these contribute to be risks of diabetes mellitus type 2 .  
This study , will focus on sleep disorders as a risk factor of di-
abetes[7]. 

2 Objectives  
The aims of this study were to demonstrate the relationship 
between sleep disorders and diabetes mellitus and to assess the 
pathogenesis of sleep disorders and  diabetes mellitus . 
 
 

3 Review of literature  
 Sleep is a biobehavioral phenomenon . That is regu-

lated by neurohormonal process , circadian and homeostatic [9].   
Sleep restriction affects many body functions like endocrine 
function, metabolic function and immunity .There are several 
studies reported a link between sleep disorders and  type 2 di-
abetes mellitus .  
In this study we will shed light on the role of sleep amount, 
quality of sleep ,  sleep apnea , loss slow wave sleep and shift 
work sleep disorders  in  type 2 diabetes mellitus .  

3.1 The of  Role  of Sleep amount , insomnia and  quality 
of sleep in type 2 DM 

Normal sleep occurs when a person fall in sleep quietly and the 
duration  of the sleep differs from children to older people[10]. 
The median duration of sleep in adult is 7 hours . 
Insomnia is the most common sleep disorders . Insomnia is dif-
ficulty to fall sleep .The causes of insomnia are stress and poor 
sleep habits like using smartphone before sleeping. Insomnia is 
linked to increase risk of  type 2 diabetes mellitus[11] .  
According to Daniel,2005 there is relationship between sleep 

deprivation to 4 hours/nights for 6 days leads to impaired in 
glucose tolerance[12]. 
Sleep restriction leads to increase cortisol level, which leads to 
insulin resistance . Also sleep deprivation cause elevation in  
sympathetic tone. Which decrease the pancreatic functions . All 
that leads to decrease glucose tolerance[13] .  
There are 8 studies about sleep duration and control blood glu-
cose . Hours of sleeping were assessed in these studies  by using 
pittsbury quality index questioners or  survey . They categorize 
people according to their  sleep hours and they assessed their 
HbA1c levels. They found that short sleep mostly less than 6 
hours per nights and long sleep mostly more than 9 hours per 
nights cause elevation in glycated hemoglobin (HbA1c ) le-
vels[14].  Glycated hemoglobin( HbA1c) when hemoglobin in 
red blood cells which carry o2 binding to glucose . It used to 
measure chronic glycaemia. The normal level of glycated  he-
moglobin less than 6% , if it is more than 6.5% it is indicating for 
diabetes mellitus[15] .      
Also , there are 7 studies have 29.649 members to examine the 
effects of the duration of sleeping on HbA1c .They found that 
short hours sleep was linked to elevation in HbA1c level 
[weighted mean difference (WMD): 0.23; 95% Cl: 0.10-0.36 , fig-
ure 1 ].Also , short hours sleep linked to elevation in fasting 
plasma glucose [WMD : 0.22 ; 95% Cl: 0.08 -0.36 figure 2 ].14  
Long sleep duration associated with increased HbA1c and with 
increased fasting blood glucose[14] . 

 Fifteen studies assed the relationship between blood 
glucose level and the quality of sleeping . All these studies 
found there are strong relationship between HbA1c and quality 
of the sleep[15] .  
There are nine studies explore the shape of the relationship be-
tween the risk of type 2 diabetes mellitus and sleep duration .  
There is a U- shaped relation between sleep duration and type 2  
diabetes mellitus( figure 3)[9] . 
 

3.2 The role of obstructive  sleep apnea  (OSA) in type 2  
DM  

Obstructive sleep apnea is considered by recurrent events of 
apnea and hypopnea[16] . There is collapse in upper air way 
passage[16] . Obstructive sleep apnea is linked with elevation in 
insulin resistance and insulin fasting[16] . There is cohort study 
have 1233 patients that was conducted  to assess the relation-
ship between obstructive sleep apnea  and type 2 diabetes melli-
tus. The blood glucose level was high in patients have obstruc-
tive sleep apnea compared to control group . The value of blood 
glucose in the patients have obstructive sleep apnea was 99.4 
mg /dl ,while the compared group was 95 mg /dl . The research-
ers followed patients for 2.7 years and they found that diabetes 
occurred in most of the patients who have 55 episode of sleep 
apnea .Also , it was found that there is changes in body mass 
index (BMI) in patients have obstructive sleep apnea . All these 
sleep disorders increase risk of type 2 diabetes mellitus[17]. 
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   Hypoxia (which is induced by apnea) has significant 
rule in insulin resistance and  changes in glucose level .Through 
release of proinflammatory cytokines like tumor necrosis factor 
– α and interleukin 6. These proinflammatory cytokines higher 
in patients have  obstructive sleep apnea .Tumor necrosis factor- 
α linked to increase leptin which increase body fats and increase 
insulin resistance[18] . They are linked to type 2 diabetes melli-
tus .Several studies linked obstructive sleep apnea and increase 
activity of sympathetic ,so there is increase in the breakdown of 
glycogen . Sleep apnea increase the risk of type 2 diabetes melli-
tus[19]. 

 
 

3.3 Slow wave sleep and type 2  diabetes mellitus  
Sleep have 2 components : non rapid eye movement (NREM)  
and rapid eye movement (REM) . non rapid eye movement also 
known as slow wave sleep . Sleep have 4 stages ,stage 3 and 4 
are slow wave sleep . Slow wave sleep manifested by slow wave 
activity and non-rapid eye movement[6] .   

The beginning of slow wave sleep is matching with changes 
in hormones that affect glucose metabolism . Inhibition of slow 
wave sleep increase risk of type 2 diabetes mellitus, through 
decrease glucose tolerance and  insulin sensitivity .Also , there 
is no time to increase insulin secretion . All that increase risk of 
diabetes mellitus[20] . 

 
3.4 Shift work disorders and type 2 diabetes mellitus  

Shift work sleep disorders is disturbance in sleeping because 
you have night work . There are several studies link between 
shift work and type 2 diabetes mellitus . Shift work might in-
duce obesity and changes in glucose metabolism . In addition , 
shift work cause changes in behavior  like decrease physical 
activity which contribute to increase weight .  Gaining weight 
through  increase ghrelin level and reduction of  leptin  concen-
tration .There is  relationship between type 2 diabetes mellitus 
and circadian disturbance[21] . Healthy persons show alterna-
tion in insulin sensitivity and  glucose regulation after 6 nights 
of  4 hours sleep deprivation[22] . 
 
 
 
 
 

Figure 1 : Short sleep duration  and the weighted mean differ-
ence in HbA1c  levels among patients with type 2 diabetes mel-
litus (taken from Shaun ,2017)[14] . 
 
 
 
 

 
Figure 2: Short  sleep duration  and the weighted mean dif-

ference in fasting plasma glucose levels among patients with 
type 2 diabetes mellitus  (taken from Shaun ,2017)[14] . 
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Figure 3: Sleep Duration and Risk of  Type 2 Diabetes ( taken 
from Zhilei , 2015)[9] . 

 
 
 

4 Conclusion  
 This study found that sleep disorders have a significant 

role in changing of blood glucose level and with type 2 diabetes 
mellitus .The increasing of stresses in social life and occupation-
al pressure contribute to less sleeping hours and changes in the 
pattern of sleeping .Although it found a relationship between 
obstructive sleep apnea , decrease in slow wave sleep and in-
crease risk of type 2 diabetes mellitus through changes in glu-
cose metabolism and increase appetite . 

 In summary, a compelling evidence from several studies 
confirmed the relationship between disturbance in sleep physi-
ology as a risk factor that increases the possibility of developing  
type 2 diabetes mellitus .  

 
5 Acknowledgment  

 I would like to express my honest thanks to My super-
visor  for her continuous advise, support and providing infor-
mation to help me . Also , thanks for my family for their support 
.  

6 Reverences   
1- Kumar P, Clark M. Kumar & Clark's clinical medicine. 

8th ed. London: SAUNDERS ;2012. 
2- World Health Organization. 2017 [cited 1 February 

2017]. Available from: 
http://www.who.int/mediacentre/factsheets/fs312/en/ . 

3- International Diabetes Federation. 2017 [cited 3 Febru-
ary 2017]. Available from: 

http://www.idf.org/membership/mena/saudi-arabia. 
4- Danish MI , Short textbook of medical diagnosis and 

management. 
10th ed . Al-Shegrey Book store ;2009 .  

5-  Knutson K, Van Cauter E. Associations between Sleep 
Loss and Increased Risk of Obesity and Diabetes. Ann 
N Y Acad Sci. 2008;1129(1):287-304. 

6- Tasali E , Leproult R , Ehrmann DA , Cauter EV. Slow-
wave sleep and the risk of type 2 diabetes in humans. 
PNAS.2008;105(3): 1044 -1049. 

7- Knutson K. Impact of Sleep and Sleep Loss on Glucose 
Homeostasis and Appetite Regulation. Sleep Med Clin. 
2007;2(2):187-197. 

8- Ioja S, Weir I, Rennert N. Relationship between Sleep 
Disorders and the Risk for Developing Type 2 Diabetes 
Mellitus . Postgrad Med. 2012;124(4) : 119-129 . 

9- Shan Z, Ma H, Xie M, Yan P, Guo Y, Bao W et al .Sleep 
Duration and Risk of Type 2 Diabetes: A Meta-analysis 
of Prospective Studies . Diabetes Care . 2015; 38(3) : 
529-537. 

10- Nilsson P, Roost M, Engstrom G, Hedblad B, Berglund 
G. Incidence of Diabetes in Middle-Aged Men Is Re-
lated to Sleep Disturbances. diabetes care.2004;27(10): 
2464-2469. 

11- Vgontzas A, Liao D, Pejovic S, Calhoun S, Karataraki 
M, Bixler E. Insomnia With Objective Short Sleep Dura-
tion Is Associated With Type 2 Diabetes: A population-
based study . Diabetes Care. 2009 ; 32(11) :1980 -1985 .   

12- Gottlieb D, Punjabi N, Newman A, Resnick H, Redline 
S, Baldwin C et al. Association of Sleep Time With Di-
abetes Mellitus and Impaired Glucose Tolerance. Arch 
Intern Med. 2005;165(8):863-868.  

13- Yaggi H, Araujo A, McKinlay J .Sleep Duration as a 
Risk Factor for the Development of Type 2 Diabetes 
.diabetes care.2006 29(3):675- 661 . 

14- Lee S, Ng K, Chin W. The impact of sleep amount and 
sleep quality on glycemic control in type 2 diabetes: A 
systematic review and meta-analysis. Sleep Medicine 
Reviews. 2017;31:91-101. 

15- Zhu B, Li X, Wang D, Yu X. sleep quality and its impact 
on glycemic control in patients with type 2 diabetes 
mellitus .Int J Nurs Sci.2014 ;1(3) : 260- 265. 

16- Botros N1, Concato J, Mohsenin V, Selim B, Doctor K, 
Yaggi HK. Obstructive Sleep Apnea as a Risk Factor for 
Type II Diabetes. Am J Med.2009 ;122(12): 1122-1227 . 

17- Vgontzas A. Sleep Apnea and Daytime Sleepiness and 
Fatigue: Relation to Visceral Obesity, Insulin Resis-
tance, and Hypercytokinemia. J Clin Endocrinol Me-
tab.2000;85(3): 1151-1158. 

18- Punjabi N . Sleep-Disordered Breathing, Glucose Into-
lerance, and Insulin Resistance: The Sleep Heart Health 
Study. Am J Epidemiol. 2004;160(6): 521-530. 

IJSER

http://www.ijser.org/
http://www.who.int/mediacentre/factsheets/fs312/en/
http://www.idf.org/membership/mena/saudi-arabia


International Journal of Scientific & Engineering Research Volume 8, Issue 9, September-2017                                                                                           391 
ISSN 2229-5518  

JSER © 2017 
http://www.ijser.org 

 

19- Coughlin SR, Mawdsley L, Mugarza JA, Calverley PM, 
Wilding JP. Obstructive sleep apnoea is independently 
associated with an increased prevalence of metabolic 
syndrome. Eur Heart J. 2004;25(9):735-741. 

20- Roth T . Slow Wave Sleep: Does it Matter? . J Clin Sleep 
Med . 2009; 5(2):S4- S5 . 

21- Vetter C, Devore E, Ramin C, Speizer F, Willett W, 
Schernhammer E. Mismatch of Sleep and Work Timing 
and Risk of Type 2 Diabetes. Diabetes Care . 2015 ; 
38(9):1707–1713. 

22- Brum M, Filho F, Schnorr C, Bottega G, Rodrigues T. 
Shift work and its association with metabolic disorders 
. Diabetology & Metabolic Syndrome . 2015 ; 7(45 ) : 1-
7. 

 
 

 

 

 

 

 

 

 

 

 
 

 

IJSER

http://www.ijser.org/

	Introduction



