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Abstract 

Sleep plays a critical role in controlling a variety of metabolic-related physiological processes. As a 
result, there is strong evidence to support the link between sleep patterns and the risk of diabetes. The 
risk of diabetes has specifically been linked to inadequate sleep duration and/or sleep restriction in 
the lab, poor sleep quality, and sleep disorders such as insomnia and sleep apnea. Epidemiological and 
laboratory studies are included in this study. Diabetes and obesity are both predisposed to behavioral 
risk factors like increased food intake, impaired judgment, and a higher likelihood of other behavioral 
risk factors like smoking, sedentary behavior, and alcohol use as well as physiological risk factors like 
insulin resistance, decreased leptin, increased ghrelin, and inflammation. Obesity is also a significant 
diabetes risk factor. The evidence relating sleep to diabetes risk is discussed in this review at both the 
population and laboratory levels. 
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1. Introduction: 

A major unmet public health need, insufficient 
sleep duration has been listed as a national health 
priority in Healthy People 2020 [Figure 1; 1]. Nu- 
merous earlier research has linked a regular lack 
of sleep to serious negative cardiometabolic ef- 
fects, such as weight growth, obesity, diabetes, 
cardiovascular disease, and stress. It has been 
hypothesized that these interactions are caused 
by inadequate sleep duration, which results in 
immune response and metabolism dysregulation 
[2,3], which in turn causes hunger dysregulation 
and cardiometabolic illness. 

Uncertain routes may link insufficient sleep to 
diabetes. Partial sleep deprivation protocols have 
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been employed in a number of research to in- 
duce sleep loss and investigate the metabolic ef- 
fects. These studies often enlist young, healthy 
volunteers who typically get 8 to 9 hours of sleep 
each night to participate in an acute sleep re- 
striction of 4-6 hours spread out over a few days 
to a few weeks. Lack of sleep is  frequently 
found to be linked to insulin resistance and glu- 
cose intolerance [4,5]. This conclusion has been 
drawn from research that used both challenge 
paradigms, such as glucose tolerance testing, and 
continuous glucose monitoring [6, 7]. As a result, 
numerous research have been conducted with the 
goal of deciphering potential molecular pathways 
and further exploring this link [8–10]. Numerous 
epidemiologic studies have explored self-reported 
short sleepers in relation to obesity and diabetes 
risk, paralleling these laboratory findings, and fre- 
quently found overlapping patterns. 
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Figure 1: Insufficient sleep linked with Obesity 

 

The current review discusses the following top- 
ics: (1) population trends linking chronic sleep de- 
privation to diabetes risk; (2) potential physiolog- 
ical mechanisms; (3) potential behavioural mech- 
anisms; (4) increased prevalence of diabetes in in- 
dividuals with obstructive sleep apnea and treat- 
ment implications; and (5) significance of circa- 
dian control of metabolism in the relationship be- 
tween sleep and diabetes. We conclude with con- 
clusions and suggestions for additional research 

1.1. Diabetes Risk and Lack of Sleep: 

Population Trends. 
 
1.2. Conflicting  Definitions  and Opera- 

tionalizations of Insufficient Sleep— 

Numerous research have looked at habitual 
sleep length as an independent variable in con- 
nection to outcomes like morbidity and mortal- 
ity from cardiometabolic disease. Sleep dura- 
tion has been operationalized in a variety of ways 
in population-level studies, despite the fact that 
there is a growing consensus on how it should 

be characterised. First of all, other studies have 
used prospective self-report, single-timepoint ob- 
jective measures, such as polysomnography, and 
prospective objective measures, such as actigra- 
phy, despite the most common method being the 
use of retrospective self-report survey items be- 
cause these are the most practical for population- 
level research. All of these estimates evaluate var- 
ious components of sleep because there is no di- 
rect way to measure it in people, and there is cur- 
rently no accepted gold standard for determining 
the average duration of sleep. As a result, differ- 
ent study approaches must be taken into account 
during evaluation. 

Methods may differ even within measurement 
methodologies (such as survey questions, sleep 
diaries, or actigraphy). For instance, some sur- 
vey questions ask for "typical" or "weekday" (i.e., 
modal) sleep duration, while others ask for "aver- 
age" (i.e., mean or median) sleep duration. Ad- 
ditionally, some questions only concern nighttime 
sleep, while others evaluate 24-hour sleep. On 
how to operationalize sleep duration as a vari- 
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able, there is disagreement. Some studies assess 
it as a continuous variable under the presump- 
tion that effects are linear and continuous. To 
account for nonlinear and probable threshold ef- 
fects, other research looked at sleep duration as a 
three-level variable (short, normal, and long). To 
further clarify nonlinear effects, some researchers 
have employed a four-factor method (very short, 
short, normal, and long), while others have used 
more categories with a reference in the middle of 
the distribution. Comparisons between researches 
are challenging due to these disparate method- 
ologies. With these caveats in mind, there are a 
number of significant inferences that can be made 
from the present research on sleep and the risk of 
developing diabetes. 

1.3. Agreed Recommendations: 

Adult sleep duration recommendations were 
recently made by a group that the American 
Academy of Sleep Medicine and Sleep Research 
Society jointly assembled. According to this 
guideline, 7 or more hours of sleep were probably 
required to sustain good health and functioning. 
[8,9] In a companion document, it was found that 
there was disagreement over the appropriateness 
of sleep longer than 9 hours, but that less than 7 
h was generally considered improper for the do- 
main of metabolic health. While this group did 
reach agreement that more than 9 hours of sleep 
was not necessary, it did advocate at least 7 hours 
of sleep as part of a concurrent National Sleep 
Foundation initiative [10,11]. In line with these 
suggestions, the American Thoracic Society has 
issued a statement in which its consensus panel 
cautions that inadequate sleep length (defined by 
them as 6 hours or less) is probably related to ill 
health, including diabetes [12]. 

1.4. Population Prevalence Estimates for 

the Prevalence of Insufficient Sleep: 

The Centres for Disease Control and Prevention 
used the 2014 Behavioural Risk Factor Surveil- 
lance System to release prevalence data for insuf- 
ficient sleep based on the consensus statement is- 
sued by the American Academy of Sleep Medicine 
and Sleep Research Society. A third of US adults, 

according to this survey, may not get the appro- 
priate amount of sleep [12]. The distribution of 
sleep length of the population was determined us- 
ing the question, "On average, how many hours of 
sleep do you get in a 24-hour period?," and these 
estimates are consistent with those from other 

studies. As an illustration,  the prevalence of 7 
h is estimated to be 28.3% [13], or 6 h since hours 
were only measured in whole numbers. This value 
was greater in the 2007–2008 wave, at 39.92% [13]. 

Despite assertions to the contrary, data suggest 
that sleep duration has not dropped significantly 
in recent years, despite claims to the contrary. For 
instance, a study [14] looked at 15 different coun- 
tries’ patterns in worldwide sleep duration from 
the 1960s. In general, they discovered scant to no 
evidence that sleep duration is decreasing glob- 
ally, and particularly in the USA. Two US-based 
studies that used a comparable technique both 
indicated an increase in the proportion of those 
sleeping 6 hours or less while one found a minor 
decrease in the amount of sleep time [15,16]. The 
extremely high frequency of short sleep duration 
is therefore supported by the data, even though a 
claim of an increased prevalence of short sleep is 

not well supported by the current data. 

 
1.5. Sleep duration: Social and demo- 

graphic influences: 

It should be mentioned that the population’s 
distribution of sleep length varies. For instance, 
women are more prone than men to have short 
sleep durations [17]. Minority groups are also 
more prone to have short sleep duration [18]. Al- 
though poverty is a risk factor for poor sleep, 
these effects are not dependent on socioeconomic 
status [19]. Given the gender, racial/ethnic, and 
socioeconomic disparities in diabetes prevalence 
rates, as well as the possibility that sleep is con- 
tributing, these trends are particularly impor- 
tant. Particularly, sleep duration might con- 
tribute to racial/ethnic differences in diabetes and 
obesity [20]. The socialecological model of sleep 
and health makes an effort to integrate these el- 
ements into a single, cohesive theory that ex- 
plains how sleep interacts with upstream social- 
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environmental causes and downstream health ef- 
fects. 

1.6. Short Sleep Duration and Diabetes in 

Epidemiologic Studies of Sleep and Di- 

abetes Risk: 

The Centres for Disease Control and Prevention 
used the 2014 Behavioural Risk Factor Surveil- 
lance System to release prevalence data for insuf- 
ficient sleep based on the consensus statement is- 
sued by the American Academy of Sleep Medicine 
and Sleep Research Society. A third of US adults, 
according to this survey, may not get the appro- 
priate amount of sleep [12]. The distribution of 
sleep length of the population was determined us- 
ing the question, "On average, how many hours of 
sleep do you get in a 24-hour period?," and these 
estimates are consistent with those from other 

studies. As an illustration,  the prevalence of 7 
h is estimated to be 28.3% [13], or 6 h since hours 
were only measured in whole numbers. This value 
was greater in the 2007–2008 wave, at 39.92% [13]. 

Despite assertions to the contrary, data suggest 
that sleep duration has not dropped significantly 
in recent years, despite claims to the contrary. For 
instance, a study [14] looked at 15 different coun- 
tries’ patterns in worldwide sleep duration from 
the 1960s. In general, they discovered scant to no 
evidence that sleep duration is decreasing glob- 
ally, and particularly in the USA. Two US-based 
studies that used a comparable technique both 
indicated an increase in the proportion of those 
sleeping 6 hours or less while one found a minor 
decrease in the amount of sleep time [15,16]. The 
extremely high frequency of short sleep duration 
is therefore supported by the data, even though a 
claim of an increased prevalence of short sleep is 
not well supported by the current data. 

Short Sleep Duration and Diabetes in 

Epidemiologic Studies of Sleep and Dia- 

betes Risk 

Overwhelming evidence from meta-analyses 
shows that reduced sleep duration, such as 5 h 
per day (very short sleep) and 6 h per day (short 
sleep), is equally predictive of diabetes, with 
relative risks of 1.48 (95% CI 1.25, 1.76) and 1.18 
(95% CI 1.10, 1.26), respectively [21].  This is in 

contrast to other traditional diabetes risk factors, 
such as being overweight, having a family history 
of diabetes, and being physically inactive. In pre- 
diabetes, a condition that precedes diabetes and 
is characterised by decreased fasting glucose and 
glucose tolerance and blood sugar levels between 
5.6 and 6.9 mmol/L, the cardiometabolic effects 
of short sleep duration may be more pronounced. 
In one study, researchers discovered that people 
with short sleep duration (5 h) had a 2.06 greater 
risks of prediabetes (95% CI 1.00-4.22) than 
people with long sleep duration (>7 h) [22]. 

Short sleep duration has a strong correlation 
with diabetes and its effects in a variety of settings 
and across various populations. Men are more 
severely impacted by the harmful effects of short 
sleep duration on diabetes than women are [23]. 
The detrimental effects of short sleep duration on 
diabetes are consistently seen by racial/ethnic mi- 
norities in the USA [24]. A study discovered that 
black and white short sleepers (5 h) were 91% 
more likely to report a diabetes diagnosis than 
those who slept on average 6–8 h per day [25] in 
a nationally representative sample. 

Compared to blacks, whites had a greater corre- 
lation between short sleep duration and diabetes 
[26]. These two sets of studies show that inade- 
quate sleep and its link to diabetes affect people 
of all socioeconomic backgrounds, and that it is 
a widespread problem that needs immediate at- 
tention. Although there is strong evidence for the 
potential link between insufficient sleep and dia- 
betes, the underlying causative pathways are not 
well understood. Haemoglobin A1c (HbA1c), a 
measure of glucose metabolism, and sleep dura- 
tion, particularly short sleep duration, are linked, 
according to meta-analytical data [27]. The afore- 
mentioned data suggest that unhealthy glucose 
levels and insulin resistance may act as a medi- 
ator in the association between insufficient sleep 
duration and diabetes and its effects. 

Obesity in the present and in the future is 
linked to short sleep duration. Previous research 
suggests that a number of processes, including 
increased appetite/dietary intake, physical activ- 
ity, and/or thermoregulation, influence the link 
between inadequate sleep and obesity [28]. Ac- 
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cording to a meta-analysis of 16 cross-sectional 
research, short sleepers are more likely to have un- 
conventional eating patterns that stray from the 
recommended three meals per day, which typi- 
cally lead to eating very high-calorie items only 
occasionally during the day. Chronic health is- 
sues like obesity, cardiovascular disease, and car- 
diometabolic disorders can develop over time as a 
result of these bad eating and sleeping habits. Un- 
derstanding the causal chain that connects short 
sleepers to harmful dietary consumption behav- 
iors is crucial for addressing this tendency. Lep- 
tin and ghrelin, the hormones responsible for the 
physiological impulses of satiation and increased 
appetite, respectively, have a mediating function 
that may provide one explanation. Short sleep- 
ers typically had lower levels of leptin, higher 
levels of ghrelin, and higher body mass indices 
than ordinary sleepers [29]. Increased opportuni- 
ties for eating, increased weariness, and decreased 
thermoregulation are additional potential mecha- 
nisms. 

1.7. Sleep loss and diabetes risk: 

Potential Physiologic 

1.8. Mechanisms Insulin Resistance 

In a groundbreaking investigation, 11 healthy 
men were evaluated in the lab after 12 or 4 hours 
in bed. An intravenous glucose tolerance test was 
used to measure insulin and glucose levels at 5 and 
10 hours after meals. The findings demonstrated 
very clearly that the sleep deprivation condition 
was linked to greater baseline levels of insulin and 
glucose, which in turn led to higher homeostatic 
model assessment (HOMA) values, a sign of in- 
sulin resistance [14]. Numerous studies that were 
conducted after this one revealed similar results: 
lack of sleep was linked to higher insulin sensitiv- 
ity and may eventually result in insulin resistance 
[30]. These studies are often regarded as provid- 
ing the most compelling physiological evidence 
connecting sleep loss to the elevated prevalence 
of diabetes documented in epidemiologic studies. 
To better understand the mechanisms through 
which lack of sleep may cause insulin resistance, 
follow-up research are looking at the function of 

processes prior to insulin signalling. Sleep depri- 
vation may change adipocyte insulin signalling, 
which may be the cause of insulin resistance [31]. 

1.9. Leptin and Ghrelin 

The metabolic hormones leptin and ghrelin may 
play a role in the relationship between sleep and 
the risk of developing diabetes, according to a 
number of studies. Adipose tissue produces the 
hormone leptin, which is involved in signaling feel- 
ings of fullness. Acute sleep loss has been found in 
sleep laboratory experiments to lower leptin [13, 
17], which would presumably lead to decreased 
satiety. In contrast, the hormone ghrelin, which 
increases appetite, is produced by the stomach in 
a pulsatile way before meals. Acute sleep depri- 
vation has been shown to raise ghrelin in labora- 
tory investigations, which may indicate increased 
physiologic appetite [12, 13, 17]. This interplay of 
heightened appetite and diminished satiety may 
lead to excessive eating, which could put people 
at risk for obesity and diabetes. This interplay of 
heightened appetite and diminished satiety may 
lead to excessive eating, which could put people 
at risk for obesity and diabetes. Convergent al- 
terations to energy balance and subjective feelings 
of hunger have been seen in studies, which sup- 
port this idea [13]. Additionally, disturbances in 
leptin and ghrelin may potentially lead to insulin 
and glucose dysregulation, which has been inves- 
tigated in a number of different studies in relation 
to sleep deprivation [17]. 

Leptin has been investigated as a marker for 
adiposity because it is a hormone that is largely 
released by white adipose tissue [31]. However, 
it appears that its main roles involve alerting 
the hypothalamus to the level of available en- 
ergy reserves in order to modify food intake and 
energy expenditure [32]. When energy reserves 
are low, hypoleptinemia prompts the arcuate nu- 
cleus to upregulate agouti-related protein and 
neuropeptide Y, and the lateral hypothalamus to 
upregulate orexin and melanin-concentrating hor- 
mone. By downregulating pro-opiomelanocortin, 
cocaine, and amphetamine-regulated transcripts 
in the arcuate nucleus and brain-derived neu- 
rotrophic factor in the ventro-medial hypotha- 
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lamus, hypoleptinemia signals also increase ap- 
petite [33]. Additionally, leptin regulates re- 
ward perceptions and food motivation in the ven- 
trotegmental region and operates in the brainstem 
to increase satiety [34]. 

In comparison to a nonobese control group 
(mean BMI = 23), a human investigation found 
that sleep and leptin levels were higher before 
and after drastic weight loss (mean BMI = 41 to 
27). The obese group slept less than the nonobese 
group, averaging 360 minutes of sleep per night, 
which improved to 385 minutes after weight loss. 
Compared to the nonobese group (12 g/L), the 
obesity group had increased mean leptin secretion 
(35 g/L) during the 24-hour period [35]. Lep- 
tin levels considerably dropped after weight loss, 
falling to 17 g/L, where they no longer statisti- 
cally differed from the nonobese group. Accord- 
ingly, it appears that the decrease in fat mass 
caused decreases in leptin production, and that 
this effect overwhelmed any effects due to changes 
in sleep duration [35]. 

Sleep deprivation for 4 hours causes alterations 
in leptin secretion. They discovered that lack of 
sleep decreased leptin levels by 20% in rhythm 
amplitude, 26% in peak levels, and 19% in mean 
levels [36]. Similar to the last study, another 
one was conducted by the same team over the 
course of two days [13]. They discovered an 18% 
drop in leptin levels. Following a single night of 
sleep deprivation, leptin levels increased. Lep- 
tin amplitude decreases after sleep limitation [13]. 
However, research found that one night of insuf- 
ficient sleep did not affect leptin levels. How- 
ever, among teenagers, shorter-sleeping guys were 
the only ones with decreased leptin levels. There 
were no further connections discovered. A study 
discovered that a 3-week sleep intervention in a 
group of kids aged 8 to 11 decreased energy in- 
take and weight but showed lower leptin levels. 
[36]. 

Leptin levels drop and ghrelin levels rise when 
healthy sleepers are deprived of sleep, according 
to laboratory research [37]. This finding has been 
confirmed by epidemiologic research, which show 
relationships between habitually short sleep dura- 
tion and both decreased leptin and higher ghre- 

lin [37]. Ghrelin controls hunger and is produced 
in the stomach and pancreas. It is an endoge- 
nous ligand for the growth hormone secretagogue 
receptor 1-a (GHSR), a 28-amino acid peptide 
that has only recently been identified and given 
its name [37]. Most pertinent to this discussion 
are its activities in the hypothalamus, which are 
largely released by the stomach [37]. Ghrelin has 
distinct orexigenic and adipogenic actions at the 
level of the hypothalamus via the GHSR pathway. 

With increasing release during the day, espe- 
cially before meals, and considerable decrease 

at night, ghrelin has a well-established circadian 
rhythm. According to animal research, this sup- 
pression can be lessened with restricted feeding 
[15]. Ghrelin increases slow wave sleep in humans, 

according to numerous research [18]. 

Ghrelin may rise if you don’t get enough sleep. 
Animal models have demonstrated this [68, 109]. 
In a now-classic study, 12 healthy, young males 
were subjected to two nights of sleeping for only 
four hours. In comparison to a rested condition, 
total ghrelin levels were 28% higher following two 
nights of 4 hours of sleep [13]. The numerous stud- 
ies on ghrelin’s role in sleep limitation have been 
sparked by this one finding, which is commonly 
mentioned. Morning ghrelin concentrations were 
shown to be considerably higher after an acute 
sleep loss regimen [17]. Although ghrelin has not 
changed in other research, one of them discovered 
that it reduced during a 5-day sleep restriction 
period [22,23]. Men, but not women, who experi- 
enced sleep deprivation had higher ghrelin levels 
[37,28]. Few studies have used total sleep depri- 
vation in contrast to those that used partial sleep 
deprivation, but one study discovered higher ghre- 
lin levels [37-39]. 

Age may also be important. A 1.5-hour sleep 
time reduction in a study of 8 to 11-year-olds 
did not result in a change in ghrelin levels [39]. 
Greater ghrelin levels were linked to shorter sleep 
duration [35], particularly in the nonobese sub- 
sample. greater sleep durations were positively 
correlated with greater ghrelin levels [40]. Sleep 
and ghrelin levels were found to be related [41]. 
Actigraphically assessed sleep in adults in the gen- 
eral population was not linked to ghrelin or a sam- 
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ple of postmenopausal, sedentary, or overweight 
women [32]. Shorter habitual sleep duration was 
linked to higher ghrelin in the Wisconsin Sleep 
Cohort Study’s data, which was a prospective co- 
hort study that included middle-aged adults [35]. 

1.10. Inflammatory Cytokines: 

A cytokine produced by active macrophages is 
TNF-α. It performs a variety of proinflammatory 
functions, including activating the acute phase re- 
sponse. Additionally, it contributes to chronic in- 
flammation. TNF-α was given its name when it 
was found to cause tumour cells to undergo apop- 
tosis [42]. Several relevant immune cell functions 
are encouraged by TNF-α [42]. The nuclear fac- 
tor kappa (NFk) B and mitogen-activated protein 
(MAP) kinase pathways are two of TNF-α’s main 
targets. MAP kinase is involved in many physio- 
logical activities, including reaction to stressors 
and gene expression. NFkB is a protein com- 
plex that regulates DNA transcription and is im- 
plicated in cellular responses to stressors. These 
functions support immune response and cell con- 
trol when combined. 

Although TNF-α and sleep have been the sub- 
ject of numerous studies, some of the findings 
are conflicting. For instance, one study discov- 

ered that males, but not women, had higher 24- 
hour TNF-levels when their sleep was limited to 
6 hours over the course of 12 nights. Increases in 

TNF-α messenger RNA expression were discov- 
ered in another investigation of one night of sleep 
restriction [43,44]. Not all studies produced en- 
couraging results. TNF-α levels did not rise in 

a research when sleep was limited to two 2-hour 
naps [45]. The TNF-p55 receptor, a crucial part 

of many of TNF-α’s functions, was not altered 

by sleep restriction for 10 days, according to an- 
other study [44]. However, it is possible to demon- 
strate increases in TNF-α without corresponding 

increases in receptor levels, as was the case in one 
investigation with complete sleep deprivation [22]. 

The contradictory results could be partially ex- 
plained by individual variability in susceptibility 
to sleep loss and the many receptor types in- 
vestigated [9]. TNF-α has only been examined 

once in a population-based environment. Shorter 

polysomnographic sleep, which might not be con- 
nected to habitual sleep, was linked to higher 
TNF-α in the Cleveland Family Study, where each 
hour of sleep was linked to an 8% increase in TNF- 
α [20]. When considered collectively, these results 

imply that sleep may regulate TNF-α function. 

IL-6 is a pro-inflammatory molecule, similar 

to TNF-α. Similar to TNF-α, it is released by 
macrophages and T-cells and is crucial for both 
the acute phase response and chronic inflamma- 
tion. It also affects how the body regulates its 
temperature and encourages the use of energy in 
adipose tissue, where 15–30% of IL-6 is expressed. 
Interestingly, visceral adipose tissue releases IL-6 
2-3 times more than subcutaneous adipose tissue 
[45]. This could be a factor in the association 
between IL-6 levels and obesity. It should be em- 
phasised that IL-6 can have anti-inflammatory ef- 
fects as a result of its ability to suppress TNF-α 

and IL-1 while promoting the anti-inflammatory 
IL-10 [45]. 

There is a diurnal rhythm to IL-6. It is 
strongest at night, and an increase is seen right 
before falling asleep [23]. Slow wave sleep, which 
makes up a large portion of the early stages of 
sleep, then suppresses IL-6 [23]. Lack of sleep 
causes the nighttime peak of IL-6 to be delayed 
(pushed back), which may explain why there is 
oversecretion during the day and undersecretion 
at night has been seen [23]. When IL-6 is given ex- 
ogenously, slow wave and REM sleep are inhibited 
in the early hours of the night, with a rebound in 
the late hours [23]. Interestingly, a study of night 
shift work found greater secretion at night [24], 
despite the fact that sleep deprivation in the lab 
may result in nocturnal undersecretion. 

Numerous lab tests have looked at how experi- 
mental sleep deprivation affects IL-6. When sleep 
was limited to 4 hours per night (as opposed to 8 
hours), Haack and colleagues discovered that af- 
ter 12 days in the lab, IL-6 levels had increased 
by 62% [46]. Similarly, IL-6 secretion was in- 
creased in a subsequent 12-day laboratory exper- 
iment (this time with a 6-hour sleep restriction) 
[15]. Since 24-hour sampling was possible, it was 
demonstrated that variations were discovered be- 
tween 18:00 and 24:00 and 3:30 and 6:00. An rise 

https://sjhresearchafrica.org/index.php/public-html/$$$call$$$/grid/issues/future-issue-grid/edit-issue?issueId=24


8 June 29, 2023 

Student’s Journal of Health Research Africa 

Vol. 4 No. 6 (2023): June 2023 Issue 

https://doi.org/10.51168/sjhrafrica.v4i6.499 

Original article 

 

in IL-6 was seen in 13 healthy young men follow- 
ing five nights of sleep deprivation to 4 h, and 
this increase persisted even after a brief window 
of recovery [25]. 

Numerous studies have also looked on routinely 
sleeping. Elevated IL-6 (7% rise per hour) was 
linked to self-reported lengthy sleep duration in 
the Cleveland Family Study [20]. Long periods 
of sleep were linked to increased IL-6. The acti- 
graphic sleep duration was found to be negatively 
correlated with IL-6 in a study of Alzheimer’s car- 
ers and controls [27], and a study of mothers found 
that self-reported short sleep of 5 h was associated 
with elevated IL-6 at 3 years postpartum. How- 
ever, these studies did not find associations with 
short sleep [47]. 

The risk of cardiovascular disease has been 
linked to habitually short sleep duration [4, 7], 
while the underlying causes are unclear. Increased 
neurobehavioral stress response, increased oxida- 
tive stress, and increased inflammation are some 
of the proposed mechanisms. The discovery of el- 
evated inflammatory biomarkers associated with 
brief sleep duration lends evidence to some of 
these suggested processes. This finding has been 
examined in the context of population-based in- 
vestigations of habitually short sleepers as well as 
laboratory studies of sleep deprivation of normal 
sleepers [4]. In particular, increases in IL-6 and 
TNF-α have been linked to short sleep in pop- 
ulation [20, 28] and laboratory [15-18] research, 
but they have not been tested in confirmed short 
sleepers. 

 
1.11. Possible Behavioural Mechanisms 

Correlating Sleep Deprivation with 

Diabetes Risk: 

There are several potential indirect channels by 
which behavioural mechanisms may be involved, 
in addition to physiologic pathways linking sleep 
loss and diabetes risk. Lack of sleep may in- 
crease calorie intake over the course of a day, im- 
pair decision-making, which may cause a person 
to choose more unhealthy foods, and increase the 
possibility of other harmful behaviours that raise 
the risk of diabetes. 

1.11.1. More calories consumed: 

Studies have indicated that losing sleep might 
lead to an increase in calorie consumption over 
the course of a 24-hour period. When given only 5 
hours of sleep, wealthy people consumed roughly 
500 more calories per day than those who were 
well-rested, and this increase in caloric intake was 
linked to a rise in energy expenditure at night, 
when people are typically asleep[48]. Addition- 
ally, this study demonstrated that the increased 
calorie intake only happened at night, but the 
caloric intake in the morning was somewhat de- 
creased. This conclusion was confirmed in a group 
with a wider range of backgrounds in a sizable in- 
vestigation by Spaeth and colleagues [29,30]. 

Over the course of five days, this higher en- 
ergy consumption was linked to a weight gain of 
roughly 1 kg, but Black and African-American 
males were more likely to gain weight than 
non-Hispanic White men or Black or African- 
American women. White women who are non- 
Hispanic showed the least weight gain. In a dif- 
ferent laboratory experiment, increased food con- 
sumption after sleep deprivation was limited to 
high-calorie snacks [49]. In order to avoid gain- 
ing weight and increasing the risk of developing 
diabetes, sleep loss may increase energy intake at 
night, especially from sources that are high in en- 
ergy [49]. 

1.11.2. Decision-Making Issues: 

Unhealthy food selections might also result in 
unhealthy eating. Making appropriate dietary 
choices can be challenging, and this difficulty may 
increase if you are experiencing sleep loss. Execu- 
tive function is hampered by lack of sleep [32–36]. 
A person’s capacity to appropriately balance the 
risks and advantages of a course of action may be 
restricted by sleep loss, which also encourages he- 
donic decision-making [37, 38]. These can result 
in bad eating habits, which could raise the chance 
of developing diabetes. 

1.12.  Possibility  of Other  Unhealthy Be- 

haviours Being More Likely: 

Regularly short sleep duration is linked to other 
bad behaviors that may raise the risk of diabetes. 
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A more sedentary lifestyle is linked to general 
sleep disruptions [42], perceived insufficient sleep 
[41], and habitually short sleep duration [39, 40]. 
Additionally, smoking has been linked to both 
short sleep duration and poor sleep quality [43, 
40]. Alcohol abuse is also more common in peo- 
ple who have trouble sleeping [44, 45]. When com- 
bined, sleep issues like insufficient sleep time and 
poor sleep quality can result in unhealthy behav- 
iors that are risk factors for diabetes. 

Obese people frequently have type 2 diabetes 
mellitus (T2DM) and obstructive sleep apnea 
(OSA). When the information from the five 
NHANES investigations was combined, it became 
clear that among the three factors of age, race, 
and body mass index (BMI), BMI was the one 
that most significantly influenced the prevalence 
of diabetes [46]. Insulin resistance and decreased 
insulin secretion are two features of T2DM in 
obese people. It has been demonstrated that OSA 
causes insulin resistance even in the absence of fat, 
albeit the precise mechanism is unknown [47]. 

The frequency of OSA among T2DM patients 
varies greatly. This disparity results from the 
different study populations and respiratory dis- 
turbance index (RDI) definitions used to quan- 
tify sleep-breathing issues [48]. In his obese, di- 
abetic population, OSA was present 86% of the 
time. Similarly, their T2DM patients had an OSA 
prevalence of 77%. They also observed worsen- 
ing glycemic control as OSA severity increased. 
Although this study was constrained by its size 
and the use of a screening questionnaire for ex- 
cessive tiredness and snoring prior to recruitment 
[49], the prevalence of OSA in his diabetic sam- 
ple was estimated to be 70%. 36%, which is a 
slightly lower prevalence. The anticipated preva- 
lence in the aforementioned research was substan- 
tially higher than the actual prevalence, which 
was only about 18% of the population. The bidi- 
rectional association between these chronic medi- 
cal problems has also been confirmed by a higher 
prevalence of T2DM in OSA patients [50]. 

 
1.12.1. Obesity and obstructive  sleep  apnea: 

With a proportionally rising prevalence of OSA 

with increasing BMI, obesity is one of the biggest 

risk factors for its onset [51]. While the preva- 
lence of OSA is thought to be between 0.15 and 
0.3% in the general population, it is thought to be 
between 19 and 31% in the obese population. The 
upper airway obstruction is caused by changes in 
upper airway mechanics brought on by an increase 
in BMI. The development and progression of OSA 
have been linked to a number of causes, includ- 
ing increased pharyngeal fat deposition, airway 
edema, changes in leptin signaling pathways, as 
well as a decrease in functional residual capacity. 

 
1.12.2. Diabetes Type 2 and Sleep Apnea: 

Reduced peripheral insulin responsiveness, 
which leads to decreased glucose absorption and 
glucose intolerance, is a hallmark of insulin re- 
sistance. It has been demonstrated that sleep 
apnea is independently linked to increased insulin 
resistance, regardless of weight, age, or body fat 
distribution. This association’s pathophysiology 
is thought to be caused by sleep apnea’s effects 
on sleep, specifically intermittent hypoxia (IH) 
and sleep fragmentation, which cause sympa- 
thetic nervous system activation, oxidative stress, 
systemic inflammation, dysregulation of the hor- 
mones that control appetite, and activation of 
the hypothalamic-pituitary-adrenal axis. These 
processes play a role in the development of insulin 
resistance [52]. 

Insulin resistance is assumed to be mostly in- 
fluenced by the activation of the sympathetic 
nervous system by IH brought on by sleep ap- 
nea, which decreases insulin sensitivity, insulin- 
mediated glucose absorption, and insulin produc- 
tion. By stimulating the hypothalamic-pituitary- 
adrenal axis, sympathetic nervous system activity 
may enhance cortisol production. Cortisol boosts 
glucose synthesis, lowers peripheral glucose ab- 
sorption, and prevents pancreatic beta cells from 
secreting insulin. Reactive oxygen species (ROS), 
which are produced as a result of oxidative stress 
related to IH, may exacerbate insulin resistance 
by preventing muscle and adipose tissue from ab- 
sorbing insulin-induced energy substrates. Low 
levels of hormones that control hunger, such as 
leptin and adiponectin, have been linked to in- 
creased insulin resistance. Reduced glucose toler- 
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ance may also be a result of sleep apnea, which 
causes sleep fragmentation, sleep deprivation, and 
REM sleep loss [53]. 

1.12.3. Oxidative stress, inflammation, and 

sleep apnea: 

Sleep apnea-related H may cause oxidative 
damage and the generation of ROS, which sup- 
ports an inflammatory state [54]. The release  
of insulin may be suppressed and the uptake of 
glucose may be inhibited in peripheral tissues. 
Both cell proliferation and cell death in pancre- 
atic beta cells have been linked to oxidative stress 
[54]. Continuous positive airway pressure (CPAP) 
therapy has been demonstrated to lessen oxidative 
stress. Endothelial dysfunction, increased arterial 
stiffness, and raised serum inflammatory mark- 
ers are all linked to moderate to severe OSA [54]. 
With higher levels of circulating inflammatory cy- 
tokines including interleukin-6 and tumour necro- 
sis factor alpha, which have been demonstrated 
to play a role in the aetiology of insulin resis- 
tance and T2DM, diabetic individuals also exhibit 
a baseline proinflammatory state [54]. It is un- 
known how precisely chronic inflammation con- 
tributes to the development of insulin resistance 
in patients with sleep apnea. 

1.13. Therapy for Sleep Apnea: 

Uncertainty surrounds the potential method by 
which CPAP therapy may affect glycemic con- 
trol. Improved glycemic control may arise from 
the elimination of occasional hypoxia and sleep 
fragmentation with CPAP therapy [55]. CPAP 
therapy’s favourable impact on individuals with 
OSA and T2DM’s insulin resistance [55].Due to 
short-term follow-up and small sample numbers, 
the few randomised control trials (RCT) that have 
been conducted to assess the impact of CPAP 
therapy on glucose control in diabetes patients 
have shown mixed results. 

Over the course of 24  weeks,  CPAP  ther- 
apy had a positive impact on insulin resistance 
and glycemic management in OSA patients with 
poorly managed diabetes mellitus. Patients with 
severe OSA did not just benefit from these ad- 
vantages. This improvement was believed to be 

attributable to the proinflammatory condition as- 
sociated with CPAP therapy being reversed [56]. 
It is unclear how long CPAP therapy should 
last. According to research, rather than non- 
rapid eye movement (NREM) sleep, apneas and 
hypopneas connected to REM sleep are associ- 
ated with glycemic control in T2DM [51]. When 
compared to individuals who only used CPAP for 
4 hours, patients who continued using it for up to 
7 hours experienced higher reductions in HbA1c 
levels [51]. 

In conclusion, CPAP use is linked to better 
glycemic control and insulin sensitivity. The 
longer duration of CPAP usage and higher com- 
pliance with CPAP therapy in patients with inad- 
equate diabetes management may be connected to 
these positive outcomes. 

 
2. Conclusion: 

Numerous physiological functions, many of 
which are involved in the control of metabolism, 
depend on sleep. It’s possible that this is why in- 
adequate sleep and sleep disturbances have been 
recognised as novel and significant risk factors for 
the onset of diabetes. This is especially concern- 
ing given that a third of Americans report getting 
little sleep, and that three quarters or more of dia- 
betics also suffer from sleep apnea, a sleep disease 
that is quite common in middle-aged and older 
adults. 

 
3. Limitations: 

The study limitations include that we may not 
have identified some studies that were unpub- 
lished or published in other languages. Second, 
all the studies relied on self-reported sleep du- 
ration, whereas actigraphy and polysomnography 
(the gold standard) may provide more objective 
measures. 

 
4. Recommendations: 

It is necessary to raise awareness of the value of 
sleep in understanding and controlling diabetes. 
Current research points to behavioural and phys- 
iological pathways that connect sleep to the risk of 
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diabetes and obesity. Future studies are required 
to determine the molecular relationships between 
sleep and metabolic dysfunction as well as the 
epidemiologic associations between diabetes and 
particular sleep phenotypes. 
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