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Abstract

Purpose One of the aspects of lifestyle affecting weight and metabolic factors is the sleep pattern that is most neglected. Sleep
pattern includes the quality and quantity of sleep throughout the day. According to studies, a high prevalence of disorders
in sleep pattern is seen in people, especially obese. The goal of this review is to highlight the link between sleep pattern and
anthropometric indicators and metabolic risk factors.

Method We performed a search of journals and articles by utilizing the Institute for Scientific Information database available
under the banner of the Web of Science, SCOPUS, and Google Scholar database through keywords such as: Sleep quality,
Sleep duration, Obesity, Fasting blood sugar, Lipid profile. Next, we manually reviewed the contents of these articles.
Results Bedtime, shift work, sleep duration, daytime sleep, and sleep quality can be considered as important factors in human
health. All of this indicates the importance of circadian rhythms in the body. Given the accumulating evidence for profound
effects of sleep pattern, one important area of investigation is to scrutinize its roles in weight, body composition, appetite,
and metabolic variables modulation. There are also several mechanisms for expressing these effects.

Conclusion There is ample evidence to suggest that enough sleep and early bedtime exert several beneficial effects on health.
In contrast, insufficient and untimely sleep is known to cause obesity and metabolic disorders. In light of this, management

of sleep has become a priority in recent years.

Keywords Sleep quality - Sleep duration - Obesity - Fasting blood sugar - Lipid profile

1 Introduction

Sleep schedule is influenced by multiple factors such as
homeostatic processes, environmental factors such as work-
ing hours and social factors. Sleep consists of two compo-
nents including duration of sleep as the quantitative com-
ponent, and the people reports of the depth and feeling of
restfulness on awakening as the qualitative component [1].
An accumulating body of evidence suggests that sleep dep-
rivation can lead to impaired glucose tolerance and increased
appetite, blood pressure, and cardiovascular risk factors [2].

< Samira Rabiei
samirarabiei @yahoo.com

Department of Nutrition Research, National Nutrition

and Food Technology Research Institute and Faculty

of Nutrition Sciences and Food Technology, Shahid Beheshti
University of Medical Sciences, Tehran, Iran

2 West Arghavan St., Farahzadi Blvd., Sharake Qods, Tehran,
Iran

Furthermore, researchers believe that insufficient sleep dura-
tion causes neurological and physiological changes. Accord-
ing to the results of a longitudinal study, the amount of vis-
ceral fat in people whose sleep duration is less than 6 h and/
or more than 9 h, is significantly higher than others [3]. It
has also been revealed that the pathways of insulin secretion
in people with insufficient sleep (4.5 h) are down regulated
in comparison with those with adequate sleep (8.5 h) [4].
People with short and/or long sleep duration clearly show
the components of the metabolic syndrome, and, therefore,
it can be concluded that the relationship between sleep dura-
tion and metabolic syndrome is a U-shaped relation [5].
Imaging results from different areas of the brain show that
sleep deprivation is associated with lower activity of appe-
tite-sensitive brain areas in the frontal and insular cortex and
higher amygdala activity. Sleep deprivation, even overnight,
can affect energy expenditure and metabolism; As it reduces
post-absorption energy expenditure and increases morning
levels of ghrelin, cortisol, and norepinephrine [6, 7].
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In addition to sleep quantity, poor sleep quality can also
lead to impaired ability to think, concentrate, deal with
stress, and weakened the immune system [3]. On the other
hand, the prevalence of sleep disorders in Iranian adults has
been reported between 15 and 42% and in parallel with that
the overall prevalence of obesity and metabolic syndrome
is on the rise [8]. Disturbance in the normal sleep pattern,
both quantitatively and qualitatively, is known as sleep dis-
orders. There are some types of sleep disorders. One of the
major types of sleep disorders is circadian rhythm disor-
ders. It refers to problems with the sleep—wake cycle, so
that make people unable to sleep and wake at the right times
[9]. Since about a third of a person's life is spent in sleep,
sleep disorders can threaten people's health, both directly
and indirectly [3].

Given the evidence that poor sleep quality and sleep
deprivation are all associated with the risk of obesity, some
researchers suggest that modifying sleep disorders, both
quantitatively and qualitatively, can regulate the body's cen-
tral clock system and help with weight management [10].

Studies have not yet reached the definitive conclusion
about body metabolic responses to the sleep patterns and
research is ongoing. Accordingly, the content of this review
provides a summary on the current body of knowledge on
the differential effects of quality and quantity of sleep on
anthropometric parameters, body composition, serum lipid
and glycemic profile. It also refers to the putative mecha-
nisms underlying this association and reflects the contro-
versies on this topic.

2 Association Between Sleep Pattern
and Anthropometric Indicators

Poor sleep quality alters the circadian rhythm, which
increases body fat mass through various abnormalities such
as eating disorders and hormonal imbalance [11]. On the
other hand, sleep deprivation can impair hormone regulating
sleep such as orexin, monoamine, acetylcholine, and GABA
and melatonin [12—14]. In support of this, some studies have
reported an association between sleep deficiency and higher
fat mass in middle-aged people [15—17], adolescents [16],
and students [17]. Various mechanisms may explain the
association between poor sleep quality with increased waist
circumference, weight gain, and obesity [18, 19]. Previous
studies have shown that both acute and chronic sleep depri-
vation and poor sleep quality can lower serum leptin levels
and increase ghrelin levels [20, 21] [22]. Leptin, reduces
food intake and increases energy expenditure, while ghre-
lin, as a strong appetite stimulant, lead to polyphagia [23].
So, changes in serum level of leptin and ghrelin induced
by sleep disorders, lead to obesity [24]. Leptin levels rise
during sleep [25-27]. One of the reason for this elevation is
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leptin response to daytime meal ingestion [26]. On the other
hand, sleep deprivation increases the activity of sympathetic
nervous system and activation of sympathetic nervous sys-
tem, which in turn, inhibits leptin release [28]. So, it is pos-
sible that sleep deprivation leads to decrease in leptin levels.
So, sleep plays an important role in energy balance. In a
study published in 2018, Jurado-Fasoli and colleagues exam-
ined the relationship between sleep quality, anthropometric
parameters, and body composition in sedentary middle-aged
people. Their results revealed that sleep quality score (based
on Pittsburgh sleep quality index or PSQI questionnaire) is
inversely related to lean body mass and directly related to fat
mass [29]. Regarding the effect of poor sleep quality on the
reduction of muscle mass, several mechanisms can be pro-
posed. For instance, increased secretion of cortisol as a cata-
bolic hormone [30], which is known as a wasting stimulant
and inhibitor of muscle protein synthesis [31]; disruption of
the physiological rhythm of the anabolic hormone testoster-
one and the consequent decrease in muscle synthesis; altera-
tion in the peak of growth hormone secretion, as an anabolic
hormone [32]; decreased the concentration of insulin-like
growth factor-1 (IGF-1) [22], which plays a crucial role in
stimulating the synthesis of muscle proteins [33]; increased
proinflammatory cytokines [32], which leads to muscle
atrophy [33]; and increased insulin resistance [34], which
is a limiting factor in protein synthesis in muscle cells [35].
In addition, sleep disorders affect neurohormones, increase
calorie intake and cause fatigue [36, 37]. All of these fac-
tors may lead to muscle mass reduction. Furthermore, some
researchers claim that in an environment where food is read-
ily available, insufficient sleep can be a way to increase the
chance of eating and, consequently, weight gain, especially if
most of waking hours spend in a sedentary state like watch-
ing TV with a snack [38]. So, disorders in sleep patterns
may change the body composition, in favor of accumulation
of fat mass.

3 Association Between Sleep Pattern
and Metabolic Factors

Most studies in this area have been performed on patients
with diabetes or other chronic diseases [39-41]. For exam-
ple, Byberg and colleagues in 2012, examined the asso-
ciation between quantity and quality of sleep with glu-
cose homeostasis alterations. According to the results,
each hour increase in sleep duration was associated with
a 0.3% decrease in HbAlc and a 25% reduction in the risk
of impaired glucose regulation. In addition, every 1-point
increase in sleep quality was associated with a 2% increase in
insulin sensitivity index (0.120) [42]. One of the important
mechanisms is that short sleep duration along with oxida-
tive stress increases inflammation by inducing inflammatory
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mediators such as C-reactive protein (CRP), increases corti-
sol, activates the sympathetic system, and raises catechola-
mine levels [43]. Sleep restriction leads to insulin resistance
due to increased levels of free fatty acids and subsequent
inflammatory cytokines such as interleukin (IL)-1f, IL-6,
IL-17, and CRP [44]. According to the Whitehall II study,
each hour of sleep deprivation per night causes an average
of 8.1% increase in CRP and 4.5% increase in IL-6. These
results are averaged across measures both at baseline and
after 5 years of follow-up [45]. Based on what was observed
in experimentally sleep-restricted women, another possi-
ble mechanism by which sleep deprivation induces insulin
resistance is a decrease in levels of glucagon-like peptide-1,
which in turn increases glucose-induced insulin secretion
following nutrients ingestion [46].

Table 1 shows some studies investigating the association
of sleep quantity and quality with anthropometric and meta-
bolic factors in different population.

4 Association Between Bedtime, Meal Time,
Circadian Rhythm and Weight Changes,
and Metabolic Factors

Both metabolic and hedonic mechanisms regulate body
weight [58]. Sleeping late leads to a hedonic overeating in
which hyperphagia is mainly due to the response to food
stimuli and exposure to an obesogenic environment not a
disturbance in satiety signals. To obviate this problem, in
addition to modifying sleep time, the environmental factors
such as food availability and accessibility should be con-
trolled and behavioral training should be addressed [59].
Although several studies have reported an association
between bedtime and obesity [60-62], the effect of bedtime
on the body's circadian system is not yet well understood
and there is still no consensus [63]. For example, a 2019
study by Mi et al. found no significant relationship between
sleeping and waking hours with circadian rhythm [47]. Cir-
cadian rhythm refers to rthythmic fluctuations in physiologi-
cal processes that enable living organisms to adapt to the
environment and optimize their metabolism [64]. However,
some researches have shown that untimely eating can cause
an imbalance between the circadian rhythm and peripheral
clock, and disrupt the body's normal metabolism. Animal
studies show that consuming a high-fat diet during the inac-
tive (dark) phase leads to a significant weight gain compared
to consuming the same amount of food in the active phase
(light). Fat mass gain was significantly higher in mice fed a
high-fat diet during the rest phase in comparison with mice
fed HFDs during the active phase [65]. Consistent with these
results, another study showed that fat mass gain was higher
in mice that fed normal chow during the rest phase than in
those that fed during active phase [66]. The possible reason

for these observations is that the imbalance of energy intake
and energy expenditure results in deleterious metabolic
effects of the rest phase TRF [65-67]. In fact, not only what
is consumed, but also when consumed can determine body
weight. The results of a study by Laermans et al. show that
the rate of weight loss in obese and overweight people who
eat lunch later is significantly lower than people who eat
lunch earlier. This is while they have similar calorie intake
and energy expenditure, sleep duration and appetite hormone
levels [10]. In 2013, Garaulet et al. examined the effect of
meal time on weight loss in 420 adults with a mean age
of 42 years and an average BMI of 31.4 kg/m® following
a 20-week weight loss program. Participants were divided
into two groups: early consumers (before 3 o'clock) and late
consumers (after 3 o'clock) based on lunch time. The amount
of energy intake and energy expenditure, the level of appetite
hormones and the duration of sleep were determined. Find-
ings of this study showed that people who ate their lunch
later lost less weight and their weight loss rate was slower
in these 20 weeks (p =0.002). Energy intake, diet compo-
sition, appetite-related hormone levels and sleep duration
were similar between the two groups. Participants in the
late-consumer group had lower-calorie breakfasts and were
more likely to skip breakfast. Overall, this study showed that
eating lunch late may reduce weight loss success. Therefore,
new therapeutical approaches should not only focus on calo-
rie intake, but also on meal time [68].

The association between abnormal short-term feed-
ing with peripheral clock disorders resulting in obesity,
hyperphagia, physical inactivity, and metabolic disorders
was studied by Yukiyasumoto et al. The variables were
compared between mice fed only during the rest phase
and mice fed only during the active phase. The diets of
both groups were similar and high in fat. After 1 week,
it was found that overeating and weight gain were more
common in mice fed only during the rest phase than in
mice that fed only in the active phase and showed a more
significant increase in serum leptin levels which indicates
leptin resistance. Secretion of neuropeptide Y and agouti-
dependent protein were also significantly higher in inactive
phase mice. Serum insulin peak was higher in inactive
phase mice, although the two groups did not express sig-
nificant differences in insulin resistance and HOMA-IR
index. Increased expression of lipogenic genes including
Scdl, Acaca and Fasn in inactive phase mice prompted
hepatic free fatty acids, triglycerides and cholesterol accu-
mulation. Overall, the results of this experiment showed
that eating in the inactive phase causes obesity, overeating,
leptin resistance, metabolic disorders, and hepatic steatosis
which all are due to inconsistency with the body clock
[69]. Some researches show that calorie intake after 8 pm,
after adjusting the effect of bedtime and sleep duration, is
still associated with a higher BMI [70]. Some researchers
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also claim that night shift workers have significantly
higher post-absorption-glucose, insulin, triglycerides, and
fat mass and lower insulin sensitivity [71]. This suggests
that food provides metabolic adaptation only if consumed
in the active phase. Although the mechanisms of the rela-
tionship between untimely eating habit and obesity are
not yet well understood, one possible mechanism may be
related to changes in serum leptin levels. This means that
untimely eating leads to overeating, which is partly due to
the malfunctioning of appetite regulation systems. Just as
the body's circadian clock controls the expression of the
leptin gene as an appetite suppressant hormone, disrup-
tion of the circadian rhythm leads to a decrease in serum
leptin throughout the day. The body's circadian rhythms,
metabolism, and nutrition are closely intertwined [66,
72]. The major genes expressed in adipose tissue follow
a circadian rhythmic pattern. Therefore, observing circa-
dian order in the expression pattern of these genes has a
significant effect on adipose tissue [68]. Therefore, eating
according to this rhythm has a significant effect on adipose
tissue by regulating the expression of these genes. Over-
all, understanding the potential physiological mechanisms
involved in the development of metabolic disorders result-
ing from untimely eating is critical to providing effective
therapeutical approaches.

5 Conclusions

As a whole, proper and timely sleep, with sufficient dura-
tion and quality has significant effects on health. This is one
of the ways to achieve and maintain a healthy weight and
body composition and reduce metabolic risk factors such as
lipid and glycemic profile disorders. It is worth noting that
oversleep and under sleep both increase the risk of metabolic
syndrome. Taking into consideration the health benefits, it is
recommended that adequate and timely sleep be considered.
The major rationale for changing a person’s sleep pattern
is to blunt manifestations of the metabolic abnormalities.
Lifestyle modification is the first step in improving the quan-
tity and quality of sleep. Having a proper schedule for daily
activities, postponing work to early morning instead of late
night, meditating before bed, eating early dinner and sleep-
ing at a certain time can help improve the quantity and qual-
ity of sleep and thus reduce the risk of metabolic disorders.
Information provided in this review, can have significant
clinical implications to human health and behavioral thera-
pies for the prevention and treatment of obesity and meta-
bolic abnormalities. Further studies are required, however,
to determine the precise mechanisms involved in the effects
of sleep pattern on body composition, energy metabolism,
and metabolic syndrome.
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