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Background: Efficient sleep duration and its quality are increasingly recognized as impor-
tant contributors for maintaining normal body weight. However, lifestyle and social structure
within the Arab-gulf region differ compared to those in the western world. This study was
specifically conducted in Kuwait’s population to investigate the link between sleep quality
(SQ) and obesity in the absence of sleep apnea (SA) onset.

Methods: SQ was measured by the Pittsburgh Sleep Quality Index (PQSI) in 984 partici-
pants, then verified in 60 individuals including 20 lean (Body mass index/BMI: 18.5—
24.9 kg/m?), 20 overweight (BMI: 25-29.9 kg/m?) and 20 obese (BMI: >30 kg/m?) through
actigraph worn over the right-hip for 7 consecutive days to characterize their sleep—wake
cycle, rest-activity, and physical activity. Blood samples were collected for metabolic
markers.

Results: 59.6% of participants reported a PSQI score higher than 5, with 57.6% of the
participants reporting less than 6 hours of sleep per day. The data show that both SQ and
sleep duration are considered inadequate in comparison to the international SQ standards. We
found a significant association between SQ and obesity independent of age and sex.
Actigraph data further supported the independent association of sleep duration on BMI
within the population (p < 0.001). Additionally, total sleep time (TST) was found to
significantly correlate with several other metabolic factors including diastolic blood pressure,
elevated resting heart rate (RHR), triglycerides, total cholesterol, homeostatic model assess-
ment for insulin resistance (HOMA-IR), C-peptide, and C-Reactive Protein (CRP) secretion.
Further multiple-regression analysis showed a significant independent association between
blood pressure (p < 0.03), HOMA-IR (p < 0.04), and C-peptide (p < 0.3) and sleep duration.
Conclusion: These findings suggest that sleep deprivation and disturbance could be indirect
factors involved in the development of not only obesity in Kuwait but also other metabolic
syndromes such as type 2 diabetes.
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Introduction

Obesity prevalence has exponentially increased over the past five decades, and
become a worldwide problem reaching pandemic proportions. According to the
World Health Organization (WHO), there are approximately 1.9 billion overweight
adults worldwide with a body mass index (BMI) of 25-29 kg/m?, of which,
650 million individuals are considered subjects with obesity with a BMI of
30 kg/m® or higher.” Obesity has been linked with many metabolic syndromes
including hypertension, cardiovascular disease (CVD) and type 2 diabetes (T2D).
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Apart from affecting adult populations, obesity has also
been identified as one of the causes of premature deaths.®>
The prevalence of obesity in a population might be an
outcome of genetic and environmental factors.® In regard
with environmental factors, lifestyle changes, especially
the global trends of extensive consumption of processed
foods have been the major driver of obesity pandemic. In
Kuwait, the estimated prevalence of obesity and metabolic
syndromes such as diabetes is reported to be 47.5% and
36.2%, respectively.” One of the driven factors for such
high prevalence in obesity in Kuwait is donated to the fast-
socioeconomic growth that boomed in the country in the
past few decades. Similar to the changes observed in other
countries in the region, those rapid changes influenced
eating habits by favoring the consumption of western
style fast food™® as well as inducing bad sleep behavior
in young population.'®"!

Sleep is considered to play a major role in health main-
tenance. Sleep restriction or disorders my result in impaired
metabolism and endocrine dysfunction.'” Increasing evi-
dence over the past decades has pointed to the link between
sleep quality  (SQ) | R
Interestingly, the accumulating evidence supports obesity as

poor and increased BM
a cause of sleep disturbance as well as the sleep disturbance
as a cause of obesity. This relationship looks to be bidirec-
tional with the evidence indicating that obesity can trigger
onset of sleep apnea (SA); a sleep disorder in which breath-
ing is repeatedly interrupted during sleep known to increase
metabolic impairments.>'” SA may lead to chronic sleep
deprivation from constant nightly sleep interruptions and
repeated episodes of shallow sleep.!” Both sleep quality
and sleep duration might get impaired in individuals with
obesity without SA.'"® Other obesity-related pathological
conditions that can affect sleep quality and duration include
the irritable bowel syndrome, functional dyspepsia, asthma,
nycturia, and osteoarticular pain.lg However, factors other
than SA that may lead to chronic sleep deprivation have
become common in the youth from modern societies.
Chronic sleep deprivation is an alarming condition in indivi-
duals that has been associated with wide-range deleterious
effects on health and wellbeing, including depression, anxi-
ety, obesity, type-2 diabetes, and cardiovascular diseases.”*”
2 Notably, chronic sleep deprivation and inadequate SQ
have been linked with obesity, insulin resistance and meta-
bolic syndrome.”*** Sleep deprivation is a risk factor for
increased food intake, poor energy expenditure, weight gain
and obesity.”>° The visceral adipose tissue is the main
source of secretion of proinflammatory cytokines including

TNF-a, IL-1B, and IL-6 that lead to chronic low-grade
inflammation.?” TNF-a, IL-1B, and IL-6 are reported to be
involved in physiological regulation of sleep and expression
following a circadian rhythm in both animals and humans.*®
Importantly, adequate sleep is mandatory for homeostatic
regulation of proinflammatory responses and prevent risks
of obesity, diabetes, neuroendocrine, and cardiovascular
diseases.****" Overall, the available literature points to
a vicious cycle hinged on the interactions between obesity,
proinflammatory cytokine and sleep abnormalities.
Regarding sleep disturbance as cause of obesity, the
increased obesity prevalence in individuals with sleep
restriction can be explained by a positive modulatory
intake.’!

a contributory role to modify the physiological chronobiol-

effect on caloric Modern lifestyle plays
ogy. The social jet-lag associated with a blunted sleep
duration appears to be linked with enhanced risk of devel-
oping obesity or metabolic syndrome via excessive intake
of high calorie foods rich in fat and carbohydrate.*
Obviously, as the food intake exceeds the energy expendi-
ture, weight gain is the logical outcome. In addition to the
dietary component, hormonal factors may also impact the
sleep quality and level of obesity. The various hormones
that can regulate the energy balance at brain level include
and cortisol***

Importantly, the emerging paradigm supports that SA,

insulin, leptin, ghrelin, melatonin,
obesity and impaired glucose homeostasis/insulin resis-
tance are tightly intertwined. It is speculated that the
mechanisms involved in the complex interplay include
both directly weight-dependent such as excessive fat accu-
mulation affecting respiratory efficiency, and indirectly
weight-dependent such as hyperglycemia, secondary
hyperinsulinemia, insulin resistance, leptin resistance,
and other hormonal dysregulations often observed in indi-
viduals with obesity, T2D, and/or sleep disorders.'’

Sleep is an important biological function as well as
a biomarker for general health and pathological condi-
tions. The structure, duration, and quality of sleep are
altered by age and gender. Sleep duration measured
using polysomnography was found to be shorter in the
elderly as compared to young and middle-aged adults,
however, this trend was not observed when individuals
aged 60 were compared with those over 70 years of age,
suggesting that the decline in sleep duration with advan-
cing age was non-linear.’**> Similarly, gender is another
critical factor involved in modulation of sleep. In this
respect, poor subjective sleep quality was reported in
elderly women, compared to elderly men.*® Plausibly,
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different psychosocial factors can contribute to gender
differences with regard to perception and evaluation of
self-rating sleep quality. Other factors may include gender
differences concerning brain maturation, NREM-REM
distribution, or EEG features.>’>® Luca et al reported
that older individuals, especially women, complained
less about sleepiness and pathological sleepiness was sig-
nificantly lower in this group compared to younger coun-
terparts, whereas the sleep latency increased with age, in
women only."!

Sleep disturbance does not only affect individuals with
severe obesity but it also affects the individuals with moderate
obesity, implying that there might be other mechanisms
involved beyond excessive fat accumulation causing narrow-
ing of the upper respiratory passages. In this regard, dietary
intake has been reported to play a role in the sleep regulation as
increased consumption of carbohydrate led to disordered sleep
quality.>® Notably, high fiber intake and less saturated fat and
sugar intake were associated with deeper and more restorative
sleep, suggesting that diets could be useful in the management
of sleep disorders.** Interestingly, a cross-sectional study
including 172 middle-aged adults reported that good sleepers
had lower BMI and waist circumference and higher adherence
to the Mediterranean diet than poor sleepers. In these indivi-
duals, PSQI associated positively with BMI/waist circumfer-
ence but negatively with adherence to the Mediterranean
diet.*! Similarly, Castellucci et al reviewed the studies that
reported the association between obesity and sleep distur-
bances and vice versa, highlighting the nutritional strategies
as a tool to improve SQ in patients with obesity and sleep
disorder.*?

Shorter sleep duration and poor SQ have been reported to
correlate with obesity;* however, there have been no studies
specifically investigating the complex relationship between
poor SQ, ie, sleep duration and sleep disturbance and the
BMI of the general adult population in Kuwait in the absence
of SA onset. Therefore, we herein investigated the relationship
between risk factors such as diet, physical activity, sleep effi-
ciency and obesity in Kuwaiti adults, ie, targeting the critical
factors that are involved in the obesity epidemic in Kuwait.

Methods
Survey Study Design, Participants,
Inclusion/Exclusion Criteria and

Anthropometric Measurements
In the cross-sectional survey part of the study, a total of
1500 adult (>18 years) Kuwaiti adults were invited

through social media or personal contact to be included

in the survey study. Each participant was given
a structured questionnaire to obtain information regarding
sleep habits, sleep problems, use of medications, type of
job (work status, working hours, job title, desk/non-desk
job, etc), and demographic/anthropometric information
(age, height, and weight). No personal identification infor-
mation, such as name and date of birth, was collected from
the participants. Regarding inclusion/exclusion criteria, all
individuals were required to give informed consent for
inclusion in the survey as well as provide their age,
weight, and height. Those who failed to either sign
informed consent or provide age, weight, and height infor-
mation were excluded from the study. Those who self-
reported liver, cardiopulmonary, or kidney condition were
excluded from the study. To also exclude the possible
sleep apnea cases, those who either self-identified suffer-
ing from this condition or those who indicated in PSQI
survey that they could not breath comfortably, coughed or
snored loudly once or twice a week were excluded from
the study and, therefore, 984 individuals were finally
included in the survey. A flowchart highlights the proce-
dure of participants’ recruitment (Supplementary Figure
S1). BMI was calculated from the self-reported weight

and height information using the following formula: BMI

= Weight (kg)/Height (m?). Participants were classified as
lean (BMI = 18.5-24.9 kg/m?, N = 426), overweight (BMI
= 25-29.9 kg/m? N = 345), and those with obesity
(BMI>30 kg/m?, N = 213). With regard to obesity risk,
163 individuals were found to have class I/ low-risk obe-
sity (BMI = 30-34.9 kg/m?), 39 with class II/ moderate-
risk obesity (BMI = 35-39.9 kg/m?) and 11 with class III/
high-risk obesity (BMI>40 kg/m?). Obesity classes were
defined as follows: Class I: BMI = 30-34.9 kg/m?, Class II
=35-39.9 kg/m?, and Class IIT > 40 kg/m>.

Questionnaire Parameters

Sleep quality was assessed using the global Pittsburgh
Sleep Quality Index (PSQI) score, developed by research-
ers at the University of Pittsburgh, Pennsylvania.** The
PSQI is a validated self-reported questionnaire designed to
provide a reliable and standardized measure of SQ, distin-
guishing the “good” from “poor” sleepers with the help of
simple questions that are easy to complete in 5-10 min.
The questionnaire consists of 18 items that under 7 main
components: (i) subjective sleep quality, (ii) sleep latency,
ie, the time it takes to fall asleep, (iii) sleep duration, (iv)
habitual sleep efficiency, ie, the ratio of total sleep time to

Nature and Science of Sleep 2021:13

https:

1227

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=311415.pdf
https://www.dovepress.com/get_supplementary_file.php?f=311415.pdf
https://www.dovepress.com
https://www.dovepress.com

Al-Rashed et al

Dove

time in bed, (v) sleep disturbances, (vi) use of sleep-
promoting medications, whether prescribed or the ones
available over-the-counter, and (vii) daytime dysfunction,
based on the past month. Each component of the ques-
tionnaire is scored from 0 to 3 (representing good to bad),
yielding a global PSQI score ranging from 0 to 21, with
higher scores indicating worse SQ.** A global PSQI score
greater than 5 has been found to have a sensitivity of
89.6% and specificity of 86.5% in differentiating good
sleepers from poor sleepers.***> The PSQI survey was
offered in both Arabic and English, in the form of a hard
copy and an online electronic version. The Arabic version
of the PSQI questionnaire used was validated by
a bilingual individual for alignment with the version used
earlier by Suleiman and Yates.*®

Actigraph Study Design, Participants,
Inclusion/Exclusion Criteria, and

Anthropometric Measurements
For Actigraph (objective) study, we detriment the sample
size using ClinCalc tool software (www.clincalc.com),

based on the results of the survey study. The average
PSQI score of 6.8+3.2 was used to guide the anticipated
mean of 5, a statistical power (1-f) of 95% and a level of
significance (o) of 5% were considered, which resulted in
a minimally required sample size of 41 individuals for
Actigraph study. Keeping a fair margin for possible drop-
outs, a total of 100 adult (>18 years) Kuwaiti individuals
were reached randomly through word of mouth, flyers, or
social media and were invited for participation in the
study. Out of these, 92 persons agreed to participate in
the study and were asked to sign the informed consent as
well as fill out a comprehensive health screen question-
naire in order to be able to include individuals with normal
liver, cardiopulmonary and kidney function as assessed
through self-reporting. The exclusion criteria were physi-
cian-diagnosed diabetes, hypertension (>160/90 mmHg),
anti-hypertensive therapy, a previous history of established
coronary heart disease eg myocardial infarction, coronary
artery bypass graft surgery, coronary angioplasty, a family
history of early cardiac death (<40 years), diagnosed
depression, and use of medications that could influence
sleep quality or body weight due to effects on lipid or
carbohydrate metabolism. Only 78 individuals met with
the inclusion/exclusion criteria, out of which, 60 indivi-
duals completed the study since 18 individuals either
decided to discontinue during the study or did not wear

actigraph accelerometer for the minimum number of 4
nights required to establish the reliable sleep-wake pat-
terns as reported in the literature.*’” A flowchart sum-
marizes the recruitment process of Actigraph study
participants (Supplementary Figure S2). This study cohort
comprised of lean (BMI=18.5-24.9 kg/m?), overweight
(BMI=25-29.9 kg/m?), and those with obesity
(BMI>30 kg/m?), 20 each. With regard to obesity risk,
13 individuals were found to have class I/ low-risk obesity
(BMI=30-34.9 kg/m?), 4 with class II/ moderate-risk obe-
sity (BMI=35-39.9 kg/m?) and 3 with class ITI/ high-risk
obesity (BMI>40 kg/m?). Obesity classes were defined as
follows: Class I: BMI = 30-34.9 kg/m? Class II = 35—
39.9 kg/m?, and Class III > 40 kg/m”. For an objective
all participants were provided with

sleep analysis,
Actigraph GT3X+ activity monitors, to be worn for
seven consecutive days except while bathing. Participants
wore the GT3x+ activity monitors over their hips. All
participants were given a health questionnaire and also
provided a prior training of how to record their sleep,
activity, and food diaries during the study. In the physical
activity laboratory, a standard protocol for all anthropo-
metric assessments was carried out for all subjects wearing
tight fitting swimsuits and by using the same equipment
throughout the study. Measurements were made to the
nearest 0.1 unit. Height (cm) was taken by instructing
the volunteer to stand feet together, back and heels against
the upright bar of the height scale. Head was also posi-
tioned upright against the backboard. The volunteer was
requested to take a deep breath as the investigator applied
a gentle, upward pressure under the angle of the mandible.
Other investigator slid down the horizontal bar attached to
the scale snugly close on the examinee’s head and mea-
surements were taken. Body weight (kg) was measured
using a beam balance and BMI was calculated as follows:
BMI = weight (kg)/height (m?). Waist and hip circumfer-
ences (cm) were measured in duplicate using non-elastic
tape. Waist circumference was measured at the minimum
circumference horizontally between the iliac crest and the
rib cage while the hip circumference was measured at the
maximum protuberance of the buttocks, and the waist to
hip ratio was calculated. The same investigator performed
these measurements for all volunteers at every occasion.
Whole body composition including percent body fat, soft
lean mass, and total body water were measured using an
IOI 353 Body Composition Analyzer (Jawon Medical,
South Korea). Anthropometric and clinical characteristics
of the study participants are summarized in Table 1.
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Table 1 Demographic Characteristics of Actigraph Study Population

Physical Characteristics of Lean Group (10 M/10 Overweight Group (12 M/8 Obese Group (8 M/12 | p-value
Subjects F) F) F)

Age (years) 304 £53 33.1 £57 324+ 33 0.0773
Weight (kg) 63.3 + 10.1 7994 932+ 139 <0.0001
Height (cm) 169.9 £ 13.7 168 £ 10.6 166.8 £ 10.3 0.9332
BMI (kg/m2) 218+ 1.6 28+ 1.2 332+32 <0.0001
Waist circumference(inch) 292 £ 2.1 35+33 434 7.1 <0.0001
Hip circumference (inch) 398+ 104 41 +28 46.1 + 3.4 0.0492
Waist to Hip Ratio 0.76 + 0.039 I £0.0 0.94 + 0.1 0.9784
Fat % 20.6 £ 94 29+54 385+59 <0.0001

Note: All values are means + standard deviations unless stated otherwise.

Ethical Approval

All participants were informed about the purpose of the
study prior to their participation. A written informed con-
sent was obtained from all study participants in accord
with the ethical guidelines of the Declaration of Helsinki
and study approval by the Kuwait Ministry of Health
Ethical Board (Approval ID#: 2017/542) and Ethical
Review Committee (ERC) of Dasman Diabetes Institute,
Kuwait (Approval ID# RA HM-2019-019).

Sleep Apnea (SA) Assessment

Each participant underwent a health screen to identify the
medical history, including the presence of SA. Participants
that self-identified having SA were excluded from the
study. Participants were then given a second sleep ques-
tionnaire that contained the following questions: 1. How
many times did you find it difficult to breathe comfortably
(during the past month), 2. How many times did you
cough or snore loudly (during the past month). If the
participant answered with yes and identified either of
these questions to accrue (more than three times a week),
SA was considered to be involved and such individuals
were excluded from the study.

Physical Activity (PA) Measurements

Actigraph activity monitor GT3X+ was used to measure
both activity levels and sleep outcome. ACTi graphical
activity was recorded using electronic tri-axial monitor
(WGT3X-BT ActiGraph LLC, Pensacola, FL, USA).
Subjects were advised to maintain their normal daily
(habitual) PA
Accelerometers attached to elasticized belts were worn

levels during the study period.
on the right-side of hips for seven consecutive days, except

when bathing or other water activity. As reported

previously, the actigraphy method enabled for a reliable
and objective assessment of the daily PA.****° The accel-
erometer provided PA measurements including activity
counts, vector magnitude, energy expenditure, step counts,
activity intensity levels, and metabolic equivalents
(METs). A one-min epoch was used, with activity counts
assessed at 1-min intervals to ensure that the data from
each participant included at least four days during which
the accelerometer was worn for at least 60% period of
the day. A non-wear time was considered as any block of
time >60 min was found with the activity count equal to
Zero.

cut-offs® were used to differentiate
between the three PA intensity levels as light-intensity
(100-1951 counts/min), moderate-intensity (19525724

counts/min), and vigorous-intensity (>5725 counts/min)

Freedson’s

activities. All counts <99 counts/min were considered as
a sedentary status. The data were expressed as mean
intensity of each activity during the monitoring time, ie,
total accelerometer counts per total monitoring time.

Assessment of Sleep Parameters

The use of actigraph GT3X+ was previously validated
for sleep analysis relative to both polysomnography and
Actiwatch.*’->! Sleep quality and duration were assessed
objectively through the use of electronic tri-axial moni-
tor (WGT3X-BT ActiGraph LLC, Pensacola, FL, USA)
for seven consecutive days. Sleep quality parameters
were calculated using one-min epoch, in zero-crossing
mode. Based on prior research suggesting the minimum
number of nights required to establish reliable sleep-
wake patterns via actigraphy, participants with <4 nights
of data were excluded from the analyses. Data were
separated into sleep and wake periods using data of
bedtimes and waketimes from daily sleep diaries and
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were further verified by visual inspection of the actigra-
phy tracings. The scoring was based on the Cole-Kripke
algorithm to determine sleep and wake periods, and to
derive the primary sleep outcomes, ie, sleep efficiency,
wake after sleep onset (WASO, ie, periods of wakeful-
ness occurring after defined sleep onset), and total sleep
duration. Sleep outcomes were averaged across all nights
during each assessment period to provide an assessment
of the habitual sleep patterns across all available nights’
data. Sleep efficiency represents the total duration of
objectively measured sleep divided by the total time in
bed, as reported in sleep diaries and visual inspection of
actigraphy records, with higher values indicating better
sleep continuity. Sleep efficiency was analyzed as
a continuous measure. WASO was defined as the total
number of min scored as wake (based on movement)
after sleep onset, based on the Cole-Kripke algorithm.
WASO was analyzed as a continuous variable with
higher values indicating longer WASO. Sleep duration
is the total amount of time spent sleeping during the
participant’s time in bed, assessed by actigraphy.

Measurement of Blood Metabolic

Markers

Participants were asked for the lab visit after an overnight
fasting for at least 10 hours. Three consecutive blood
pressure measurements, along with heart rate, were taken
for each individual. Blood samples were collected in
10 mL EDTA tubes (BD Vacutainer system, Plymouth,
UK). Plasma was separated, aliquoted and stored at
—80°C for further analysis. Blood glucose, cholesterol,
high-density lipoprotein (HDL) cholesterol, and triglycer-
ides were analyzed using cobas b 101 system (Roche
Diagnostics). Quality control sera were used to monitor
the accuracy and precision of the assays performed.
Homeostatic model assessment of insulin resistance
(HOMA-IR) index was used as a measure of insulin resis-
tance and calculated from the basal (fasting) glucose and
insulin concentrations using the following formula:
HOMA-IR = fasting insulin (pU/L) x fasting glucose
(nmol/L)/22.5

Dietary Monitoring and Analysis

All participants were given food diaries and were
instructed to weigh and record their dietary intake of
food and drinks on electronic scales (Salter Housewares,
Kent, United Kingdom). A visual demonstration of how to

use scales and diaries was given to each individual prior to
the start of the study. All individuals were advised to
maintain their normal dietary intake. Diaries were com-
pleted prior to the second visit. Food diaries’ data were
analyzed using CompEat pro (Nutrition systems, Banbury,
United Kingdom) and an average of the daily nutrient
intake was calculated.

Enzyme-Linked Immunosorbent Assay
(ELISA)

Commercially available ELISA kits were used for detec-
tion of plasma levels of fasting insulin, C-peptide
(Mercodia, Uppsala, Sweden), C-reactive protein (CRP),
and tumor necrosis factor-alpha (TNF-a) (R&D Systems,
Minneapolis, USA), following instructions from the
manufacturers.

Statistical Analysis

Data were analyzed using SPSS version 25 (SPSS, Inc.,
Chicago, IL) and Graph Pad Prism 7.01 (version 6.05; San
Diego, CA, USA) and expressed as the mean =+ standard
deviation (SD). Group means were compared using either
a two-tailed #-test when comparing between two groups or
one-way ANOVA if more than two groups were analyzed.
Linear relationships between two variables were assessed
by determining Pearson’s correlation coefficient “r”
values. A chi-squared test and Pearson’s correlation were
used to see the direction and strength of the association
between sleep quality and metabolic risk factors. The
equality of distributions or data normality testing was
done by Shapiro—Wilk test which has the best power for
a given significance. All P-values <0.05 were considered
statistically significant.

Results
Self-Reported Population Characteristics

The self-reported characteristics of study population are
summarized in Table 2. There was a higher predominance
of female to male subjects, ie, 66% to 33.9%, respectively.
A majority of the participants (41.7%) belonged to the age
group ranging from 21 to 30 years. The lean accounted for
the majority 43.3%, followed by overweight (35%) and
those with obesity (21.4%). The majority of the partici-
pants held a job (62.5%), followed by students (27.5%),
retirees (5.1%) and unemployed (3.9%). Regarding the
active or sedentary nature of jobs, 51.5% of the employed
participants had desk jobs. The mean PSQI global score
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Table 2 Self-Reported Population Characteristics

Total (n=984) (%)
Age
<20 years 84 8.54
21-30 years 411 41.77
3140 years 230 23.37
41-50 years 118 11.99
>50 years 141 14.33
Gender
Male 334 33.94
Female 650 66.06
Body Mass Index (kg/m?) - BMI
Lean (BMI = 18.5-24.9) 426 43.29
Overweight (BMI= 25-29.9) 345 35.06
Obese (BMI = 30) 213 21.65
Employment status
Employed 625 62.52
Student 271 27.54
Retired 51 5.18
Unemployed 37 3.76
Job style (n=625)
Desk Job 322 51.52
Non-desk Job 303 48.48
Reported sleep duration (n=984)
2 6 hours 417 42.38
< 6 hours 567 57.62
Global PSQI Score
Good Sleep (Score < 5) 397 40.35
Bad Sleep (Score > 5) 587 59.65

Note: All values are means + standard deviations unless stated otherwise.

was 6.8 £ 3.2, with 59.6% participants having bad sleep
(global PSQI score >5). Also, a majority of the partici-
pants (57.6%) reported fewer than 6 hours of sleep, which
is less than the hours recommended by the National Sleep
Foundation Report.>

Effect of Personal Risk Factors on SQ

Since the personal characteristics can influence sleep
habits, we investigated the effect of various risk factors
like age, sex, BMI, job status, and job type (desk/non-desk
job) on the global PSQI score (Figure 1). The reported
data show that the global PSQI score was strongly influ-
enced by BMI in both the overweight and subjects with
obesity (p < 0.0001) (Figure 1A). The global PSQI score

was also influenced by age, however, only in 31-40 years
and >50 years age groups (P < 0.01) (Figure 1B).
However, no significant group differences were found
IC) and job type
(Figure 1D). We further investigated the associations of
global PSQI score with the BMI and age and found that
only BMI had a significant positive association with PSQI
score (r = 0.311, p < 0.0001) (Figure 1E), whereas no
association was found between age and PSQI (r =
—0.022, P = 0.488) (Figure 1F).

with regard to gender (Figure

Correlation Between PSQI Component
Scores and BMI

To understand how the body mass index can influence the
PSQI global score and its components, the study popula-
tion was categorized into three groups as lean (BMI < 25),
overweight (BMI = 25-29.9) and those with obesity (BMI
> 30). As previously shown, subjects with obesity had
significantly higher global PSQI scores. It was further
observed that the with
a significantly shorter sleep duration (5.5 £ 1.6 hours,
P < 0.0001) than both the overweight (6.2 £ 1.6 hours)
and lean (6.6 = 1.4 hours) individuals (Figure 2A). The
self-reported sleep duration was found to be negatively
associated with BMI (r = -024, P < 0.0001)
(Figure 2B). We further investigated associations between
BMI and other PSQI components (Table 3). Among PSQI
components, sleep disturbance had the strongest associa-
tion with obesity (r = 0.216, P < 0.0001), followed by
sleep latency (r = 0.180, P < 0.0001) and use of medication
(r=0.178, P < 0.0001); while, no association was found
between the reported daytime function and BMI (P =
0.375).

Taken together, the survey data suggest an association

subjects obesity also had

between sleep duration and obesity. To further verify these
findings, we objectively measured sleep quality in a group
of another 60 adult participants, classified as lean (18.5 to
24.9 kg/m?), overweight (25.0 and 29.9 kg/m®) and obese
(>30 kg/m?), over a period of seven consecutive days.
There were no statistically significant differences in total
calorie intake among groups (Supplementary Table S1)

and they all showed equal physical activity levels
(Supplementary Table S2). The participants differed

based on weight, BMI, waist circumference, hip circum-
ference, and fat percentage; with no significant differences
with regard to age, height, and waist-to-hip ratio (Table 1).
Using multiple-regression analysis, we investigated the
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dependency of obesity risk factors including total calorie
intake, age, sedentary level and efficiency of sleep against
BMI level (Table 4). In line with our survey-based self-
reported data, we found that only the total sleep efficiency
was independently associated with BMI (P = 0.0002). The
sleep efficiency (%) calculated from the Actigraph data
(Table 5), showed significant reduction with increase in
BMI (Figure 3A); while, the total time in bed (min),
regardless of sleeping status, did not differ significantly
among the three groups (Figure 3B). Further analysis
showed significantly shorter total sleep time (TST) in
both overweight (P = 0.028) and subjects with obesity (P
=0.0009) as compared to lean group (Figure 3C). Our data
also indicate that WASO was significantly higher in both
overweight (P = 0.028) and subjects with obesity, com-
pared to lean (P < 0.0001) (Figure 3D), while the average
number of awakening was significantly higher only in
subjects with obesity (P=0.027) when compared to lean
group (Figure 3E). There was no significant difference
between groups regarding average awakening duration
(Figure 3F). Regarding associations of BMI with the sig-
nificantly changed sleep parameters, BMI had a negative
association with overall sleep efficiency (r = - 0.58, P <
0.0001) (Figure 4A) and with TST (r = - 0.52, P < 0.0001)
(Figure 4B); while BMI had a positive association with
WASO (r = 0.55, P < 0.0001) (Figure 4C) and with the

number of awakenings per night (r = 0.43, P = 0.0008)
(Figure 4D). We further found that only the TST (P =
0.0007) and WASO (P = 0.0079) were independently
associated with BMI (Table 6). The effect of obesity
onset on metabolic syndrome has been elucidated by us
as well as other groups.”®>° In agreement with the pre-
vious reports, immuno-metabolic risk factors had elevated
expression in overweight and in subjects with obesity as
compared to their lean counterparts (Supplementary Table

S3). Of note, strong associations were found between TST
and obesity-related metabolic risk factors including diasto-
lic blood pressure, elevated resting heart rate (HR), TG,
total cholesterol, HOMA-IR, C-peptide, and CRP secre-
tion (Figure 5). Multiple linear regression analyses further
indicated that diastolic blood pressure (p < 0.03), HOMA-
IR (p < 0.04), and C-peptide (p < 0.3) were independently
associated with TST (Table 7).

Discussion

To our knowledge, this report represents one of the first
studies to examine sleep habits and their association
with obesity and other metabolic risk factors in
a general sample of Kuwaiti urban adult population in
the absence of SA onset. Since we basically aimed to
investigate the life-style-induced effects of sleep depri-
vation, those with the SA were excluded from the study.
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Table 3 Correlation Between BMI and PSQI Components

Lean (n=414) Overweight (n=333) Obese (n=201) p-value r-value
Global PSQI Score 5.6 2.6 6.8 3.1 89 +33 <0.0001 0.348
Total Sleep Duration 6.6* 14 62 % 1.6 55+ 16 <0.0001 —0.240
Sleep Latency (%)
< 15 min 29.7 21.6 16.4 <0.0001 0.180
16-30 min 25.3 21.3 13.9
31-60 min 236 264 25.3
> 60 min 20.5 30.6 44.2
Overall Sleep Disturbance (%)
0 29.7 26.7 17.4 <0.0001 0.216
| 24.3 17.4 9.4
2 24.6 25.8 223
3 21.0 30.0 50.7
Use of Medication (%)
0 84.0 81.0 65.6 <0.0001 0.178
| 8.4 9.6 9.9
2 43 5.1 10.9
3 28 42 13.4
Daytime Function (%)
0 543 55.8 55.7 0.375 0.029
[ 26.8 26.7 19.4
2 13.0 11.4 159
3 5.3 5.7 8.9
Pain (%)
0 62.0 624 54.7 0.011 0.082
| 23.6 24.0 19.4
2 82 7.8 1.9
3 55 5.7 13.4

Note: All values are means + standard deviations unless stated otherwise.

SA is a medical condition associated with obesity and
metabolic syndrome, triggered by the physical narrow-
ing of the airway (physical factor) or as the brain sends
impaired signals to the muscles that control breathing
(behavioral ~ factor).”’ the 984

Among surveyed

participants, the average night sleep duration was
reported to be 6.28+1.6 hours per night, which is
found to be slightly lower than the average sleep dura-
tion recommended as per the National Sleep Foundation

Report.’ The poor sleep habits of our study population

Table 4 Multiple Linear Regression Analysis of Obesity Risk Factors Vs BMI

Body mass index (BMI kg/m2)

Obesity Risk Factors Standardized Coefficient B | 95% Confidence Interval p-value
Total Calorie intake 0.001032 —0.0009576 to 0.003210 0.2814
Age (years) 0.1471 —0.2292 to 0.3647 0.6473
Sedentary time (%) 0.1111 —0.1501 to 0.2986 0.5078
Efficiency of Sleep (%) 0.1824 —1.116 to —0.3795 0.0002

Note: All values are means + standard deviations unless stated otherwise.
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Table 5 Actigraphy Data

Sleep Analysis Lean Group (10 M/10 F) | Overweight Group (12 M /8 F) | Obese Group (8 M/ I12F) | p-value
Efficiency of Sleep (%) 947 £ 2 90.7 £ 4.2 88.7 £ 3.1 <0.0001
Total time in Bed (min) 5284 + 165.5 495.25 £ 155.9 492 £ 117.6 0.7037
Total Sleep time (TST) 55835+ 117.1 4538 £ |151.4 405.46 + 88.4 0.0010
Wake after sleep Onset (WASO) 26.6 + 12.1 39.6 £ 17.1 50+ 158 <0.0001
Average number of Awakening 6.8 +43 84 +32 99 +32 0.0364
Average Awakening duration (min) 4.7 £ 2.6 53 +36 54+20 0.7338

Note: All values are means + standard deviations unless stated otherwise.

were further reflected by the calculated PSQI scores,
with an average score of 6.8+3.2. However, when we
objectively measured the sleep duration in another group
of 60 participants, we found that total sleep duration
was slightly longer than that found from the PSQI
survey (6.7+1.4 hours), meeting with the minimally
recommended by the national sleep foundation.>?
A shorter sleep duration was shown previously to sig-
nificantly increase the risk of developing T2D,**® car-
diometabolic risks,*® dyslipidemia® and other metabolic
syndromes.®"**® Although it is still unclear how sleep
duration may lead to metabolic conditions when paired
with SA onset,'” it seems that sleep deprivation is
becoming a worldwide problem. The disturbance of
sleep and poor sleep quality may arise from a variety
of psychosocial and biological factors. Personal risk
factors such as age, sex and body weight have found
to be linked with overall SQ.'"" In our study, only the
BMI was found to be positively correlated with the
PSQI score (r = 0.348, P < 0.0001) in
a weight-dependent manner, while other risk factors

global

showed no significant effect on the global PSQI score.
Further analysis of the relationship between individual
PSQI components and obesity showed a significant
association of obesity with sleep duration (r = —0.240,
P < 0.0001), sleep disturbance (r = 0.216, P < 0.0001),
sleep latency (r = 0.180, P < 0.0001) and the use of
0.178, P < 0.0001). To verify these
observations, we objectively measured the sleep effi-

medication (r =

ciency in 60 healthy participants using actigraphy
approach. Multiple regression analysis was performed
to understand the influence of age, total calorie intake,
sedentary behavior and sleep efficiency on BMI. In this
concern, only the sleep efficiency was found to be
independently associated with BMI, which recapitulated
the trend from the PSQI data collected. To further
investigate the influence of different sleep components

on body weight, we divided the participates into three
groups according to BMI as lean, overweight and obese.
To this end, both TST and WASO were found to corre-
late with obesity (BMI) and obesity-related risk factors,
in a weigh dependent manner. Our data also reveal
a strong, direct association between sleep duration and
measured by HOMA-IR and
C-peptide), which may explain, in part, high incidence

glucose profile (as

of T2D in Kuwaiti adult population.®> These findings
are supported by previous studies reporting the direct
relationship between increased BMI and poor sleep
quality, sleep disturbances and disordered eating.®*®
Although, the underlying mechanisms linking poor SQ
and obesity still remain unclear, it is speculated that
sleep disturbance and poor SQ lead to several alterations
in body metabolism and endocrine system. In particular,
stress response hormones such as ghrelin, cortisol and
leptin are upregulated in sleep-deprived individuals.?*-
These hormones play a major role not only in maintain-
ing energy balance at the cellular level but also influ-
ence the food preferences, leading to the increased food
intake. Interestingly, prolonged sleep restriction, such as
sleep duration of less than 6.5 hours, has been asso-
ciated with the increased consumption of high-calorie
food and beverages rich in sugar.”®”®® Furthermore,
insufficient sleep, sleep disturbances, and lower daytime
functioning can be associated with sleepiness and fati-
gue which, in turn, may lead to reduced physical activ-
ity during the daytime.®® Together, these factors seem to
favor a situation where the energy consumption sur-
passes energy expenditure, hence promoting obesity
and obesity-related complications. However, it is note-
worthy that in our actigraphy study population, we
found no significant difference among groups with
regard to calorie consumption and physical activity.
We speculate that even though the physical activity
measurements were objectively tracked via actigraphy
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Figure 3 Objectively measured sleep analysis and its influence on BMI. A total of 60 participants had their sleep pattern monitored for 7 consecutive days through the use of
Actigraph worn on the right hip. Participants were divided into three groups according to their BMI levels as before and their sleep efficiency and its components were
compared in three BMI groups (lean, overweight, and obese). (A) total efficiency of sleep, (B) total time in bed, (C) total sleep time, (D) wake after sleep onset, (E) average
number of awakening and (F) Average awakening duration. All data are expressed as the mean * SD. Statistical analysis was performed using one-way ANOVA (Tukey’s
multiple comparisons test). *P < 0.05 was considered statistically significant, **P < 0.0] was considered highly significant, and *##¥/*¥¥*p < 0.,001/P < 0.000| were considered

extremely significant.
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Figure 4 Correlation between sleep components and BMI. A total of 60 participants had their sleep pattern monitored for 7 consecutive days using Actigraphy. Participants
were divided into three groups according to their BMI levels as lean (BMI <25 kg/mz), overweight (BMI = 25-29.9 kg/mz), and those with obesity (BMI 2 30 kg/mz), 20 each.
Pearson’s correlation analysis was conducted between (A) efficiency of sleep, (B) total sleep time, (C) wake after sleep onset, and (D) number of awakening per night and
the BMI of each individual. All data are expressed as the mean * SD. Statistical analysis was performed using one-way ANOVA (Tukey’s multiple comparisons test).

in our study population, we still relied on self-reported
food consumption diaries to obtain their nutritional
information during the entire period of the study. One
of the downsides of self-reporting procedure is that the
respondents may not always feel motivated to provide

the accurate information or sometimes there may be

inadvertent errors and omissions in the data provided
by the participants, all of which can negatively affect
the reliability of such data.

Overall, we show that both SQ and sleep duration are
found to be inadequate in Kuwaiti urban adult population,
referring to the international SQ standards. The reported
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Table 6 Multiple Linear Regression Analysis of Sleep Parameters Vs BMI

Body mass Index (BMI kg/m2)

Sleep Parameters Standardized Coefficient | 95% Confidence Interval p-value

Efficiency of Sleep (%) 0.2610 —0.3735 to 0.6738 0.5674

Total Sleep time (TST) 0.004650 —0.02617 to —0.007513 0.0007

Wake after sleep Onset (WASO) 0.05114 0.03856 to 0.2438 0.0079
Average number of Awakening per night 0.1573 —0.09055 to 0.5407 0.1584

Note: All values are means + standard deviations unless stated otherwise.

data provide the evidence that insufficient sleep might be
a prevalent factor among the local adult population, espe-
cially in those with obesity. We identified a significant
association between SQ, especially sleep duration, and
obesity or its related factors, in the absence of SA onset.
Notably, over the past decades, societal modernization has
greatly impacted the life style of the population,’® and the
prevalence of obesity and obesity-related complications
have soared within the same time period in Kuwait, as
reported by others as well.” Since the obesity and sleeping
disorders are tightly intertwined via a bidirectional
mechanism,'® our findings may have critical translational

BP/ systolic
BP/diastolic

HR

significance for a country like Kuwait which is adversely
afflicted by obesity pandemic. It may be interesting to
further explore whether reducing obesity may improve
sleep duration and quality and vice versa. Since the dietary
intake has also been reported to play a role in the sleep
regulation, using nutritional approach of eating healthy
diets rich in fiber and low in fat and carbs may also be
exploited as a tool to improve both sleeping disorders and
obesity. Moreover, it would be interesting to see whether
vitamin supplements, such as vitamin D, can also improve
sleep duration and SQ as clinical studies in humans indi-
cate that low levels of vitamin D are correlated with poor
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Figure 5 Correlation between sleep components and metabolic syndrome risk factors. A total of 60 participants had their sleep pattern monitored for 7 consecutive days

using Actigraphy. Pearson’s correlation analysis is presented as heatmap showing the

correlations of total sleep time (TST) and wake after sleep onset (WASO) with the

known risk factors for metabolic syndrome. Darker shading indicates a greater degree of correlation, and correlations with p-values > 0.05 are displayed in white.
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Table 7 Multiple Linear Regression Analysis of Sleep Parameters vs TST

Total Sleep Time (TST) Metabolic Risk Factors Standardized Coefficient 95% Confidence Interval p-value
Diastolic BP (mmHg) 2.085 —8.786 to —0.4010 0.0324
Resting Heart Rate (RHR) 1.724 —5.920 to 1.013 0.1612
Triglycerides (mmol/l) 73.56 —1248 to 171.0 0.7552
Total cholesterol (mmol/l) 24.32 —42.23 to 55.59 0.7848
HOMA-IR 76.52 —308.1 to —0.3953 0.0494
C-peptide 52.63 —219.5 to —7.908 0.0357
CRP (mg/dL) 59.83 —154.5 to 86.07 0.5700
Note: All values are means + standard deviations unless stated otherwise.
SQ and short sleep duration. Regulation of sleep-wake Acknowled gments

cycle by vitamin D may be explained by presence of
vitamin D receptors in the brain regions that are involved
in circadian rhythm and sleep regulation.”' However, our
study is limited by certain caveats. First, this is a cross-
sectional study. Second, the PSQI survey data represent
a model of subjective analysis which involves risks of
participant-stated misinformation. Third, actigraphy data
(objective analysis) represent only a small population (60
participants) and, therefore, caution may be warranted
while interpreting the results for generalizability. Also,
we used self-reported questionnaires and food diaries,
both of which are error prone and compromise the accu-
racy of the data obtained. Last but not least, self-diagnosis
of SA, a condition known to induce both obesity and

. . . 17.22
metabolic complications,'”

may also hamper with the
accuracy of the study findings. Therefore, further studies
will be required, preferably longitudinal, comprising of
larger cohorts, with repeated measures of both sleep and
weight over time. Importantly, there is also a need for
interventional studies, designed to manipulate the sleep
duration to see whether poor sleep predisposes the

Kuwaiti adult population to obesity.

Conclusion

In this study, we show that both sleep quality and duration
correlate negatively with obesity and obesity-related risk
factors. Sedentary lifestyle and dietary habits (overnutrition)
are the major contributory factors to obesity epidemic in
Kuwait. Hot climate and harsh ambient conditions during
most part of the year favor the nighttime activities over
daytime activities. Both inadequate sleep duration and poor
SQ have been shown to influence food choices. We, there-
fore, believe that understanding sleep habits of Kuwaiti
population and devising interventional strategies accord-
ingly can help address the obesity epidemic in the country.
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