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Abstract

Introduction There is an inter-relationship between sleeping hours, anxiety, and metabolic effects that predispose the body to weight
changes. The aim is to determine an association between obesity levels, quality of sleep, and anxiety among the Saudi population.
Methods A cross-sectional study was used by distributing an online questionnaire via social media channels to the Saudi population. We
used the body mass index (BMI) to assess body fat, the Pittsburg Sleep Quality Index (PSQI), and Generalized Anxiety Disorder — 7 (GAD-7).
Chi-square tests and logistic regression were used to test associations with a P-value of less than 0.05.

Results We received a total of 1123 respondents and the majority (61%) were obese and overweight. According to the GAD-7 score, 17%
had severe anxiety; the PSQI score was 8.42 £ 3.45, indicating overall poor sleep quality. Underweight respondents had higher moderate
(25%) and severe (26%) anxiety as compared to those with normal or higher BMI (14%-18%) (P = 0.002). PSQI scores were higher for obese
(8.9 + 3.6) and overweight (8.6 + 3.4) respondents as compared to underweight (7.5 + 3.0) (P=0.001). Persons with severe (10.4 + 3.6) or
moderate (9.7 & 3.7) anxiety had higher PSQI scores as compared to those with minimal anxiety (6.8 + 2.7) (P < 0.001).

Conclusion There is a relationship between obesity, sleep, and anxiety. Overweight and obesity were significantly associated with anxiety

and poor sleep quality in Saudi Arabia.

Keywords Obesity, overweight, quality of sleep, anxiety, Saudi population

Introduction

Obesity is defined by excessive body fat in the human body. It is
a chronic, multifactorial disease that causes both psychological
and physical stress. It can occur at any stage in life and can
develop in children and adults.! The etiologies of obesity include
iatrogenic, dietary, neuroendocrine, social, behavioral, lifestyle,
and genetic causes.' Obesity can lead to cardiovascular diseases,
type II diabetes, osteoarthritis, cancer, and overall decreased life
expectancy.” The Body Mass Index (BMI) is mostly used for the
determination of the severity of obesity. The higher the BMI,
the higher the chance of morbidity and mortality.’

As technology has moved forward and people moved less,
the rate of obesity has nearly doubled worldwide and is now
considered a pandemic.’ The rate of obesity in the Kingdom of
Saudi Arabia (KSA) has doubled in the past ten years as 66% of
males are overweight and 28% obese, whereas 71% of females
are overweight and 44% are obese.”* Lifestyle factors contrib-
uting to unhealthy eating habits in KSA include frequent con-
sumption of sugary beverages and calorie-dense meals, lack of
publicly accessible walkways, lack of physical education in
schools, and increased screening time.” In addition, the desert
climate discourages outdoor activities and encourages late
rising and resting, including insufficient or excessive sleep.*

Sleep is an easily reversible state of unconsciousness with
reduced metabolic and motor activities.” Sleep is essential for
waking cognition, i.e., attention, alertness, vigilance, clear
thinking, and memory consolidation, and emotional regula-
tion.'” There is variability in the sleep duration needed by each
individual but the American Academy of Sleep Medicine
(AASM) and Sleep Research Society (SRS) recommends seven
hours or more of sleep per night for adults."" Acute sleep dep-
rivation mainly causes cognitive impairment where individ-
uals take a long time and find more difficulty performing daily
tasks. Other effects include changes in mood, judgment, and
respiratory physiology."” On the other hand, chronic sleep
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deprivation usually results in more-subtle effects where the
individual is more prone to accidents, cardiovascular mor-
bidity, immunosuppression, obesity, and an overall decreased
quality of life and lifespan.”” Recent scientific literature
revealed a link between sleeping hours and metabolic effects
that predispose to weight changes, also, an association between
increased body mass index (BMI) and short sleeping hours."*

Anxiety disorders are common mental health condi-
tions."” The level of anxiousness people experience in anxiety
disorders is over-proportionate to the situation, causing
unpleasant emotions and/or physical changes, like disruption
of blood pressure level and gastrointestinal distress.'*'” Anx-
iety disorders interfere with day to day tasks through repetitive
attacks of abrupt feelings of persistent, intense anxiety, fear,
terror, and high discomfort.”"'” Anxiety attacks are long-
lasting and difficult to control.”>”

Anxiety disorders are subdivided into various types, like,
generalized anxiety disorder (GAD), panic disorder, and phobia-
related disorders.”® Generalized Anxiety Disorder causes
sleeping problems, and new research suggests sleep deprivation
can cause an anxiety disorder.'®"” Research also suggests sleep
disruption is present in nearly all psychiatric disorders.'®"
Moreover, people with chronic insomnia are at high risk of
developing anxiety disorders.”” Recent scholars demonstrate a
relationship between anxiety disorders and obesity like panic
attacks and phobias, but the association between GAD and obe-
sity is still under research; there are studies that suggest an asso-
ciation, and others contradict the relationship.'® The relation of
this array of irregular sleep duration, anxiety, and obesity in
KSA is not well studied and may benefit from further research.

This study aimed to find an association between obesity
levels, quality of sleep, and anxiety among the Saudi popula-
tion. There are limited peer-reviewed studies that target obe-
sity levels in relation to quality of sleep and anxiety level. This
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study is novel as it adds new information to the current litera-
ture among the Saudi population.

Methods

This was a cross-sectional study design. The study population
consisted of adults in Saudi Arabia. The inclusion criteria were
18 years old or above, Saudis and non-Saudis. An online ques-
tionnaire was distributed via social media platforms including
WhatsApp, Twitter, Facebook, and LinkedIn. The estimated
annual population of Saudi Arabia in 2020 is around 34.8 mil-
lion. The sample size was 384, with a 95% confidence level and
5% margin of error for an expected 50% prevalence for the
outcome variable.

The online questionnaire was taken from previously vali-
dated studies'” it was modified to fit the objectives of the
study. It included demographic questions, height, weight,
quality of sleep assessment, and assessing anxiety. The ques-
tionnaire was distributed in both English and Arabic lan-
guages. Face and content validity were achieved by a public
health specialist and a translator. The names of the respond-
ents were not collected to ensure anonymity and confidenti-
ality. Filling the survey was construed as consent. Participation
in the study was voluntary and respondents were able to with-
draw at any time. Approval from the Institutional Review
Board (IRB) at Alfaisal University was achieved IRB-20062.

The body mass index (BMI) was used for assessing body
fat. It is calculated by dividing an individual’s weight in kilo-
grams by their height in meters squared. The result of this cal-
culation is the individual’s BMI. BMI was used to categorize a
person as underweight, normal weight, overweight, or obese.
The classifications are severely underweight BMI less than
16.5 kg/m?, underweight - BMI under 18.5 kg/m? normal
weight - BMI greater than or equal to 18.5 to 24.9 kg/m?, over-
weight — BMI greater than or equal to 25 to 29.9 kg/m?, obesity
class I - BMI between 30 to 34.9 kg/m?, obesity class IT ~-BMI
between 35 to 39.9 kg/m?, obesity class IIT -BMI 40 kg/m?*"

For assessing the quality of sleep, the Pittsburg Sleep
Quality Index (PSQI) was used. It is a screening measure con-
sisting of ten questions used to differentiate “good” from “poor”
sleepers.”’ The PSQI is of 7 components, with each component
having four different responses, each scored as 0, 1, 2, 3, respec-
tively. Component 1 (Q9) was subjective sleep quality-labeled
as very good, fairly good, fairly bad, or very bad scored at 0, 1, 2,
3, respectively. Component 2 (Q2,5a) was sleep latency, which
was split into two parts. Part one was how long it takes to fall
asleep labeled as < 15 minutes, 16-30 minutes, 31-60 minutes,
or > 60 minutes scored at 0, 1, 2, 3, respectively. Part two was
being unable to sleep within 30 minutes labeled as not during
past month, less than once a week, once or twice a week, three
or more times a week scored at 0, 1, 2, 3 respectively. The sum
of scores from both parts were labeled as [0], [1 or 2], [3 or 4],
or [5or 6] scored at 0, 1, 2, 3, respectively.

Component 3 (Q4) was sleep duration labeled as > 7 hours,
6-7 hours, 5-6 hours, or < 5 hours scored at 0, 1, 2, 3, respec-
tively. Component 4 (Q1,3,4) was sleep efficiency calculated by
sleep efficiency = (# hours slept/# hours in bed) x100% where #
hours slept was from question 4 and # hours in bed was calcu-
lated from responses to questions 1 and 3 in the survey. The
result was labelled as > 85%, 75-84%, 65-74%, or < 65% scored
at0, 1, 2, 3 respectively. Component 5 (Q5b-j) was sleep distur-
bance labeled as not during the past month, less than once a
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week, once or twice a week, three or more times a week scored
at 0, 1, 2, 3, respectively. The sum of all scores in this compo-
nent was labeled as 0, 1-9, 10-18, or 19-27 scored at 0, 1, 2, 3,
respectively.

Component 6 (Q6) was use of sleep medication labeled as
not during the past month, less than once a week, once or
twice a week, or three or more times a week scored at 0, 1, 2, 3,
respectively. Component 7 (Q7,8) was daytime dysfunction,
which split into two parts. Part one was trouble staying awake
labeled as not during the past month, less than once a week,
once or twice a week, or three or more times a week scored at
0, 1, 2, 3, respectively. Part two was trouble keeping up enthu-
siasm labeled as no problem at all, only a very slight problem,
somewhat of a problem, or a very big problem scored at 0, 1, 2,
3 respectively. The sum of scores from both parts were labeled
as [0], [1 or 2], [3 or 4], or [5 or 6] scored at 0, 1, 2, 3, respec-
tively. With all components of PSQI complete, the Global
PSQI Score was the sum of all seven individual component
scores. The answers were then scored using an established
guideline. A global PSQI score of more than five indicated
poor sleeping with a diagnostic sensitivity of 89.6% and speci-
ficity of 86.5% (kappa = 0.75, p < 0.001).*

Generalized Anxiety Disorder — 7 (GAD-7) is a validated
and reliable assessment tool in GAD screening; it is used by the
Saudi Ministry of Health in primary health care centers.”
GAD-7 contained seven questions that measure anxiety
severity where each item asked the individual to rate symptoms
severity over the past two weeks. The severity of symptoms
were labeled as not at all, several days, more than half the days,
or nearly every day. Scores were given to each label respec-
tively: 0, 1, 2, 3. All scores were added together, and the total
was then classified as follows. Total scores of 0-4 indicated
minimal anxiety, 5-9 indicated mild, probably subclinical anx-
iety, and monitoring is recommended. Total scores of 10-14
indicated moderate, possibly clinically significant anxiety, and
further evaluation and treatment (if needed) are recommended.
Total scores of 15-21 indicated severe, probably clinically sig-
nificant anxiety, and treatment is probably warranted."”

The data was entered and analyzed using SPSS v23. The
categorical data were presented as frequencies and percent-
ages, while the numerical data were presented as mean +
standard deviation. The Chi-Square test was used to deter-
mine the association of GAD-7 categories with BMI groups
and exercise frequency. ANOVA was used to assess the associ-
ation of PSQI scores with the above two variables and GAD-7
classes. A p-value <0.05 was considered to show a statistically
significant association for all the statistical tests.

The authors obtained ethical approval from Alfaisal Uni-
versity Institutional Review Board (IRB). The authors abided
by the Saudi National Committee of Bioethics (NCBE) and the
Research Policies & Procedures of Alfaisal University. No iden-
tifying data was collected to ensure anonymity and confidenti-
ality. The investigators only had access to the survey responses.

Results

There were a total of 1123 Saudi and non-Saudi respondents to
the survey and their demographic characteristics are shown in
Table 1. The highest proportion were in the age group 18-29
years for both Saudis (42%) and non-Saudi (41%) respondents
(P=0.63). There was a higher proportion of females among the
Saudi (76%) as compared to the non-Saudi (66%) respondents
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(P < 0.001). A greater proportion of non-Saudis (59%) were
married as compared to the Saudi (53%) respondents
(P=0.02). A greater proportion of Saudis (46%) were employed
as compared to the non-Saudi (39%) respondents (P= 0.03);
there was a higher proportion of the non-Saudis (47%) who did
not have a monthly income as compared to the Saudi (32%)
respondents (P < 0.001). There was a greater proportion of
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non-Saudi respondents (24%) who had a postgraduate degree
as compared to the Saudis (13%), while a greater proportion of
Saudis (42%) had education up to High school as compared to
the non-Saudi (33%) respondents (P < 0.001).

Table 2 shows the comparison of the BMI, exercise fre-
quency, GAD-7, and PSQI scores between the Saudi and Non-
Saudi respondents. There was no difference between the two

Table 1. Demographic characteristics of the participants (N = 1123)

Nationality
Saudi (n = 544) Non-Saudi (n = 579) P-value
n % n %
18-29 yrs 231 42% 236 41%
Age 30-44 yrs 206 38% 216 37% 0.63
45+ yrs 107 20% 127 22%
Female 413 76% 383 66%
Gender <0.001
Male 131 24% 196 34%
Single 227 42% 222 38%
Marital status (3 groups) ~ Married 290 53% 343 59% 0.02
Divorced/Widowed 27 5% 14 2%
Yes 250 46% 228 39%
Employment Status 0.03
No 294 54% 351 61%
<10,000 SR 104 19% 73 13%
10,000 to <20,000 SR 100 18% 46 8%
Monthly Income 20,000 + SR 62 11% 58 10% <0.001
| prefer not to answer 104 19% 131 23%
I do not have a monthly income 174 32% 271 47%
High school, Diploma, or less 230 42% 193 33%
Highest Degree Bachelors degree 244 45% 246 42% <0.001
Postgraduate degree 70 13% 140 24%

Table 2. BMI categories and Exercise frequencies of the participants and outcome from GAD-7 and PSQI questionnaires (N =1123)

Nationality
Saudi (n =544) Non-Saudi (n =579) P-value
n % n %
Underweight (<18.5) 28 5% 25 4%
Normal weight (18.5 to <25) 191 35% 197 34%
BMI (kg/m?) i 0.87
Overweight (25 to <30) 170 31% 187 32%
Obese (30+) 153 28% 169 29%
None 122 22% 136 23%
) 1-4 times per month 209 38% 224 39%
Exercise i 0.89
2-3 times per week 158 29% 168 29%
4-6 times per week 55 10% 51 9%
Minimal anxiety 187 34% 202 35%
Mild anxiety 170 31% 156 27%
GAD7 , 0.03
Moderate anxiety 110 20% 103 18%
Severe anxiety 77 14% 118 20%
PSQl score Mean + sd 87+£35 81+£33 0.005
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groups with regards to BMI (P = 0.87) and exercise frequency
(P = 0.89). The proportion of respondents who were normal
weight was 35% in Saudi and 34% in Non-Saudi respondents,
while overweight/obese were 59% and 61% respectively for the
two groups. There were 60% Saudis and 62% non-Saudi
respondents who reported no exercise/1-4 times per month,
and 29% in both groups reported exercising 2-3 times per week.
There was a significant difference for both the GAD-7 and PSQI
scores between the Saudis and Non-Saudis. The Non-Saudi
respondents had a higher proportion (20%) of severe anxiety as
compared to 14% in the Saudi respondents. The PSQI score was
higher for the Saudis (8.7 + 3.5) as compared to the Non-Saudi
(8.1 + 3.3) respondents (P = 0.005).

Table 3 shows that in the Saudi respondents, there was a
significant association (P < 0.001) between the BMI groups

N. Alhusseini et al.

and the GAD-7 categories. It was found that the Normal
weight’ group had the highest proportion (46%) of minimal
anxiety as compared to 20% in the obese group. The obese
group was found to have the highest proportion of severe
(18%) anxiety as compared to the other three BMI groups,
while the underweight group had the highest proportion of
candidates with moderate anxiety (32%). There was no signif-
icant association found between BMI group and GAD-7 for
the Non-Saudi respondents (P = 0.28).

Table 4 shows an opposite result where there was no sig-
nificant association between GAD-7 categories and frequency
of exercise for the Saudi respondents (P = 0.36). But there was
a significant association of GAD-7 with exercise frequency for
the non-Saudi group (P = 0.02). The proportion of minimal
anxiety was higher in respondents who exercised frequently

Table 3. Association of BMI groups with GAD-7 categories

GAD7
BMI kg/m? n Minimal Mild Moderate  Severe P-value
anxiety  anxiety anxiety anxiety
Underweight (<18.5) 28 10 5 9 4
36% 18% 32% 14%
Normal weight (18.5to <25) 191 87 46 35 23
: 46% 24% 18% 12%
Saudi (n = 544) ] <0.001
Overweight (25 to <30) 170 60 52 37 21
35% 31% 22% 12%
Obese (30+) 153 30 67 29 27
20% 44% 19% 18%
Underweight (<18.5) 25 7 4 4 10
28% 16% 16% 40%
Normal weight (18.5to <25) 197 72 53 40 32
Non-Saudi 37% 27% 20% 16%
_ 0.28
(n=579) Overweight (25 to <30) 187 64 48 31 44
34% 26% 17% 24%
Obese (30+) 169 58 51 28 32
34% 30% 17% 19%
Table 4. Association of Exercise frequency with GAD-7 categories
GAD7
Exercise n Minimal Mild Moderate Severe
. . . . P-value
anxiety anxiety anxiety anxiety
None 122 40 39 27 16
33% 32% 22% 13%
1-4 times per month 209 63 67 49 30
i 30% 32% 23% 14%
Saudi 036
2-3 times per week 158 62 50 27 19
39% 32% 17% 12%
4-6 times per week 55 22 14 7 12
40% 25% 13% 22%
(Continued)
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Table 4. Association of Exercise frequency with GAD-7 categories—Continued

GAD7
Exercise n Minimal Mild Moderate Severe
. . . . P-value
anxiety anxiety anxiety anxiety
None 136 43 39 19 35
32% 29% 14% 26%
1-4 times per month 224 64 72 45 43
' 29% 32% 20% 19%
Non-Saudi 0.02
2-3 times per week 168 70 37 32 29
42% 22% 19% 17%
4-6 times per week 51 25 8 7 11
49% 16% 14% 22%
Table 5. Association of BMI, Exercise and GAD-7 categories with PSQl scores (N = 1123)
Saudi (n = 540) Non-Saudi (n =578)
P-value
Mean = SD p-value Mean = SD
Underweight (<18.5) 85+ 3.0 64+ 25
Normal weight (18.5 to <25) 82+£36 78+32
BMI (kg/m?) i 0.12 0.001
Overweight (25 to <30) 90+34 82+33
Obese (30+) 90+£36 88+35
None 89140 82+35
) 1-4 times per month 88+34 85+32
Exercise ) 0.34 0.03
2-3 times per week 83+35 8.1+34
4-6 times per week 93+29 69+ 3.1
Minimal anxiety 72+£29 65+26
Mild anxiety 87+32 79127
GAD? <0.001 <0.001
Moderate anxiety 95+36 99+338
Severe anxiety 113+38 9.7+34

i.e., 2-3 times per week (42%) or 4-6 times per week (49%) as
compared to those who did no exercise (32%) or only 1-4
times per month (29%). The respondents who did not exercise
or exercised less than four times a month had a higher propor-
tion of mild anxiety (29% to 32%) as compared to those who
exercised 2-3 times per week (22%) and 4-6 times per week
(16%). For severe anxiety, the highest proportion (26%) was
found in the group who did no exercise as compared to those
who exercise 2-3 times per week (17%).

Table 5 shows the association between BMI, Exercise, and
GAD-7 groups with the scores on the PSQI questionnaire in
Saudis and non-Saudis. In the Saudi group, the BMI (P = 0.12)
and frequency of exercise (P = 0.34) showed no significant asso-
ciation with the PSQI scores. However, there was a significant
association between these two categories and the PSQI scores in
the non-Saudi group. It was found that the PSQI scores were
higher for respondents who were obese (8.2 + 3.3) or overweight
(8.8 + 3.5) as compared to the underweight group (6.4 + 2.5)
(P =0.001). Non-Saudi responders who exercised 4-6 times per
week had a significantly lower PSQI score (6.9 + 3.1) as
compared to the those who did no exercise (8.2 + 3.5) or 1-4
times per month (8.5 + 3.2) (P = 0.03). A significant association
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(P < 0.001) was found in both the Saudi and the non-Saudi
group for the PSQI scores by the GAD-7 categories. In both
groups, the respondents with minimal anxiety had the lowest
PSQI scores (7.2 * 2.9 for Saudis and 6.5 * 2.6 for non-Saudis).
In Saudis, those, with severe anxiety were found to have the
highest PSQI score (11.3 + 3.8) while in non-Saudis, the groups
with moderate (9.9 + 3.8) and severe (9.7 + 3.4) anxiety both
had higher scores as compared to the minimal anxiety group.

Discussion

The main purpose of the study was to determine an associa-
tion between obesity levels, quality of sleep, and anxiety among
the residents of Saudi Arabia including Saudis and non-Saudis.
Saudi Arabia is among the nations with the highest prevalence
of overweight and obesity.”> Our results are in concordance
with the current literature as it showed a high proportion of
overweight and obesity (32%) and (29%), respectively. There
are many risk factors associated with the increased overweight
and obesity levels in Saudi Arabia, including physical inac-
tivity and a sedentary lifestyle.”” People’s lifestyles have
changed dramatically over the years, from active daily
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movement and proper dietary consumption to sedentary,
inactive mobility and increased consumption of fat and sugar.”

Upon dividing the Saudi nationals from the non-Saudis,
there was no significant difference between the frequency of
exercise in both groups. Our findings revealed that the pro-
portion of respondents who did not exercise frequently is
more than half, which matches the literature regarding the low
physical activity engagement in Saudi Arabia.”

Although obesity and anxiety are individually common
and widespread health problems, more research has been
linking them together. An 11-year cohort study found that both
men and women experiencing anxiety and depression had a sig-
nificantly higher incidence of obesity.” Our results indicated a
highly significant association between the BMI groups and the
GAD-7 categories in Saudi nationals but not in the non-Saudi
respondents. DeJesus et al. conducted a study with similar
results to ours, indicating higher anxiety scores associated with
very low and very high BMI levels in comparison to normal
weight.”” Another research in Iran also supports that higher
anxiety scores are associated with low weight.” On the other
hand, a study conducted among adults in 2016 showed higher
anxiety scores for medium to high BMI levels and an inverted
U-shaped association for both low and very high BMI levels
with anxiety.”” For Saudis, it was found that almost half the
‘Normal weight’ group had the highest proportion of minimal
anxiety as compared to about one-third in the obese group. The
obese group was also found to have the highest proportion of
mild and severe anxiety as compared to the other three BMI
groups. However, the underweight group had the highest pro-
portion of candidates with moderate anxiety.

On the other hand, while both Saudis and non-Saudis had
a similar BMI distribution, a lack of relationship between BMI
and anxiety levels in non-Saudis may imply that BMI might not
be as relevant a risk to non-Saudis as it is to Saudis in developing
anxiety. This could mean that other stressors and risk factors
have a greater effect on non-Saudis. This difference could be
genetic or environmental, but since no research has tackled the
causes and risk factors for anxiety in non-Saudis as opposed to
Saudis, any reasoning provided would be purely speculative.

Additionally, exercise is used to manage anxiety symp-
toms.”® Another study concluded that there is a positive asso-
ciation between anxiety and insufficient physical activity.”!
This was demonstrated in our study in the non-Saudi popula-
tion. Regarding obesity and quality of sleep, we found that the
non-Saudi respondents who were obese or overweight had
significantly higher PSQI scores as compared to the under-
weight group, which means poorer quality of sleep. A
meta-analysis study (n = 164,016) suggests short sleep dura-
tion was significantly associated with the incidence of obe-
sity.”> One of the studies concluded that additional wakefulness
requires additional intake of food. However, due to the availa-
bility and easy access to food, the intake usually exceeded the
requirement.” Moreover, another study suggested that sleep
deprivation even impacts the food choices one makes. Since
sleep deprivation decreases the activity of the regions in the
frontal cortex and the insular cortex responsible for the appet-
itive evaluation and increase the activity of the amygdala.
These changes promoted the desire for high-calorie, obesi-
ty-inducing food.”* On the other hand, obesity has been shown
to decrease sleep duration and overall sleep quality since itisa
major risk factor for obstructive sleep apnea (OSA). This can
be seen as data suggests that OSA is almost twice as prevalent
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in obese patients as compared to normal weight. The reason
for this could be due to the fat deposition in the upper airway
and thorax, reducing the lumen and compliance of the airway.
As BMI increases, further fat deposition is seen. With the
decreasing lumen, the oxygen saturation decreases.”” One
study also showed a significant association between mean
oxygen saturation and sleep duration.” In our study however,
the Saudi sample did not reveal this association despite having
a significantly higher mean PSQI score than non-Saudis, sug-
gesting that other factors play a more important role in this
poor quality of sleep seen in Saudis.

A cohort study exploring risk factors for developing Exces-
sive Daytime Sleepiness EDS in 4,322 Sweden women over a
10-year follow-up, 8% of them developed EDS, the incidence
mostly being related to anxiety, obesity, and insomnia—among
other factors.” Another study found that sleep disturbances
can lead to emotional dysregulation, which in turn leads to
emotional eating, and thus to overweight and obesity.**

Similarly, in our study, the association between anxiety
and sleep can be demonstrated in both the Saudi and the non-
Saudi population. In both groups, the respondents with min-
imal anxiety had the lowest PSQI scores. In Saudis, those, with
severe anxiety were found to have the highest PSQI score
while in non-Saudis, the groups with moderate and severe
anxiety both had higher scores. Another meta-analysis study
concluded that sleep deprivation-induced states of increased
anxiety, while sleep restriction did not show a significant rela-
tionship. Moreover, a longer period of sleep deprivation was a
determinant of the increase in anxiety.”” A study among in
Puerto Rican youth showed that sleeping less and having
depressive/anxiety disorder were both independently and in
combination associated with an increased risk of obesity."’

The cross-sectional nature of our study limits causal
inferences. Also, since it was an online questionnaire, recall
bias is one of the major limitations, especially in reporting
height and weight, hence, BMI levels. However, this study
shows significant findings among the residents of Saudi
Arabia. There are limited studies that focus on obesity, sleep
and anxiety.

In conclusion, there is a relation between the obesity,
sleep, and anxiety trio, and a relation between the trio leading
to other medical issues. Low and High BMI levels were signif-
icantly associated with moderate and severe anxiety. Also,
overweight and obesity were associated with poor quality of
sleep. Some studies claim that anxiety is the moderator
between obesity and sleep, in which the presence of anxiety
symptoms contributes to difficulty falling or staying asleep,
which then increases the risk for obesity, or that poor sleep
leads to anxiety, which leads to emotional eating and obesity.”
Obesity is a major problem in Saudi Arabia and must be given
extreme attention from healthcare providers and policymakers
to decrease its levels and prevent any negative consequences
associated with it.
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