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Abstract

Objective: The main objective of the study was to evaluate metabolic derangements
among Bahraini adults in relation to body mass index (BMI).

Methods: A cross sectional design was used on a convenient sample of Bahraini
patients in the age group of 20-65 attending King Hamad University Hospital (KHUH)
outpatient clinics of neurology, dermatology and respiratory between August2021 and
September 2021. Participant’s data was checked using the electronic KHUHpatients
record and further verified through a phone call. Furthermore, Patients who met the
inclusion criteria and consented to the research were approached on their scheduled
appointment day and anthropometric, blood pressure measurements along with blood
investigations were obtained. Then data were analyzed and interpreted using a statistical
significance of less than 0.05. A total of 194 participants were investigated upon
completion of data collection from the electronic records, phone interview and
procedures carried out during the appointments. According to the findings, the
prevalence of obesity among the participants was 39.2% with age and marital status
being the only two variables having statistical significance with BMI (P< 0.001). On the
other hand, statistical significance with BMI was achieved with all the metabolic
variables, with the strongest association being between obesity and low- density
lipoprotein (LDL-C). It was demonstrated that among obese individuals the percentage
of hypertension was 28.9% (P=0.002), pre-diabetes was 36% (P < 0.001), abnormal total
cholesterol was 47.4% (P=0.006), abnormal triglycerides (TG) was 25% (P=0.002),
abnormal LDL-C 100% and abnormal high density lipoprotein (HDL- C) was 31.6%
(P=0.009).

Conclusion: The findings of this study revealed that obese individuals demonstrated
higher incidence of metabolic abnormalities than their under/normal weight
counterparts. This demonstrates that BMI has a significant negative impact on metabolic

parameters that increases as BMI rises and worsens over time.
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Introduction to the Study

1.1 Introduction

According to the most recent statistics from the World Health Organization
(WHO) in 2017, the global obesity has nearly tripled since 1975 (WHO,
2021). Obesity is a disorder that results from genetic and environmental
interplay, and the metabolic consequences of this disorder varies widely
among individuals. Over the past few decades urbanization, dramatic
lifestyle, nutritional, socioeconomic and demographic changes have led to
the development of the double burden phenomenon in many developed and
developing countries including Bahrain. The double burden phenomenon
refers to the ongoing problem of undernutrition with a surge in over
nutrition which poses a great peril on the individualshealth and the
country’s economy status because of the link between this problem and the
development of non-communicable diseases (NCDs). In reference to the
WHO, the undernourished population has decreased, while the over

nourished population has increased (Misra et al., 2008).

Nowadays, it is difficult to discuss matters related to body shape, weight,
and health status without referring to the body mass index (BMI). BMI is
an international, standard metric measure, adopted by the WHO, that is used
in clinical practice, studies, for setting public health policies and
establishing disease related guidelines. Moreover, BMI defines adults’
characteristics of the anthropometric measures height and weight andhelps
to classify individuals into a set of BMI categories that gives an indication

on the level of body fatness and health.

The WHO stated that a high BMI is a key risk factor for NCD like

cardiovascular disease (CVD), diabetes, musculoskeletal problems, and



some malignancies (WHO, 2021). Moreover, it is a major risk factor for the
development of hypertension and dyslipidemia. That being said, high BMI
Is @ modifiable risk factor that can be targeted by prevention strategiesto

lessen its impact on health and economy.

On the other hand, there is a subpopulation of people with obesity that have
a normal metabolic profile, in spite of the level of body adiposity (Brochu
et al., 2001). On the contrary, Meigs et al (2006) have reported individuals
having normal BMI but exhibited metabolic derangementsthat are typical
of obesity, these are called metabolically obese normal weigh individuals.
Consequently, in order to understand the size of the problem, and whether
prevention plans should be developed and implemented to target BMI, the
relationship between individuals with metabolic abnormalities and their
BMI needs to be looked into in order to investigatewhether a statistically
significant relationships exists between the number of individuals with a

particular metabolic derangement and high BMI.

1.2 The Research Problem

Contrary to the past where communicable diseases were common, NCD
rates are steadily increasing locally and globally. This shift came as a
consequence of many complex interconnected factors which includes
genetic, environmental and psychosocial factors. The effect of excessive
body fatness in the development of NCDs has been well established
(Wildman et al., 2010, Chandra et al., 2014). Data from life insurance
companies have shown that weight that is calibrated for height was
considered as an independent indicator for life expectancy since the

beginning of the twentieth century (Nuttall et al., 2015). More



importantly, many studies have established a link between obesity
measured by high BMI and metabolic derangements which includes
elevated blood pressure, and increased levels of both plasma glucose and
plasma lipids, which eventually leads to the development of hypertension,
type 2 diabetes mellitus, hypercholesteremia and cardiovascular disease
(CVD) (Dua et al., 2014, Lazar et al., 2005). Nevertheless, this relationship
Is very complex and affected by many factors such as body fat distribution,

genetics, hormones, and physical activity.

1.3 The Research Questions

Upon reviewing the literature, the following important questions arose:

e Is there a relationship between high BMI and metabolic
derangement?

e Can BMI be used as an indicator for the risk of development
of diabetes, hypertension, and dyslipidemia?

e Is targeting BMI by primary prevention programs a cost-
effective strategy?

e Can individuals with high BMI have a metabolically normal
profile?

e Can individuals with normal BMI have a metabolically
abnormal profile?

1.4 The Research Objectives

The study was conducted/ undertaken to fulfil the following objectives:



e To measure the anthropometric parameters of the
participants.

e To determine the metabolic derangements of the participants.

e To categorize participants according to their BMI.

e To assess the relationship between high BMI and various
metabolic abnormalities.

e To evaluate the benefit of targeting BMI as a primary
prevention strategy for high blood sugar, abnormal lipid
profile and elevated blood pressure.

1.5 Research Significance

Research studies showed that overweight and obesity numbers are
dramatically increasing. In 2016, 39% of adults over the age of eighteen
were overweight, while 13% were obese (WHO, 2021). Due to this rise,
many studies evaluated the effect of obesity on health, and this study
showed a relationship between obesity and NCDs. Many of these studies
depended on BMI as a credible measure to assess the participants weight
and relate it to their metabolic profiles. On the other hand, it is wellknown
that BMI is not a reliable indicator of body fat, moreover, a study by Brochu
(2001) have found a subset of individuals with high BMI and normal
metabolic profile (Brochu et al., 2001).Therefore, assessing whether BMI
significantly impacts the metabolic profile of the selected population, will
aid in planning prevention strategies that is both health and cost effective

in preventing derangement in the metabolic profile andits consequences.

1.6 Study’s Setting



The study will be conducted using participants attending King Hamad
University Hospital (KHUH) in Muharrag, Bahrain in the outpatient clinics
of neurology, dermatology and respiratory, by retrieving data from
participants’ medical records and by measuring their weight and height to
calculate their BMI in the clinic. The results were analyzed to fulfil the

objectives of this research.

1.7 Research Terminology
According to WHO:

e BMI: is a simple weight-for-height index that is often used to
identify persons as overweight or obese. It is calculated by
multiplying a person's weight in kilograms divided by the square
of height in meters (kg/m?).

e Overweight: BMI > 25 in adults.

e Obesity: BMI > 30 in adults.



Chapter Two: Theoretical Framework and Literature



Theoretical Framework and
Literature

The first study was by Wildman (2010) handling the CVD risk of
abdominal obesity versus metabolic abnormalities, the population
of this study was extracted from three large studies, the
Framingham Offspring Study (FOS), the Atherosclerosis Risk in
Communities Study (ARIC) and the Cardiovascular Health Study
(CHS), which used three constrained public databases. The FOS
study started in 1917, enrolled 5124 women and men, aged between
5-70 years who were family members of subjects in the
Framingham Heart Study. The ARIC (1987-1989), enrolled 15,732
women and men between the age of 45-64 years. Conducting a
study with data pooled from three large studies, that included
different participants from different populations strengthens the
representation and the generalization of the current study results to
the general population. Moreover, having data extracted from
databases avoids the tendency of recall bias that can appear from

interviewing the participants and saves time. (Wildman et al., 2010)

Extracting data from the three databases resulted in enrolment of
26,744 subjects. The exclusion criteria included baseline age less
than 45 years ( n=1079), lack of age data (n= 1198), subjects in the
underweight category (BMI < 18.5 kg/m?), |ack of data on waist
circumference (WC) (n= 85), medical history of stroke,peripheral
vascular disease and CVD in all three studies and heart failure for
FOS and CHS, at the baseline of the study for CHS and



ARIC and the baseline of the original study or at any time starting
from the initial to the fourth visit for the FOS study (n= 3158); lack
of data on stage four obesity (n= 273), and if fasting hours were
less than 8 hours before attending the study visit (n= 490), ending
with 20298 subjects included in the analysis of this study (Wildman
etal., 2010).

In regard to data collection, blood pressure measurement was
carried out in the sitting position after a period of rest with the
average of two measurements taken. BMI was calculated by
measuring the weight in kilograms and the height in meters then
dividing the weight by the height in squared meters. BMI was
categorized into three categories: normal (BMI < 25 kg/m?),
overweight (BMI 25-29.9 kg/m?2) and obese (BMI > 30 kg/m?). In
all three studies, WC was measured in standing position at the level
of the umbilicus. Therefore, the cutoff point for abdominal obesity
was > 88 cm for women and > 102 cm for men. Smoking and
alcohol consumption were evaluated using a questionnaire across
all three studies. Across all studies, blood samples were collected
after > 8 hours of fasting. Blood collection included plasma
glucose, triglyceride, high density lipoprotein cholesterol (HDL-
C), low density lipoprotein cholesterol (LDL-C) and very low-
density lipoprotein (VLDL), were all analyzed. The participants
were followed up for an average of 8.3 years, whichis a reasonable
period of time to monitor for complications and disease
development, during which there was 1766 CVD incidents, of these
events 648 were due to stroke and 1118 were due to (CHD).
Moreover, obese individuals were mostly African American

women, aged between 45-64 years, low educational



level, without current or past history of smoking, nondrinkers or
used to drink in the past and diabetics or with metabolic syndrome.
Unlike participants without diabetes or metabolic syndrome, those
with diabetes or metabolic syndrome were mostly African
American older obese men, with low educational level, with serious
cardiovascular risk factors, without past or current history of
smoking and nondrinkers or used to drink in thepast. Also, the study
found that there was no significant association betweenobesity and
the increase in the risk of CVD events in subjects withnormal
metabolic profile, metabolic syndrome or diabetes. On the other
hand, there was an associationbetween abdominal obesity andthe
risk of CVD events among individuals among individuals withone
to two metabolic elements. Nevertheless, having one to two
metabolic elements, metabolic syndrome of diabetes increased the
risk of cardiovascular events among obese and non-obese
individuals(Wildman et al., 2010).

The second study was a cross-sectional study by Suastika (2011),
looking at the prevalence of obesity, metabolic syndrome and
impaired fasting glycemia (IFG) in seven rural areas of Bali,
Indonesia. Sampling from a wide geographical area resulted in
inclusion of participants with different demographical
characteristics, which strengthens the credibility of generalizing the
results to the general population. The study enrolled 1840
individuals through random sampling and stratified sampling for
larger villages. Data included age, BMI, WC, blood pressure,lipid
profile and blood sugar level. Blood samples were obtained after at

least ten hours of fasting. To classify obesity researchers

10



followed the WHO 2000 criteria for the Asia Pacific population.
For diagnosing diabetes and IFG the American diabetes
Association (ADA) 2009 recommendations were implemented,
which is diagnosing IFG if plasma glucose level > 100 and < 126
mg/dl and diagnosing diabetes if fasting plasma glucose (FPG) >
126 mg/dl. For diagnosis of metabolic syndrome three or more of
five abnormalities was met: WC of >90 cm for men, or

>80 cm for women; triglyceride (TG) level of = 150 mg/dl; on
treatment for low levels of HDL or low levels of HDL <40
mg/dl for women, < 50 mg/dl for men; on treatment for high
blood pressure or high blood pressure readings = 130/85 mm Hg;
on treatment for diabetes or high plasma sugar level > 100 mg/dl
(Suastika et al., 2011).

The results of the study showed that when comparing men to
women, men were found to have higher height, weight, WC and
TG levels but HDL-C levels were lower in comparison to women.
At large, the mean of all the measured values were within normal
range. Despite the lack of differences in the nutritional status when
comparing males to females, obesity was higher among females
(43.4% vs. 27.5%, p <0.001). By looking at the metabolicsyndrome
prevalence, it was found to be 18.2% (16.6% males, 205 females),
and evaluating data by gender and villages revealedthat five out of
seven villages were found to have higher prevalence of metabolic
syndrome especially among female participants. Furthermore, IFG
was reported to be 13.1% (14.3% males, 12.4% females), and
diabetes prevalence was 5.9% (6.1% males, 5.7% females).
Analysis of metabolic syndrome variables showed the number of

participants who met 1, 2 or 3 diagnostics

11



criteria for metabolic syndrome were higher than those who met 4
or 5 criteria, and this suits to both gender categories. In addition,
the findings of the study showed that two villages displayed higher
prevalence of abdominal obesity. However, this did not imply that

they had a greater diabetes prevalence (Suastika et al., 2011).

The third study was conducted in Korea between 2002 and 2009 by
Chang (2012) that explored the impact of BMI on the incidence of
metabolic abnormalities in 2599 metabolically healthy men.
Exclusion criteria included any participant that met the metabolic
syndrome criteria or had any characteristics that could affect
metabolic syndrome, and subjects with hepatic disease or any
evidence of hepatic abnormality on ultrasound. Therefore, based on
the set exclusion criteria 27 participants were excluded due to
history of cancer; 125 participants were on lipid lowering agents;
16 participants had history of cardiovascular disease; 3031
participants who were on anti-diabetic medications or with fasting
plasma glucose (FPG) = 5.55 mmol/l; 3823 participants who were
on anti-hypertensive medications or had blood pressure reading >
130/85; 6277 had high triglyceridelevels > 1.69 mmol/l; 1894
participants had low levels of HDL

< 1.03 mmol/l; 5053 participants had ultrasonographic changes
indicating steatohepatitis; 2498 participants with daily alcohol
consumption of at least 20 g; 2181 participants with homeostasis
model assessment of insulin resistance (HOMA-IR) > 2.5; 4132
participants with elevated levels of C-reactive protein (CRP) >
1.0 mg/l; 11 participants were on anti-hepatitis treatment; 841

participants with abnormal hepatitis B or C serology and had

12



history of any type of documented hepatic disease or
ultrasonographic evidence of any acute or chronic hepatic disease;
413 participants excluded because during the antecedent year they
were on medications that could lead to hepatic abnormality,
examples include anti-epileptic drugs, tetracycline, metabolic
steroids and immune-suppressant drugs. In addition to the
previously mentioned, an additional 824 participants were
excluded because of incomplete initial data and another 258
participants due to loss of follow up. Overall, the exclusion criteria
were well defined to establish the true relationship between BMI

and metabolic profile (Chang et al., 2012).

The study was conducted in Kangbuk Samsung Hospital Health
Screening Center, where participants had an initial and follow-up
examination either yearly or twice a year. During these
examinations information regarding the medical status, current
medications, behaviors influencing health, physical and
biochemical examination were collected. Moreover, dataregarding
smoking status, alcohol intake per day and per weekand the
frequency and intensity of physical activity per week wereobtained
using a questionnaire. Body weight was measured to the nearest of
0.1 kg by a digital scale wearing light clothing and without shoes.
Height was measured to the neared of 0.1 cm without shoes using
an electronic scale. BMI was calculated using the standardized
equation of weight in kilograms divided by height squared in
meters. Blood pressure measurements in the sitting position were
taken by an experienced nurse trained to use a mercury
sphygmomanometer. Standardized laboratorytechniques were used

to analyze the blood samples collected after

13



more than 12 hours fasting from veins in the antecubital area. Blood
samples were analyzed for the following biochemical markers: total
cholesterol, LDL-C, HDL-C, glucose, TG, gamma-
glutamyltransferase, aspartate-aminotransferase, alanine-
aminotransferase and uric acid. An expert radiologist who was
blinded to the study design and results carried out the abdominal
ultrasound. A set criterion was used by the radiologist to diagnose
the participants with hepatic steatosis. The modified National
Cholesterol Education Program Adult Treatment Il was used to

diagnose metabolic syndrome. The fact that the study was carried

out over eight years with a regular interval follow-up for the
participants, the use of standardized anthropometric measures and
laboratory techniques and the blinding strategy applied lends
credibility to reported findings and is an excellent start to reduce
bias (Chang et al., 2012).

The results of the study revealed that of 2955 participants, the mean
age was 36.1 years, and the mean BMI was 22.3 kg/m?, and for
those who were not diagnosed with metabolic syndrome the
average follow-up was 5.1 years. A dose response outcome was
distinctly found between BMI and the following characteristics:
age, systolic and diastolic blood pressure, FPG, total cholesterol,
LDL-C, TG, HOMA-IR, insulin, uric acid, CRP, ongoing alcohol
use and physical activity. On the other hand, smoking and HDL-C
were oppositely associated with BMI. With the follow-up of 9647.1
person-years, 1673 subjects had metabolic derangement. The
accumulating incidence of metabolic derangement during the first

year was 4.9%, 23.6% after two years and 53.6% at five
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years. Thereafter, the study showed the tendency to develop each
metabolic derangement in concordance to baseline BMI. The first
analysis was done by comparing BMI with each baseline category
by adjusting for age, followed by adjustment for age, alcoholintake,
smoking and physical activity. In both occasions, a higher BMI was
positively associated with all metabolic derangement (p<0.05), and
the tendency to develop any metabolic derangement expanded to all
BMI categories. When contrasting participants withnormal weight
and healthy metabolic profile to those who had an obese and
healthy metabolic profile, the former had a tremendous increase in
the risk of developing high TG, pre- diabetes, pre- hypertension,
low HDL-C, high CRP, high HOMA- IR, and any derangement in
metabolic profile and metabolic syndrome. Additionally, they
studied the difference between obese individuals with healthy
metabolic profile who maintained their normal profile (n= 257),
and those who developed abnormality in their metabolic profile (n=
72). Those who maintained a normal metabolic profile had a
favorable one at the beginning, compared with the other group who
started with a baseline elevated TG and plasma glucose levels and

were oldertoo (Chang et al., 2012).

The fourth study by Gobato (2014) on metabolic syndrome and
insulin resistance in obese adolescents was a cross-sectional study
that took place in the Child and Adolescent Obesity Outpatient
Clinic at Hospital de Clinicas da Faculdade de Ciéncias Médicas
(School of Medical Sciences), University of Capinas, Brazil.

Adolescents with a BMI > 97th percentile for gender and age

15



according to the WHO guidelines, were encouraged to join the
study. The study included 79 female and male adolescents in the
age range of 10 to 18 years and their physical, laboratory and
ultrasonographic results were analyzed. Anthropometric measures
were evaluated including height, weight and WC. BMI was
calculated and WC was measured using a tape at halfway between
the last rib and the superior margin of the iliac crest. Having a WC
> 75 percentile for sex and age was considered a risk factor. Dual
energy X-ray absorptiometry was used to assess the percentage of
body adiposity, the cut-off point for males was > 25% and for
females was > 30%. A 7.5MHz linear transducer wasused to assess
subcutaneous fat. The procedure was carried out by the same
technician with the participant in dorsal decubitus position after
fasting for 12 hours. Measurement was taken by lightly placing the
transducer 1 cm above the umbilicus, then the distance between the
skin and the outer surface of the rectus abdominus muscle fascia
was obtained. A mercury sphygmomanometer was used to assess
the blood pressure using a matching size arm cuff for the
participant’s arm circumference following the procedures
recommended by the Brazilian Society of Hypertension. The cut-
off point for a high blood pressure was

> 95th percentile for gender, age, and height percentile.
Nonetheless, it has been suggested that the use of a mercury
sphygmomanometer might increase errors similarly applied to the

previous study (Gobato et al., 2014).

Blood samples collection for evaluating biochemical markers was
done through venous blood sampling after 12 hours of fasting. A

standardized laboratory method was used to analyze FPG, lipids,

16



and basal insulin levels. A value of > 126 mg/dl was used to
diagnose diabetes mellites. Values used to diagnose abnormallipid
profile were as follows: triglycerides > 100 mg/dl, total
cholesterol > 150 mg/dl, HDL-C < 45 mg/dland LDL-C =100
mg/dl. HOMA-IR, which is calculated by dividing the sum of
fasting insulin (mIU/mL) and fasting glucose (mmol/L) by 22.5was
used to diagnose insulin resistance if the result was higher than
3.16. Criteria used by this study to diagnose metabolic syndrome is
the presence of three or more of the following listed abnormalities:
height percentile and waist circumference > 90th percentile for
gender and age, systolic or diastolic blood pressure > 90th
percentile for gender and age, FPG > 110 mg/dl, triglycerides
>100mg/dl and HDL-C <40 mg/dl (Gobato et al., 2014).

Results included 79 subjects, of which 49.3% (39) were females, in
the age range of 10 to 18 years. Percentage of body fat showed
drastic differences between males and females with females having
higher values than males. Likewise, plasma insulin and insulin
resistance measured by HOMA-IR was notably different between

males and females, with females having higher values than males.

In addition, 52.8% (29) of females and 47.2% (17) of males were
diagnosed with metabolic syndrome. Patients diagnosed with
metabolic syndrome demonstrated a remarkably higher BMI, LDL-
C and a mean HOMA-IR. Furthermore, 29.1% (23) of participants
were diagnosed with insulin resistance of which 56.5% (13) were

females and 43.5 (10) were males. Participants
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with insulin resistance had a higher WC mean, BMI, percentage
body fat and subcutaneous fat. On the other hand, mean level of
HDL-C was strikingly lower among this group. Interestingly, the
association test showed that insulin resistance is associated with a
suboptimal level of HDL-C. Also, there was a positive correlation
of all body compositions with insulin resistance. Systolic and
diastolic blood pressures were the only components with a strong
correlation to BMI, subcutaneous fat, and WC. Furthermore, the
correlation study showed that out of all metabolic syndrome risk
factors assessed, BMI was the only significant factor. But there
were no significant correlation of glucose levels and lipid profile
with any barometers of body compositions. Finally, the 23.5% of
insulin resistance and 36.3% of metabolic syndrome above the BMI
reference values aid in the recognition of these conditions (Gobato
etal., 2014).

The fifth study is by Gurka (2018) assessed the use of BMI as the
marker of adiposity in a metabolic syndrome severity score. This study
was conducted by using the same methodology used by Gurka (2014)
that evaluated WC as the main variable as oppose to this study which
used BMI and compared it with WC. They used data from non- Hispanic
white and black or Hispanic Mexican/American and other Hispanic
origins in the age range of 20-64 years, collected in theperiod of (1999-
2010) from the National Health and Nutrition Examinations
(NHANES), which is an annually cross-sectional survey that is done by
the National center for Health Statistics (NCHS). These surveys employ
randomly chosen subjects to fill in questionnaires, collect
anthropometric and blood pressure measurements, and for blood sample
collection. Ethical approval was obtained from the NCHS and

participants consented to take part in the research.
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Measurements included TG, HDL-C, and FPG, in addition to WC and
blood pressure measurements using a standardized method. Phlebotomy
was done after > 8 hours of fasting. For each subject blood pressure was
measured four times and the mean was taken. The study excluded any
subject with known and unknown case of diabetes,or unknown case of
diabetes but the FPG is > 125 mg/dl, on hypoglycemic or lipid
lowering agents, with a history of congestive heart disease, CHD,
myocardial infarction (MI) or stroke and pregnant women. However,
participants on blood pressure lowering therapywere not excluded, as the
author stated that these medications may be used for other purposesother
than lowering the blood pressure. Nevertheless, not excluding
participants on blood pressure lowing agents might have an impact on
the correlation with BMI (Gurka et al., 2018, Gurka et al., 2014).

With regards to the aims of their study, the first goal was to execute
confirmatory factor analysis (CFA) in adults for metabolic syndrome
elements using BMI as the marker for central abdominal obesity. First,
they defined the CFA as a statistical method for examining how several
independent variables contribute to a latent component by correlating
them. Consequently, a sequence of one CFA was carried out on each
of the five elements of the metabolic syndrome in adults: glucose,
TG, HDL-C, systolic blood pressure and BMI. The researchers
used systolic blood pressure instead of using both systolic and
diastolic blood pressure due to the significant association between
systolic blood pressure and insulin resistance. CFA was
successfully executed all over and then specific to the gender, race
and ethnicity to avoid the differences in metabolic syndrome
criteria related to these variables, therapy adding strength to their

findings, because it included all these possible
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confounders. The second goal was to contrast their CFA using BMI
to their previous CFA using WC, while the third goal was to assess
concurrence between the metabolic syndrome severity scores and
the final fourth goal was to use previous cohort studies to contrast
metabolic syndrome severity Z-score BMI and metabolic syndrome
severity Z-score WC, with regard to their future connection to
disease, especially type 2 diabetes mellites and CHD.Consequently,
to achieve the fourth goal the authors used cohort studies, the
Atherosclerosis Risk in Communities (ARIC) Study and the
Jackson Heart Study (JHS). Subjects from both studies were (n =
19,026) and the exclusion criteria included subjects withtype 2
diabetes mellitus (n =2485), CHD (n = 973), stroke (n = 393), non-
fasting when obtaining baseline labs (n = 507), subjects who lacked
baseline metabolic syndrome data (n = 792) and subjects who lost
out come follow-up data (n = 2992). Elements of metabolic
syndrome were assessed similarly in both cohort studies.
Standardized protocols for both cohorts detected incidents of CHD,
fatal CHD, in hospital fatal and non-fatal Ml, silent MI detected by
electrocardiography or coronary angioplasty. The study concluded
that when BMI was used as an indicator of adiposity in a metabolic
syndrome severity Z-score, itexhibited similar influence of WC
based score in the prognosis of future CHD and type 2 diabetes
mellitus, and in general similar risk of metabolic syndrome
predicted by both BMI and WC.Consequently, this pointed to the
practicality and benefit of metabolic syndrome severity Z-score
BMI in evaluating metabolic syndrome risk over the years (Gurka
etal., 2018).
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The sixth study by Weber (2018), tackled metabolic syndrome in
German air force personnel: the prevalence and association with
BMI and physical fitness. A retrospective data from the German air
force center of aerospace medicine were reviewed Participants
were all white males, who had the same level of workload and
stress, same socioeconomic status and from the sametopographical
area. A follow-up observation for the entire cohort was done
throughout the period of (January 1, 1996, to December 31, 2016),
during which laboratory test results were saved in the data base of
the facility, and only those who were medically fit were included in
the study. Medical fitness was defined as having a normal medical
history, normal examination of all the body systems and normal
electrocardiogram,  electroencephalogram and  abdominal
ultrasound. Moreover, medical fitness included fasting blood
sample collection for white and red blood cells, erythrocyte
sedimentation rate (ESR), urine analysis, liver function test, urea
nitrogen, creatinine, electrolytes, uric acid, plasma glucose level
and lipids. In addition, annual examination included measuring
BMI, blood pressure, HDL-C, total cholesterol level, plasma
glucose level and ESR. Metabolic syndrome was defined according
to the National Cholesterol Educational program 2005, the only
exception to this definition was not including central obesity
because the data base was lacking data related to WC (Weber et al.,
2018).

The researchers of this study concluded, that BMI was strikingly
higher among participants with metabolic syndrome and agility
was lower when compared to healthy participants throughout the

study period. Furthermore, during the observation period of the
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study it was found that BMI was increasing, and agility was
decreasing regardless of the participant’s age. Moreover, metabolic
syndrome had led to a significant incline in BMI and decline in
physical agility. This is an excellent study to assess the relationship
of metabolic syndrome and BMI because first of all it included
healthy individuals, thus the association between metabolic
syndrome and BMI was clear, and secondly the follow-up period
participants was adequate, which in turn established a temporal
relationship between metabolic syndrome components and BMI
(Weber et al., 2018).

The last study was a prospective cohort study by Da Silva Coelho
(2020), which related to the incidence of metabolic syndrome in
Brazilian adults with healthy weight, normal weight obesity, and
overweight/obesity. Data collection took place at three stages
during the period between 1978 to 1979: at birth, then when they
reached the age of 23 to 25 years and then at the age of 37 to 39
years. In regards to inclusion criteria, only singletons were included
(n =1094), and exclusion criteria were as follows: individuals with
history of metabolic syndrome (n =111), if the BMI was < 18.5 (n
= 64)or = 25 kg/m?, subscapular skinfold (SSF) and triceps
skinfold (TSF) measurements < 90th percentile (n = 111), and
finally those with missing data (n = 21). Consequently, the total
number of participants was 787. Individuals were evaluated for
metabolic syndrome at the age of 23 to 25 years and then again at
the age of 37 to 39 years, with participants at the age of 23 to 25
years scoring at least three ofthe following criteria labels them as
having metabolic syndrome: FPG > 100 mg/dl or on

hypoglycemic agents, systolic blood
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pressure = 130 mmGg, diastolic blood pressure > 85 mmHg or
on blood pressure lowering agents, HDL-C < 40 mg/dl for men
and < 50 mg/dl for females or on lipid lowering agents, TG > 150
mg/dl or on lipid lowering agents and WC = 90 ¢m for men and
> 80 cm for females. The same criteria for diagnosis of metabolic
syndrome was applied to individuals aged 37 to 39 years,with the
exception for TG, which was reported abnormal if the levels were
> 175 mg/dl. In addition, a questionnaire was used toevaluate for

the use of medications (Da Silva Coelho et al., 2020).

Anthropometric measurements were performed by trained
healthcare providers. Weight was measured with the subjects
wearing light garments and without footwear with an accuracy of
100 g using a mechanical scale for the 23 to 25 years old subjects
and a digital scale for the 37 to 39 years old subjects. A stadiometer
with an accuracy of 0.1 cm was used to measure the height. The
Lange caliber was used to assess the TSF and the SSFand the 90"
percentile of the summation of both skinfolds was used to
approximate normal weight obesity. Therefore, the cut-offpoint of
high body fat was > 30 mm for males and > 39 mm for females.
For measuring the WC, a fiberglass tape was placed halfway
between the ribs and iliac crests at the end of normal exhalation in
a standing position with a relaxed abdomen. When not feasible, WC
was measured at the level of the umbilicus. Furthermore, blood
pressure was measured with the subjects in sitting position and their
arms at the level of the heart, three measurements were taken 15
minutes apart and the average of the last two readings was recorded.
Last but not the least, 40 ml blood
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samples were collected from the participants after 12 hours of
fasting, and standardized laboratory methods were used for
analyses (Da Silva Coelho et al., 2020).

Results showed that out of the 787 analyzed subjects, 441 (57.5%)
were females. Assessment of body composition revealed that 6%
were found to be normal weight obese (NWO), and23.7% were
overweight obese (OWO). In the 25- to 27-year-old cohort,
individuals with a healthy weight (HWI) had the lowest plasma
glucose levels (81 mg/dl) and diastolic blood pressure (67.9 mm
Hg). On the other hand, OWO exhibited the highest percentage of
body fat, which was 32.3% for males and 38.8% forfemales. In the
37-to 39-year-old cohort, OWO showed the highest plasma glucose
levels (91 mg/dl) and had the same body fat percentage ofOWO as
the previous age group. Yet, for 42- year old female subjects NWO
had the highest levels of TG(152.8 mg/dl) and lowest HDL-C
levels. The overall incidence of metabolicsyndrome was 35.5%.
NWO and OWO individuals hadthe highest incidence, above
normal WC, plasma glucose levels and blood pressure when
contrasted with healthy weigh individuals. The onlydifference was
that high HDL-C was only observed in NWO not inOWO (Da Silva
Coelho et al., 2020).

Analyzing the previous studies gave me a better, clear and more
comprehensive way to conduct my research especially in regard
to inclusion, exclusion criteria and the best methodology to collect
relevant data to increase the accuracy of the research outcome.
These studies served as an eye opener on certain categories that

should be excluded from the study to eliminate
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possible confounders and bias. Moreover, adopting the protocols of
the implemented procedures in the above-mentioned studies will
serve as a clear guidance for me throughout my data collection
journey. In conclusion, the hypothesis of this study wasthat if BMI
increased, then it will lead to metabolic abnormalities and whether
such an increase would be a statistically significant predictor for

metabolic derangements.
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Methods and Procedures

3.1 Study setting and design

This study was a cross-sectional study and was conducted on
patients in the age group of 20-65 years attending KHUH outpatient
clinics of neurology, dermatology and respiratory between the fifth
of August 2021 and the sixteenth of September 2021.

3.2 Sample size and sampling technique

Selection of the clinic specialty was based on convenience. Patients
list was obtained from the KHUH electronic system following the
instructions given by the hospital directorate. The neurology,
dermatology and respiratory clinics were running three days a
week, lists of patients having appointment on that givenday were
obtained from the hospital system two days prior to their
appointment. Then the medical record for every single patient on
that list was checked to apply the inclusion and exclusion criteria.
Exclusion criteria included any patient in aged below 20 or over 65,
non-Bahraini’s, pregnant ladies, those with previous diagnosisof
type 2 diabetes mellites, hypertension or dyslipidemia, those who
are on hypoglycemic or dyslipidemia agents and those with history
of MI, CHF or stroke. Moreover, patients on hypertensive
medications were not excluded because they could be taking these
medications for other medical conditions other than hypertension.
Patients who met the inclusion criteria based on their medical
records were contacted by telephone and the inclusion criteria was
verified once again. After thoroughly explaining the purpose ofthe

call and the study objectives, process and the participation
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requirements, verbal consent was obtained, and the patient was
informed that they will be signing a written consent on the day of
their appointment. The target sample size of the study was a
minimum of 194 participants to achieve a 95% confidence interval
and a margin of error of 5% calculated using an online sample size

calculator (survey system), according to the study of
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Nyangasa et al (2019). Of the 247 baseline patients listed in the
clinic’s lists, 194 of them met the study criteria and participated by
consenting to the study, attending their appointments, checking
their vital signs and having their blood investigations. In regard to
the remaining 53 patients, 80% of these patients were excluded
because they met the exclusion criteria, majority of them were
diabetics, the second most common reason for exclusion is
diabetics with cardiac comorbidities and the third reason was
dyslipidemia. Then, 8% of them were excluded because of lack of
communication number, 11% did not show up for their
appointments or did not undergo the lab investigations and the

remaining 1% declined to participate in the research.

3.3 Participants

Bahraini males and females aged 20-65 years attending KHUH

outpatient dermatology, neurology and respiratory clinics were

recruited.

3.4 Phone Interviews

Due to the Covid-19 pandemic, and to reduce the risk of exposure
and infection among the investigators and patients, phone
interviews substituted the initial plan of in person interview. A
checklist was formulated by the primary investigator to ease
gathering participants data and to apply the inclusion and exclusion

criteria on each subject, thus only enabling eligible
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subjects to proceed with the process of the research (AppendixD).

The checklist has three sections; the first section obtained
demographic data like age, gender, nationality, marital status,
pregnancy status for female participants, educational level, and
income status. The second section included questions concerning
physical activity, smoking status and dietary questions regarding
the amount of fruits and vegetable intake per day. The last section
aimed to assess the past medical history of the subjects, and
included questions inquiring about any past history of MI,
congestive heart failure or stroke and whether the subject was on

any glucose or lipids lowering agents.
3.5 Research Approval

Before starting data collection and to facilitate access to, KHUH
data base, patients list, clinics, instruments, and professional
personnel and patients, approval from the Institutional Review
Board of KHUH was acquired (Appendix A). The process of
obtaining the approval involved completing and submitting of
documentation, which included research proposal application,
research proposal checklist, ethical issues checklist, and the
informed consent template in both Arabic (Appendix B) and

English (Appendix C) took place in the period of May to July 2021.

3.6 Research Tools and Measurements

30



Anthropometric and blood pressure measurements, in addition to
blood tests were obtained at KHUH. On the appointment day, the
participants signed the informed consent, had their height and
weight taken, their blood pressure measured and blood samples for
biochemical serum markers collected. The specially designed
checklist was filled two days prior to the patient’s appointment
from his/her medical record and then was verified with a phone call
interview by one of the KHUH interns. All the collected data was
entered into an excel sheet. The height was measured using a
calibrated stadiometer to the nearest of 0.1 cm. Body weight was
measured using a calibrated electronic scale to the nearest of 100
g. BMI was calculated using the standardized equation of weight in
kilograms divided by the square meter of the height. Moreover,
participants were classified according to the WHO BMI
classifications, Blood pressure was measured three times and the
mean value was recorded using a digital sphygmomanometer with
the right size arm cuff and the arm at the level of the heart.
Measurements were taken after the patient rested for 5 minutes. All

the above-mentioned procedures were conducted by trained nurses.

Blood samples were drawn after > 12 hours fasting from the
antecubital veins. Biochemical serum markers measured were FPG,
total cholesterol, LDL-C, high HDL-C and TG. Blood samples
were analyzed in a Collage of American Pathologist accredited

laboratory using standardized and calibrated techniques.
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Diagnosis of hypertension was done according to the International
Society of Hypertension Global which is a blood pressure of <
130/85 is normal, 130/85 to 139/89 is pre-hypertension and >
140/90 mm Hg is considered hypertension (Unger et al., 2020).
Furthermore, diagnosis of IFG is 5.5-6.9 mmol/l and DM if fasting
> 7 mmol/l. In regard to the lipids profile, the normal cutoff points
were < 5.2 mmol/l for total cholesterol, <1.8 mmol/l for LDL- C,
and < 1.69 mmol/I for triglycerides, in regard to HDL-C < 1.03
mmol/l is considered abnormal following the Dyslipidemia
Guidelines 2019 — Bahrain.

The WHO classified nutritional status according to the BMI as
underweight when the BMI is <18, normal weight when BMI is
between 18.5-24.9, overweight when BMI is between 25.0-29.9,
obesity class | when BMI between 30.0-34.9, obesity class Il when
BMI between 35.0-39.9 and obesity class Ill when BMI

>40.

3.7 Statistical Analysis

Statistical Package for the Social Sciences (SPSS), version 26.0
(IBM, Chicago, USA), was used for data entry and analysis.
Frequencies and percentages were computed for the categorical
variables. Mean and standard deviation were computed for the
quantitative variables. T-test was used to determine whether there
Is a significant difference in means between two independent
groups. Analysis of Variance test (ANOVA) was used to determine

whether there is a significant difference in means
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between more than two independent groups. Chi-Square test was
used to determine whether there is a significant relationship
between two categorical variables. Pearson’s Correlation
Coefficient was used to measure the correlation between two
quantitative variables. In all statistical tests, p-value of less than

0.05 was statistically considered significant.
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Chapter Four: Results, Discussion, and
Recommendations

4.1 Results
4.2 Discussion

4.3 Conclusion
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4.1 Results

The total number of participants was 194, majority falls in the age
group of 18-30 years (44.8%) with over two-thirds (69.1%) being
females. In term of marital status numbers were very close,having
(53.6%) married and (46.4%) single. When asked about physical
activity only (4.1%) vigorously exercised, while (52.6%) had a
sedentary lifestyle. On the other side, most of the subjects were
non-smokers (85.6%), with 43.3% and 47.4% of them consuming

> 5 servings per day of fruits and vegetables, respectively. (Table

1).

Results, Discussion, and

Recommendations

Table (1): Demographic characteristics (n= 194)

n (%)

Age in years

18-30 87 (44.8)

31-45 63 (32.5)

>45 44 (22.7)
Gender

Male 60 (30.9)

Female 134 (69.1)
Marital status

Married 104 (53.6)

Single 90 (46.4)
Educational level

School 80 (41.2)

Higher education 114 (58.8)
Monthly income

<450 BD 87 (44.8)

>450 BD 107 (55.2)
Physical activity

Sedentary 102 (52.6)

Light 56 (28.9)

Moderate 28 (14.4)

Vigorous 8 (4.1)

Smoking status

Smoker

28 (14.4)



Non-Smoker 166 (85.6)

Fruit intake
<5 servings 110 (56.7)
>5 servings 84 (43.3)
Vegetables intake
<5 servings 102 (52.6)
>5 servings 92 (47.4)

Tables 2 and 3 show data regarding BMI and metabolic
characteristics. Consequently, assessment of BMI among the study
participants showed that 39.2% were obese, 23.2% had a normal
BMI and the mean BMI was 29+ 7.2 . In addition, only 17% of
them were found to be hypertensive with a mean systolic blood
pressure of 120.9+ 13.7 and a mean diastolic blood pressure of
78.0+ 14.9. Moreover, the vast majority of them hada normal
fasting glucose (79.4%) with a mean FPG of 5.2+ 0.5 . Coming to
the lipid profile, most of the subjects had normal levelsof total
cholesterol (64.9) with a mean of 4.9+ 0.9 , normal levels of TGs
(83.5%) with a mean of 1.1+ 0.6 and normal levels of HDL-C
(74.4%) with a mean of 1.3+ 0.3. The exception was the LDL-C,
having higher percentage of participants with an abnormal level
(98.5%) with a mean of 3.3+ 0.3 .

Table (2): BMI and Metabolic characteristics (n = 194)
n (%)

BMI
Underweight 9 (4.6)
Normal 45 (23.2)
Overweight 64 (33)
Obese 76 (39.2)
Blood pressure
Normal 130 (67)
Pre-hypertension 31 (16)
Hypertension 33 (17)

Fasting blood glucose



Normal 154 (79.4)

Pre-diabetic 39 (20.1)

Diabetic 1(0.5)
Cholesterol

Normal 126 (64.9)

Abnormal 68 (35.1)
Triglycerides

Normal 162 (83.5)

Abnormal 32 (16.5)
LDL

Normal 3(1.5)

Abnormal 191 (98.5)
HDL

Normal 152 (78.4)

Abnormal 42 (21.6)

Table (3): BMI and Metabolic characteristics (n = 194)

Mean £ SD
BMI 29.0+£7.2
Systolic BP 120.9 +13.7
Diastolic BP 78.0+14.9
Fasting blood glucose 52+05
Cholesterol 49+09
Triglycerides 1.1+£06
LDL 3.3+£09
HDL 1.3+03

Tables 4 and 5 illustrate the of the association betweendemographic
data and BMI, which revealed that the only statistically significant
association with BMI was found with age and marital status (P <
0.001). The higher the age of the participant, the higher the
percentage of obesity (59.1%), andmarried individuals were more
obese (48.1%) than singleindividuals. On the hand there was no
statistical association between BMI and the other demographic
data. Furthermore, studying the association between demographic
data and BMI as a quantitative variable showed a significant

statistical interaction



with both age and marital status (P <0.001, P < 0.028,

respectively).

Table (4): Association between demographic characteristics and BMI

BMI
Underweight/N  Overweight Obese
P-value
ormal
n (%) n (%) n (%)
Age in years
18-30 40 (46) 24 (27.6) 23 (26.4)
31-45 13 (20.6) 23 (36.5) 27 (42.9) <0.001
>45 1(2.3) 17 (38.6) 26 (59.1)
Gender
Male 16 (26.7) 24 (40) 20(33.3) 0.351
Female 38(28.4) 40 (29.9) 56 (41.8)
Marital status
Married 16 (15.4) 38 (36.5) 50 (48.1) <0.001
Single 38(42.2) 26 (28.9) 26 (28.9)
Educational level
School 19 (23.8) 23(28.7) 38 (47.5) 0.138
Higher education 35 (30.7) 41 (36) 38 (33.3)
Monthly income
<450 BD 31 (35.6) 25 (28.7) 31 (35.6) 0.090
>450 BD 23(21.5) 39 (36.4) 45 (42.1)
Physical activity
Sedentary 31(30.4) 32(31.9) 39(38.2)
Light 10 (17.9) 17 (30.4) 29 (51.8) 0.059
Moderate/Vigorous 13(36.1) 15 (41.7) 8 (22.2)
Smoking status
Smoker 8 (28.6) 11 (39.3) 9(32.1) 0.666
Non-Smoker 46 (27.7) 53 (31.9) 67 (40.4)
Fruit intake
<5 servings 29 (26.4) 40 (36.4) 41 (37.3)
0.520
>5 servings 25(29.8) 24 (28.6) 35 (41.7)
Vegetables intake
<5 servings 28 (27.5) 35(34.3) 39 (38.2)
0.917

>5 servings 26 (28.3) 29 (31.5) 37 (40.2)




Table (5): Association between demographic characteristics and BMI

BMI
P-value
Mean £ SD
Age in years
18-30 26.4+6.1
31-45 30.3+7.7 <0.001
>45 32.4+6.5
Gender
Male 28.0+6.0
0.207
Female 295+£7.6
Marital status
Married 30.1£6.5
. 0.028
Single 27878
Educational level
School 29.7+£7.0
. . 0.250
Higher education 285+7.3
Monthly income
<BHD 450 28.1+£7.0
0.110
> BHD 450 29.8+7.2
Physical activity
Sedentary 28.9+75
Light 305+73 0.062
Moderate/Vigorous 26.9+5.3
Smoking status
Smoker 28.3+6.4
0.556
Non-Smoker 29.1+73
Fruit intake
<5 servings 28974
. 0.851
>5 servings 29.1+6.9
Vegetables intake
<5 servings 28977
. 0.828
>5 servings 29.1+6.6

The main objective of this study was assessed in Table (6), which
Is the association between BMI and metabolic profile. BMI was
found to have a statistically significant association with all of the
metabolic profiles. Results showed that obese participants were

more hypertensive as oppose to participants with under/normal



weight BMI (28.9% and 5.6%, respectively) (P= 0.002). Similarly,
obese participants had a higher percentage of pre- diabetic status
than under/normal weight (36% and 5.6%, respectively) (P <
0.001). Just as importantly, obese participants had higher
percentages of abnormal cholesterol (47.4%), TGs (25%) and
HDL-C (31.6%) (P=0.006, 0.002 and 0.009,

respectively). Surprisingly, none of the obese individuals had a

normal LDL-C level.

Table (6): Association between BMI and metabolic characteristics

BMI
Underweight/N .
Overweight Obese P-value
ormal
n (%) n (%) n (%)
Blood pressure
Normal 45 (83.3) 44 (68.8) 41 (53.9)
Pre-hypertension 6 (11.1) 12 (18.8) 13 (17.1) 0.002
Hypertension 3 (5.6) 8 (12.5) 22 (28.9)
Fasting blood glucose
Normal 51 (94.4) 55 (85.9) 48 (64) <0.001
Pre-diabetic 3 (5.6) 9(14.1) 27 (36)
Cholesterol
Normal 43 (79.6) 43 (67.2) 40 (52.6) 0.006
Abnormal 11 (20.4) 21 (32.8) 36 (47.4)
Triglycerides
Normal 53 (98.1) 52 (81.3) 57 (75) 0.002
Abnormal 1(1.9) 12 (18.8) 19 (25)
LDL
Normal 2(3.7) 1(1.6) 0 (0)
Abnormal 52 (96.3) 63 (98.4) 76 (100)
HDL
Normal 49 (90.7) 51 (79.7) 52 (68.4)
0.009
Abnormal 5(9.3) 13 (20.3) 24 (31.6)

Lastly, Tables 7 and 8 demonstrate an alternative method to study
the correlation between BMI and metabolic profile as well as to
assess the strength of correlation. This method showed that systolic

blood pressure, FPG and LDL-C had a low positive



correlation, while diastolic blood pressure, cholesterol, TGs and

HDL-C had no correlation.

Table (7): Correlation between BMI and metabolic characteristics

BMI

Pearson Correlation P-value
Systolic BP 0.330 <0.001
Diastolic BP 0.151 0.036
Fasting blood glucose 0.300 <0.001
Cholesterol 0.260 <0.001
Triglycerides 0.224 0.002
LDL 0.336 <0.001
HDL -0.186 0.010

Table (8): Interpreting the Size of a Correlation Coefficient

Size of Correlation Interpretation

0.90t0 1.00 (=0.90to —1.00)  Very high positive (negative) correlation
0.70t0 0.90 (—0.70 t0 —0.90)  High positive (negative) correlation
0.50t00.70 (=0.50t0 —0.70)  Moderate positive (negative) correlation
0.30t00.50 (=0.30t0 —0.50)  Low positive (negative) correlation

0.00 to 0.30 (0.00 to —0.30) negligible correlation

4.2 Discussion

In recent time BMI has been widely used as a practical tool by
different health concerning specialties, including medical
physicians, nutritionists, and personal trainers. It is a measure that
physicians refer to when advising patients about lowering their
plasma glucose, total cholesterol, TG, LDL-C levels and to lower
their risk of cardiovascular, peripheral vascular and neurological
events. Moreover, it is the cornerstone measure used by dieticians

and nutritionist while establishing a nutritional plan for



maintaining, loosing or gaining weight, by measuring the baseline
and target BMI. Nowadays many individuals will pay to get their
BMI checked at various BMI measuring machines placed in
pharmacies. Consequently, the main objective of this study was to
assess the credibility of BMI in predicting abnormalities related to
metabolic markers like blood glucose, lipid profile and blood
pressure among Bahraini individuals. The target was achieved by
analyzing data collected from Bahraini patients attending
dermatology, neurology and respiratory outpatient clinics at
KHUH.

Data analysis showed that the overall prevalence of obesity among
the study cohort of Bahrainis aged 20-65 years is 39.2% with a
mean of 29+ 7.2. The study by Van Harmelenen (2003) which
assessed the effect of BMI and age on adipose tissue cellularity and
differentiation capacity in women concluded that BMI has a direct
correlation with age, total number of fat and stromal cells and
adipose cells size. Consequently, to evaluate whether this effect can
be applied in this study, the correlation between age and BMI has
was studied, and the results showed that when correlating the BMI
with age a dose response relationship was found. Findings revealed
that obesity was 26.4% among the 18-30 years group, 42.9%among
31-45 years group and 51.1% in those above the 45 years group
(Van Harmelenen et al., 2003). Upon contrasting theseresults with
those published from a study done in Korea on subjectsin the age of
30-59 years, same dose response relationship was found with a
mean age of obesity at 36.5 years. This shows that although this

study was



done on completely different ethnic group, BMI had the same
effect on age (Chang et al., 2012).

Another previous study published in 2010 extracted its population
from three large studies conducted in the years from 1917-1989 in
the US, with a wide range of age groups ranging from 5-70 years,
showed that obesity was higher in the age group of 45-64.9 years
with a percentage of 77.9%, and participants > 65 years had a
22.1% obesity rate (Wildman et al., 2010). In my opinion, it is
important to compare the current study results of the effect of BMI
on age with studies froma different timespan to assess whether
subjects living in different circumstances with a modernized

lifestyle and advanced technologies would have different outcome.

On the other hand, Weber (2018) concluded that BMI remarkably
increased in metabolically abnormal individuals throughout the
observation span regardless of the age. These results convey
abnormal metabolic profile has a more profound effect on the BMI
than age. (Weber et al., 2018) Furthermore, a recently published
study in 2020 that started in 1978 that evaluated the incidence of
metabolic syndrome in Brazilian adults with healthy weight,
normal weight obesity, and overweight/obesity. Categorized
individuals based on the BMI, TSF and SSF, defining OWO
participants as having a BMI > 25 kg/m? TSF+SSF > 90
percentile. Consequently, the study found that there was no
difference in percentage of OWO individuals among the age group
of 23-25 years and 37-39 years and in both groups the percentage
was 23.7%. (Da Silva Coelho et al., 2020) The difference of that

outcome from the outcome of this study might



be due to the effect of adding the TSF and SSF to the BMI, which
added more credibility to the amount of adiposity and its impact on

the studies variables including the age.

Another correlation was done between gender as a demographic
parameter and BMI. This correlation found that females had higher
percentage of obesity (41.8%) than males (33.3%), but thisoutcome
was not statistically significant according to the Chi- square test.
This result can be explained by the effect of one of the most
important female sex hormones, estrogen, and its effect on fat
storage priming the female body for childbearing beginning at
puberty. Similarly, the study by Wildman (2010) concluded that
women have higher rates of obesity than men (68.7%, 31.3%
respectively) and that relationship was statistically significant.
(Wildman et al., 2011) Another study by Gobato (2014) reported
a similar outcome, which enrolled all adolescents that attended the
Child and Adolescent Obesity Outpatient Clinic at Hospital de
Clinicas da Faculdade de Ciéncias Médicas with a BMI > 97
percentile, and out of the 79 obese adolescents, females constituted
49.3% of them (Gobato et al., 2014). Moreover, Suastika (2011)
reported a no statistically significant difference between gender and
BMI, with 19.9% of females with obesity class one, 5.8% with
obesity class two, and 21.1% of males with obesity class one, and
5.7% with obesity class two. Nevertheless,a statistically significant
correlation was found in term of abdominal obesity, with females
having higher rates than men (43.4%, 27.5%, respectively)
(Suastika et al., 2011).



With a further comparison to a study conducted in the |US, a similar
result to the current study done in Bahrain was found. Thisstudy
enrolled male and female undergraduate students with a mean age
of 19.4 years old (standard deviation= 0.87), and exploratory
analysis was used to evaluate the differences in BMI scores
between genders. One-way ANOVA test disclosed that the
differences in BMI scores between males and females is not

statistically significant (Pilafova et al., 2007).

Opposite to the above-mentioned results are the results found by a
study published by D’Souza et al. (2015) on the effect of gender
and lifestyle behaviors on BMI trends in a sample of undergraduate
population. Showing a statistically significant correlation between
gender and BMI, with a male obesity of 22.33% and female obesity
of 18.29%. Similarly, the study by Saxena (2011) revealed that
teenage boys had higher percentage of obesity (42.42%) in
comparison to females, but females had higher percentage of under-
nutrition (25.75%) in comparison to males. These last resultscan be
due to factors related to body image that highly concerns females
especially during adolescent and university years (Saxenaet al.,
2011).

Upon further analysis, marital status was found to have a
statistically significant correlation with BMI when Chi- squaretest
was applied, having higher percentage of obesity among married
individuals compared to single participants. In contrast, there were
more single individuals in the underweight/normalBMI category
(42.2%) and less married individuals in this category (15.4%).

According to Bahraini culture being married is



linked to overweight and obesity in both genders. This can be
related to causes like stability, responsibilities, financial issues for
both sexes and pregnancy for females. Moreover, other factors that
can contribute to overweight might play an important role in the in-
weight gain after marriage like time constraints for exercising due
to family responsibilities, or the reduced ability to purchase healthy

foods because of financial commitments.

Comparison of results from different studies related to marital
status in a chronological manner from oldest to newest study is
done, in order to assess this relationship across time. Starting with
a cross-sectional study done in US by Sobel (1992), this study
assessed marital status as a causative model for obesity and it
revealed that marital status mainly affects men. Married men had
higher risk of obesity than men who never got married or
previously married even after adjusting for physical, social and
demographic variables. (Sobel et al., 1992) Worth mentioning this
relationship between marital status and obesity was gender andage
adjusted, with younger unmarried individuals having less weight.
Therefore, in relation to the current study relatively same results
were found, as younger age groups had less weight as well as
unmarried individuals. Consequently, if we were to combinethe
two variables and their effect on weight, we might find that more
unmarried individuals are in younger age groups, more physically
active and confining to better dietary habits and this might have

contributed to effect of marriage status on weight.

Another study by Schoenborn (2004) studied marital status and

health and categorized the relationship between marital status and



BMI according to age. The relatively younger age group of 18-44
years married men had higher rates of overweight and obesity
(70.3%), and in middle age group married men had an obesity
percentage of (75.2%). However, results related to females were
different than the results of the current study. Middle age married
women had lower rates of obesity (55.6%), as oppose to never
married (64.4%), divorced (59.3%) and widowed (64.8%).
Furthermore, there was no statistically significant difference in
rates of overweight and obesity among older age women.
(Schoenborn et al., 2004) In addition, another study published in
the US reported similar results in regard to females, by which
separated women having higher rates of overweight (76%), andby
comparing married men to those who never married, married men
are more likely to be overweight, and they have significant risk of
being overweight than any other marital status except for

cohabitating men (Hanson et al., 2007).

Newer studies were conducted first by Janghorbani (2008), and the
second by Sobel (2009) both demonstrating relatively similar
results to the current study. The first study conducted in Iran
revealed that there is two folds increase in the prevalence of
overweight among married men and women when compared to
unmarried men and women, even after controlling other factors like
age, educational level, smoking habits, physical activity, leisure
time and place of residence. (Janghorbani et al., 2008) Thesecond
study showed that married men had higher tendency to be
overweight (74%) or obese (30%). On the other hand, separated,
divorced or never married individuals had significantly lower odds

of being overweight than married men. But, statistically



significant lower odds of obesity were only found among divorced
men. Furthermore, an effect of marital status on women was found,
as they had higher rates of overweight (75%) or obesity (43%) were
found among separated individuals. (Sobel et al., 2009)
Furthermore, a study by Tzotzas (2010) also found a significant
link between marital status and BMI. This study conveyed that the
association is significant in both genders. Compared to unmarried
participants, married, widowed and divorced participants had
higher odds of being overweight. Leaving out widowed men by
which the probability of being overweight was similar to unmarried

men.

Indeed, a study that took place in Saudi Arabia tackled obesity and
associated risk factors by Memish (2014), studied the marital status
and BMI more rigorously, but concluded similar results to the
current study. The study disclosed that higher rates of obesity were
among married men (67.9%) and women (67.2%), in contrast to
obesity among unmarried men (30.8%) and women (21.2%). In
contrary to significantly lower percentages of obesity among
separated, divorced, or widowed men (1.3%) and women (11.6%).
It is worth mentioning that these results may have been affected by
the fact that female respondents were more likely tobe currently
or previously married. (Memish et al., 2014) Last but not the least
Is the recent study by Lee (2020), confirmed the significant
correlation between marriage and obesity. Results showed that
lower overweight prevalence was observed among unmarried men
or divorced/separated men and women. Also, higher prevalence of

underweight was observed in unmarried men



and women than married subjects. On the other hand, widowed
women had higher overweight prevalence. (Lee et al., 2020)
Consequently, due to the significant effect of marital status on
BMI that was found by the current study and other studies, that
resulted from an interplay of many factors like gender, age,
physical activity and financial status, married individuals should
be targeted specifically to reduce the effect of modifiable risk

factors on weight.

Upon further analysis, educational level and BMI correlation was
assessed and results showed that individuals with high school
degree or less had higher rates of obesity and lower rates of
underweight/normal BMI in comparison to individuals with higher
education. Obesity among higher educated individuals was(33.3%)
and underweight/normal BMI was (30.7%). However, this
correlation was not statistically significant. Studying this
correlation is important to assess whether the educational level has
an impact on health behaviors and attitudes, which in turn willhave
an influence on BMI. Through this impact future studies can be
developed particularly focusing on this correlation in order to
decide on the efficacy of educational campaigns targeting BMI

related health programs.

In this context the cross-sectional study done in Spain by Gutierrez-
Fisac (2002), that evaluated the correlation between obesity and
educational level, showed that obesity prevalence washighest in
Spanish participants with elementary level of education in both
genders. Moreover, in 1995-1997 the implication of obesity that is

associated with less than third level of education



was (55%) in women and (20%) in men in 25-64 years age group.
In my opinion, analyzing results from three different studies
spreading over eleven years adds a great credibility to the outcome
of the correlation. (Gutierrez-Fisac et al., 2002) In a study
published in 2004, Gutierrez-Fisac conducted a similar study
assessing the correlation between BMI and educational level. By
reevaluating this correlation, the author emphasized on the outcome
obtained two years earlier, due to the that illiterate male individuals
had higher prevalence of obesity (36.7%) than those with university
education (30.9%). Moreover, the impact of educational level was
more obvious among females, by which illiterate females were
41.8% obese and those with universityeducation were 17.5% obese
(Gutierrez-Fisac et al., 2002).

Likewise, the study by Woo (1999), found that there is significant
inverse relationship between BMI and uducation level among
Chinese women, where women with higher educational level had
a lower BMI. Additionally, Wildman (2010) reached the same
conclusion. Statistically significant results were found by which
subjects with high school education or less (50.5%) of them were
non-obese and (60.8%) of them were obese. Besides that, those
with an educational level higher than high school had (49.5%) non
obesity and (40%) obesity level. (Wildman et al., 2010) Moreover,
Tzotzas (2010) concluded the same results. In their study, the
researchers showed a statistically significant anticorrelation
between educational level and BMI, revealing that subjects with
primary educational level had higher obesity rates than those in

university (Tzotzas et al., 2010).



In a study by Martorell (2000) that covered a wide geographical
area, included 38 developing countries and the US the results
conveyed truly reflected that economic status of a country can have
an indirect impact on individual’s health. Having said this, the
results of this study showed that low socioeconomic countries had
obesity clustered among women in urban areas with higher
education level. On the contrary, in higher socioeconomic level
countries like Latin American and the Central Eastern
Europe/Commonwealth of Independent States countries obesity
were more evenly distributed across the general population
(Martorell et al., 2000).

In conclusion, the etiology behind higher levels of obesity in
individuals with lower educational level might be due to having less
knowledge and awareness about the importance of maintaininga
normal BMI and the appropriate means toaccomplish that, which
highlights the importance of educationand health awareness in
programs that targets prevention of obesity and its negative health

consequences.

Another important parameter that can have an impact on BMI is the
financial status of the individuals. More recently this is more
evident nowadays, due to the current influence that the pandemic
had on the economy at the international, country and individuals’
level, with most goods increasing in price, and food products
especially has been affected by this rise. So, healthy, organic and
weight watchers food products has been especially affected by this
economic crises, because even during stable economical
circumstance these products had higher prices and now it got even

more expensive. On the other hand, economical inflation along



with purchasing power due to low monthly income can lower the
amount of services or goods an individual would be able to
purchase, and that can be applied to eating from outside andbuying
fast food and energy dense foods. Therefore, the current study
analyzed the correlation between monthly income and BMI.
Monthly income was categorized into subjects with less than BHD
450 and > BHD 450 based on the latest statistics from the Labour
Market Regulatory Authority of Bahrain median monthly wages of
Bahrainis. Results showed that subjects with a monthly income
below BHD 450, the equivalent of $1,190 had higher rates of
under/normal weight individuals (35.6%), less rates of overweight
(28.7%) and obese (35.6%) individuals when compared to subjects
with = BHD 450 monthly income, however this correlation was not

statistically significant.

The results of this study contradict the results of an earlier study by
Kuntz et al. (2010) which analyzed the correlation between
occupational status on BMI based on gender and reported a
significant impact of income on BMI in women. Thus, women with
low income had risk of obesity that is increased by a factorof 3. On
the other hand, there was no correlation found between men

oncome and the presence of obesity.

Another study by Chang (2010), had wide variation of results in
accordance to monthly income. Similar correlation was found in
the two extremes of income, the very low income < $ 723.71 and
the very high > $ 2171.12 which is higher rates of obesity and lower
rates of healthy individuals. It was revealed that the those with
income < $ 723.71, (27.2%) of them were obese and (28.8%)of

them were healthy. Likewise, those with income > $ 2171.12,



(18.4%) were obese and (9.3%) were health. On the other hand,
subjects with income ranging from ($723.71-$1447.41) and
($1447.41-$2171.12) had higher rates of healthy individuals than
obesity. For those having income of ($723.71-$1447), (29.8%) of
them were obese and (34.2%) of them were healthy, and those
having income of ($1447-$2171.12), (7.9%) were obese and
(14.7%) were healthy (Chang et al., 2010).

Inconsistent to the present study the systematic review by Dinsa
et al. (2012), which evaluated the correlation between
socioeconomic status and measured obesity in low- and middle-
income countries in children, men and women. reported a parallel
association between income and risk of obesity. Thus, countries
with lower income had lower risk or obesity compared to countries
with higher level of income. On the contrary, results of another
study that data from Seattle (US) and Paris (France) on the
influence of food environment and SES on obesity. An inverse
association was found, by which lower income in both cities were
linked to increased risk of obesity. As oppose to being in higher
SES, which can be related to residing in prosperous community and
shopping at expensive supermarkets had a protective effect onthe
risk of obesity (Drewnowski et al., 2014). Similarly, the more
recent study of Asp et al. (2017) reported lower percentage of
obesity in individuals with high socioeconomic status (12%), as
oppose to those with middle or low socioeconomic status (18% and
19% respectively). Comparably with the previous study is a study
done in Massachusetts to assess the effect of household income on
childhood obesity, the study concluded that there is a significant

relationship between low income and increase risk of



overweight and obesity, consequently for every 1% increment in
low income there was 1.17% increment in overweight/obesity.
(Rogers et al., 2015) In agreement with the previous study the
findings of Assari et al. (2018) supported the proved the hypothesis
that family income reduces the risk of obesity and that higher

income plays a protective factor role against childhood obesity.

Last but not least, based on the current study results and that from
previous studies which showed that higher income and
socioeconomic status impacted BMI positively, this can be
attributed to healthy living circumstances, like purchasing healthy
food options, ability to join the gym and hiring household helpers
to have the time to exercise. This provides further evidence that
improving the individual’s socioeconomic status may have a direct
health related benefit.

Additionally, the relationship between physical activity and BMI
was evaluated, as it is a major factor determining overweight and
obesity. Also, it is an important parameter frequently considered
when precisely calculating the BMI to establish a weight guided
dietary health plan. Moreover, physical activity is considered a
successful strategery couples with calorie reduction to produce a
negative energy balance for losing weight. Consequently,
evaluating this parameter showed that participants with
moderate/vigorous physical activity level had the lowest rate of
obesity (22.2%) and the highest rate of under/normal weight (36.1).
In contrast, those with sedentary level of physical activity had

higher rate of obesity (38.2%) and lower rate of under/normal



weight (30.4%). Nevertheless, this correlation was not statistically

significant.

In consistence with the current study outcome, the cross-sectional
study on elderly Swedish population found a strong correlation
between physical activity and BMI with physically inactive
individuals having higher percentage of obesity than those whoare
physically active, and elderly with impaired physical activity being

more obese than those with physical mobility (Asp et al., 2017).

Moreover, a study by Schwarzfischer et al. (2017) involving school
children showed light physical activity being negatively associated
with increased weight, whereas sedentary activity was positively
associated with increased weight. The author concludedthat there
was an indirectly proportional relationship between the minutes
spent per day in physical activity and BMI. Another study
demonstrated the inverse correlation between physical activity and
BMI (Bradbury et al., 2017). Furthermore, Da Silva Coelho et al.
(2020) included physical activity as one of the variables in studying
metabolic syndrome incidence in healthy weight (HWI), normal
weight obesity (NOW), and overweight/obesity (OWO) and found
that the percentage of HWI was higher in those with vigorous
activity than those with light activity, and that the percentage of
OWO was higher among thosewith light activity in comparison to

those with vigorous activity (Da Silva Coelho et al., 2020).

Additionally, another study that assessed the effect on regular

exercise training program on the BMI of Iranian type 2 diabetes



mellitus patients reported a significant impact of physical activity
on the BMI compared to the control group. Also, after 8 years of
regular exercise training, the intervention group had improvement
in their BMI, with a linear reduction in BMI during the first six
years and slight increase during the last two years. On the other
side, control group had a slight persistent increase in BMI

throughout the eight years follow up period (Najafipor et al.,2017).

Results from the current study provides further evidence to the
significant effect of physical activity on BMI, especially that the
positive effect on BMI is increasing as the intensity of exercise
increases. This proves the effect of burned calories on BMI to
facilitate weight loss. Consequently, moderate to high intensity
physical activity should be part of comprehensive obesity

prevention strategy.

As for smoking the current study showed that smokers had lower
percentage of obesity than non-smokers and slightly higher
percentage of under/normal weight in smokers than non-smokers.
This correlation might be due to the fact that smoking may act like
an appetite suppressant, raises the metabolism and energy
expenditure which is the amount of energy the individual needs for
daily physical functions, such as breathing, food digestion, blood

circulation and physical activity.

Consistent results to the current study was reported by Lv et al.
(2015), revealed that regular smoking has statistically significant
negative associated with BMI in both genders. In addition, another

study by Jacobs et al. (2019) concluded same results, by



which there is an inverse association between smoking and BMI for
males and females. Participants who smoke had lower BMI than
those who are irregular smokers or those who never smoked.
Moreover, a UK cross-sectional study by Dare et al. (2015),
conveyed similar results whereby participants who smoked had
lower risk of being obese compared to those who never smoked.
However, there was no significant correlation in individuals < 40
years. Furthermore, other revealed a similar statistically significant
same inverse correlation between current smoking status and BMI
(Wildman et al.,2010, Chang et al., 2012).

On the contrary, Tuovinen et al. (2016). Showed that among the
normal weight group heavy daily smokers were less in numbers
than those who never smoked. Furthermore, similar results to the
current study was found among the overweight/obese group, with
higher percentages among those who never smoked and lower
percentages among those with heavy daily smoking (Tuovinen et
al., 2016).

By comparing the current study results to other studies, it was found
that most studies reached a similar negative correlationbetween
smoking and obesity, which might prove the effect of smoking on
suppressing the appetite and increasing the metabolism. However,
smoking should not be encouraged encouraging individuals to
smoke in order to lose weight because of the disadvantage of

smoking on health that outweighs the advantages.



The last aspect of the demographics was concerned with diet in
term of the amount of fruits and vegetables intake per day. This
correlation was studied to assess the international dietary
recommendations in regard to the consumption of > 5 servings of
fruits and vegetables per day in order to improve health and prevent
diseases. Results showed non-significant correlation between fruits
and vegetables intake per day and BMI with slightly higher
percentage of obesity among those who has >5 servings of fruits
and vegetables per day compare to those who take < 5 servings of
fruits and vegetables per day. This might be due to the higher
calories intake that is associated with eating more servings of fruits
and starchy vegetables. Besides, this insignificant correlation might
due the wider multifactorial effect that food can have on BMI. In
other words, diet is more than just fruits and vegetables, as other
food groups may have a larger effect on the BMI and all type of
diet including all food groups and the total calorie intake must be

studied in relation to BMI.

In the same scope, a study by Charlton et al. (2014) involving
Australian adults aged 45 years and above, showed similar results
to the current study among women only. Thus overweight and
obese women were more likely to meet the target intake of fruits
and vegetables and had higher odds of being at the highest intake
quartile for fruits and vegetables. As opposed to overweight men
who were less likely to meet the target intake of fruits and

vegetables and had lower odds of being at the high intake quartile.

Inconsistent results to the current study were reported by Liu
(2004). Results showed that women who had higher intake of



fruits and vegetables has lower BMI, but they also were older and
had higher physical activity than those who had lower intake of
fruits and vegetables (Liu et al., 2004). Similarly, the study of
Epstein et al. (2001), demonstrated that parents who increased their
children’s fruits and vegetables intake had significantly lower rates
of overweight than those who decreased fat and sugar rich foods
(Epstein et al., 2001).

Coming to the core aspect of this study, which is the association
between BMI and metabolic characteristics like; blood pressure,
fasting blood glucose and lipids profile. Starting with the blood
pressure, this study found that there is significant correlation
between BMI and blood pressure, by which an increase in the
percentage of hypertension was observed moving from
under/normal weight to overweigh and obesity (5.6%, 12.5% and
28% respectively). This effect of obesity on BMI can be explained
by the study of Dustan (1983), this explained the multiple
physiological mechanisms that played a role in this effect. The
author elaborated that there are physiological changes that happens
In obesity with the increase in tissue mass, there will be increase in
the oxygen consumption, thus there will be a rise inblood volume,
cardiac output, and arteriovenous oxygen difference. Moreover,
obesity is associated with metabolic and endocrine changes such
as: increase in insulin level, insulin resistance, carbohydrates
intolerance, increase in the rate of stress hormones secretion like
cortisol which has a critical role in rising the blood pressure. In
addition, it was found that with obesity there is increase stimulation

of the sympathetic nervous system



activity, which in turns adds to the rise in blood pressure.
Furthermore, the author implicated that with weight loss there will
be resolution of all the above-mentioned abnormalities. (Dustan et
al., 1983)

A Study by Simonds (2014) highlighted the role of leptin in
explaining the association between obesity and hypertension. The
study displayed results of multiple studies, one of them was done
on rodent that had obesity induced by diet, this study proposed that
the sympathetic nervous system has an important role inobesity
induced hypertension. In addition, leptin is elevated in obese
individuals because it is an adipose tissue derived hormonesworks
by acting on the hypothalamus to decrease calorie intake and
increase the burn of energy, also leads to increase stimulation of the
sympathetic nervous system, thus increasing heart rate and blood
pressure. This study gave a further scientific explanation to the

results found by the current study. (Simonds et al., 2014)

The impact of obesity on raising the blood pressure was also
reflected in a study by Wildman (2010). The study revealed that
obese individuals had a higher mean systolic and diastolic blood
pressure (127.6/74.9 mmHg) when compared to the mean of non-
obese individuals (123.4/73.2), and this was a significant
correlation. Moreover, a study by Chang (2012) revealed same
effect of obesity on BMI. The results of this study showed that the
mean systolic and diastolic blood pressure increases with the
increase in BMI status from underweight to obesity (Wildman et
al., 2010, Chang et al., 2012).



Relatively similar rise in the percentage of hypertension acrossthe
BMI categories was observed in a study by Da Silva Coelho etal.
(2020), this study showed that the mean systolic and diastolic blood

pressure was highest in overweight obese individuals.

Another supportive study to the current study in regard to the
association between BMI and blood pressure was by Dua et al.
(2014). Upon analyzing the results based on systolic and diastolic
blood pressure, highest percentage of overweight males were found
to have prehypertension. Similar results were found in regard to the
percentage of overweight males and stage one hypertension, they
are found to have the highest percentage according to the diastolic
blood pressure. Similarly, among females the percentage of
prehypertension was the highest among overweight females when
considering systolic blood pressure and diastolic blood pressure.
Furthermore, when comparing overweight/obese male individuals
to normal weight, overweight/obese males had 2.82 times higher
risk of prehypertension and 2.65 times higher risk of stage one
hypertension and 8.98 times higher risk of stage two hypertension.
Also, overweight/obese females had 2 times higher risk of
prehypertension, 3.74 times higher risk of stage one hypertension
and 8.98 times higher risk of stage two hypertensioncompared to

non-obese females.

In addition, another study showed that there is significant
association between higher BMI levels and the incident of
developing hypertension (Chandra et al., 2014). Similarly, a study
by Khera (2020) reported increase in BMI there was simultaneous

increase in the mean systolic blood pressure. So, normal weight



individuals had lower mean systolic blood pressure than
overweight, obese and morbidly obese individuals (Khera et al.,
2020).

In conclusion, the impact of obesity on rising the blood pressure
was clearly demonstrated by all the previously mentioned studies
and the current study. Therefore, this clear positive correlation
between BMI and blood pressure emphasizes on the importance of
managing weight in order to prevent and treat elevated blood
pressure. Obese patients can be confidently informed about the

negative impact of their weight on their blood pressure.

FPG was the second metabolic parameter that has been examined
in correlation with BMI, Results of the current study revealed that
higher percentage of pre-diabetes was found among obese
individuals than those with under/normal weight, and the
percentage of normal FPG level was found among those with
under/normal weight compared to obese individuals. This effect
can be explained by the insulin resistant theory, which states that
adipocytes produces adipocytes derived fatty acids that leads to
resistance to insulin action exerted on the liver and muscles. In
addition, this large amount of adipose tissue that is present in
overweight and obese individuals secretes large amounts of leptin
that has a defective action at the cellular level, and this might also

be related to insulin resistance (Lazar et al., 2005).

In consistent with the current study by Khera et a. (2020) showed
that the percentage of diabetes increased with the increase inBMI,
and that the percentage of diabetes among normal weight

participants was lowest in comparison to the overweight, obese



and morbidly obese participant. Wildman et al. (2010) also found
a significant association between BMI and abnormal FPG with
obese subjects having high mean level values compared to normal

weight individuals.

Another study that supported the current study results is the study
by Da Silva Coelho et al. (2020), this study revealed that
overweight obese individuals had higher blood glucose median
level than healthy weight individuals. Moreover, a study by Chang
(2012) also conveyed that the mean blood glucose for overweight

participants is higher than those with normal weight.

Indeed, it can be concluded that obese individuals have a
significantly higher risk of elevated blood sugar pointing to the

essential role of weight loss program in managing high blood sugar.

Lastly, the correlation between the lipids profile including total
cholesterol, TGs, LDL-C and HDL-C and BMI was examined. This
research found a significant correlation between BMI and all the
lipids profile parameters, by which abnormal total cholesterol and
TGs levels were higher in obese participants than under/normal
weight participants. Surprisingly all of the obese individuals had
abnormal LDL-C levels and lower levels of HDL-C were present
In obese individuals in comparison to those under/normal weight.
These results can be explained by the physiological and metabolic
effect that is exerted by obesity onthe body leading to the increase
in the free fatty acids levels. These free fatty acids play a role in the
development of insulin resistance, increasing the LDL-C, TGs,
VLDL levels and



decreasing HDL-C levels. As a consequence of liver exposure to
high levels of free fatty acids, high amounts of VLDL, intermediate
density lipoprotein and ultimately high levels of LDL-C. Also, in
support of the current study's results, Kanwar et al. (2016)
demonstrated that obese participants had a higher mean of total
cholesterol, TGs and LDL-C and lower mean of HDL-C compared

to the non-obese participants.

The stud by Wildman et al. (2010) also supported the outcome of
the current study in regard to the TGs and HDL-C association to
obesity. Obese individuals had higher TGs levels and lower levels
of HDL-C than non-obese individuals (Wildman et al., 2010).
Similar significant outcomes were conveyed by Chang et al. (2012)
but including all the lipid profile parameters that wasincluded in the
current study. Results showed that the mean of total cholesterollevel
was inclining with the increase of BMI from normal, to overweight
to obesity, identical trend was observed in the mean of LDL-C and
the median of triglycerides. On the contrary the mean of HDL-C
was declining with the increase in BMI from normal to overweight

to obesity.

In addition, Da Silva Coelho et al. (2020) also reached similar
results to the above studies in terms of TGs and HDL-C. The study
showed that OWO individuals had higher median triglycerides than
HWI. And in regard to HDL-C OWO individuals had lower mean
than HWI.

Nevertheless, there are certain limitations to the current study.Due
the Covid-19 pandemic situation, telephone interviews substituted

the in-person interviews which gives more



accessibility and provides more accurate information as they tend
to last longer than phone interviews. For this particular reason, the
number of variables were reduced. Finally, convenience sampling

method is subject to selection bias.

4.3 Conclusion

In conclusion, results from this research established that the
prevalence of obesity among Bahraini individuals aged 20-65years
Is 39.2%. There was significant association between advancing age
and obesity, but there was no significant differencein obesity status
demonstrated between males and females. The only other
demographic parameter that was significantly associated with
obesity was the marital status, as married participants had higher
percentage of obesity. Evidently, BMI is proven to have a
significant correlation with elevated blood pressure, FPG, total
cholesterol, LDL-C, TGs and low levels of HDL-C. Finally, obesity
was significantly associated with abnormal metabolic profile and
elevated blood pressure and normal weight was significantly
associated with metabolic profile and favorable blood pressure

readings,

4.4 Recommendations

e The study should be conducted on larger sample, including
participants from hospitals in different areas around Bahrain
in order to be more representative of Bahraini population.

e More credible sampling technique should be used to avoid
sampling bias.



Cooperation between governmental hospitals research
committees is needed to establish future collaborations for
future researches that includes participant from different areas
with different characteristics.

Cooperation between the main governmental hospital in
Bahrain (Salmaniya Medical Complex) and the University of
Bahrain is desired, as the hospital represents the whole
population of Bahrain.

Adding BMI as one of the compulsory parameters that has to
be filled in every visit on the electronic health systems for the
governmental hospital to make easier for future researchesto
evaluate the impact of BMI over time on different biochemical

markers.

Establishing a comprehensive BMI based program as part of
NCD prevention, that incorporates individualized dietary and
physical activity plan based on the patient’s BMI and
metabolic abnormality.

Implementing an intensive BMI targeting preventative
programs at schools in order to improve and maintain school
age children normal BMI to enhance their future health.
Incorporating the data of the current study to conduct a study
that evaluates the risk metabolic syndrome in obese

individuals.
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KHUH INFORMED CONSENT TEMPLATE

This forr is used te provide mformaticn to the research participant [or
parent/guardian) end to cocument wrtten informed consent, minor assent, and’or
parental permission

HUMAN INFORMED CONSENT

Rescarch Project Title Evaluation of Metasolic Derargermen: Ameng
Bahraims in Relation to Body Mass Indax
Primapul lnvestipzaton Tabers Mo stined Alrssstuls

- PURFCSE OF THIS RESEARCH STUDY:

1 am zsking for your vo untary participatior: n my research (thesis) project.
My swudy is designed 1o study the obesity and merabolic derangements in
relation to BMI, Assess your anthropometri measutes and to Assess your
metabo ic parameters like 1'pid profile (2.2, iriglyeendes, cholestercl, high
density lipoprotem end low-density lipaprotein), axd fasting blood glucose
ievels, blood samples will be collected atter an overnight fasting of 10-12
hrs

PROCEDURES:
If you participate, you will be askad to:

Toattend the clinic ona definad cay to be evaluate your anthropometric
measuremerts (height and weight), blood pressure and blooc samoles collection

Time required for participetion;
You will be asked 10 attend the clime :n KHUE for tofal of two days, the frst day
measurcments will be taken, and blood wall be collected and the sccond tmve for
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conveying your blood results. In case of errors in blood collection of laboratory
procedures, you will be asked to come for another blood draw.

POSSIBLE RISKS OR DISCOMFORT:

There are minimal nisks that 1s associated with the study. These nsks mvolve mild
pain associated with blood collection, or procedure failure.

Any new information developed during the study that may affect your willingness
to continue participation will be communicated to you

OWNERSHIP AND DOCUMENTATION OF SPECIMENS:

Standard procedures for specimen handling will be followed by KHUH lab in
accordance with policies and procedures. Patient information will be deidentified

and stored n 2 secure electronic file that is protected by a password and only
accessible by the co-investigators.

POSSIBLE BENEFITS:

The participant will benefit from assessing hisher biochemical markers and from
the treatment that might be needed based on the results. In addition, evaluating the
participant’s anthropometric measures might will convey extra health associated
data. Moreover, This study will help establishing the prevalence of obesity and
metabolic derangement in relation to BMI in order to emphasize the seriousness of
the problem in our region, which can motivate governmental and non-
governmental agencies to develop and implement action plans for prevention and
control of these metabolic parameters and obesity.

FINANCIAL CONSIDERATIONS:
There is no financial compensation for your participation in this research.

If you are injured as a direct result of taking part m this research study, emergency
medical care will be provided by KHUH medical staff or by transporting you to
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your personal doctor or medical center. Netther || nor the government will be able
o provide you with long-term medscal treatment o financial compensataon excepl
= may be provaded through your employer's tnsurance programs o through
whatever remedses are normally available ot law.

AVAILABLE TREATMENT ALTERNATIVES.

The study does oot involyve an experimental treatment

AVAILABLE MEDICAL TREATMENT FOR ADVERSE EXPERIENCES
This study mvolves minimal nsk

If you are imured as a direct result of taking part o this research stidy, emergency
mdical care will be provided by KHUH medical stafl o by tanspting you W
your personal doctor or medical center. Netther || nor the government will be able
10 peovide you with long-ferm medical treatment o fmancial compensatson except
= may be provsled through your employer's imsurance programs or through
whatever remedses are normally available o law.

CONFIDENTIALITY:

Particspant’s dentitics and medscal data ‘will be exclusively handied by the sty
researchers,

the data wall be collected wader seral nunabers instead of names or CPRs.

Privacy will be practiced durng participant encounter

All blood samples will only be used for the study parposes and will be discarded
after analysis; &5 per the hospatal blood samples discasding protocol.

Blood results will be disclosed to all participants on a separate visst

e nana s
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TERMINATION OF RESEARCH STUDY

You are free to choose whether or not 1o participate m thes study. Theee will be na
penalty o loss of benefits 10 whaeh you are otherwise entstled if you choose not 10
participate. You will be provided wath any significant new findings developed
duning the course of this study that may relate to o influence vour willingness to
continue participation In the event you decide w0 discontmue your participaton in
e study Please potfy () of your decsion, so that your particspstion can be
orderly termunated. I you decided to discontinue partscipation before the blood
tesults procedure, there will be mo conseguences. But, if withdrawal was after
blood results then all vour medical data will be used in the stody, but you will not
be asked 10 attend further cline appointments m case of any enoes m the minal
testing,

In addtion, your partcipatson m the study may be lermnated by the mvestigator
without your cofsent, if you failed to follow the mstructions given by the princaple
researcher regasdng the needed visus for anthropometre measurements and blood
sample collections.

AVAILABLE SOURCES OF INFORMATION: Any further questions you have
ahout this study will be answered by the Princspal lnvestigator:

Name:.  Phone Number,

Any guestions you may have aboul your nghts as a research subject will be
answered by

Nime. I"hore
Number:

In case of a researchorelated emergency, call:

Day Emergency Number
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Naght Emetgency Number
AUTHORIZATION

| have read and understand this consent form, and | volunteer fo participate in this
research stady, | understand that | will recerve 2 copy of this form. | voluntanly
choose (o participate, but | understand that my consent does mot take away any
legal raghts 1 the case of neghigence or other degasl fault of anvone who 15 mvolyed
in thus study | further understand that sothing m this coment form = mntended 1o
replace any appheable country baws

Particpint Name (Pranted o Typed). Drage:
Partscent Signature: Date.
Principal Investigaior Signature Date:
Sigruture of Person Obtumng Consent: Datee
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Appendix (D)

Metabolic Derangement Among
Bahrainis in Relation to BMI

Your Full Name:
CPR:
Age:

Gender:

Nationality:

Marital status:

Pregnancy status:

Educational level:

Income status:

Physical activity:

Smoking status:

Diet:

Are you on

Click here to enter text.
Click here to enter text.
Click here to enter text.

0 Female
0 Male

O Bahraini
0 Non- Bahraini

O Married
1 Single

OJ Pregnant
[J Non-pregnant

[J School
[0 Higher education

O Less than 450
0 More than 450

[J Sedentary
0 Low active
O Active

0 Very active

O Smoker
O Non-smoker

Fruit intake:

Vegetable intake:

[0 Hyperglycemic agents
J Lipid lowering agents

[J Less than 5 servings
J More than 5 servings

[J Less than 5 servings
(0 More than 5 servings



Any history of
myocardial
infraction or
congestive heart
failure or stroke?

Blood pressure

Anthropometric
measurement

Fasting glucose
level

Fasting lipid
profile

0 Yes
O No

1. Click here to enter text.
2. Click here to enter text.
3. Click here to enter text.

Height- Click here to enter text.
Weight- Click here to enter text.
BMI- Click here to enter text.

Click here to enter text.

Total cholesterol- Click here to enter text.
Triglycerides-Click here to enter text.
LDL-Click here to enter text.

HDL-Click here to enter text.
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