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Abstract
Background and Objective: Obesity is a major risk factor for non communicable diseases.

Obesity, diabetes and hypertension are so tightly linked. This study aims to determine the frequency of type 2 diabetes and
hypertension among obese Saudi population.

Methods: We analyzed participants who are older than 18 years old. A total of 2452 cases with body mass index >30.0 kg/m?
were selected to be enrolled for the present study. All patients were from the population of the Primary health and Diabetic Centres
at King Fahad Armed Forces Hospital.

Main results: A total of 2452 participants were studied. The mean age of the study population was 45.7+14.6 years, 46.9+15.3
years for males and 45.1+14.2 years for females. Moreover, the prevalence of males was 805(32.8%) and the prevalence of females
was 1647(67.2%) with males to females ratio was 1.00: 2.01. Mean BMI was 34.9+4.4. Type 2 diabetes and hypertension had been
diagnosed in 930(37.9%) and 538(21.9%) respectively. In the study population, 1502(61.3%) were obese Grade I, 671 (27.4%) were
obese Grade Il while 279 (11.4%) were morbidly obese (obese Grade III). Moreover, increased body mass index were strongly linked
to females, 61.8%, 72.7% and 82.8% respectively and this was found to be statistically significant (p<0.0001). Moreover, increased
with body mass index categories were strongly linked to females and this was found to be statistically significant (p<0.0001). There
were no significant differences between different with body mass index grades and mean age, frequency of type 2 diabetes and
hypertension. The peaks for all mean and body mass index categories were at age 30-34 years and 50-54 years with higher mean
and body mass index categories for females. There were nonsignificant associations between obesity and hypertension or diabetes.
In regard to the relationship between body mass index categories and type 2 diabetes and hypertension in different age ranges, it
was observed that type 2 diabetes, hypertension and type 2 diabetes associated with hypertension are increasing among 45-49
years and 50-54 years age ranges, with female predominance in those age groups.

Conclusion: This study found the frequency of type 2 diabetes and hypertension was not associated differently between
different obesity subclasses. Indeed, weight gain associated with aging seems to further constitutes a threat to public health status
in developing societies. Clearly, despite the small sample size, this study has posed important public health issues that require
immediate attention from the health authority.
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Introduction

whether objectively measured or based on self-report [2]. A BMI
Obesity is a major risk factor for illness and death [1]. It is

of 35 or more with serious comorbidity, or a BMI of 40 or more,
defined by a 30 or higher body mass index (BMI) irrespective of

is considered morbid obesity. Other definitions of morbid obesity
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include more than 45.2 kg over the ideal body weight as defined by
the 1983 Metropolitan Life Insurance Height and Weight tables or
a body weight exceeding 200% of the ideal body weight. There was
a 12-fold excess mortality compared with the general population
in the 25- to 34-year-old group and 6-fold excess mortality in
the 35- to 44-year-old group. The hallmark study in 1980 clearly
demonstrated during the course of the study, 25% of the group
died [3]. At least 2.8 million adults die each year as a result of being
overweight or obese. In addition, 44% of the diabetes burden, 23%
of the ischaemic heart disease burden, and between 7% and 41% of
certain cancer burdens are attributable to overweight and obesity
[4]. Socially, obesity is now perceived as a health problem and
a risk factor for many diseases [5]. The Global Burden of Disease
2010 study found that elevated BMI was the leading risk factor for
disability-adjusted life years in Saudi Arabia [6].

In 2008, the WHO estimated that at least 500 million adults
are obese, over 200 million men and nearly 300 million women
were obese [7]. About 11% of adults aged 20 were obese [5]. The
prevalence of obesity was highest in the Americas (26%) and
lowest in South East Asia (3%) [8]. obesity is increasing in Saudi
Arabia, especially in females. The research studies find prevalence
of obesity range from 3.8% to 63.6% [9-24]. The current trends
and future projections of adult obesity prevalence showed that the
overall obesity will increase to 41% in men and 78% in women by
2022 in Saudi Arabia [20].

Severely obese individuals who are 45-90 kg or more or BMI
240.0 kg/m? have on average far more complex health issues and
encounter very different challenges in the health care system than
the majority of moderately obese individuals (BMI 35.0-39.9). Over
the last 3 decades, mean BMI has increased by 0.4 kg/m2 per decade
worldwide [25]. According to recent studies, the United States has
the highest mean BMI among high income countries, resulting in 1
in 3 adults having a BMI over 30 based on objective measurement
or 1 in 4 adults based on self-reported height and weight [25-
27]. The prevalence of moderate obesity may be stabilizing or at
least increases are occurring at much smaller rates than prior to
2005 in the US [26-28]. This plateauing may or may not apply to
more severe/ morbid obesity. Clinically severe or morbid obesity
is not a rare pathological condition afflicting a fixed proportion
of the population, nor is it directly coupled to the prevalence of
moderate obesity. Instead, severe obesity is part of a population
BMI distribution that has become more heterogeneous (a larger
proportion of individuals far away from the average) while shifting
to the right simultaneously (an increase in mean BMI) [26,29].

Obesity and diabetes are so tightly linked that the American
Diabetes Association recommends physicians test for type 2
Diabetes and assess risk of future diabetes in asymptomatic people
245 years old simply if they are obese, and regardless of age if
they are severely obese [30]. Obesity raises risk of developing
type 2 Diabetes by a factor of seven, compared to normal weight
[31]. While not every obese individual has diabetes, 80% of those

with diabetes are overweight/obese [32]. In Saudis studies, it was
shown that the prevalence of obesity was significantly higher in
diabetic and hypertensive Saudis compared to the non-diabetic and
non-hypertensive controls [33-35]. This study aims to determine
the frequency of T2DM and HTN among obese Saudi population.

Methods

For the present study, we analyzed participants who are older
than 18 years old. A total of 2452 cases with BMI 230.0 kg/m? were
selected to be enrolled for the present study. All patients were from
the population of the Primary health and Diabetic Centers at King
Fahad Armed Forces Hospital. Participants were defined as having
T2DM according to self-report, clinical reports, use of anti diabetic
agents and HbA1c (26.5) [30]. All data were collected by personal
interview and on the basis of a review of electronic medical data.
Weight (kg) and height (cm) were measured by physician and nurse
interviewers and recorded. Obesity was defined as BMI = 30.0 kg/
m? [36]. BMI values of 230.0 kg/m? were sub classified into groups
as obese Grade [ (BMI=30 - 34.9 kg/m?), obese Grade II (BMI=35.0-
39.9kg/m?) and morbidly obese Grade III (BMI=40 kg/m?). The
total number of subjects were separated on basis of age values into
10 groups; <25 years, 25-29 years, 30-34 years, 35-39 years, 40—
44 years, 45-49 years, 50-54 years, 55-59 years, 60-64 years and
265 years. Blood Pressure readings were within a gap of 15 minutes
using a mercury sphygmomanometer by palpation and auscultation
method in right arm in sitting position. Two readings were taken
15 min apart and the average of both the readings was taken for
analysis. Hypertension (HTN) was also diagnosed based onanti HTN
medications or having a prescription of antihypertensive drugs and
were classified as Hypertensive irrespective of their current blood
pressure reading or if the blood pressure was greater than 140/90
mmHg i,e systolic BP more than 140 and diastolic BP more than 90
mm of Hg - Report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines [37].

Statistical Analysis

Univariate analysis of demographic and clinical laboratory was
accomplished using one-way analysis of variance (ANOVA) with
post hoc analysis between variables, to estimate the significance of
different between groups where appropriate. Unpaired t-test was
used to analyze univariate analysis when appropriate. Chi square
(X?) test were used for categorical data comparison. The adjusted
odds ratio (OR) with a 95% confidence interval (CI) was calculated.
All statistical analyses were performed using SPSS Version 22.0.
The difference between groups was considered significant when
P<0.05.

Results

A total of 2452 participants were studied. The mean age of the
study population was 45.7+14.6 years with 46.9+15.3 years for
males and 45.1+14.2 years for females. Moreover, the prevalence
of males was 805(32.8%) and the prevalence of females was
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1647(67.2%) with males to females ratio was 1.00: 2.01, Table
1. Mean BMI was 34.9+4.4kg/m? T2DM and HTN had been
diagnosed in 930(37.9%) and 538(21.9%) respectively. In the
study population, 1502(61.3%) were obese Grade I, 671 (27.4%)
were obese Grade II while 279 (11.4%) were morbidly obese
(obese Grade III). Moreover, increased BMI were strongly linked

to females; 61.8%, 72.7% and 82.8% respectively and were found
to be statistically significant (p<0.0001), as indicated in Table 1.
Moreover, increased BMI categories were strongly linked to females
and this was found to be statistically significant (p<0.0001), as
indicated in Table 1. There were no significant difference between
different BMI grades and mean age, frequency of T2DM and HTN.

Table 1: Characteristics of patients according to body mass index (kg/m?).

Body mass index (kg/m?)
Parameters Total P value
30.0-34.9 35.0-39.9 240.0
Number (%) 2452 1502(61.3) 671 (27.4) 279 (11.4)
Age (years) 45.7 +14.6 45.8 +14.7 459+ 145 449 +14.6 0.6
Male 805(32.8) 574 (38.2) 183(27.3) 48(17.2) <0.0001
Gender
Female 1647(67.2) 928 (61.8) 488(72.7) 231(82.8)
Body mass index (kg/m?) 349+44 322+14 371+14 441+43 <0.0001
Type 2 diabetes 930(37.9) 562 (37.4) 258(38.5) 110(39.4) 0.8
Hypertension 538(21.9) 311 (20.7) 155(23.1) 72(25.8) 0.1

Data are means + SD or number (%)
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Figure 1: A-D, Description mean and body mass index category by different age ranges and according to gender.
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Figure 1 summarizes the relationship between obesity and
different age groups. The peaks for all mean and BMI categories
were at age 30-34 years and 50-54 years, as indicated in Figure 1,
A and C with higher mean and BMI categories for females, Figure
1, B and D. There was no significant association between obesity

and hypertension or diabetes. In regard to the relationship between
BMI categories and T2DM or HTN in different age ranges, it was
observed that T2DM, HTN and T2DM associated with HTN are
increasing among 45-49 years and 50-54 years age ranges, with
female predominance in those age groups, Figure 2, A-F.
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Figure 2: A-F, Description type 2 diabetes, hypertension and diabetes associated with hypertension by different age ranges.
Discussion 22.3% among Iranian adults (30.6% in females and 14.2% in males

The Global Burden of Disease 2010 study found that elevated
BMI was the leading risk factor for disability-adjusted life years in
the Kingdom of Saudi Arabia [38]. Previous studies in Saudi Arabia
indicate an increasing trend in the prevalence of obesity. Data from
the late 1980s through mid-1990s show a prevalence of obesity
averaging about 20% ranging from as low as 13.1% among men to
as high as 26.6% among women. However, all prevalence estimates
from 1995 and beyond are above 35% [10,13,24,33].

Our study showed the peaks for all mean and BMI categories
were at age 30-34 years and 50-54 years, as indicated in Figure 1,
A and C with significant higher mean BMI ( 34.0+3.7 vs. 35.4+4.6,
p<0.0001 ) and BMI categories for females in concordance with
otherreports [38-41]. The Asia Pacific Cohort Studies Collaboration
reports obesity prevalence rates ranging from less than1% to higher
than 20% for countries in the Asia-Pacific region [42]. According
to National Health and Nutrition Examination Survey of the United
States, the prevalence of obesity in individuals aged 20-74 years
was 34% in females and 31.7% in males [43]. The corresponding
figures in Australia were 19% and 17%, respectively [44]. In the
United Kingdom, the prevalence of obesity was estimated to be
24.2% in females and 23.7% in males [45]. The results from most of
our neighbouring countries, including Oman, 23.8% in females and
16.7% in males [46]. Lebanon, 18.8%in females and 14.3% in males
[47]. Turkey as well, the prevalence of obesity is higher in females
24.6% vs. 14.4% in males and Iran, the prevalence of obesity to be

[48,49]. In Saudi Arabia, the National Epidemiological Household
survey among Saudi subjects over the age of 15 years in different
regions of Saudi Arabia showed the prevalence of overweight
among male subjects was significantly higher than for female
subjects (29% vs. 27%), and the prevalence of obesity among
female subjects was significantly higher than for male subjects
(24% vs. 16%) [23].

In Saudi Arabia A community-based national epidemiological
health survey, conducted by examining Saudi subjects in the age
group of 30-70 years of selected households over a 5-year period
between 1995 and 2000 showed that the rate of obesity among
adults remained steady at 22.1% (males 17.8% and females 26.6%)
in 1990 and 1993 and increased thereafter to 35.6% (females 44%
and males 26.4) in 1995 and 2000. This trend can also be seen in
overweight Saudis as the percentage of overweight adults in the
Saudi Arabia increased from 31.2% (33.1% males and 29.4% for
females) to 36.9% (42.4% of males and 31.8% of females) in the
same time period [13]. The multiple logistic regression analysis
showed that age and gender are statistically significant predictors
of obesity. The observed prevalence and pattern of overweight and
obesity with age and gender is similar to those observed in the Arab
community and some Western nations.

In a cross-sectional study in the Gassim region of Saudi Arabia,
6,044 subjects (2,727 males and 3,317 females) had their BMI
computed in the following age groups, namely, 0-5, 6-12, 13-49, 50-
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69 and 70+ years. In general, the trend for BMI was to increase with
age in both genders, but the curve pattern showed some plateauing
from about the age of 50, with a slight decline in later life. Females
had significantly higher indices than males [50]. Recent study
showed the prevalence of obesity was 40.3% where 62.0% of the
total female population was obese compared to 49.7% of the total
male population. The magnitude of the difference in prevalence of
obesity in the males and females was significantly high (p<0.0001)
[51]. With the increase in life expectancy, obesity is causing more
years of disability [52]. Hence, the increased cost of obesity and
its sequelae will put a strain on the resources of governments and
individuals [53].

There is apparently gradual weight gain with age, which tends
to decrease gradually after the age of 55 years. The decline in mean
BMI in the oldest age group was consistent with other studies [54-
57]. The increase in obesity levels with age is of concern, as it has
been shown that obese elderly are more likely to present with
major chronic health conditions and poor general health [58].

The association we found between obesity and chronic non
communicable diseases among Saudis is informative on the impact
of obesity on chronic diseases in Saudi Arabia. Different studies
have documented that more than 80% of T2DM are obese, and
adult males are more likely to be obese than females [59-60]. In
Arab societies, it has been found that the high prevalence of Non-
insulin dependent diabetes mellitus (NIDDM) is associated with
high prevalence of obesity [61]. In Bahrainis, the high rate of
diabetes is associated with obesity, but not with overweight [62].
We report high frequency of T2DM, 32.8% of the male, and 67.2%
of the female, p<0.0001. In a study from KSA to assess the effect
of obesity on diabetes and hypertension, the prevalence of obesity
among T2DM and HTN patients was 46% and 54% respectively
which are lower than our report [63].

Frequency of T2DM, HTN or both was not associated with
different categories of obesity in our study in disconcordance
to others [64-65]. With the inclining rates of obesity over the
last 8 years in Saudi Arabia, we would expect an effect on these
conditions in our community. The global obesity epidemic has been
strongly linked with these diseases [66]. In 2010, hypertension was
the second leading risk for death worldwide, and diabetes caused
more than 1,200,000 deaths, compared with fewer than 600,000 in
1990. 66 Hypertension and diabetes are contributing extensively
to these unhealthy years lived with disability, increasing health
expenditures and reducing quality of life. Although we focused
in our study on obesity as an extreme measure of excess weight,
overweight should also be a target for prevention. Intervening
with overweight Saudis before reaching the obesity level would be
easier and more beneficial, especially if they have not yet developed
adverse health events.

Our study has some limitations. First, our data are retrospective,
so we cannot assess causality in associations. Conversely, our study

is based on a large sample size and used standardized methods
for all its measures. The results of this study have three important
implications for national obesity management programs. First,
it appears that obesity prevalence rates will almost certainly
continue to rise in the Saudi population over the next decade. The
rapid aging of the currently very young Saudi population into high-
risk older age-groups will maintain the spread between incidence
and morbidity into the foreseeable future. Even if incidence rates
were flat or declining due to a breakthrough in obesity prevention,
prevalence rates would continue to rise. As a result, the health
burden due to all types of obesity complications will likely continue.
This means that the health care and social service systems should
start preparing now to provide the prevention and support services
and systems, a large number of adults with obesity are going to
require maintaining quality of life.

These include healthy life programs which are currently
implemented in our institution, dietary counselling services,
and enhanced infrastructure at the community level to facilitate
independent living by adults with limited mobility and eyesight.
Second, “upstream” population-based primary prevention
programs need to be aggressively implemented to ensure that
obesity incidence begins to decrease in the future. The dramatically
higher rates of obesity in the Saudi population highlight the urgency
of this activity. Because obesity appears to be closely related to the
adoption by people of many aspects of the modern lifestyle including
diet and low levels of physical activity, prevention programs that
draw upon Aboriginal traditions and ways of life and that focus on
the lifestyle habits of Aboriginal youth need to be implemented. A
number of very promising primary prevention programs that draw
upon Aboriginal traditions and ways of life have been implemented
in our institution. Third, the reason for the higher prevalence of
obesity in Saudi women observed in this study also needs to be
better understood.

Conclusion

This study found the frequency of T2DM and HTN were not
associated differently between different obesity subclasses. Indeed,
weight gain associated with aging seems to further constitutes a
threat to public health status in developing societies. Clearly, despite
the small sample size, this study has posed important public health
issues that require immediate attention from the health authority.
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a) Stimulating the glucose uptake in L6 myotubes [13,14]
b) Inhibiting adipocyte differentiation [14]

¢) Improving glucose homeostasis and symptoms in animal
model of gestational diabetes [15]
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d) Promoting formation of brown adipocytes and exerting
thermogenic effects [16]

With this editorial, we would like to propose a start point for
discussion and an input for further investigations about the role
of RSV-based nutraceuticals, which have been shown to be not a
mere palliative but a novel and promising natural approach for the
management of diabesity. We hope this Journal will encourage the
scientific discussion regarding the role of nutraceutical sciences in
metabolic diseases focusing on the evidences, safety and absence
of side-effects, enlarging the knowledge of physician on this issue.
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