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Abstract

Background: The prevalence of obesity has grown significantly worldwide. It is considered a major
cardiovascular risk factor among type II diabetes mellitus (T2DM) patients.

Objectives: The main objective of this study is to determine the prevalence of obesity in patients with
T2DM at King Fahd University Hospital (KFUH), Al-Khobar, and to assess the relationship between
T2DM and cardiovascular risk factors with body mass index (BMI) and waist to hip ratio (WHR).

Methods: A retrospective, cross-sectional study, included T2DM patients from the Internal Medicine
department at KFHU. The investigators recorded patient demographics (age and gender), weight (kg), height

(cm), body mass index (Kg/mz), waist and hip circumference (cm), smoking status, physical activity, blood
pressure measurements (mmHg) and laboratory results of fasting blood glucose (FBG), glycated
haemoglobin (HbA1c) and lipid profile.

Results: Among 346 patients, the prevalence of obesity and overweight was 62.4% and 27.2%, respectively.
The relationship between BMI and demographic data including age and gender was statistically significant
(P<0.05). The correlation between the BMI with cardiovascular risk factors including smoking, physical
activity and WHR found to be statistically significant (P<0.05).

Conclusion: Our study showed that obesity and overweight affect 89.6% of patients with T2DM. Therefore, it
is important to take into consideration weight control strategies to effectively manage diabetic patients.

Categories: Endocrinology/Diabetes/Metabolism, Family/General Practice, Internal Medicine

Keywords: type 2 diabetic mellitus (t2dm), metabolic health disorder, cardiovascular risk factors (cvrf), blood
pressure (bp), smoking, dyslipidemia, physical activity level, obesity and overweight, waist to hip ratio (whr), body
mass index (bmi)

Introduction

In recent decades, the prevalence of obesity has grown significantly around the world. Obesity could be
defined as the excessive accumulation of fat in different body tissues which lead to adverse health
consequences. In 2016, statistics from World Health Organization (WHO) reported that obesity affects
approximately 13% of the world’s adult population [1]. In Saudi Arabia, based on the World Health Survey
(WHS), prevalence of obesity and overweight were 20% and 38% respectively [2]. In fact, 88% of patients
with type 2 diabetes mellitus (T2DM) were found to be overweight and obese in a study conducted in India
[3]. The number of diabetic patients is expected to increase globally. By 2045 diabetes will affect over 400
million people aged 20 to 79 in the United States (US) and around a billion worldwide [4].

Obesity and overweight are measured by body mass index (BMI). However, BMI is not an accurate way to
measure fat distribution in the body. While waist to hip ratio (WHR) is usually used to determine intra-
abdominal and visceral fat as it is a major risk factor for cardiovascular diseases in patients withT2DM [5].

Central obesity is a feature of metabolic syndrome which is defined as having > three of the following: blood
pressure (BP) > 130/85 mmHg, fasting blood glucose (FBG) > 100 mg/dL, levels of triglyceride (TG) > 150
mg/dL, high-density lipoprotein (HDL) < 50 mg/dL in women or < 40 mg/dL in men, and waist circumference
> 88 cm in women or > 102 cm in men [6]. Patients with T2DM have a strong risk to develop metabolic
syndrome and consequently a higher risk of heart disease [7].

To our knowledge, few national publications have explicitly addressed the effect of obesity on cardiovascular
risk factors among T2DM patients in tertiary care hospitals. Thus, this study aimed to find the prevalence of
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Characteristic

Age (years)
Male: Female (%)
Height (cm)

Weight (kg)

Body mass index (kg/m?)

Healthy (18.5-24.9)

obesity in patients with T2DM and to assess the association between BMI and WHR with the cardiovascular
risk factors including, smoking, physical activity, FBG, glycated haemoglobin (HbA1c) and lipid profile.

Materials And Methods
Study population

An observational, cross-sectional study was conducted on 346 patients with T2DM. The target population
was all patients with T2DM ages greater than 18 years who attended either a diabetic, endocrine, or internal
medicine clinic at King Fahd University Hospital (KFUH), Al-Khobar, Saudi Arabia, from January 2015 to
December 2019. Patients with diabetes mellitus type 1, younger than 18 years, and pregnant women were
excluded. The minimum calculated sample size was 177 patients (using the formula N=Z2*P(1-P)ld2) at a
95% confidential interval and a 5% margin of error.

Data collection

We collected demographics: age and gender; anthropometric measurements: weight (kg), height (cm), waist
circumference (cm), hip circumference (cm), and waist-to-hip ratio (WHR); cardiovascular risk factors:
smoking status, physical activity level, heart rate (HR), systolic BP, diastolic blood pressure, pulse pressure
(PP) and mean arterial pressure (MAP = DP+1/3[Systolic BP-Diastolic BP]); laboratory results: HbAlc, FBG,
lipid profile: low-density lipoprotein (LDL), HDL, total cholesterol and TG. Patients' incomplete data before
the hospital's electronic Quadra-Med system was completed from their previous medical charts and
incomplete smoking and physical activity information was collected when they visited the outpatient clinic.

The dependent variables were BMI and WHR. BMI was calculated using weight (kg) and height (cm)
according to the formula (weight (kg) / height (m)2). Weight was classified according to BMI as underweight
(<18.5 kg/m?), normal weight (18.5-24.9 kg/m?2), overweight (>25-29.9 kg/m?), obesity (>30.00 kg/m?) [3].
WHR was calculated by dividing the waist circumference (cm) and hip circumference (cm). WHR is classified
into low cardiovascular risk (< 0.8 in females and <0.95 in males), moderate cardiovascular risk (0.81-0.85 in
females and 0.96-1.0 in males), and high cardiovascular risk (>0.86 in females and >1.0 in males) [9]. Activity
level was classified into active >150 minutes/week, moderate active >100 and <150 minutes/week, mild
active > 50 and < 100 minutes/week, and inactive [10]. FBG was classified into <80 mg/dL, from 81 to 130
mg/dL and more than 130 mg/dL [11]. HbAlc was classified into controlled <7% and uncontrolled >7% in
treated T2DM patients [12,13]. Lipid profile classified as total cholesterol: normal <200 mg/dL, borderline
200-239 and impaired > 240 mg/dL. LDL: normal < 129 mg/dL, borderline 130-159 mg/dL and > 160.

HDL: Low <40 mg/dL, normal 40-60 mg/dL, high >60 mg/dL. TG: normal <150 mg/dL, borderline 150-199
mg/dL, high > 200 mg/dL [14].

The study was held in accordance with the World Medical Association Declaration of Helsinki 1975 (revised
in 2000). Ethical approval for this study was obtained from the Institutional Review Board (IRB-UG-2021-01-
345) of Imam Abdul-Rahman Bin Faisal University (IAU) in Saudi Arabia.

Data analysis

The data were organized, tabulated, and analyzed using the standard computer program IBM Statistical
Package for the Social Sciences (SPSS) Statistics for Mac, version 22 (IBM Corp., Armonk, NY,

USA). Descriptive analyses were obtained by counts, percentages, and mean # standard deviation (SD). In
addition, potential associations were tested through the Chi-squared test, Pearson Chi-Squared test,
bivariate and multivariate analysis to be of statistical significance at P<0.05 to assess the association
between tested variables.

Results

Participants' demographics and BMI status are shown in Table 1.

Mean % SD or (%)

58.1+12.5
(57:43)
163+9.4
84.4+17.4
318+6.3

(10.4)
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dehasasteristio)

Obese (30 and more)

Waist (cm)

Hip (cm)

Waist-to-hip ratio

Low waist-to-hip ratio (%)
Moderate waist-to-hip ratio (%)
High waist-to-hip ratio

Smoking status

Current smoker (%)

Ex-smoker (%)

Never smoke (%)

Activities level

Very active (%)

Moderately active (%)

Mildly active (%)

Inactive (%)

Haemodynamic measurements
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Pulse pressure (mmHg)

Mean arterial pressure (mmHg)
Heart rate (beats/minutes)
Laboratory results

Total cholesterol (mg/dL)

Low density lipoprotein (mg/dL)
High density lipoprotein (mg/dL)
Triglycerides (mg/dL)

Fasting blood sugar (mg/dL)

Glycosylated hemoglobin (%)

(Mean £ SD or (%)
(62.4)

109.7+ 13.8

111127

0.99+0.9

(18.4)

(13.0)

(68.6)

(14)
(19)

(67)

(13.9)
(6.4)
(10.1)

(37.6)

136.4 + 18
78.7 11
56+ 17.5
94.9 +20.6

82+ 14

164.1 £45.1
100.7 £ 39.5
43.4 117
142 +78
165+ 73

86+1.9

All values are presented as number sand percentage. SD = Standard deviation

TABLE 1: Demographic and clinical characteristics of the study population (n 346).

Our study showed that 62.4% of diabetic patients who came to our clinic were obese. Males were found to

have a higher percentage of overweight at 68.1%, while females have higher percentages of obesity at 51.4%.

There was a statistically significant association between different BMI categories and gender (P=0.000). In
addition, age was statistically significant with healthy, overweight, and obese BMI status (P=0.008). Results
from the bivariate analysis showed that there was no significant association between BMI and WHR status
with the demographic characteristics (all P>0.05).

BMI and cardiovascular risk factors
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Characteristic

Demographics
Gender

Male

Female

Age

40 years and less
From 41 to 60 years

61 years and above

Total n= 346
(%)

197 (56.9)

149 (43.1)

34 (9.8)
148 (42.8)

164 (47.4)

Cardiovascular risk factors

Smoking status
Current smoker
Ex-smoker

Never

Activity level
Very Active
Moderately active
Mildly active
Inactive
Waist-hip ratio (WHR)
Low

Moderate

High

48 (13.9)
65 (18.8)

233 (67.4)

48 (13.9)
22 (6.4)
35 (10.1)

130 (37.6)

64 (18.4)
45 (13.0)

237 (68.6)

Regarding the cardiovascular risk factors, more than half the sample size (68.6%) had elevated WHR, and

67.4% of the study population had never smoked. A statistically significant association was identified

Body Mass Index (BMI)

28 (77.8)

8 (22.2)

9 (25.0)
9 (25.0)

18 (50.0)

11 (30.0)
6 (16.7)

19 (53.3)

8 (22.2)
4(11.1)
4(11.1)

11 (30.6)

16 (43.5)
8(21.7)

12 (34.8)

*Association found at 0.05 level of significant.

TABLE 2: The association between Body Mass Index (BMI) and participants’ demographic factors
and cardiovascular risk factors (n 346).

Healthy weight n=
36 (%)y .

Overweight n=
94 (%)

64 (68.1)

30 (31.9)

4(4.3)
46 (48.9)

44 (46.8)

14 (15.3)
24 (25.9)

55 (58.8)

21(22.3)
5(5.3)
15 (16.0)

29 (30.9)

23 (24.2)
11 (12.1)

60 (63.6)

Obes

e
n=216 (%)

105 (48.6)

111 (51.4)

21(9.7)
93 (43.1)

102 (47.2)

22(10.4)
34 (15.6)

160 (74)

19 (8.8)
13 (6.0)
16 (7.4)

90 (41.7)

22 (10.2)
26 (11.9)

168 (78)

between BMI and smoking status, WHR, and physical activity level (P<0.05). Details of demographics and
cardiovascular risk factors are presented in Table 2. There was a significant positive correlation between the
WHR and physical activity (r=0.175 P<0.05). With regard to smoking, there was no significant positive
correlation with WHR.

value

0.000*

0.008*

0.017*

0.006*

0.001*

Laboratory monitoring parameters

For laboratory results in Table 3, the FBG of 63% of participants exceeded 130 mg/dL with a mean FBG of 165
(SD % 73). Seventy-eight percent of the study participants had uncontrolled HbA1c values compared to 22%

who were controlled with a mean HbA1c value of 8.6% (SD # 1.9). There was no significant association

between BMI status with FBG, and HbA1c (P>0.05). However, FBG and HbA1c had a positive significant

positive correlation with the WHR (r=0.165, P=0.025<0.05, r=0.164, P=0.022<0.05). In addition, the

association between participants’ BMI status and their lipid profile was statistically insignificant (P>0.05), as
presented in Table 3. Results from the bivariate analysis showed that there was no significant correlation
between BMI status with the lipid levels (all P>0.05). Also, the WHR and lipid profile shows no significant
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correlation with BMI.

Body Mass Index (BMI)
Laboratory Total (%) n= P-
results 346 Healthy weight (%) Overweight (%) Obesity (%) value
n= 36 n= 94 n=216

Fasting blood glucose (FBG) (mg/dl)

less than 80 13 (4.2) 2(6.1) 2(2.4) 9(4.6)
81to 130 102 (32.8) 11 (33.3) 28 (33.7) 63 (32.3) 0.887
More than 130 196 (63.0) 20 (60.6) 53 (63.9) 123 (63.1)

Glycosylated hemoglobin (HbA1C) (%)

Controlled 71 (22.0) 8(22.9) 19 (21.8) 44 (22.0)
0.992
Uncontrolled 251 (78.0) 27 (77.1) 68 (78.2) 156 (78.0)
Lipid profile
Total Cholesterol (mg/dl)
Normal: less than 200 257 (81.1) 27 (87.1) 67 (77.9) 163 (81.5)
Borderline: 200 — 239 38 (12.0) 1(3.2) 12 (14.0) 25 (12.5)
0.393
Impaired: 240 and
22 (6.9) 3(9.7) 7(8.1) 12 (6.0)
more
Low density lipoprotein (LDL) (mg/dl)
Normal: 129 and less 252 (79.5) 27 (87.1) 68 (79.1) 157 (78.5)
Borderline: 130-159 34 (10.7) 3(9.7) 7(8.1) 24 (12.0) 0.442
High: 160 and more 31(9.8) 1(3.2) 11(12.8) 19 (9.5)
High density lipoprotein (HDL) (mg/dl)
low if less than 40 137 (43.2) 15 (48.4) 30 (34.9) 92 (46.0)
Normal 40-60m 140 (44.2) 14 (45.2) 45 (52.3) 81 (40.5) 0.274
High if more than 60 40 (12.6) 2 (6.5) 11(12.8) 27 (13.5)
Triglyceride (TG) (mg/dl)
Normal: less than 150 205 (64.7) 21 (67.7) 61 (70.9) 123 (61.5)
Borderline: 150 — 199 55 (17.4) 5(16.1) 12 (14.0) 38 (19.0) 0.645
High: 200 and more 57 (18.0) 5(16.1) 13 (15.1) 39 (19.5)

*Association found at 0.05 level of significant.

TABLE 3: The association between Body Mass Index (BMI) and participants’ laboratory results (n
346).

Discussion

Our study was conducted to determine the prevalence of obesity in T2DM patients and to explore the
association between BMI and WHR with cardiovascular risk factors. The study results revealed a high
prevalence of both obesity and overweight in T2DM patients of 89.6%, among which 62.4% were obese and
27.2% were overweight. In contrast, healthy weight accounted for only 9.2%.

Similar findings were observed in a study conducted in Saudi Arabia by Alshahrani et al. (2021), where 57.8%
of diabetic patients were obese and 27.9% were overweight [15]. However, other local studies showed less
prevalence of obesity in T2DM patients, 39.9%, and 38.3% in Khobar and Jeddah, respectively [16,17]. The
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variance in the results could be attributable to sample size discrepancies.

Moreover, in a study conducted in the United Kingdom (UK) by Daousi et al. (2006) the prevalence of both
overweight and obesity in T2DM patients was found to be 86% overall, however, 52% of them were obese and
34% were overweight [18]. The obvious increase in the prevalence could be due to the fact that obesity is
linked with insulin resistance which strongly increases the risk of diabetes [19]. Furthermore, lifestyle factors
include unhealthy dietary habits and high caloric intake, as well as a sedentary lifestyle and physical
inactivity.

The relationship between BMI and age was statistically significant in our study. The age range of 61 years
and above had the highest percentage of obesity (47.2%). Our finding is consistent with another study
conducted in Bisha, Saudi Arabia [15]. On the other hand, several studies stated that patients older than 60
have the least prevalence of obesity [20,21]. The disparity in results could be due to genetic differences.

Current study results revealed a significant association between BMI and gender. Obesity was higher in
females (51.4%), whereas overweight was higher in males (68.1%). This result is in line with numerous
studies [16-18,21,22]. However, other studies found that both obesity and overweight are more common in
females [20,23,24]. The difference in the prevalence of obesity and overweight between males and females
could be attributed to many factors. Physiological and hormonal changes peri and post-menopausal make
females more susceptible to weight gain, in addition to the region-specific norms [25].

In our study, the correlation between BMI and WHR was statistically significant. 68.6% of T2DM patients
had high WHR and only 13% had moderate WHR. This finding is similar to previous studies, as diabetic
patients have a higher percentage of intraabdominal fat, therefore higher WHR [26-28]. However, no studies
assessed the prevalence and the association between BMI and cardiovascular risk factors in T2DM patients
in Saudi Arabia Al-Khobar (KFUH).

Regarding smoking habits, although most of the study participants never smoked (67.4%), the majority of
them were found to be obese. On the other hand, most of the ex-smokers are overweight and current
smokers have a healthy weight with a statistically significant relation. This could be attributed to the
appetite suppression effect of nicotine [29]. Smoking is usually associated with high levels of nicotine in the
blood. Nicotine reduces the uptake of glucose by body cells leading to hyperglycemia and insulin resistance
[30]. Therefore, smokers are more prone to develop T2DM compared to nonsmokers [31-33].

Physical inactivity is an additional cardiovascular risk factor found in our study which has a significant
correlation with BMI. The majority of inactive participants are obese (41.7%). In fact, physical inactivity can
lead to obesity which is an independent risk factor for T2DM [30].

Current study results revealed that the percentage of controlled and uncontrolled HbAlc in obese
individuals with T2DM were 22% and 78% respectively. However, the association between BMI categories
and HbA1c levels was statistically insignificant. The high percentage of uncontrolled HbAlc in obese
individuals was attributed to several factors that affect glycemic control other than BMI. Other factors
include the long duration of diabetes, combined oral antidiabetic and insulin therapy, noncompliance to
medication, poor dietary regimen, and physical inactivity [34-35].

Our study findings are inconsistent with previous studies. According to Bae et al. (2016) being overweight or
obese is associated with a higher probability of having uncontrolled HbAlc >7%. In comparison, normal-
weight individuals tend to have controlled levels of HbA1C <7% [36]. The previous findings are in parallel
with another study by Weng et al. (2017) which stated that as the BMI status increases the percentage of
uncontrolled HbA1c increases, and the percentage of controlled HbAlc decreases [37]. In addition, obese
individuals were found to have worse glycemic control in comparison with overweight individuals [35,37].
The statistically insignificant association between BMI and HbA1c levels in our study might be due to the
small sample size compared with the previous studies [36,38].

In this study, the association between BMI of healthy weight, overweight and obese T2DM with lipid profile
was higher but p value was not significant. Our results are in accordance with a study in Pakistan by Hussain
et al. (2019), where total cholesterol, TG, and LDL showed no correlation with BMI [33]. In addition, another
study in Nepal by Bansal et al. (2018), revealed that BMI had a correlation with LDL, HDL, and other lipid
parameters, however, all of these correlations were statistically insignificant [39].

In our study, the association between WHR and demographic data was not statistically significant. However,
WHR was significantly higher in old patients aged 40 and more and female gender in a study conducted in
Ghana by Mogre et al. (2014) [40].

Our study revealed an inverse correlation between WHR and physical activity. With regards to smoking, no
significant positive correlation was found with WHR. Further studies are required to address the association
between WHR with physical activity and smoking as no studies are currently available. However, in the
study conducted in Ghana by Mogre et al. [40], WHR was significantly higher in those aged 40 or older and in
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females. For every 10% increase in WHR risk of getting T2DM increases by 28% [41].

This study showed a positive significant association between WHR with FBG and HbA1c. However, there are
no previous studies about the association between these variables in T2DM patients. The current study
results showed that there was no significant association between WHR and lipid profile. However, these are
inconsistent with previous studies as Biadgo et al. (2017) revealed a statistically significant positive
association between WHR with total cholesterol, LDL, and TG in T2DM patients [42]. According to
Himabindu et al. (2013) there was a statistically significant inversed association between WHR and HDL [43].
In addition, Choi et al. (2012) study results showed that there was a statistically significant association
between WHR with total cholesterol and LDL in T2DM male patients [44].

Our study has several limitations which consequently affect the results. The sample size is considered small
and limited in comparison with different studies conducted at national and international levels. This could
be due to the limited time of the data collection as well as the missing data of some patients in the hospital
system (Quadra-Med). It is inapplicable to generalize the study results to all Saudi population because the
data was obtained from a single hospital system and the sample size is small. Moreover, primary care
physicians and endocrinologists should encourage their patients to have applicable weight reduction
strategies in order to adjust their cardiovascular risk factors as well as obesity-related complications. We
recommend conducting similar studies among a larger sample size at multiple centers to have more
representative results of the Saudi population.

Conclusions

The study found a prevalence of both overweight and obesity among T2DM patients at KFUH, Saudi Arabia.
Higher prevalence was found among the elderly, females, non-smokers, physically inactive individuals, and
patients with high WHR. According to our study results, strict lifestyle modifications, healthy dietary habits
and increasing level of physical activity are important to decrease obesity-related complications. Moreover,
healthcare providers should screen them regularly for the cardiovascular risk factors.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board of Imam Abdulrahman Bin Faisal University issued approval IRB-UG-2021-01-345. Animal subjects:
All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.
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