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Abstract: Obesity is strongly associated with cardiovascular diseases (CVD) and type 2 diabetes
(T2D). This study aimed to use obesity measures, body mass index (BMI) and waist circumference
(WC) to predict the CVD and T2D risk and to determine the best predictor of these diseases among
Jordanian adults. A cross-sectional study was conducted at the governmental and military hospitals
across Jordan. The study participants were healthy or previously diagnosed with CVD or T2D. The
continuous variables were compared using ANOVA, and the categorical variables were compared
using the X2 test. The multivariate logistic regression was used to predict CVD and T2D risk through
their association with BMI and WC. The final sample consisted of 6000 Jordanian adults with a mean
age of 41.5 ± 14.7 years, 73.6% females. The BMI (OR = 1.7, CI: 1.30–2.30, p < 0.001) was associated
with a higher risk of T2D compared to WC (OR = 1.3, CI: 1.04–1.52, p = 0.016). However, our results
showed that BMI was not associated with CVD risk, while the WC was significantly and positively
associated with CVD risk (OR = 1.9, CI: 1.47–2.47, p < 0.001). In conclusion, an elevated BMI predicts
a higher risk of T2D, while WC is more efficient in predicting CVD risk. Our results can be used
to construct a population-specific intervention to reduce the risk of CVD and T2D among adults in
Jordan and other countries with similar backgrounds.

Keywords: obesity; waist circumference; body mass index; type 2 diabetes; cardiovascular diseases;
risk; Jordan

1. Introduction

Obesity, an excessive or abnormal fat accumulation, is a major risk factor for several
chronic diseases, such as cardiovascular diseases (CVD) and type 2 diabetes (T2D) [1]. In
some developed countries, such as the U.S., the prevalence of obesity was 42.4% in adults
in 2017–2018, according to the National Health and Nutrition Examination Survey [2]. In
the European region, the prevalence of obesity ranged from 14.2% to 32.1% (an average
of 23.3%) among adults in 2016 [3]. Compared to developed countries, the developing
countries are challenged by the double burden of undernutrition and overnutrition, with
limited resources to handle chronic diseases [4]. The prevalence of obesity among adults
in developing countries varied according to the country’s income level. For example, in
the Middle East and North Africa (MENA) region, the lower-middle-income countries
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had an average prevalence of 20.5%, while a higher prevalence was reported in upper-
middle (25.4%) and high-income (33.1%) countries in 2008 [5]. In Jordan, an upper-middle-
income country, the prevalence of obesity was 28.1% in 2016 (21.0% of males and 35.6% of
females) [6].

Obesity is associated with a low quality of life and an increased risk of chronic diseases
and health outcomes [7]. For instance, obesity, especially abdominal obesity, might be
associated with T2D by developing insulin resistance [8]. Obesity might also be related
to several cardiometabolic risk factors, such as increased blood pressure, dyslipidemia,
inflammation, and endothelial dysfunction [9]. Collectively, insulin resistance and other
cardiometabolic risk factors might be associated with an increased risk of CVD among
obese individuals [8,9].

Obesity could be determined using the body mass index (BMI) [1], and, more precisely,
abdominal obesity could be evaluated by measuring the waist circumference (WC) [10].
BMI and WC were used as risk factors in several T2D risk prediction models [11]. A
review of five cohort studies showed that the association of T2D with BMI or WC differed
depending on the ethnic groups. So far, several cross-sectional studies showed the WC as
a better predictor for T2D [12]. For CVD prediction models, QRISK included BMI in the
model as a risk factor for CVD [13], while other models such as Framingham, Reynolds,
and the World Health Organization/International Society of Hypertension (WHO/ISH)
prediction charts neither incorporated BMI nor WC in the prediction model [14]. An
analysis of 58 prospective cohort studies from 17 developed countries showed that obesity
and central obesity measures did not improve CVD risk prediction among adults [15].
However, WHO indicated that CVD risk would be higher than the predicted risk in the
presence of obesity and central obesity [16].

Referring to their strong association and their role in increasing CVD risk [17,18] and
T2D [19,20], identifying the risk of CVD and T2D through obesity and central obesity
measurements might be necessary to prevent these diseases. As diseases are caused by a
complex interplay between several risk factors, an effective health intervention depends on
targeting each risk factor distinctly [21]. Studies showed that a BMI and WC reduction was
associated with reducing the risk of developing T2D [22,23] and CVD risk factors [24,25].

As different populations showed differences in the association between BMI/WC and
T2D/CVD risk, it is necessary to investigate these associations among adults in Jordan,
a developing upper-middle-income country. We also aimed to identify the association
between Jordanians’ demographic characteristics and obesity (measured by BMI), abdom-
inal obesity (measured by WC), T2D, and CVD. The results of this study might help in
designing future interventions aiming to reduce the prevalence of T2D and CVD among
Jordanian adults.

2. Materials and Methods
2.1. Study Design and Participants

This is a national study carried out using a cross-sectional design, conducted between
May 2018 and September 2019. The study was performed at the governmental and military
hospitals in Jordan. The sample size was determined based on a total Jordanian population
of 9 million, in 2017 [26], a previously reported T2D prevalence of 13.1% [6], and a CVD
mortality rate of 37% [27] among Jordanians in 2016. The minimum number of samples
required to meet the project objectives was estimated to be n = 3949 using a margin of
error of 2% and a confidence level of 99%. However, after adjusting the sample size to
a 15% response rate, the required sample was n = 4195. This sample size gave a greater
power. The inclusion criteria included (i) Patients visiting governmental and military
hospitals in the north, middle, and south of Jordan, (ii) 18 years or above, (iii) healthy
or previously diagnosed with CVD and/or T2D, and (iv) Arabic speaking Jordanians.
Exclusion criteria included pregnant females and those who were terminally ill or had
dementia, deafness, or mental disorders that hindered the completion of the questionnaire.
The diagnosis of T2D among Jordanians is usually based on WHO diagnostic criteria. The
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diabetes diagnosis is confirmed with (1) fasting plasma glucose ≥ 7.0 mmol/L (126 mg/dL)
or (2) 2–h plasma glucose ≥ 11.1 mmol/L (200 mg/dL) after the ingestion of a 75 g oral
glucose load. The diagnosis can be confirmed by repeated testing and by using different
criteria on different days [28]. CVD was defined as having at least one of the cardiovascular
diseases as described by the WHO: (1) Coronary heart disease, (2) Cerebrovascular disease,
(3) Peripheral arterial disease, (4) Rheumatic heart disease, (5) Congenital heart disease,
(6) Deep vein thrombosis and pulmonary embolism, in addition to heart attacks and strokes
as acute events are mainly caused by a blockage that prevents the blood from flowing to
the heart or brain [29].

Out of 6366 individuals interviewed: 116 subjects were excluded (54 young individuals
(<18 years), 19 pregnant females, and 43 non-Jordanian adults) and 250 individuals did not
complete the questionnaire (response rate of 96.1%) (Figure 1).
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Figure 1. Flow diagram for participant recruitment and procedures for cross-sectional study assessing
obesity measures as predictors of type 2 diabetes (T2D) and cardiovascular diseases (CVD) among
Jordanian adults.

The socio-demographic characteristics of the participants, including their age, job
nature, education level, sex, and income level, were identified using a questionnaire.

The participants were informed about the purpose and the design of the study and
signed a consent form before enrollment. The study protocol was approved by the Insti-
tutional Review Board at Jordan University of Science and Technology, the Ministry of
Health, and the Royal Medical Services.

2.2. Anthropometric Measurements

Weight (kg) was measured to the nearest 0.1 kg using an electronic digital scale (body
fat scale GW22029, GoWISE USA, Phoenix, AZ, USA). According to the manual instructions,
the scale was calibrated, placed on a hard flat surface, and checked for zero balance before
each measurement. The participants were weighed in light clothing and standing-barefoot
condition by trained staff using a standard procedure [30]. Height (cm) was measured to
the nearest 0.5 cm using a portable Stadiometer (portable mechanical stadiometer HM200P,
Charder, Taiwan). For accurate measurement, the participants were barefoot with minimal
clothing to facilitate a correct position and having their heels together, arms to the side,
legs straight, shoulders relaxed, and the head in the Frankfort horizontal plane [30]. BMI
was calculated according to Quetelet’s index: BMI = weight (kg)/height2 (m2) [31], and cat-
egorized according to the WHO criteria: <18.50 kg/m2 (underweight), 18.50–24.99 kg/m2

(normal), ≥25.00 kg/m2 (overweight), and ≥30.00 kg/m2 (obese) [10]. WC was measured
to the nearest 0.1 cm using a non-elastic measuring tape. The measurement was taken at
the narrowest area of the torso between the lower margin of the last palpable rib and the
top of the iliac crest [32]. WC > 102 cm in males and WC > 88 cm in females was considered
“enlarged WC” according to the WHO cutoff values [10]. These cutoff values were also
identified as the cutoffs for the increased relative risk of diseases including T2D and CVD.
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However, there are ethnic and age-related differences that may affect the predictive validity
using these cutoff points [33].

2.3. Statistical Analysis

The data were analyzed using a statistical package for social science (SPSS) software
(IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY, USA: IBM Corp). Normality
was tested, and the results were reported as mean ± SD for normally distributed data
sets. The continuous variables were compared using ANOVA. Numbers and frequencies
were used to report the categorical variables that were compared using the Chi-square
test. Type-I error (false–positive) was avoided by setting the significance level at p < 0.05.
Type-II error (false negative) was avoided by increasing the statistical power and recruiting
a convenient sample size. The risk prediction for the dependent variables (CVD/T2D) by
BMI and WC in males, females, and the total population was assessed using the multivariate
logistic regression. For regression analysis, the independent variables were dichotomized
into two categories: BMI (<25 kg/m2 and ≥25 kg/ m2) and WC (Normal, Enlarged). The
regression analysis included four models: (i) Unadjusted, (ii) Age-adjusted, (iii) Age- and
job-nature-adjusted (iv) Age-, job-nature-, education-level-, and income-level-adjusted
model. For all variables, the missing values were omitted from the analysis using the
stepwise deletion method. The significance for all tests was set at p < 0.05.

2.4. Institutional Review Board Statement

The study was conducted according to the guidelines laid down in the Declaration of
Helsinki, and all procedures involving research study participants were approved by the
Institutional Review Board at Jordan University of Science and Technology (61/117/2018)
in 22 April 2018.

3. Results
3.1. BMI Outcomes and Their Relation with Population Demographics

The final sample consisted of 6000 Jordanian adults with a mean age of 41.5 ± 14.7 years
and 73.6% of females, of which 48.8% had a medium monthly income, 85.9% had a non-
administrative job, and 36.2% had an education level of university degree or higher. In this
study, 41.8% of the participants were obese (45.0% in females and 33.0% in males) (Table 1).

The BMI association with the demographic characteristics of the study population
was shown in Table 1. BMI was positively associated with the mean age of both sexes
(p < 0.001). The highest prevalence of obesity was found among the 41–50 age group in
males (28.7%) and females (29.7%) compared to other age groups. At the same age period,
more participants were obese compared with other BMI categories in both sexes (p < 0.001).
The income level varied significantly between the four BMI categories in males (p = 0.042)
and females (p < 0.001). However, after applying a Bonferroni correction, the significant
differences were only retained between females with obesity and normal-weight females,
and between females with obesity and overweight females (p < 0.001). There was a higher
percentage of obese individuals in the low-income category (33.5% and 46.3%, respectively)
compared to other BMI categories. The job nature differed significantly between BMI
categories in females (p < 0.001) but not in males. More obese females had an education
level of high school or below (74.6%), compared to overweight (60.0%), normal-weight
(53.3%), and underweight (49.6%) females. However, males’ education level did not vary
significantly between different BMI groups.
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Table 1. BMI relation with population characteristics stratified by sex 1.

Variable Total
Male

p-Value
Female

p-Value
Under wt Normal wt Over wt Obese Under wt Normal wt Over wt Obese

Age (mean ± SD) 41.5 ± 14.7 30.0 ± 13.6 35.8 ± 16.2 43.0 ± 16.0 47.9 ± 14.6 <0.001 28.0 ± 9.8 33.0 ± 12.6 40.6 ± 13.6 47.0 ± 12.4 <0.001
Age
≤20 389 (6.5) 9 (25.7) 71 (15.3) 25 (4.5) 14 (2.7) <0.001 25 (21.4) 141 (13.0) 70 (5.7) 34 (1.7) <0.001

21–30 1309 (21.8) 14 (40.0) 171 (36.8) 121 (21.6) 63 (12.1) 62 (53.0) 435 (40.0) 256 (20.9) 187 (9.4)
31–40 1183 (19.7) 4 (11.4) 71 (15.3) 119 (21.3) 77 (14.8) 17 (14.5) 237 (21.8) 304 (24.8) 354 (17.8)
41–50 1394 (23.2) 6 (17.1) 55 (11.8) 120 (21.4) 150 (28.7) 9 (7.7) 168 (15.4) 296 (24.2) 590 (29.7)
51–60 1094 (18.2) 0 (0.0) 47 (10.1) 85 (15.2) 110 (21.1) 2 (1.7) 69 (6.3) 201 (16.4) 580 (29.2)
>60 631 (10.5) 2 (5.7) 50 (10.8) 90 (16.1) 108 (20.7) 2 (1.7) 38 (3.5) 98 (8.0) 243 (12.2)

Income Level (JOD) 2

<350 2332 (38.9) 8 (22.9) 134 (28.8) 171 (30.5) 175 (33.5) 0.042 47 (40.2) 401 (36.9) 475 (38.8) 921 (46.3) <0.001
350–799 2926 (48.8) 16 (45.7) 247 (53.1) 285 (50.9) 278 (53.3) 58 (49.6) 527 (48.4) 611 (49.9) 904 (45.5)
≥800 742 (12.4) 11 (31.4) 84 (18.1) 104 (18.6) 69 (13.2) 12 (10.3) 160 (14.7) 139 (11.3) 163 (8.2)

Job Nature
Administrative 846 (14.1) 6 (17.1) 86 (18.5) 122 (21.8) 129 (24.7) 0.11 9 (7.7) 139 (12.8) 171 (14.0) 184 (9.3) <0.001

Non-administrative 5154 (85.9) 29 (82.9) 379 (81.5) 438 (78.2) 393 (75.3) 108 (92.3) 949 (87.2) 1054 (86.0) 1804 (90.7)
Educational Level

<High School 437 (7.3) 1 (2.9) 27 (5.8) 31 (5.5) 40 (7.7) 0.082 5 (4.3) 60 (5.5) 96 (7.8) 177 (8.9) <0.001
High School 3396 (56.6) 20 (57.1) 242 (52.0) 308 (55.0) 307 (58.8) 53 (45.3) 520 (47.8) 639 (52.2) 1307 (65.7)
University 2019 (33.7) 14 (40.0) 184 (39.6) 196 (35.0) 158 (30.3) 56 (47.9) 481 (44.2) 459 (37.5) 471 (23.7)

Postgraduate 148 (2.5) 0 (0.0) 12 (2.6) 25 (4.5) 17 (3.3) 3 (2.6) 27 (2.5) 31 (2.5) 33 (1.7)
1 Data are presented as number of observations and frequencies (n (%)) unless otherwise indicated. The differences in the sociodemographic characteristics between weight categories were assessed by ANOVA
for continuous variables and by χ2 test for categorical variables. p-values < 0.05 was considered significant for all statistical analyses. 2 JOD: Jordanian Dinar.



Int. J. Environ. Res. Public Health 2021, 18, 12187 6 of 17

3.2. WC Outcomes and Their Relation with Population Demographics

Among the study population, 44.0% had a large WC size (27.4%% in males and 50.0%
in females). Table 2 presents the association between WC and the sample demographics.
WC was positively associated with the mean age in male and female participants (p < 0.001)
and with the highest prevalence of enlarged WC within the age period 41–50 years in
males and females (29.4% and 29.9%, respectively) compared to its prevalence in other age
categories. More participants had a normal WC between 21 and 30 years in males and
females (28.4% and 32.0%, respectively) compared with other age categories (p < 0.001). We
observed a significant correlation between WC and income level in males (p = 0.026) and
females (p < 0.001). More participants among the low-income category had enlarged WC
compared to others with normal WC (males: 35.7% vs. 28.9%; females: 45.9% vs. 37.7%),
while other income categories were associated with a higher prevalence of normal WC
compared to enlarged WC. The prevalence of enlarged WC varied significantly between
different education levels in males (p = 0.017) and females (p < 0.001).

Table 2. Waist Circumference (WC) relation with population characteristics stratified by sex 1.

Variable Total 2
Male

p-Value
Female

p-Value
Enlarged WC 2 Normal WC Enlarged WC Normal WC

Age (mean ± SD) 49.3 ± 14.3 39.5 ± 16.3 <0.001 46.4 ± 12.5 36.2 ± 13.7 <0.001
Age
≤20 384 (6.5) 6 (1.4) 111 (9.8) <0.001 38 (1.8) 229 (10.6) <0.001

21–30 1288 (21.8) 44 (10.3) 323 (28.4) 227 (10.5) 694 (32.0)
31–40 1161 (19.7) 61 (14.3) 206 (18.1) 407 (18.8) 487 (22.4)
41–50 1375 (23.3) 126 (29.4) 200 (17.6) 648 (29.9) 401 (18.5)
51–60 1075 (18.2) 92 (21.5) 149 (13.1) 596 (27.5) 238 (11.0)
>60 621 (10.5) 99 (23.1) 147 (12.9) 254 (11.7) 121 (5.6)

Income Level (JOD) 3

<350 2296 (38.9) 153 (35.7) 328 (28.9) 0.026 997 (45.9) 818 (37.7) <0.001
350–799 2878 (48.7) 204 (47.7) 615 (54.1) 990 (45.6) 1069 (49.3)
≥800 730 (12.4) 71 (16.6) 193 (17.0) 183 (8.4) 283 (13.0)

Job Nature
Administrative 837 (14.2) 105 (24.5) 236 (20.8) 0.114 233 (10.7) 263 (12.1) 0.166

Non-administrative 5067 (85.8) 323 (75.5) 900 (79.2) 1937 (89.3) 1907 (87.9)
Educational Level

<High School 433 (7.3) 23 (5.4) 76 (6.7) 0.017 195 (9.0) 139 (6.4) <0.001
High School 3338 (56.5) 255 (59.6) 610 (53.7) 1392 (64.1) 1081 (49.8)
University 1985 (33.6) 129 (30.1) 417 (36.7) 548 (25.3) 891 (41.1)

Postgraduate 148 (2.5) 21 (4.9) 33 (2.9) 35 (1.6) 59 (2.7)
1 Data are presented as number of observations and frequencies (n (%)) unless otherwise indicated. The differences in the sociodemographic
characteristics between WC categories were assessed by ANOVA for continuous variables and by χ2 test for categorical variables. p-values
< 0.05 was considered significant for all statistical analyses. 2 The total number of observations is n = 5904, the WC was missing for 96
participants. 3 JOD: Jordanian Dinar, WC: Waist Circumference.

3.3. The Relaltionship of T2D with BMI, WC, and Demographics

The prevalence of T2D was 12.8% (n = 765). T2D was positively associated with BMI
in both sexes (p < 0.001), with its highest prevalence among obese males (45.6%) and fe-
males (65.8%) compared with other BMI categories. More participants with obesity had
T2D compared to participants with obesity, having normal fasting glucose (NFG) in males
(45.6% vs. 31.1%) and females (65.8% vs. 42.0%). The results presented 43.8% of males and
70.4% of females with T2D as having an enlarged WC. In comparison, for NFG participants, we
found that 24.9% of males and 47.1% of females had an enlarged WC. As the participants’ age
increases, the prevalence of T2D also increased in both sexes (p < 0.001), except for females over
60 years as the T2D prevalence decreased. More participants had T2D than others, having NFG
in males at 51–60 years (27.2% vs. 13.5%) or older than 60 (44.7% vs. 11.5%) and in females
at 51–60 years (46.0% vs. 15.4%) or older than 60 (28.8% vs. 5.7%). The income level varied
significantly between T2D and NFG participants in males (p = 0.001) and females (p < 0.001).
The highest prevalence of T2D was found in middle-income and low-income groups in males
(40.3% and 39.3%) and females (47.4% and 47.4%). About one-fifth of males with diabetes
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had a high income level, while only 5.2% of females with diabetes had a high income. Being
involved in a non-administrative job was associated with a higher prevalence of T2D in males
(86.4% vs. 77.1%, p = 0.002) and females (96.1% vs. 87.5%, p < 0.001), compared to administra-
tive jobs, which were more associated with having NFG in males (22.9% vs. 13.6%, p = 0.002)
and females (12.5% vs. 3.9%, p < 0.001). The education level varied significantly between
T2D and NFG participants in males (p = 0.001) and females (p < 0.001). A higher proportion
of participants with diabetes had an education level of high school or below compared to
others with a higher education level in males (72.4% vs. 27.7%) and females (83.7% vs. 16.3%)
(Table 3).

Table 3. Type 2 Diabetes (T2D) relation with BMI, WC, and population characteristics stratified by sex 1.

Variable Total
Male

p-Value
Female

p-Value
NFG 2 T2D 2 NFG T2D

BMI Classification
Underweight 152 (2.53) 35 (2.5) 0 (0.0) <0.001 116 (3.0) 1 (0.2) <0.001

Normal weight 1553 (25.9) 436 (31.7) 29 (14.1) 1037 (26.9) 51 (9.1)
Overweight 1785 (29.8) 477 (34.7) 83 (40.3) 1086 (28.1) 139 (24.9)

Obese 2510 (41.8) 428 (31.1) 94 (45.6) 1620 (42.0) 368 (65.8)
WC 3

Normal 3306 (56.0) 1022 (75.1) 114 (56.2) <0.001 2008 (52.9) 162 (29.6) <0.001
Enlarged 2598 (44.0) 339 (24.9) 89 (43.8) 1785 (47.1) 385 (70.4)

Age
≤20 389 (6.5) 119 (8.6) 0 (0.0) <0.001 270 (7.0) 0 (0.0) <0.001

21–30 1309 (21.8) 364 (26.5) 5 (2.4) 927 (24.0) 13 (2.3)
31–40 1183 (19.7) 261 (19.0) 10 (4.9) 875 (22.7) 37 (6.6)
41–50 1394 (23.2) 288 (20.9) 43 (20.9) 972 (25.2) 91 (16.3)
51–60 1094 (18.2) 186 (13.5) 56 (27.2) 595 (15.4) 257 (46.0)
>60 631 (10.5) 158 (11.5) 92 (44.7) 220 (5.7) 161 (28.8)

Income Level (JOD) 4

<350 2332 (38.9) 407 (29.6) 81 (39.3) 0.001 1579 (40.9) 265 (47.4) <0.001
350–799 2926 (48.8) 743 (54.0) 83 (40.3) 1835 (47.6) 265 (47.4)
≥800 742 (12.4) 226 (16.4) 42 (20.4) 445 (11.5) 29 (5.2)

Job Nature
Administrative 846 (14.1) 315 (22.9) 28 (13.6) 0.002 481 (12.5) 22 (3.9) <0.001

Non-administrative 5154 (85.9) 1061 (77.1) 178 (86.4) 3378 (87.5) 537 (96.1)
Educational Level

<High School 437 (7.3) 76 (5.5) 23 (11.2) 0.001 259 (6.7) 79 (14.1) <0.001
High School 3396 (56.6) 751 (54.6) 126 (61.2) 2130 (55.2) 389 (69.6)
University 2019 (33.7) 501 (36.4) 51 (24.8) 1378 (35.7) 89 (15.9)

Postgraduate 148 (2.5) 48 (3.5) 6 (2.9) 92 (2.4) 2 (0.4)
1 Data are presented as number of observations and frequencies (n (%)). The differences between the individuals having normal fasting
glucose (NFG) and individuals having T2D were assessed by a χ2 test for categorical variables. p-values < 0.05 was considered significant
for all statistical analyses. p-values < 0.05 was considered significant for all statistical analyses. 2 NFG: Normal Fasting Glucose, T2D:
Type 2 Diabetes. 3 The total number of observations is n = 5904, the WC was missing for 96 participants. 4 JOD: Jordanian Dinar.

3.4. The Relationship between BMI, WC, and Demographics and CVD

The prevalence of CVD was 6.3% (n = 376). CVD was significantly associated with
obesity, as more individuals with obesity had CVD in both males (50.8% vs. 31.5%, p < 0.001)
and females (67.2% vs. 43.6%, p < 0.001) compared to non-CVD individuals. Participants
with abdominal obesity, measured by WC, also had higher CVD cases than those with
non-CVD in males (52.1% vs. 25.3%, p < 0.001) and females (72.7% vs. 48.6%, p < 0.001).
The prevalence of CVD increased with age, reaching its highest prevalence after 60 years
in males (45.8%), and between 51–60 years in females (32.0%), followed by a decreased
prevalence after 60 years in females (25.0%). At the age of 51 years and older more males
(73.3% vs. 27.6%, p < 0.001) and females (57.0% vs. 26.1%, p < 0.001) were CVD patients
compared to non-CVD cases. In this study, having a low income was associated with a
higher presence of CVD in males (39.2% vs. 30.2%, p = 0.036) and females (57.4% vs. 40.8%,
p < 0.001), while other income levels were more associated with CVD absence. Besides,
having a low education level (high school and below) was associated with more CVD cases
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(79.3% vs. 63.8%), while a higher level of education was associated with more non-CVD
cases, which was significant only in females (p < 0.001) (Table 4).

Table 4. CVD relation with BMI, WC, and population characteristics stratified by sex 1.

Variable Total
Male

p-Value
Female

p-Value
Presence 2 Absence 2 Presence Absence

BMI Classification
Underweight 152 (2.53) 0 (0.0) 35 (2.4) <0.001 1 (0.4) 116 (2.8) <0.001

Normal weight 1553 (25.9) 24 (20.0) 441 (30.2) 43 (16.8) 1045 (25.1)
Overweight 1785 (29.8) 35 (29.2) 525 (35.9) 40 (15.6) 1185 (28.5)

Obese 2510 (41.8) 61 (50.8) 461 (31.5) 172 (67.2) 1816 (43.6)
WC 3

Normal 3306 (56.0) 57 (47.9) 1079 (74.7) <0.001 68 (27.3) 2102 (51.4) <0.001
Enlarged 2598 (44.0) 62 (52.1) 366 (25.3) 181 (72.7) 1989 (48.6)

Age
≤20 389 (6.5) 4 (3.3) 115 (7.9) <0.001 3 (1.20) 267 (6.40) <0.001

21–30 1309 (21.8) 5 (4.2) 364 (24.9) 21 (8.20) 919 (22.1)
31–40 1183 (19.7) 8 (6.7) 263 (18.0) 34 (13.3) 878 (21.1)
41–50 1394 (23.2) 15 (12.5) 316 (21.6) 52 (20.3) 1011 (24.3)
51–60 1094 (18.2) 33 (27.5) 209 (14.3) 82 (32.0) 770 (18.5)
>60 631 (10.5) 55 (45.8) 195 (13.3) 64 (25.0) 317 (7.6)

Income Level (JOD) 4

<350 2332 (38.9) 47 (39.2) 441 (30.2) 0.036 147 (57.4) 1697 (40.8) <0.001
350–799 2926 (48.8) 61 (50.8) 765 (52.3) 96 (37.5) 2004 (48.1)
≥800 742 (12.4) 12 (10.0) 256 (17.5) 13 (5.10) 461 (11.1)

Job Nature
Administrative 846 (14.1) 15 (12.5) 328 (22.4) 0.011 12 (4.70) 491 (11.8) <0.001

Non-administrative 5154 (85.9) 105 (87.5) 1134 (77.6) 244 (95.3) 3671 (88.2)
Educational Level

<High School 437 (7.3) 6 (5.0) 93 (6.4) 0.116 26 (10.2) 312 (7.5) <0.001
High School 3396 (56.6) 79 (65.8) 798 (54.6) 177 (69.1) 2342 (56.3)
University 2019 (33.7) 31 (25.8) 521 (35.6) 53 (20.7) 1414 (34.0)

Postgraduate 148 (2.5) 4 (3.3) 50 (3.4) 0 (0.0) 94 (2.3)
1 Data are presented as number of observations and frequencies (n (%)). The differences between the individuals having CVD and the
individuals without CVD were assessed by a χ2 test for categorical variables. p-values < 0.05 was considered significant for all statistical
analyses. p-values < 0.05 was considered significant for all statistical analyses. 2 Presence: Diagnosed with CVD, Absence: Undiagnosed
with CVD. 3 The total number of observations is n = 5904, the WC was missing for 96 participants. 4 JOD: Jordanian Dinar.

3.5. BMI and WC and Their Association with the Risk of T2D

Table 5 presents the multivariate regression analysis for the association between BMI/WC
and T2D among the study population. In the unadjusted model, a BMI of ≥25 kg/m2 was
associated with increased odds of having T2D in the total population (OR = 2.9, CI: 2.30–3.80,
p < 0.001), also when separated by sex, and the risk was higher in females (OR = 3.1, CI:
2.26–4.35, p < 0.001) than in males (OR = 2.5, CI: 1.60–3.81, p < 0.001). Besides, an enlarged
WC was associated with increased odds of having T2D in the total population (OR = 1.7, CI:
1.46–2.06, p < 0.001), also in males (OR = 1.8, CI: 1.28–2.44, p = 0.001) and females (OR = 1.8,
CI: 1.49–2.26, p < 0.001), separately. With age-adjustment, the odds of having T2D among
the high-BMI and -WC categories decreased, with WC being a significant predictor of T2D
among the study population only if not separated by sex. A further adjustment for job did
not change the T2D risk among the high-BMI and -WC categories. After adjusting the other
demographic variables in the fourth model, a slight reduction was seen in the risk of T2D
among the high BMI group in the total population and in the risk of T2D among high BMI
and WC groups in females. In the final model, the BMI (OR = 1.7, CI: 1.30–2.30, p < 0.001)
predicted a higher risk of T2D compared to WC (OR = 1.3, CI: 1.04–1.52, p = 0.016) in the
total population. Moreover, BMI was the only predictor of T2D in both males (OR = 1.8, CI:
1.15–2.94, p = 0.011) and females (OR = 1.6, CI: 1.13–2.33, p = 0.008).
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Table 5. Associations of body mass index (BMI) and WC with T2D among the study population stratified by sex 1.

Model Variable
All Population

p-Value
Male

p-Value
Female

p-Value
OR (95% CI) OR (95% CI) OR (95% CI)

Model # 1
BMI classification

<25 kg/m2 Reference <0.001 Reference <0.001 Reference <0.001
≥25 kg/m2 2.9 (2.30–3.80) 2.5 (1.60–3.81) 3.1 (2.26–4.35)

WC 2

Normal Reference <0.001 Reference 0.001 Reference <0.001
Enlarged 1.7 (1.46–2.06) 1.8 (1.28–2.44) 1.8 (1.49–2.26)

Model # 2
BMI classification

<25 kg/m2 Reference <0.001 Reference 0.014 Reference 0.005
≥25 kg/m2 1.8 (1.32–2.32) 1.8 (1.12–2.85) 1.7 (1.17–2.39)

WC
Normal Reference 0.007 Reference 0.117 Reference 0.059

Enlarged 1.3 (1.07–1.56) 1.3 (0.90–1.81) 1.3 (0.99–1.58)

Model # 3
BMI classification

<25 kg/m2 Reference <0.001 Reference 0.013 Reference 0.005
≥25 kg/m2 1.8 (1.32–2.34) 1.8 (1.14–2.88) 1.7 (1.17–2.38)

WC
Normal Reference 0.010 Reference 0.167 Reference 0.061

Enlarged 1.3 (1.06–1.55) 1.3 (0.90–1.82) 1.3 (0.99–1.57)

Model # 4
BMI classification

<25 kg/m2 Reference <0.001 Reference 0.011 Reference 0.008
≥25 kg/m2 1.7 (1.30–2.30) 1.8 (1.15–2.94) 1.6 (1.13–2.33)

WC
Normal Reference 0.016 Reference 0.18 Reference 0.109

Enlarged 1.3 (1.04–1.52) 1.3 (0.89–1.82) 1.2 (0.96–1.53)
1 The risk prediction for T2D (dependent variable) by BMI and WC in males, females, and the total population was assessed using the
multivariate logistic regression. For regression analysis, the independent variables were dichotomized into 2 categories as follows: BMI
(<25 kg/m2 and ≥25 kg/m2) and WC (Normal, Enlarged). The regression analysis included four models: Model 1: Unadjusted, Model 2:
Adjusted for age, Model 3: Model 2 + job nature, Model 4: Model 3 + educational level + income level. For all variables, the missing values
were omitted from the analysis using the stepwise deletion method. p-values < 0.05 was considered significant for all statistical analyses.
2 WC: Waist Circumference.

3.6. BMI and WC and Their Association with the Risk of CVD

The multivariate regression analysis for the association between BMI/WC and CVD
among the study population was shown in Table 6. In the unadjusted model, the enlarged
WC was associated with increased odds of CVD in the total population (OR = 2.5, CI:
1.93–3.20, p < 0.001), also when separated by sex, and the risk was higher in males (OR = 3.0,
CI: 1.95–4.53, p < 0.001) than in females (OR = 2.8, CI: 1.98–3.84, p < 0.001). With age-
adjustment, the odds ratio of having CVD among the high WC category decreased in the
total population, and in males and females separately. A further adjustment for job did not
change the CVD risk in the high-WC group. After adjusting the other demographic variables
in the fourth model, a slight reduction was seen in the risk of CVD among the high-WC
group in the total population (OR = 1.9, CI: 1.47–2.47, p < 0.001) and when separated by sex
(Males: OR = 2.2, CI: 1.45–1.48, p < 0.001) and (Females: OR = 2.1, CI: 1.48–2.92, p < 0.001)).
In all regression models, the BMI was not a predictor for CVD risk in the total population
and when separated by sex.
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Table 6. Associations of BMI and WC with cardiovascular diseases (CVD) among the study population stratified by sex 1.

Model Variable
All Population

p-Value
Male

p-Value
Female

p-Value
OR (95% CI) OR (95% CI) OR (95% CI)

Model # 1
BMI classification

<25 kg/m2 Reference 0.383 Reference 0.44 Reference 0.818
≥25 kg/m2 1.2 (0.84–1.57) 1.2 (0.73–2.07) 1.1 (0.71–1.55)

WC 2

Normal Reference <0.001 Reference <0.001 Reference <0.001
Enlarged 2.5 (1.93–3.20) 3.0 (1.95–4.53) 2.8 (1.98–3.84)

Model # 2
BMI classification

<25 kg/m2 Reference 0.078 Reference 0.595 Reference 0.079
≥25 kg/m2 0.8 (0.54–1.03) 0.9 (0.50–1.48) 0.7 (0.46–1.04)

WC
Normal Reference <0.001 Reference <0.001 Reference <0.001

Enlarged 2.0 (1.55–2.59) 2.3 (1.50–3.56) 2.2 (1.54–3.01)

Model # 3
BMI classification

<25 kg/m2 Reference 0.087 Reference 0.642 Reference 0.079
≥25 kg/m2 0.8 (0.54–1.04) 0.9 (0.51–1.51) 0.7 (0.46–1.04)

WC
Normal Reference <0.001 Reference <0.001 Reference <0.001

Enlarged 2.0 (1.53–2.57) 2.3 (1.51–3.61) 2.2 (1.54–3.02)

Model # 4
BMI classification

<25 kg/m2 Reference 0.75 Reference 0.631 Reference 0.066
≥25 kg/m2 0.7 (0.54–1.03) 0.9 (0.51–1.51) 0.7 (0.45–1.03)

WC
Normal Reference <0.001 Reference <0.001 Reference <0.001

Enlarged 1.9 (1.47–2.47) 2.2 (1.45–1.48) 2.1 (1.48–2.92)
1 The risk prediction for CVD (dependent variable) by BMI and WC in males, females, and the total population was assessed using the
multivariate logistic regression. For regression analysis, the independent variables were dichotomized into 2 categories as follows: BMI
(<25 kg/m2 and ≥25 kg/m2) and WC (Normal, Enlarged). The regression analysis included four models: Model 1: Unadjusted, Model 2:
Adjusted for age, Model 3: Model 2 + job nature, Model 4: Model 3 + educational level + income level. For all variables, the missing values
were omitted from the analysis using the stepwise deletion method. p-values < 0.05 was considered significant for all statistical analyses.
2 WC: Waist Circumference.

4. Discussion

Our results presented BMI as a better predictor for T2D than WC, while WC was a
better predictor for CVD than BMI among Jordanian adults. The suitability of different
anthropometric measurements and prediction models for predicting chronic diseases
among Jordanian and Arab adults might differ from that of other populations due to ethnic
differences [10,34].

In this nationwide study, the obesity prevalence was 41.8%, with 45.0% in females and
33.0% in males. Our results were consistent with a previous study in Jordan reporting a
high obesity prevalence wherein 36.1% of males and 48.2% of females had obesity [35], but
it is higher than the prevalence reported by WHO in 2016, which was 21.0% in males and
35.6% in females [6].

In this study, the prevalence of obesity was positively associated with age in males and
females, with its highest prevalence among participants with 41–50 years. By comparison,
in Iran, another country in the Middle East, the differences in the prevalence of obesity
between age groups were not significant. Yet, the highest prevalence was associated with
being 55–59 years old [36]. In Norway, the highest prevalence of obesity according to age
group differed between sexes, as it was between 70 and 74 years in women and between 45
and 49 years in men. The prevalence of abdominal obesity was also higher in the elderly
compared to young adults in Norway and Portugal [37,38], which was consistent with our
results. In China, older individuals were more likely to have a higher WC than younger
adults [39]. In this study, we found that low income and low education levels might be
associated with increased obesity and abdominal obesity among the study population.
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Similarly, in Iran, obesity prevalence was associated with low education levels, wherein
the illiterate were more obese than individuals with college education [36]. A lower
educational level was also associated with a higher prevalence of obesity and abdominal
obesity in Portugal [38]. In China, individuals with moderate, moderate-high, or high WC
had a low education but a high-income level than others with low WC within a long time
interval [39]. Another study across low- and middle-income countries showed that obesity
prevalence might increase with increasing education, and it was positively associated with
the country’s income level. Further, the study reported a stronger association between
increased BMI and diabetes when the country’s income level increased [40].

The rising prevalence of overnutrition is alarming and needs a serious interven-
tion due to the strong association between adiposity, obesity, and central obesity with
CVD and T2D [10]. As shown in this study, the prevalence of CVD and T2D was higher
among participants who had obesity or central obesity, which is consistent with the
literature [39,41,42]. Studies from the U.S. indicated that adults having a BMI above
the normal (over 24.9 kg/m2) were at increased risk of developing CVD [43] and T2D [44].
A Korean study reported an increased risk of CVD among male and female adults with a
BMI of ≥26.2 and ≥28.7 kg/m2, respectively. For T2D, the increased risk of disease was
associated with a BMI of ≥24.2 in men and ≥23.6 in women [45]. The increase in central
obesity, measured by WC, was associated with a 2% increase in the relative risk of CVD
and an 8% increase in the relative risk of T2D with each unit increase in WC [46,47].

CVD are the major contributors to deaths from non-communicable diseases world-
wide, followed by cancer, respiratory diseases, and DM [48]. An estimated 17.9 million
people died from CVD in 2019, representing 32% of all global deaths. Of these deaths,
85% were due to heart attack and stroke [29]. In 2019, DM was the ninth leading cause
of death, with an estimated 1.5 million deaths directly caused by DM. The prevalence
has been rising more rapidly in low- and middle-income countries than in high-income
countries [49]. CVD is also the main contributor to premature deaths, and it accounts for
22% of all deaths in the European Union [50]. In 2016, the WHO reported that CVD and
T2D accounted for 37% and 6% of all deaths among Jordanians [27]. A systematic review
for the prevalence of CVD and T2D, as one of the CVD’s risk factors, in some countries of
the Middle East showed that CVD prevalence was 10.1% and the prevalence of DM was
16% [51]. However, no representative study showed the prevalence of at-risk or existing
CVD among Jordanians [27], while the WHO estimated the prevalence of DM in 2014 to be
13% [48].

Our study showed that the prevalence of CVD and T2D was 6.3% and 12.8%, respec-
tively. A recent review showed that the prevalence of some types of CVD among Lebanese
men was 10.1% for myocardial infarction and 8.2% for angina, while the prevalence of
total coronary artery disease was 13.4% for adults above 40 years [52]. CVD prevalence
among Jordanians was comparable to its prevalence in Lebanon (6.5%) in 2014. How-
ever, the prevalence was lower than the prevalence in other Middle Eastern countries,
including Oman (9.4%) and Iran (11.2%) in 2018, and higher than the prevalence in Turkey
in 2015 [51]. The prevalence of DM was consistent with previous data provided by the
international DM federation (11.8%) in 2017. The DM prevalence in Jordan was compa-
rable to its prevalence in other nearby countries such as Lebanon (12.7%), lower than
its prevalence in Egypt (17.3%) and Kuwait (15.8%), and higher than its prevalence in
Iraq (8.8%) and Iran (9.6%) [53]. Diabetes in Jordan might be compromised by the lack of
national diabetic-specific dietary guidelines, poor self-management, and poor blood sugar
monitoring among Jordanians with diabetes [54].

We also found that the increase in age was associated with the increased prevalence
of T2D, which is consistent with previous studies that emphasized the role of age as a
significant risk for T2D among the study population [55,56]. Our results also presented an
association between the presence of T2D and low income or low education level. The results
were consistent with the previous study in Sweden, as low education and low income
levels were linked to elevated glycosylated hemoglobin (>70 mmol/mol or 8.6%) [57]. In
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Korea, low education and low income contributed to a higher T2D prevalence, although the
income level was not an important predictor for T2D among Korean males [58]. Another
study in South Africa showed that T2D risk was higher in less educated individuals, while
there were no differences based on the income level [56]. We indicated an association
between non-administrative jobs and the increased prevalence of T2D. In contrast, holding
an administrative position among Japanese males was associated with 12.7 increased
odds of developing T2D in males with impaired fasting glucose or impaired glucose
tolerance [59].

The results presented older adults with a higher prevalence of CVD, which decreased
after reaching 60 years only in females. Our results agreed with a study among low- and
middle-income countries showing that increasing age was associated with an increased
incidence of some CVD, namely angina and stroke, which was followed by a decreased
risk in the elderly in some countries [60]. At the age of 51 years and older, more males
(73.3% vs. 27.6%, p < 0.001) and females (57.0% vs. 26.1%, p < 0.001) were CVD patients
compared to non-CVD cases. The low education in females and the low income among
the study population were also associated with an increased prevalence of CVD. Likewise,
in Sweden, the prevalence of ischemic heart disease was higher in low-income and low-
education-level groups [57]. A previous study across 20 countries with different income
levels revealed that individuals with an education level of primary school or below had
a higher chance of developing CVD than others with a university degree or above [61].
However, a study from India showed that rich households and secondary school levels
were more associated with a higher CVD risk than other household wealth and education
categories [62]. Our analysis also represented a higher presence of CVD among participants
enrolled in non-administrative jobs, which agreed with a previous study in Turkey [63]. By
comparison, in Japan, the managers and professors (high occupational levels) were more
likely to have an increased risk of coronary heart disease but a lower risk of stroke [64].

In this study, BMI was a better predictor for T2D compared to WC in males and
females. In comparison, in China, BMI was defined as the best indicator for the association
between obesity and T2D in women but not in men [65]. Another study in China suggested
that WC was a better predictor for T2D compared to BMI, and WC predicted a higher risk of
metabolic syndrome and dyslipidemia [66,67]. Compared to BMI, WC was associated with
T2D and several markers of insulin resistance in French women having severe obesity [68].
Another study found that BMI was not associated with FBG, glycosylated hemoglobin,
insulin resistance, and hyperinsulinemia in South Africa [56]. A previous study in two
European countries showed that BMI and WC were associated with T2D, with a higher OR
of having T2D within the highest WC group than the highest BMI group [69]. In a Europe-
wide study, Feller and colleagues reported that the association of WC with T2D might
decrease at a BMI level of >30 kg/m2; however, both BMI and WC were associated with
T2D risk [47]. An analysis of 16 cohort studies from seven countries in Asia showed that
the association between obesity indicators and T2D varied with age, and that T2D had a
stronger association with waist-stature-ratio than BMI in individuals under 50 years, while
the association between T2D and central obesity indicators, including WC, did not differ
from BMI in individuals ≥50 years. Nevertheless, in the age- and study-cohort-adjusted
model, the association of T2D with WC was more robust than its association with BMI only
in women [70].

Our results proposed WC as a better predictor for CVD than BMI, underlining the fact
that central obesity might be associated with increased risk of CVD even in normal-weight
individuals [71]. A cohort study among the U.S. population showed that BMI and WC
were strong predictors for disease comorbidities when used separately; nonetheless, only
WC remained a predictor for cardiometabolic risk when both indicators were incorporated
in the prediction model [72]. Another study from India showed that CVD was significantly
correlated with BMI, WC, and waist-to-height ratio. However, the negative correlation
between high-density lipoprotein, a CVD risk indicator, was strongest with WC compared
to other anthropometric measurements [73]. The BMI predicted a higher risk of hyperten-
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sion, a CVD risk factor, compared to WC among the Chinese population [66]. In contrast,
a study showed that in women with severe obesity, WC had a stronger association with
hypertension and several markers of cardiometabolic risk factors in France [68]. Likewise,
in Spain, WC was considered the best predictor of cardiometabolic risk in individuals with
morbid obesity [74].

Our results showed a trend of decreased CVD risk with a BMI ≥ 25 after adjusting the
demographic variables. A Previous study showed that underweight is an independent risk
factor for CVD, particularly in adults below 60 years [75]. Another study among elderly
showed that both underweight and morbidly obesity (BMI ≥ 35) are associated with CVD,
and expanded CVD mortality [76]. Malnutrition through early life-stages might have an
effect on the risk of CVD among adults. For example, a study showed that adults who
survived after a severe acute malnutrition during childhood are at higher risk of impaired
cardiovascular and metabolic function that might be related to impaired cardiovascular
development, elevated peripheral resistance, and diastolic blood pressure [77]. A review
of 57 studies, showed that the exposure to famine or severe malnutrition in childhood is
associated with increased risk of CVD and other metabolic abnormalities [78].

While the results from this study can be applied to other nearby Arabic countries
sharing similar backgrounds with Jordan, our study is limited by the lack of other an-
thropometric indices that can be used in risk prediction. The WC cutoff points in this
study are based on the WHO recommendations, which are undefined for the Jordanian
population. Furthermore, our results are based on a cross-sectional design that can provide
a possible association or evidence, but they are not conclusive. Hence, the results may not
be generalized and should be treated cautiously. The ages of the study population ranged
from 18 years to 92 years, and this wide range is the main reason for the large SD. This
might be one of the limitations of our study.

5. Conclusions

In conclusion, the prevalence of CVD and T2D was 6.3% and 12.8%, respectively.
Our study helps identify the risk of T2D and CVD among the Jordanian population. We
emphasized that disease prediction needs a careful selection of the anthropometric indices
that might affect the prediction models outcomes in a selected population. In this study,
we find that BMI predicts a higher risk of T2D, and it is more suitable for risk prediction
in males and females, separately. On the other hand, WC is more efficient in predicting
CVD risk among Jordanians. As our results differ from studies from other non-Arabic
countries, we emphasize that future research on disease prediction should consider the
population-based differences. More research is needed to identify the ability of other
anthropometric indices to assess the risk of T2D and CVD and to determine the suitability
of the currently used cut-off point for the Jordanian population.
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