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A B S T R A C T  

Background: Obesity is a major public health problem and an important risk factor for cardiomet-
abolic disorders, including elevated blood pressure (BP) and type 2 diabetes. Limited evidence is 
available regarding the role of obesity type, degree, and duration in relation to cardiometabolic risk 
among Middle Eastern men. This study investigated their association with elevated fasting blood 
glucose (FBG) and BP among Jordanian adult males. 

Methods: A cross-sectional study was conducted among 360 Jordanian men aged 30–50 years. 
Participants were classified according to body mass index (BMI) as normal weight (25.0%), over-
weight (25.0%), and obese (50.0%). Central obesity was assessed using waist circumference (WC). 
FBG and BP were measured using standardized procedures. Sociodemographic, lifestyle, dietary, 
and family history data were collected using a structured questionnaire. Chi-square tests and multi-
variable logistic regression analyses adjusted for potential confounders were performed.  

Results: Obese individuals had significantly higher BP and FBG levels than normal-weight individ-
uals (P < 0.001). Central obesity associated with elevated BP (OR = 3.10; 95% CI: 2.50–5.80; P < 
0.001) and FBG (OR = 3.30; 95% CI: 2.60–6.40; P < 0.001). Obesity duration (≥10 years) associated 
with increased odds of elevated FBG (OR = 2.80; 95% CI :2.60–6.00; P < 0.001) and BP (OR = 3.10; 
95% CI: 2.20–4.10; P < 0.001). The interaction between BMI and WC was significant (P < 0.001). 

Conclusions: Central obesity and prolonged obesity duration were strongly associated with elevated 
BP and elevated FBG among Jordanian adult males. Incorporating WC and obesity duration into 
routine clinical assessment may improve early identification of cardiometabolic risk. Further longi-
tudinal studies are needed to confirm these findings. 

Keywords: Obesity; Central obesity; Elevated blood pressure; Elevated blood glucose; Obesity 
duration; Jordan.  

Introduction 
Obesity has emerged as a major global public health chal-

lenge and is a leading modifiable risk factor for non-communicable 
diseases,  including type 2 diabetes mellitus and elevated  blood pres-
sure (BP) (1–3). The World Health Organization (WHO) has 
reported that since 1975, the prevalence of obesity has nearly tripled 
worldwide, with Middle Eastern nations having disproportionately 
high rates because of fast urbanization, sedentary lifestyles, and die-
tary changes (2,4,5). Alongside this epidemiological change, there 
has been a substantial increase in premature mortality and cardio-
metabolic morbidity. 

Body mass index (BMI) has long been traditionally used in 
routine screenings as a primary indicator of obesity in epidemiologi-
cal and clinical research. Despite its ease of use and widespread 
adoption, BMI does not adequately and convincingly reflect the risk 
of cardio-metabolic diseases, particularly in individuals with visceral 
obesity, as evidenced by a growing body of research (6). This is 
demonstrated by the fact that individuals with similar BMI values 
exhibited significant variations in their metabolic characteristics, 
highlighting the limitations of BMI as a sole and accurate measure of 
obesity related health risks. Central obesity, generally tested by waist 
circumference (WC), has been consistently demonstrated as a 
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strong  associated factor of elevated BP, insulin sensitivity, and elevat-
ed fasting blood glucose (FBG) than BMI alone (7). 

Visceral adipose tissue is metabolically active and has been 
associated with insulin resistance, persistent, low-grade systemic in-
flammation, dysregulation of adipokine secretions, and activation of 
neurohormonal pathways such as the renin-angiotensin-aldosterone 
system, all of which are associated with elevated BP and poor glucose 
metabolism (8).  

Furthermore, the type, severity, and duration of obesity play a 
pivotal role in determining and shaping cardiometabolic risks. Indi-
viduals with higher rates of systolic and diastolic BP, increased insulin 
resistance, and elevated FBG levels are more likely to experience these 
symptoms, particularly in those with higher WC and BMI compared 
to normal levels (9). Current longitudinal studies indicate that the 
duration of obesity is independently associated with type 2 diabetes 
and elevated BP more than BMI, highlighting the cumulative meta-
bolic effects of chronic obesity (10). 

  The persistence of chronically elevated FBG and progressive 
beta-cell dysfunction, persistent increase in vascular resistance, and 
irreversible vascular remodeling are all consequences of long-term 
exposure to excess fat accumulation, which may be associated with 
progressive metabolic dysfunction and elevated BP (7). The temporal 
dynamics highlight the pivotal role of obesity duration and the em-
phasis on early intervention for obesity management, which is typical-
ly measured in years of elevated BMI, into account as a cumulative 
risk factor for elevated BP and FBG. 

North Africa and many parts of the Middle East have some of 
the highest rates of cardiovascular and metabolic diseases associated 
with obesity worldwide. National and regional studies have shown a 
very high prevalence of general and central obesity, particularly 
among adult males. (11,12).  

Jordan has the highest prevalence of adult obesity in the Mid-
dle East and North Africa region (MENA). Recent and previous na-
tional surveys have shown a rapid and alarming increase in the preva-
lence of overweight, obesity, elevated BP, and diabetes among both 
men and women (13,14). According to regional estimates, the preva-
lence of diabetes may rise significantly, and over half of Jordan's adult 
population might be diagnosed with obesity by 2050 (14,15). Further-
more, non-communicable diseases account for about 78% of deaths in 
Jordan, and obesity is one of the main modifiable risk factors (16,17).  
However, most local studies have relied primarily on BMI and have 
rarely incorporated WC or obesity duration into risk assessment 
models (13,14). Consequently, a crucial study vacuum exists in the 
thorough evaluation of obesity as a multidimensional exposure span-
ning type, degree, and duration within the Jordanian setting. Address-
ing this gap is critical for improving cardio metabolic risk categoriza-
tion and guiding culturally relevant preventative intervention.  

Therefore, while controlling for sociodemographic, lifestyle, 
nutritional, and familial confounding variables, the objective of the 
current study was to investigate the independent and combined effects 
of obesity type (central versus generalized), degree, and duration with 
elevated BP and FBG in Jordanian adult males. To our knowledge, 
this is among the first Jordanian studies evaluating obesity type, de-
gree, and duration simultaneously in relation to cardiometabolic risk 
among adult males.  

Methods 
Study Design and Participants 

A cross-sectional study using a multistage stratified sampling 
technique was conducted to evaluate the potential association between 
fatness type, degree, and duration with elevated FBG and elevated BP 
among obese Jordanian adult males aged 30-49.9. The Al-Sareeh area 
in Irbid Governorate, northern Jordan, was selected as the study site. 
This area is characterized as a semi-urban community with a homoge-
neous lifestyle and socioeconomic and cultural background. The study 
was conducted between September 2024 and July 2025 in accordance 
with the principles of the Declaration of Helsinki, ensuring ethical 
treatment of all participants.  

Verbal informed consent was obtained from all participants 
before data collection, as approved by the Institutional Review Board 
due to the minimal-risk nature of the study. Due to the varying levels 
of education and literacy of some of the participants, verbal informed 
consent was obtained after a full explanation of the study procedures, 
which consisted of collecting data via questionnaires, interviews, and 
anthropometric measurements. The Institutional Review Board, in the 
process of ethical approval, approved this consent procedure. The 
Institutional Review Board of Jerash University approved the study 
(No. O/1/2025/2026) according to the Declaration of Helsinki. 

Based on their BMI, Participants were categorized into three 
BMI groups: normal weight state (n=90). Group (2): 90 people who 
were overweight and 180 people who were obese. Should specify 
clearly both the inclusion and exclusion criteria used in the study. 
Participants had to be citizens of Jordan and free from severe chronic 
conditions, acute illnesses, and aged 30-≤50 years. Participants were 
excluded if they had any disabilities, were taking medications that 
could affect energy metabolism or body composition, were engaged in 
strenuous physical activity, had weight fluctuations of more than 5 kg 
during the two months before testing, were underweight, or had a 
chronic disease for at least two years.  

The primary sampling unit considered the division of each 
study area into five clusters. Systematic sampling of households (every 
30th house) was done. One resident, if available, was selected from 
each BMI-C (normal weight, overweight, and obese), and each house-
hold was informed to contribute if they achieved the study criteria. 
Whenever there was more than one individual from each BMI-C, one 
participant was randomly recruited. If the selected household had no 
volunteers and/or if they were not fulfilling the study criteria, the next 
household was used.   

Anthropometric and Clinical Measurements 

Trained nutritionists conducted anthropometric measure-
ments using defined methods (Centers for Disease Control and Pre-
vention) (18). Measurements were taken in  Al-Sareeh Medical 
Consulting Center. 

 The height and weight of the participants were determined to 
determine their BMI, which was used to classify weight status 
according to WHO (1997) guidelines. To assess central obesity, we 
measured WC and categorized it as low (< 94 cm), moderate (94–102 
cm), or high (≥ 102 cm) (19). Following a 15-minute rest period, BP 
was measured using a professional electronic sphygmomanometer. BP 
was measured two times, and the average was recorded. Elevated BP 
was defined as a systolic BP of ≥ 120 mmHg or a diastolic BP of ≥ 80  
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mmHg (20). Using a Roche Cobas c311 analyzer, FBG was measured 
following an overnight fast (8–12 h). Values FBG ≥100 mg/dL were 
classified as elevated FBG (21).  

Lifestyle Assessment 

Using a structured, valid, and reliable questionnaire, and for 
clarification of the main elements of the questionnaire, we document-
ed demographics (age, education, income, and employment) as well as 
the history of obesity and cardio metabolic disorders in the parents. 
We used a modified instrument (Al-Hazzaa, 2014) to measure physi-
cal activity, classifying the results as low, moderate, or high (22). 

To ensure the accuracy of participant recall, all questionnaires 
were structured, standardized, and interviewer-administered. Partici-
pants were provided with clear instructions and reference periods to 
minimize memory bias. Where possible, information was cross-
checked with available records or multiple questionnaire items to 
verify consistency. These procedures were designed to enhance data 
reliability and reproducibility. In addition to that, Cronbach’s alpha 
was used to assess the internal consistency of the questionnaire, yield-
ing coefficients ranging from 0.83 to 0.86. To ensure conciseness, only 
the overall reliability results are reported without a detailed tabular 
presentation. 

 Based on the number of years since weight gain started, we 
utilized body shape charts (23) to calculate the duration of obesity. 
Short (< 5 years), medium (5–10 years), and long (> 10 years) were 
the three categories into which this was separated (24). Additionally, 
we analyzed 24-hour dietary recalls over three non-consecutive days 
using the Jordanian recipe book and ESHA software (25). 
Statistical Analysis 

The data analysis was computerized and coded using SPSS 
version 25. Continuous variables are presented as mean ± standard 
deviation (SD), while categorical variables are summarized as frequen-
cies and percentages. Relationships between categorical variables were 
initially assessed using chi-square tests. Mean dietary energy intakes 
were compared using one-way ANOVA. An internal consistency 
factor was calculated to assess reliability, with a value between 0.83 
and 0.86; for simplicity, only the overall reliability coefficient is re-
ported. 

To assess the independent relationships between obesity char-
acteristics and cardiometabolic outcome indices, a bivariate logistic 

regression analysis was used, specifically for elevated FBG and elevat-
ed BP.  Obesity characteristics included BMI, WC, and duration of 
obesity. Confounder variables consisted of age, educational level, 
monthly income, smoking status, physical activity, total energy intake, 
energy derived from fat, and family history of obesity and cardiovas-
cular disease. BMI and WC showed a moderate correlation (r = 0.84), 
and to explain their combined relationship  and to account for their 
combined associations , a statistically significant interaction term was 
included in the model (P < 0.001). All other covariates had correlation 
coefficients ≤ 0.5, indicating a significant association with elevated BP 
and elevated FBG. 

Model calibration was evaluated using goodness-of-fit indices, 
such as the Hosmer–Lemeshow test, and model assumptions were 
confirmed. Normal WC (< 94 cm), normal BMI (< 25 kg/m2), and 
duration of obesity (< 5 years) were the reference categories. There 
were reported odds ratios (ORs) and 95% confidence intervals (CIs). 
An interaction term between BMI and WC was used to assess the 
combined association of  general and central obesity. This allowed for 
the evaluation of both independent and joint effects on cardiometa-
bolic outcomes while accounting for potential confounding variables. 
The threshold for statistical significance was set at P < 0.05. 

Results  

Baseline characteristics 
 Table 1 presents the baseline characteristics of the study pop-
ulation according to BMI categories. A clear and statistically signifi-
cant gradient was observed across BMI groups for most cardiometa-
bolic variables.  

 The study results show that body weight increased markedly 
from 72.51 ± 4.72 kg in normal-weight participants to 97.42 ± 6.11 kg 
in obese individuals (P < 0.001). Similarly, WC showed a substantial 
increase (86.22 ± 2.24 cm vs. 117.48 ± 2.14 cm; P < 0.001). Both sys-
tolic and diastolic BP increased significantly with BMI. Systolic BP 
rose from 114.81 ± 9.33 mmHg to 138.30 ± 12.92 mmHg (P < 0.001) 
while diastolic BP increased from 73.91 ± 7.61 mmHg to 91.30 ± 
11.83 mmHg (P < 0.001). FBG levels were significantly higher in 
obese participants (151.31 ± 65.30 mg/dL) compared to those with 
normal weight (104.62 ± 18.12 mg/dL) (P < 0.001), indicating early 
metabolic disturbances. 

Table 1. General characteristics of the study sample according to BMI categories (Continuous variables), N = 360.  

Variable 
BMI Category 

P  value  

Normal (n = 90)  Overweight  (n = 90)  Obese (n = 180)  

Age (years) 38.58 ± 6.23 38.95 ± 6.60 39.53 ± 6.54 P  = 0.060 

Body weight (kg) 72.51 ± 4.72 81.92 ± 5.83 97.42 ± 6.11 P  < 0.001 

Waist circumference (cm) 86.22 ± 2.24 103.23 ± 5.11 117.48 ± 2.14 P  < 0.001 

Diastolic blood pressure (mmHg) 73.91 ± 7.61 81.10 ± 9.22 91.30 ± 11.83 P  < 0.001 

Systolic blood pressure (mmHg) 114.81 ± 9.33 125.10 ± 12.11 138.30 ± 12.92 P  < 0.001 

Fasting blood glucose (mg/dL) 104.62 ± 18.12 113.12 ± 33.13 151.31 ± 65.30 P  < 0.001 

Total energy intake (kcal/day) 2550.58 ± 230.58 2681.11 ± 180.49 3189.20 ± 270.39 P  < 0.001 

Energy from fat (%) 32.30 ± 1.60 35.10 ± 1.99 36.76 ± 2.40 P  < 0.001 

Data are presented as mean ± (SD). 

P values were calculated using one-way ANOVA. 
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Total energy intake also increased significantly across BMI 
categories (2550.58 ± 230.58 vs. 3189.20 ± 270.39 kcal/day; P < 0.001), 
along with the percentage of energy derived from fat (32.30% vs. 
36.76%; P < 0.001). 

Table 2 presents significant associations between obesity-
related measures and elevated BP and elevated FBG. Significant asso-
ciation was observed between higher BMI and family history of obesi-
ty, elevated BP and diabetes (all P < 0.001). There was no significant 
difference in current smoking status across BMI groups (P = 0.210). 
Longer duration of obesity (≥10 years) was substantially more preva-
lent among obese individuals (65.00%) compared to other groups (P < 
0.001). Additionally, low physical activity levels were significantly 
more common in the obese group (58.40%) compared to normal-
weight individuals (24.40%) (P < 0.001). Age did not differ significant-
ly between groups (P  < 0.050). 

Table 3 presents the bivariate analysis; several sociodemo-
graphic, familial, dietary, and obesity-related factors were significantly 
associated with elevated BP and elevated FBG. Participants aged ≥ 40 
years had a higher prevalence of elevated BP (56.3%, P = 0.006) and 
elevated glucose (58.9%, P < 0.001). Higher education (≥ 12 years) and 
a monthly income of ≥ 500 JD were also associated with both 
outcomes (P < 0.050). Current smoking had modest but significant 
associations with elevated BP (55.10%, P = 0.032) and glucose 
(42.60%, P = 0.040). Family history of obesity, elevated BP, or diabetes 
significantly increased the risk of elevated BP (55–66%, P < 0.010) and 
glucose (53–71%, P < 0.010). Similar associations were observed for 
increased prevalence of both outcomes with dietary factors, including 
total energy intake of ≥ 2550 kcal/day and fat intake exceeding 32%. 
These factors were also associated with an increased prevalence of 
both outcomes (P < 0.05). 

Table 2. General characteristics of the study sample according to BMI categories (Categorical variables), N = 360. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BMI Category 
P  value  Variable 

Normal (n = 90)  Overweight  (n = 90)  Obese (n = 180)  

Parental obesity   
Yes 13 (0.14) 45 (0.50) 135 (0.75) 

P < 0.001 
No 77 (0.85) 45 (0.50) 45 (0.25) 

Parental elevated BP   
Yes 22 (0.24) 31 (0.34) 101 (0.56) 

P < 0.001 
No 68 (0.75) 59 (0.66) 79 (0.44) 

Parental diabetes mellitus   
Yes 24 (0.26) 34 (0.38) 107 (0.59) 

P < 0.001 
No 66 (0.73) 56 (0.62) 73 (0.41) 

Education level ≥ 12 years   
Yes 58 (0.64) 29 (0.32) 63 (0.35) 

P < 0.001 
No 32 (0.35) 61 (0.68) 117 (0.65) 

Monthly income ≥ 500 JD   
Yes 77 (0.85) 33 (0.37) 57 (0.32) 

P  < 0.001 
No 13 (0.14) 57 (0.63) 123 (0.68) 

Current smoking   
Yes 48 (0.53) 52 (0.58) 116 (0.64) 

P = 0.210 
No 42 (0.46) 38 (0.42) 64 (0.36) 

Duration of obesity    

< 5 years 12 (10.98) 19 (17.01) 17 (15.03) 

P < 0.001 5–<10 years 3 (2.97) 14 (12.78) 18 (16.47) 

≥ 10 years 2 (1.98) 10 (9.00) 65 (58.50) 

Physical activity     

Low 22 (24.40) 39 (43.30) 105 (58.40) 

P < 0.001 Moderate 33 (36.70) 45 (50.00) 62 (34.40) 

Active 35 (38.90) 6 (6.70) 13 (7.20) 

Data are presented as counts and percentages (n(%)). 

P values were calculated using the Chi-square test. 

Duration of obesity: this variable contains missing data.  

Table 3. Bivariate analysis of categorical and lifestyle factors associated with elevated BP and elevated FBG.  
 
 
 
 
 
 
 
 
 
 

Variable Elevated BP  P  value  Elevated FBG  P  value  

Age ≥40 years 111 (56.30) P  = 0.006 116 (58.90) P  < 0.001 

Education level ≥12 years 65 (40.60) P  = 0.021 73 (43.70) P  = 0.021 

Monthly income ≥500 JD 71 (42.50) P  = 0.041 74 (44.30) P  = 0.010 

Current smoking 119 (55.10) P  = 0.032 92 (42.60) P  = 0.040 
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Table 4: The study results showed that Obesity measures had a 
clear gradient; overweight and obese subjects had progressively higher 
rates of elevated BP (36.70% and 67.20%) and elevated glucose 
(32.20% and 56.10%, P < 0.001). WC ≥ 102 cm and duration of obesi-
ty ≥ 10 years were also strongly associated with both increased BP and 
glucose (P < 0.001). 

Table 5 presents the multivariate binary logistic regression 
analysis of obesity-related factors  associated with elevated FBG and 
elevated BP. Jordan is among the top three countries in the region 
with a high prevalence of obesity and related cardiometabolic disor-
ders. The analysis showed that obesity-related factors were inde-
pendently associated with both outcomes. Compared with normal-
weight participants, overweight individuals had higher odds of elevat-

ed FBG (OR: 1.90, 95% CI 1.60–3.70, P = 0.004) and elevated BP (OR: 
2.80, 95% CI 1.90–3.00, P = 0.006), while obese participants had even 
greater odds (FBG (OR: 2.60, 95% CI 2.00–5.40, P < 0.001; elevated 
BP (OR 3.3, 95% CI 2.10–5.8, P < 0.001). Moderate and high WC 
were also significantly associated with both outcomes, with ORs rang-
ing from 2.80 to 3.30 (P < 0.001). Duration of obesity showed a grad-
ed effect: participants with 5–<10 years of obesity had elevated risk 
(elevated FBG (OR: 1.70, 95% CI 1.10–3.10; elevated BP (OR: 1.40, 
95% CI 1.20–1.90, P = 0.006), whereas those with ≥ 10 years had the 
highest odds (elevated FBG (OR: 2.80, 95% CI: 2.60–6.00; elevated BP 
OR: 3.10, 95% CI 2.20–4.10, P < 0.001). The interaction between BMI 
and WC was also significant for both elevated FBG (OR: 1.70, 95% CI 
1.50–2.30) and elevated BP (OR: 1.80, 95% CI 1.50–2.20, P < 0.001), 
indicating a combined association of general and central obesity. 

Table 4. Bivariate analysis of obesity-related variables associated with elevated BP and elevated FBG. 

 
 
 

Variable   Elevated BP  P  value  Elevated FBG  P  value  

BMI category (kg/m²)     

18.5–<25  10 (12.20) 

P  < 0.001  

8 (8.80) 

P  < 0.001 25–<30  33 (36.70) 29 (32.20) 

≥ 30  121 (67.20) 101 (56.10) 

WC (cm)     

< 94 6 (7.10) 

P  < 0.001  

5 (5.90) 

P  < 0.001 94–<102 44 (38.30) 41 (35.70) 

≥ 102 114 (71.30) 92 (57.50) 

Duration of obesity 
(years)     

< 5 25 (15.30) 18 (13.00) 

P  < 0.001 P  < 0.001  5–<10 35 (21.30) 31 (22.50) 

≥ 10 104 (63.40) 89 (64.50) 

Data are presented as counts and percentages (n(%)). 

P values were calculated using the Chi-square test. Statistical significance was set at P < 0.05 . 

Table 5. Multivariate binary logistic regression analysis of obesity-related factors associated with elevated FBG and elevated BP. 

 
 
 

Independent variable 
Elevated Fasting blood glucose  Elevated blood pressure  

OR (95% CI)  P-value  OR (95% CI)  P-value  

BMI category  
(kg/m²)     

Normal (reference) 1.00 — 1.00 — 

Overweight 1.9 (1.6–3.7) 0.004 2.8 (1.9–3.0) P = 0.006 

Obese 2.6 (2.0–5.4) <0.001 3.3 (2.1–5.8) P < 0.001 

WC (cm)     

Normal (reference) 1.00 — 1.00 — 

Moderate 3.1 (2.5–6.1) <0.001 2.8 (2.5–5.4) P < 0.001 

High 3.3(2.6-6.4) <0.001 3.1 (2.5–5.8) P < 0.001 

Cont. Table 2. General characteristics of the study sample according to BMI categories (Categorical variables). 

Variable Elevated BP  P  value  Elevated FBG  P  value  

Parental obesity 112 (54.90) P  = 0.008 109 (53.40) P  = 0.007 

Parental elevated BP 102 (66.20) P  < 0.001 87 (56.50) P  = 0.009 

Parental diabetes mellitus 96 (58.20) P  = 0.008 117 (70.90) P  < 0.001 

Total energy intake ≥2550 kcal/day 134 (56.50) P  = 0.021 131 (55.30) P  = 0.031 

Energy from fat >32% 69 (52.50) P  = 0.022 70 (59.20) P  = 0.007 

Data are presented as counts and percentages (n (%)). 

P values were calculated using the Chi-square test. Statistical significance was set at P < 0.05.  
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Discussion 
The findings of the current study demonstrated that the type, 

severity, and duration of obesity were associated with elevated BP and 
FBG levels among adult male Jordanians. The findings of this study 
demonstrated that the type, severity, and duration of obesity among 
adult Jordanian males could be considered a strong indicator associat-
ed with both elevated BP and FBG levels, as well as metabolic dys-
function. Specifically, obese individuals had significantly higher mean 
systolic and diastolic BP pressure and FBG levels compared to indi-
viduals of normal weight. This finding reflects a clinically significant 
metabolic dysfunction in obese and overweight individuals, even 
without a formal diagnosis. Central obesity, as measured by WC, was 
a strong indicator associated with both elevated BP and elevated FBG.   

After accounting for other confounding factors, individuals 
with a WC of 102 cm or more were more than three times more likely 
to have elevated FBG, elevated BP, or both. This underscores the im-
portance of visceral fat in cardiovascular and metabolic disease risk, as 
the study results showed a greater and stronger association between 
WC and cardiometabolic risk than BMI. Adipokines, free fatty acids, 
and pro-inflammatory cytokines are released by metabolically active 
visceral fat. Visceral fat has been associated with impaired insulin 
signalling and vascular dysfunction  (26,27).  

Furthermore, we observed a cumulative effect with increasing 
duration of obesity. Those with obesity lasting over ten years were 
almost three times more likely to experience elevated FBG and elevat-
ed BP. This supports the idea that chronic obesity is associated with 
long-term changes in blood vessels, increasing insulin resistance and 
impairing β-cell function (27,28).  

We also discovered a significant interaction between BMI and 
WC, indicating a combined effect where the coexistence of general 
and central obesity was associated with greater cardiometabolic risk 
compared with either condition alone. These findings align well with 
global evidence showing that central obesity has been more strongly 
associated with cardiometabolic risk than BMI alone (2,9). Research 
has pointed out the limitations of BMI-based classifications, especially 
in populations with high rates of metabolic diseases among normal-
BMI adults who have higher WC (29,30). In the Middle East, ab-
dominal obesity often occurs at lower BMI thresholds than in West-
ern populations (12,31).  

The results of this study may add important independent 
information to scientific literature by demonstrating that the amount 

and location of fat accumulation and the duration of obesity play a 
pivotal and predictive role in cardiometabolic risk. Clinically, these 
results underscore the necessity of incorporating WC as an indicator 
of central obesity and the duration of obesity into routine assessments 
in Jordan and the MENA region in general. Relying solely on BMI for 
generalized obesity may underestimate the risk in individuals with 
visceral obesity. However, this study suffers from limitations in its 
cross-sectional design, which prevents drawing conclusions about 
causality. It also relies on self-reported data regarding the duration of 
obesity and physical activity. Furthermore, the sample focused only 
on men aged 30–50 years, so the results may not be generalizable to 
male or other age groups, highlighting the need for further studies. 

Our results are consistent with recent regional data regarding 
the high prevalence of elevated FBG and its correlation with ab-
dominal obesity. For example, a large-scale study conducted in Jordan 
by Ajlouni found that central obesity was strongly associated with 
high prevalence of metabolic syndrome and its components, such as 
elevated FBG and elevated BP, among Jordanian adults (14). Similar 
patterns have been noted in nearby nations like Saudi Arabia and the 
United Arab Emirates, where extended exposure to obesity has been 
repeatedly associated with a marked deterioration in metabolic health 
(32). To reduce the long-term risk of type 2 diabetes and cardiovascu-
lar diseases in the Middle Eastern context, localized public health 
interventions that emphasize early weight management are desperate-
ly needed (33). 

Strengths, Limitations, and Clinical Implications 

This study's strength lies in its focus on adult males from 
Jordan, a demographic that is often overlooked in regional metabolic 
studies. However, the reliance on self-reported obesity duration may 
be linked  to recall bias, and the cross-sectional design limits our abil-
ity to draw causal inferences. As a result, the associations observed in 
this study should not be interpreted as indicative of cause-and-effect 
relationships.  Furthermore, results might not apply to women or 
other ethnic groups. 

Clinically, these findings highlight that WC must be included 
in routine screenings to detect central obesity and related metabolic 
risks; BMI alone may be insufficient for comprehensive cardiometa-
bolic risk assessment.  In Jordan, early intervention strategies are 
crucial to preventing long-term metabolic complications due to the 
substantial impact of obesity duration. Targeted public health initia-
tives aimed at preventing early-onset obesity can benefit from these 
insights. 

Cont. Table 5. Multivariate binary logistic regression analysis of obesity-related factors associated with elevated FBG and elevated BP. 

Independent variable
Elevated blood glucose  Elevated blood pressure  

OR (95% CI)  P-value  OR (95% CI)  P-value  

< 5 (reference) 1.00 — — 
Duration of obesity 

(years)     
5–<10 1.7 (1.1–3.1) 0.006 P = 0.005 

≥ 10 2.8 (2.6–6.0) <0.001 P < 0.001 

BMI × WC (interaction) 1.7 (1.5–2.3) <0.001 1.8 (1.5–2.2) P < 0.001 

All models were adjusted for age, education level, monthly income, smoking status, total energy intake, energy from fat, physical activity, parental obesity, parental elevated blood pressure, and parental diabetes 
mellitus. Reference categories were: normal BMI (<25 kg/m²), normal waist circumference (<94 cm), and duration of obesity <5 years. 

OR: Odds ratio; CI: Confidence interval.  

Statistical significance was set at P < 0.05. 
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Conclusion  
Based on our findings,  we provide further evidence that cen-

tral obesity and longer obesity duration were more strongly associated 
with elevated BP and elevated FBG than generalized obesity alone. 
This multidimensional approach to obesity assessment may offer a 
more comprehensive framework for cardiometabolic risk stratification 
among Jordanians and possibly the broader Middle Eastern popula-
tion. Further population-based studies are warranted to generalize the 
findings of the current study. 

Ethical Considerations 

The Institutional Review Board of Jerash University approved 
the study (Approval No. O/1/2025/2026) according to the Declaration 
of Helsinki. 

Conflict of interest 

 The authors declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this article. 

Author Contributions 

 Conceptualization; O.A. Methodology; N.A, M.I, S.K. Formal 
Analysis; M.E, N.B, S.T. Investigation; M.E, N.B, B.A. Writing – Orig-
inal Draft Preparation; O.A, B.A. Writing – Review & Editing; O.A, 
B.A.  

Data Availability Statement 

Not applicable. 

Supplemental Material 

Not applicable. 

Funding 

 The authors received no financial support for the research, 
authorship, and/or publication of this article.  

Acknowledgements 

None. 

References  

1. Blüher M. An overview of obesity‐related complications: The 
epidemiological evidence linking body weight and other markers of 
obesity to adverse health outcomes. Diabetes, Obes Metab. 2025;27
(S2):3–19. doi: 10.1111/dom.16263. 

2.  World Health Organization  .WHO 2025 [Internet]. Obes. 
overweight. 2025. Available from: https://www.who.int/news-room/
fact-sheets/detail/obesity-and-overweight 

3.  Jelaković B, Baretić M, Dika Ž, Jelaković A, Josipović J, Kos J, 
Majer M, Mišigoj-Duraković M, Musil V, Musić Milanović S. World-
wide trends in underweight and obesity from 1990 to 2022: a pooled 
analysis of 3663 population-representative studies with 222 million 
children, adolescents, and adults. Lancet. 2023;16 (10431):1027–1050. 
doi: 10.1016/S0140-6736(23)02750-2. 

4.  Farrokhpour M, Forogh B, Gholampour G, Nejadghaderi SA, 
Habibzadeh A, Nakhostin-Ansari A, Seyedmirzaei H. Burden of Dis-
eases Attributable to Low Physical Activity in the Middle East and 
North Africa: an Analysis Based on Global Burden of Disease Study. 
Balkan Med J. 2025;42(2):121. doi: 10.4274/

balkanmedj.galenos.2025.2025-1-20. 

5.  Agraib LM, Alkhatib B, Aslaih AS, Shawabkeh AT, Aldahabi 
R. Consumption Patterns of NOVA Food Groups and their Associa-
tion with Body Mass Index among Jordanian Adults. J Epidemiol 
Glob Health. 2025;15(1):1–8. doi: 10.1007/s44197-025-00473-z. 

6.  Neeland IJ, Poirier P, Després J-P. Cardiovascular and Meta-
bolic Heterogeneity of Obesity: Clinical Challenges and  Implications 
for Management. Circulation. 2018;137(13):1391–1406. doi: 10.1161/
CIRCULATIONAHA.117.029617. Cited in PMID: 29581366. 

7.  Powell-Wiley TM, Poirier P, Burke LE, Després J-P, Gordon-
Larsen P, Lavie CJ, Lear SA, Ndumele CE, Neeland IJ, Sanders P. 
Obesity and cardiovascular disease: a scientific statement from the 
American Heart Association. Circulation. 2021;143(21):e984–e1010. 
doi: 10.1161/CIR.0000000000000973. 

8.  De Fano M, Bartolini D, Tortoioli C, Vermigli C, Malara M, 
Galli F, Murdolo G. Adipose Tissue Plasticity in Response to Patho-
physiological Cues: A Connecting  Link between Obesity and Its As-
sociated Comorbidities. Int J Mol Sci. 2022;23(10) :5511. doi: 10.3390/
ijms23105511. Cited in PMID: 35628322. 

9.  Rad FS, Oveisi S, Javadi HR, Barikani A, Sofiabadi M. Associ-
ation between hypertension and insulin resistance in non-diabetic 
adult populations: a community-based study from the Iran. Arter 
Hypertens. 2020;24(4):159–166. doi: 10.5603/AH.a2020.0020. 

10.  Colley RC, Bushnik T, Barnes J. The health consequences of 
obesity history and weight fluctuations in adulthood. Heal Reports. 
2025;36(2):15-28. doi: 10.25318/82-003-x202500200002-eng 

11.  Hyassat D, Al-Refai A, Khader YS, Juweid ME, AlSharaydeh 
S, Layyous N, Aljabiry H, AlDurgham A, Baqain LZ, Abu Summaqa J, 
et al. Metabolic syndrome among patients with type 2 diabetes in 
Jordan: A  cross-sectional study. Medicine (Baltimore). 2024;103
(46):e40602. doi: 10.1097/MD.0000000000040602. Cited in PMID: 
39560567. 

12.  Azizi F, Hadaegh F, Hosseinpanah F, Mirmiran P, Amouzegar 
A, Abdi H, Asghari G, Parizadeh D, Montazeri SA, Lotfaliany M, et 
al. Metabolic health in the Middle East and north Africa. lancet Dia-
betes Endocrinol. 2019;7(11):866–879. doi: 10.1016/S2213-8587(19)
30179-2. Cited in PMID: 31422063. 

13.  Al Hadidi A. Prevalence of Obesity Among Adults in Jordan: 
National Survey. iproc [Internet]. 2022;8(1):e36398. doi: 
10.2196/36398. 

14.  Ajlouni K, Khader Y, Batieha A, Jaddou H, El-Khateeb M. An 
alarmingly high and increasing prevalence of obesity in Jordan. Epi-
demiol Health. 2020;42:e2020040. doi: 10.4178/epih.e2020040. 

15.  Awad SF, Huangfu P, Dargham SR, Ajlouni K, Batieha A, 
Khader YS, Critchley JA, Abu-Raddad LJ. Characterizing the type 2 
diabetes mellitus epidemic in Jordan up to 2050. Sci Rep. 
2020;10:21001. doi: 10.1038/s41598-020-77970-7. Cited in PMID: 
33273500. 

16.  Jordan. Jordan | Data and Statistics [Internet]. 2024. Available 
from: https://www.hpc.org.jo/sites/default/files/
final_letter_final_new_font_003.pdf 

 

file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.1111/dom.16263.
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.1016/S0140-6736(23)02750-2.
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.4274/balkanmedj.galenos.2025.2025-1-20.
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.4274/balkanmedj.galenos.2025.2025-1-20.
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.1007/s44197-025-00473-z.
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.1161/CIRCULATIONAHA.117.029617
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.1161/CIRCULATIONAHA.117.029617
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.1161/CIR.0000000000000973.
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.3390/ijms23105511.
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.3390/ijms23105511.
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.5603/AH.a2020.0020
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.25318/82-003-x202500200002-eng
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.1097/MD.0000000000040602.
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.1016/S2213-8587(19)30179-2.
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.1016/S2213-8587(19)30179-2.
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.2196/36398.
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.4178/epih.e2020040.
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/10.1038/s41598-020-77970-7.
https://www.hpc.org.jo/sites/default/files/final_letter_final_new_font_003.pdf.
https://www.hpc.org.jo/sites/default/files/final_letter_final_new_font_003.pdf.


15  
 

Alboqai  et al.      Jordan Journal of Applied Science - Natural Science Series. 2026;20:8-15 

17.  Minstry of health jordan. Jordan National Stepwise Survey 
(STEPS) for Noncommunicable Disease Risk Factors 2019. World 
Health Organization; 2020.  

18.  Centers for Disease Control and Prevention (CDC). Anthro-
pometry Procedures Manual. Natl. Heal. Nutr. Exam. Surv. 2007. 

19.  Zheng Y, Song M, Manson JE, Giovannucci EL, Hu FB. 
Group-Based Trajectory of Body Shape From Ages 5 to 55 Years and 
Cardiometabolic  Disease Risk in 2 US Cohorts. Am J Epidemiol. 
2017;186(11):1246–1255. doi: 10.1093/aje/kwx188. Cited in PMID: 
29206988. 

20.  Whelton PK, Carey RM, Aronow WS, Casey DEJ, Collins KJ, 
Dennison Himmelfarb C, DePalma SM, Gidding S, Jamerson KA, 
Jones DW, et al. Correction to: 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA Guideline  for the Prevention, 
Detection, Evaluation, and Management of High Blood Pressure in 
Adults: Executive Summary: A Report of the American College of 
Cardiology/American Heart As. Hypertens (Dallas, Tex  1979). 
2018;71(6):1269–1324. doi: 10.1161/HYP.0000000000000066. Cited in 
PMID: 29743246. 

21.  The American Diabetes Association. Diagnosis and Classifica-
tion of Diabetes: Standards of Care in Diabetes-2024. Diabetes Care. 
2024(Suppl. 1);47:S20–S42. doi: 10.2337/dc24-S002. Cited in PMID: 
38078589. 

22.  Al-Hazzaa HM. Physical activity research in the Gulf Cooper-
ation Council countries: progress made but work still to do. J Phys 
Act Heal. 2022;19(11):769–770. doi: 10.1123/jpah.2022-0484. 

23.  Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH, C. 
WR, A. WJ, S. PM, D. SK, H. DW. Predicting obesity in young adult-
hood from childhood and parental obesity. N Engl J Med [Internet]. 
1997;337(13):869–873. doi: 10.1056/NEJM199709253371301. Cited in 
PMID: 9302300. 

24.  Biro FM, Wien M. Childhood obesity and adult morbidities. 
Am J Clin Nutr. 2010;91(5):1499S-1505S. doi: 10.3945/
ajcn.2010.28701B. Cited in PMID: 20335542. 

25.  Takruri H, Al-Ismail K, Tayyem R, Al-Dabbas M. Composi-
tion of Local Jordanian Food Dishes. 2020. 

26.  Gjermeni E, Kirstein AS, Kolbig F, Kirchhof M, Bundalian L, 
Katzmann JL, Laufs U, Blüher M, Garten A, Le Duc D. Obesity-An 
Update on the Basic Pathophysiology and Review of Recent Thera-
peutic  Advances. Biomolecules. 2021;11(10) :1426. doi: 10.3390/
biom11101426. Cited in PMID: 34680059. 

27.  Kirichenko T V, Markina Y V, Bogatyreva AI, Tolstik T V, 
Varaeva YR, Starodubova A V. The Role of Adipokines in Inflamma-
tory Mechanisms of Obesity. Int J Mol Sci. 2022;23(23):14982. doi: 
10.3390/ijms232314982. Cited in PMID: 36499312. 

28.  Cypess AM. Reassessing human adipose tissue. N Engl J Med. 
2022;386(8):768–779. doi: 10.1056/NEJMra2032804. 

29.  Chaudhary M, Sharma P. Abdominal obesity in India: analy-
sis of the National Family Health Survey-5  (2019-2021) data. Lancet 
Reg Heal Southeast Asia. 2023;14:100208. doi: 10.1016/
j.lansea.2023.100208. Cited in PMID: 37492420. 

30.  Pant S. Normal BMI With Abdominal Obesity Associated 

With Cardiometabolic Risks. JAMA. 2025;334(21):1875. doi:10.1001/
jama.2025.17532. 

31.  Nasreddine LM, Kassis AN, Ayoub JJ, Naja FA, Hwalla NC. 
Nutritional status and dietary intakes of children amid the nutrition 
transition:  the case of the Eastern Mediterranean Region. Nutr Res. 
2018;57:12–27. doi: 10.1016/j.nutres.2018.04.016. Cited in PMID: 
30122192. 

32.  Sweeney MR, Lawrence KG, Woo JMP, Christenbury KE, 
Jackson WB, Werder EJ, Engel LS, Sandler DP. Redlining and Preva-
lent Obesity, Hypertension, and Diabetes in GuLF Study Participants. 
Obes Sci Pract.  2026;12:e70128. doi: 10.1002/osp4.70128. 

33.  Nikoloski Z. Obesity in Middle East. In: Ahima, R.S. (eds) 
Metabolic Syndrome. Springer; 2024. p. 65–80. doi: 10.1007/978-3-031
-40116-9_6. 

file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1093/aje/kwx188
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1161/HYP.0000000000000066
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.2337/dc24-S002
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1123/jpah.2022-0484
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1056/NEJM199709253371301
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.3945/ajcn.2010.28701B
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.3945/ajcn.2010.28701B
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.3390/biom11101426
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.3390/biom11101426
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.3390/ijms232314982
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1056/NEJMra2032804
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1016/j.lansea.2023.100208
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1016/j.lansea.2023.100208
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1001/jama.2025.17532
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1001/jama.2025.17532
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1016/j.nutres.2018.04.016
https://doi.org/10.1002/osp4.70128
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1002/osp4.70128
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1007/978-3-031-40116-9_6
file:///C:/Users/Admin/Desktop/ASU/Vol%2020.%20Issue%201/2355/Accepted/revised%202-6/8-6/10.1007/978-3-031-40116-9_6

