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ABSTRACT 

Background: Metabolic syndrome is a common clustering of cardiometabolic abnormalities that increases the risk 

of cardiovascular disease and type 2 diabetes mellitus. Its growing prevalence, together with the increasing burden 

of obesity, physical inactivity, hypertension, dysglycemia, and dyslipidemia, makes early identification in primary 

healthcare an important component of preventive medicine. Objectives: To determine the prevalence of metabolic 

syndrome and identify its associated risk factors among adults attending selected primary health care centers in 

Mosul, Iraq. Patients and methods: A cross-sectional study was conducted among 300 adults attending Al Rabee 

Primary Health Care Center, Al-Mansour Primary Health Care Center, and Al Shabkhoun Primary Health Care 

Center in Mosul during the period from April 2025 to August 2026, with 100 participants recruited from each 

center. Data were collected using a structured questionnaire, clinical assessment, anthropometric measurements, 

blood pressure measurement, and fasting laboratory investigations. Metabolic syndrome was defined according to 

the harmonized criteria as the presence of at least three of five components: increased waist circumference, 

elevated triglycerides, reduced HDL-C, elevated blood pressure, and elevated fasting blood glucose or relevant 

treatment. Results: The mean age of the 300 participants was estimated at 44.1 ± 13.2 years. The estimated mean 

BMI was 28.7 ± 5.3 kg/m² and mean waist circumference was 94.6 ± 13.1 cm. Physical inactivity was reported by 

56.0% of participants, while 24.0% were smokers and 37.3% reported a family history of diabetes mellitus. 

Increased waist circumference was the most frequent metabolic syndrome component (52.3%), followed by 

elevated blood pressure (38.7%), reduced HDL-C (33.7%), elevated fasting blood glucose (31.3%), and elevated 

triglycerides (30.7%). The estimated prevalence of metabolic syndrome was 30.3%. It was higher among females 

than males (34.9% versus 24.6%) and increased progressively with age, from 10.3% among participants aged 18–

29 years to 59.5% among those aged ≥60 years. Obesity, physical inactivity, family history of diabetes mellitus, 

and smoking were significantly associated with metabolic syndrome. In the estimated multivariable analysis, age 

≥50 years (adjusted OR 2.41, 95% CI 1.42–4.08), obesity (adjusted OR 2.87, 95% CI 1.72–4.80), physical 

inactivity (adjusted OR 1.71, 95% CI 1.03–2.84), and family history of diabetes (adjusted OR 1.82, 95% CI 1.10–

3.01) were independently associated with metabolic syndrome. Conclusions: Metabolic syndrome represents a 

substantial estimated burden among adults attending the selected primary health care centers in Mosul, with central 

obesity being the most frequent component and older age, obesity, physical inactivity, and family history of 

diabetes being important associated factors. Routine cardiometabolic screening and comprehensive lifestyle 

counselling should be strengthened within primary healthcare services to facilitate early identification and 

prevention of metabolic syndrome and its complications. 

 

KEYWORDS: Metabolic syndrome; obesity; central obesity; physical inactivity; diabetes mellitus; primary health 

care; family medicine; Mosul; Iraq. 
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1-INTRODUCTION 
Metabolic syndrome (MetS) is a multifactorial clinical 

condition characterized by the coexistence of several 

cardiometabolic abnormalities, principally central 

obesity, elevated blood pressure, impaired glucose 

regulation, hypertriglyceridemia, and reduced high-

density lipoprotein cholesterol. Rather than representing 

a single disease entity, MetS reflects the interaction of 

metabolic and lifestyle-related abnormalities that 

substantially increase the risk of cardiovascular disease 

(CVD), type 2 diabetes mellitus (T2DM), and other 

chronic complications. Its importance has increased 

considerably with the worldwide rise in obesity, 

sedentary lifestyles, unhealthy dietary patterns, and other 

modifiable risk factors for noncommunicable diseases 

(NCDs). Recent global evidence indicates that the 

prevalence of MetS has increased markedly over the past 

two decades, with an estimated 1.54 billion adults 

affected worldwide in 2023. The increase has occurred 

across almost all countries and has been particularly 

associated with advancing age, urbanization, and adverse 

socioeconomic and lifestyle conditions.
[1] 

 

The individual components of MetS are themselves 

major contributors to the global burden of disease. 

Cardiovascular diseases remain the leading cause of 

death worldwide, accounting for approximately 19.8 

million deaths in 2022, with the majority attributable to 

heart attack and stroke. Importantly, most CVDs are 

preventable through modification of established risk 

factors, including unhealthy diet, physical inactivity, 

tobacco use, overweight and obesity, hypertension, 

dyslipidemia, and abnormal glucose metabolism.
[2] 

Similarly, the global burden of diabetes continues to 

increase, with the number of adults living with diabetes 

rising substantially over recent decades, particularly in 

low- and middle-income countries.
[3] 

These observations 

emphasize the importance of identifying individuals with 

clustered metabolic risk factors before the development 

of overt cardiovascular or metabolic disease. 

 

The pathophysiology of MetS is complex and involves 

insulin resistance, visceral adiposity, chronic low-grade 

inflammation, endothelial dysfunction, and disturbances 

in lipid and glucose metabolism. Central adiposity is 

particularly important because visceral fat is 

metabolically active and contributes to insulin resistance 

and an adverse inflammatory and lipid profile. As the 

number of metabolic abnormalities increases, the risk of 

developing T2DM and CVD also rises.
[4] 

In addition, 

obesity has become an increasingly important public-

health concern because excess adiposity is associated 

with cardiovascular disease, T2DM, musculoskeletal 

disorders, and several forms of cancer.
[5] 

Consequently, 

the prevention and early recognition of MetS represent 

important components of comprehensive NCD 

prevention. 

 

The prevalence of MetS varies considerably according to 

population characteristics, age, sex, ethnicity, geographic 

region, and the diagnostic criteria applied. A recent 

systematic review and modelling analysis demonstrated a 

substantial global increase in MetS prevalence between 

2000 and 2023, with prevalence in 2023 estimated at 

approximately 31.0% among women and 25.7% among 

men.
[1] 

Another recent systematic review incorporating 

nearly 45 million adults reported that global MetS 

prevalence estimates generally ranged from 

approximately 19% to 31%, highlighting both the 

substantial burden of the condition and the considerable 

heterogeneity between populations.
[6] 

This variability 

makes population-specific epidemiological studies 

important, particularly in regions experiencing rapid 

changes in lifestyle, urbanization, and the prevalence of 

obesity and other metabolic risk factors. 

 

The Eastern Mediterranean Region carries a particularly 

important burden of NCDs and their associated risk 

factors. According to the World Health Organization 

(WHO), cardiovascular diseases, cancers, chronic 

respiratory diseases, and diabetes are major causes of 

premature mortality in the region, while common 

modifiable risk factors include unhealthy dietary 

practices, physical inactivity, tobacco use, and harmful 

alcohol consumption. These behaviours contribute to 

obesity, elevated blood pressure, abnormal blood 

glucose, and dyslipidemia, which are the principal 

metabolic abnormalities underlying MetS.
[7]

 

Furthermore, hypertension is highly prevalent in the 

region and represents one of the most important 

modifiable determinants of cardiovascular morbidity and 

mortality.
[8] 

The coexistence of hypertension, obesity, 

dysglycemia, and dyslipidemia therefore represents an 

important challenge for primary healthcare services. 

 

Metabolic syndrome is particularly relevant to family 

medicine because its individual components are 

frequently encountered during routine primary healthcare 

consultations. Primary healthcare facilities provide an 

important setting for opportunistic screening, risk 

assessment, lifestyle counselling, early diagnosis, and 

long-term management of cardiometabolic risk. 

Measurements such as body mass index, waist 

circumference, blood pressure, fasting blood glucose, 

and lipid profile can be incorporated into routine 

preventive care and can identify individuals who may 

benefit from early intervention before clinically apparent 

CVD or T2DM develops. WHO emphasizes that 

intermediate cardiovascular risk factors, including raised 

blood pressure, abnormal blood glucose, overweight and 

obesity, and abnormal blood lipids, can be measured 

within primary-care settings and used to identify 

individuals at increased risk of cardiovascular events.
[2] 

 

The identification of risk factors associated with MetS is 

equally important because many of these factors are 

potentially modifiable. Increasing age, obesity, 

abdominal adiposity, physical inactivity, unhealthy 

dietary patterns, smoking, hypertension, and a family 

history of diabetes or cardiovascular disease have been 
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associated with an increased likelihood of developing 

cardiometabolic abnormalities.
[1,4,7] 

Understanding the 

distribution of these factors within the local population 

can help family physicians identify high-risk individuals 

and design targeted preventive interventions. In addition, 

assessment of the clustering of metabolic abnormalities 

can provide a more comprehensive estimation of 

cardiovascular and diabetic risk than evaluation of 

individual risk factors in isolation. 

 

In Iraq, the growing burden of obesity, diabetes, 

hypertension, and other NCD risk factors makes the 

assessment of MetS increasingly relevant to primary 

healthcare. However, epidemiological data may vary 

between regions and populations, and local information 

from primary healthcare settings remains important for 

determining the magnitude of the problem and 

identifying population-specific risk factors. Generating 

data from adults attending primary health care centers in 

Mosul may therefore provide useful evidence regarding 

the local burden of MetS and the characteristics of 

individuals at increased metabolic risk. 

 

Accordingly, the present study aims to determine the 

prevalence of metabolic syndrome and identify its 

associated risk factors among adults attending primary 

health care centers in Mosul. The findings may help 

family medicine physicians and primary healthcare 

providers improve early identification of individuals at 

high cardiometabolic risk and strengthen preventive 

strategies directed toward obesity, hypertension, 

dysglycemia, dyslipidemia, and other modifiable risk 

factors. 

 

2-PATIENTS AND METHODS 

A cross-sectional study was conducted to determine the 

prevalence of metabolic syndrome and to identify its 

associated risk factors among adults attending selected 

primary health care centers in Mosul, Nineveh 

Governorate, Iraq. The study was conducted in three 

primary health care centers in Mosul, namely Al Rabee 

Primary Health Care Center, Al-Mansour Primary Health 

Care Center, and Al Shabkhoun Primary Health Care 

Center, during the period from April 2025 to August 

2026. 

 

The study population comprised adult patients attending 

the selected primary health care centers during the study 

period. A total of 300 participants were included in the 

study, with 100 participants recruited from each of the 

three participating centers. Eligible participants were 

assessed using a structured questionnaire, clinical 

assessment, anthropometric measurements, blood 

pressure measurement, and relevant laboratory 

investigations. 

 

Participants were eligible for inclusion if they were 

adults aged 18 years or older, attended one of the 

selected primary health care centers during the study 

period, agreed to participate in the study, were able to 

provide the required information and undergo the study 

measurements, and provided informed consent before 

enrollment. Participants were excluded if they were 

pregnant, had severe acute illness at the time of 

assessment, had a major endocrine or metabolic disorder 

that could substantially interfere with assessment of 

metabolic parameters, were unable or unwilling to 

complete the required assessment, or had incomplete 

essential clinical or laboratory data. 

 

Data were collected using a structured questionnaire 

prepared for the purposes of the study. Information was 

obtained regarding sociodemographic characteristics, 

lifestyle factors, personal medical history, family history 

of chronic diseases, medication use, and relevant clinical 

findings. Particular attention was given to potential risk 

factors for metabolic syndrome, including age, sex, 

smoking, physical activity, dietary habits, previous 

history of diabetes mellitus, hypertension or 

dyslipidemia, and family history of diabetes mellitus or 

cardiovascular disease. 

 

Body weight was measured using a calibrated digital 

weighing scale with participants wearing light clothing 

and without shoes, and the measurement was recorded in 

kilograms. Height was measured using a stadiometer 

with the participant standing upright without shoes, and 

the measurement was recorded in meters or centimeters 

as appropriate. Body mass index was calculated by 

dividing body weight in kilograms by the square of 

height in meters. Waist circumference was measured 

using a non-stretchable measuring tape placed 

horizontally around the abdomen according to the 

standardized anatomical site, with the participant 

standing erect and breathing normally. The measurement 

was recorded in centimeters and was used as an indicator 

of central obesity. 

 

Blood pressure was measured after the participant had 

rested in a seated position for at least 5 minutes. The 

participant was seated with the back supported, feet 

resting on the floor, and the arm supported at 

approximately heart level. Systolic and diastolic blood 

pressure were recorded in mmHg using a validated blood 

pressure measuring device. When required, a repeat 

measurement was obtained and the appropriate reading 

was used for analysis. 

 

Participants were instructed to attend for fasting venous 

blood sampling following an overnight fasting period 

(14-16 hours of fasting). Blood samples were collected 

for measurement of fasting blood glucose, serum 

triglycerides, and high-density lipoprotein cholesterol. 

Laboratory investigations were performed using standard 

laboratory procedures and equipment, and the results 

were recorded using the laboratory's standard units. 

 

Metabolic syndrome was defined according to the 

harmonized criteria proposed by the International 

Diabetes Federation, National Heart, Lung, and Blood 
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Institute, American Heart Association, World Heart 

Federation, International Atherosclerosis Society, and 

International Association for the Study of Obesity. A 

participant was considered to have metabolic syndrome 

when three or more of the following five components 

were present: increased waist circumference according to 

the applicable population-specific threshold; 

triglycerides ≥150 mg/dL (≥1.7 mmol/L) or treatment for 

elevated triglycerides; reduced high-density lipoprotein 

cholesterol, defined as <40 mg/dL (<1.0 mmol/L) in men 

or <50 mg/dL (<1.3 mmol/L) in women or treatment for 

reduced HDL cholesterol; elevated blood pressure, 

defined as systolic blood pressure ≥130 mmHg and/or 

diastolic blood pressure ≥85 mmHg or treatment for 

hypertension; and elevated fasting blood glucose ≥100 

mg/dL (≥5.6 mmol/L) or treatment for elevated glucose 

or diabetes mellitus. The presence of any three of these 

five components was sufficient to classify a participant 

as having metabolic syndrome. 

 

Potential risk factors associated with metabolic 

syndrome were assessed, including age, sex, body mass 

index, waist circumference, smoking status, physical 

activity, dietary habits, family history of diabetes 

mellitus, family history of hypertension or cardiovascular 

disease, previous diagnosis of diabetes mellitus, 

hypertension or dyslipidemia, and relevant biochemical 

and blood pressure measurements. These factors were 

compared between participants with and without 

metabolic syndrome to identify variables associated with 

the condition. 

 

The study was conducted in accordance with the ethical 

principles of the Declaration of Helsinki. Ethical 

approval was obtained from Ninevah Direcorate of 

Health ethics committee before commencement of the 

study, and permission was obtained from the responsible 

health authorities and administrations of the participating 

primary health care centers. Each participant was 

informed about the purpose and procedures of the study, 

and written informed consent was obtained before 

participation. Confidentiality and privacy of participants 

were maintained throughout data collection, analysis, 

and reporting, and the collected information was used 

solely for research purposes. 

 

The collected data were checked for completeness, 

coded, entered into a computerized database, and 

analyzed using appropriate statistical software. 

Continuous variables were summarized as mean ± 

standard deviation when normally distributed, whereas 

categorical variables were presented as frequencies and 

percentages. The prevalence of metabolic syndrome was 

calculated as the proportion of participants fulfilling at 

least three of the five diagnostic criteria. Associations 

between categorical variables and metabolic syndrome 

were assessed using the chi-square test or Fisher's exact 

test when appropriate. Continuous variables were 

compared between participants with and without 

metabolic syndrome using an appropriate statistical test 

according to the distribution of the data. Binary logistic 

regression analysis was used, where appropriate, to 

identify independent factors associated with metabolic 

syndrome, with odds ratios and 95% confidence intervals 

reported. A p-value of less than 0.05 was considered 

statistically significant. 

 

Standardized procedures were followed during 

questionnaire administration, anthropometric assessment, 

blood pressure measurement, and blood sampling. 

Measuring equipment was checked and calibrated before 

use. Data collection procedures were kept consistent 

across the three participating primary health care centers, 

and completed questionnaires and records were reviewed 

for completeness and consistency before data entry and 

statistical analysis. 

 

3-RESULTS 

The mean age of the 300 participants was estimated at 

44.1 ± 13.2 years, with ages ranging from 18 to 78 years. 

The estimated mean BMI and waist circumference 

indicate a considerable burden of excess body weight 

and central adiposity in the study population, while the 

mean blood pressure values were within a borderline 

range. As shown in table 1. 

 

Table 1: Age and selected anthropometric and clinical characteristics of participants (n=300). 

Variable Mean ± SD Range 

Age (years) 44.1 ± 13.2 18–78 

BMI (kg/m²) 28.7 ± 5.3 18.2–44.8 

Waist circumference (cm) 94.6 ± 13.1 64–132 

Systolic BP (mmHg) 128.6 ± 17.4 90–180 

Diastolic BP (mmHg) 80.4 ± 10.5 55–110 

 

The estimated distribution shows that participants were 

mainly concentrated in the 30–59-year age range, with 

the 40–49-year group representing the largest category. 

Females constituted a slightly larger proportion of the 

study population than males. As shown in table 2. 

 

 

 

Table 2: Distribution of participants according to age 

group and sex (n=300). 

Variable Category No. % 

Age (years) 

18–29 58 19.3 

30–39 70 23.3 

40–49 72 24.0 

50–59 58 19.3 

≥60 42 14.0 
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Sex 
Male 134 44.7 

Female 166 55.3 

 

The estimated findings indicate that more than half of 

participants were physically inactive. Smoking was 

reported by approximately one-quarter of the 

participants, while a substantial proportion reported a 

family history of diabetes mellitus or hypertension. As 

shown in table 3. 

 

Table 3: Distribution of participants according to lifestyle and family history (n= 300). 

Variable Category No. % 

Smoking 
Yes 72 24.0 

No 228 76.0 

Physical inactivity 
Yes 168 56.0 

No 132 44.0 

Family history of diabetes 
Yes 112 37.3 

No 188 62.7 

Family history of hypertension 
Yes 126 42.0 

No 174 58.0 

 

The estimated results suggest that increased waist 

circumference was the most frequent metabolic 

abnormality, affecting more than half of participants. 

Elevated blood pressure was the second most frequent 

component, followed by reduced HDL-C, elevated 

fasting blood glucose, and elevated triglycerides. As 

shown in table 4. 

 

Table 4: Distribution of metabolic syndrome components among participants (n= 300). 

Component Present, No. % 

Increased waist circumference 157 52.3 

Elevated triglycerides 92 30.7 

Reduced HDL-C 101 33.7 

Elevated blood pressure 116 38.7 

Elevated fasting blood glucose 94 31.3 

 

The estimated prevalence of metabolic syndrome was 

30.3% among the 300 participants. Therefore, 

approximately three out of every ten adults attending the 

selected primary health care centers were estimated to 

fulfill at least three of the five harmonized diagnostic 

criteria. As shown in table 5. 

 

Table 5: Prevalence of metabolic syndrome among participants (n= 300). 

Metabolic syndrome No. % 

Present 91 30.3 

Absent 209 69.7 

 

The estimated prevalence of metabolic syndrome was 

higher among females than males. Metabolic syndrome 

was present in approximately one-third of female 

participants compared with about one-quarter of male 

participants. As shown in table 6. 

 

Table 6: Prevalence of metabolic syndrome according to sex (n= 300). 
Sex Metabolic syndrome n (%) No metabolic syndrome n (%) Total 

Male 33 (24.6) 101 (75.4) 134 

Female 58 (34.9) 108 (65.1) 166 

Total 91 (30.3) 209 (69.7) 300 

 

The estimated findings demonstrate a progressive 

increase in the prevalence of metabolic syndrome with 

advancing age. The highest estimated prevalence was 

observed among participants aged 60 years or older, 

whereas the lowest was observed among those aged 18–

29 years. As shown in table 7. 

 

Table 7: Prevalence of metabolic syndrome according to age group (n= 300). 
Age group Metabolic syndrome n (%) No metabolic syndrome n (%) Total 

18–29 6 (10.3) 52 (89.7) 58 

30–39 14 (20.0) 56 (80.0) 70 

40–49 22 (30.6) 50 (69.4) 72 

50–59 24 (41.4) 34 (58.6) 58 

≥60 25 (59.5) 17 (40.5) 42 
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The estimated analysis indicates that obesity, physical 

inactivity, a family history of diabetes mellitus, and 

smoking were statistically significant (P value <0.05) for 

having metabolic syndrome. As shown in table 8. 

 

Table 8: Association between selected risk factors and metabolic syndrome (n= 300). 

Risk factor Metabolic syndrome n (%) No metabolic syndrome n (%) p-value 

BMI ≥30 kg/m² 48 (52.7) 51 (24.4) 
<0.001 

BMI <30 kg/m² 43 (47.3) 158 (75.6) 

Physical inactivity 61 (67.0) 107 (51.2) 
0.012 

Physical activity 30 (33.0) 102 (48.8) 

Family history of diabetes 45 (49.5) 67 (32.1) 
0.004 

No family history of diabetes 46 (50.5) 142 (67.9) 

Smoking 29 (31.9) 43 (20.6) 
0.031 

Non-smoking 62 (68.1) 166 (79.4) 

 

The estimated comparison demonstrates a less favorable 

cardiometabolic profile among participants with 

metabolic syndrome. They had statistically significant 

higher mean BMI, waist circumference, systolic and 

diastolic blood pressure, fasting blood glucose, and 

triglyceride levels, together with lower mean HDL-C, 

compared with participants without metabolic syndrome 

(P value <0.05). As shown in table 9. 

 

Table 9: Comparison of mean metabolic parameters between participants with and without metabolic syndrome 

(n= 300). 

Variable 
Metabolic syndrome Mean ± 

SD 

No metabolic syndrome Mean ± 

SD 
p-value 

BMI (kg/m²) 31.2 ± 4.6 27.6 ± 5.0 <0.001 

Waist circumference (cm) 105.8 ± 10.2 89.8 ± 11.4 <0.001 

SBP (mmHg) 138.9 ± 16.1 124.1 ± 15.2 <0.001 

DBP (mmHg) 86.3 ± 9.4 77.8 ± 9.8 <0.001 

Fasting blood glucose 

(mg/dL) 
116.7 ± 28.4 94.2 ± 12.1 <0.001 

Triglycerides (mg/dL) 188.6 ± 66.3 133.7 ± 48.5 <0.001 

HDL-C (mg/dL) 42.1 ± 8.7 50.6 ± 10.2 <0.001 

 

The estimated multivariable analysis suggests that age 

≥50 years, obesity, physical inactivity, and a family 

history of diabetes mellitus may independently be 

associated with metabolic syndrome (P value <0.05). As 

shown in table 10. 

 

Table 10: Estimated independent predictors of metabolic syndrome by binary logistic regression. 

Predictor Adjusted OR 95% CI p-value 

Age ≥50 years 2.41 1.42–4.08 0.001 

Female sex 1.58 0.96–2.61 0.071 

Obesity (BMI ≥30 kg/m²) 2.87 1.72–4.80 <0.001 

Physical inactivity 1.71 1.03–2.84 0.038 

Family history of diabetes 1.82 1.10–3.01 0.019 

Smoking 1.63 0.94–2.83 0.082 

 

4- DISCUSSION 
The present study estimated the prevalence and 

associated risk factors of metabolic syndrome among 

adults attending selected primary health care centers in 

Mosul. The mean age of the participants was 44.1 ± 13.2 

years, with a predominance of participants within the 30–

59-year age range. This age distribution is important 

because metabolic syndrome is strongly influenced by 

advancing age, with progressive accumulation of 

abdominal adiposity, insulin resistance, hypertension, 

and lipid abnormalities over time. Recent global 

evidence has demonstrated a substantial increase in 

metabolic syndrome prevalence during the past two 

decades, and a consistent increase with advancing 

age.
[1,6]

 The age-related increase observed in the present 

study is therefore consistent with the broader 

epidemiological pattern and emphasizes the importance 

of metabolic risk assessment during routine primary 

healthcare encounters, particularly among middle-aged 

and older adults. 

 

The estimated mean BMI of 28.7 ± 5.3 kg/m² and mean 

waist circumference of 94.6 ± 13.1 cm indicate a 

considerable burden of excess body weight and central 

adiposity among the study population. Central obesity 

was also the most frequent individual metabolic 

syndrome component, being present in 52.3% of 

participants. These findings are clinically important 
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because visceral adipose tissue is metabolically active 

and is closely related to insulin resistance, chronic low-

grade inflammation, dyslipidemia, and abnormal glucose 

metabolism. Recent evidence from a large meta-analysis 

in Iran reported an overall metabolic syndrome 

prevalence of approximately 31%, with low HDL 

cholesterol and increased waist circumference among the 

most frequent components.
[9]

 Although the Iranian 

population is not identical to the Iraqi population, the 

geographical and cultural similarities provide useful 

regional context for interpreting the current findings. The 

high frequency of central adiposity in the present study 

also supports the importance of incorporating waist 

circumference into routine cardiovascular and metabolic 

risk assessment rather than relying on BMI alone. 

 

The estimated prevalence of metabolic syndrome in the 

present study was 30.3%, meaning that approximately 

three out of every ten adults attending the selected 

primary health care centers fulfilled at least three of the 

five harmonized diagnostic criteria.
[10]

 Earlier evidence 

from the Eastern Mediterranean region also 

demonstrated a considerable burden of metabolic 

syndrome, although prevalence varied substantially 

according to country, age, sex, diagnostic criteria, and 

study setting.
[11]

 The prevalence observed in Mosul 

should therefore be interpreted in relation to the 

characteristics of the study population and the 

harmonized diagnostic criteria used, rather than as a 

direct estimate of the prevalence in the entire Iraqi adult 

population. 

 

The distribution of the individual metabolic syndrome 

components provides additional insight into the observed 

prevalence. Increased waist circumference was the most 

frequent component, affecting 52.3% of participants, 

followed by elevated blood pressure in 38.7%, reduced 

HDL-C in 33.7%, elevated fasting blood glucose in 

31.3%, and elevated triglycerides in 30.7%.
[12]

 The 

predominance of central obesity suggests that abdominal 

adiposity may represent an important component of 

cardiometabolic risk in this population. The coexistence 

of increased waist circumference with elevated blood 

pressure, abnormal glucose, and lipid abnormalities is 

particularly relevant because the accumulation of these 

abnormalities is associated with progressively greater 

cardiovascular and diabetes risk. Contemporary evidence 

emphasizes that metabolic syndrome should be viewed 

as a clustering of interrelated cardiometabolic 

abnormalities rather than as an isolated diagnosis, and 

that identification of these abnormalities provides an 

opportunity for prevention before the development of 

established cardiovascular disease or type 2 diabetes 

mellitus.
[1,6] 

 

The estimated prevalence of metabolic syndrome was 

higher among females than males, occurring in 34.9% of 

women compared with 24.6% of men. This pattern is 

consistent with recent global evidence showing a higher 

prevalence among women than men in 2023.
[6]

 Similarly, 

the updated Iranian meta-analysis found a higher 

occurrence of metabolic syndrome among females, with 

increased prevalence particularly among older 

individuals.
[9]

 The observed sex difference may reflect 

differences in body-fat distribution, age structure, 

physical activity, dietary patterns, and hormonal and 

reproductive factors, although the present cross-sectional 

study cannot determine the relative contribution of these 

mechanisms. Importantly, female sex was not 

statistically significant as an independent predictor after 

adjustment in the estimated logistic regression model, 

suggesting that part of the crude difference between 

males and females may be explained by other factors, 

particularly age and obesity. This distinction between an 

observed association and an independent association is 

important when interpreting the findings. 

 

A clear age gradient was observed in the present study, 

with metabolic syndrome estimated in 10.3% of 

participants aged 18–29 years, 20.0% of those aged 30–

39 years, 30.6% of those aged 40–49 years, 41.4% of 

those aged 50–59 years, and 59.5% of those aged 60 

years or older. This progressive increase is consistent 

with the findings of recent international studies 

demonstrating that metabolic syndrome prevalence rises 

substantially with advancing age.
[1,6]

 Moreover, In the 

present estimated regression model, participants aged 

≥50 years had approximately 2.4-fold higher odds of 

metabolic syndrome compared with younger 

participants. The age-related increase may reflect 

cumulative exposure to obesity, physical inactivity, 

hypertension, dyslipidemia, and impaired glucose 

regulation over the life course. From a family medicine 

perspective, this finding supports the value of age-

targeted cardiometabolic screening and repeated risk 

assessment rather than relying on a single assessment 

during adulthood. 

 

Obesity demonstrated the strongest estimated association 

among the examined modifiable factors. Metabolic 

syndrome was present in 52.7% of participants with BMI 

≥30 kg/m² compared with 24.4% of those with BMI <30 

kg/m², with a highly significant association (p<0.001). In 

the estimated multivariable model, obesity was 

associated with an adjusted odds ratio of 2.87 (95% CI: 

1.72–4.80). This finding is biologically plausible because 

excess adiposity, particularly visceral adiposity, 

contributes to insulin resistance, altered adipokine 

secretion, inflammation, hypertension, and atherogenic 

dyslipidemia. Recent reviews emphasize that obesity and 

insufficient physical activity are major contributors to the 

development and persistence of metabolic syndrome, 

while lifestyle modification can improve several 

metabolic abnormalities.
[13,14] 

The coexistence of high 

BMI and increased waist circumference in the present 

study further supports the central role of excess adiposity 

in the observed metabolic burden. 

 

Physical inactivity was reported by 56.0% of participants 

and was significantly more common among those with 
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metabolic syndrome. Metabolic syndrome was present in 

67.0% of participants with metabolic syndrome who 

were physically inactive compared with 51.2% of 

participants without metabolic syndrome, with a 

statistically significant association (p=0.012). The 

estimated adjusted odds ratio for physical inactivity was 

1.71 (95% CI: 1.03–2.84), suggesting an independent 

association after adjustment for the other variables 

included in the model. Current evidence supports a 

relationship between insufficient physical activity and 

metabolic syndrome, while regular physical activity can 

improve body composition, insulin sensitivity, blood 

pressure, and lipid metabolism.
[13]

 A recent systematic 

review and meta-analysis also found that healthier 

combinations of lifestyle behaviours, particularly 

physical activity, diet, and smoking-related behaviours, 

were associated with substantially lower metabolic 

syndrome risk.
[14]

 These findings reinforce the 

importance of physical activity counselling as a routine 

component of family medicine practice. 

 

A family history of diabetes mellitus was another 

significant factor in the present study. Nearly half of 

participants with metabolic syndrome reported a family 

history of diabetes compared with approximately one-

third of participants without metabolic syndrome, and the 

association was statistically significant (p=0.004). In the 

estimated logistic regression model, family history of 

diabetes was independently associated with metabolic 

syndrome, with an adjusted odds ratio of 1.82 (95% CI: 

1.10–3.01). Familial clustering of metabolic 

abnormalities may reflect the combined influence of 

genetic susceptibility and shared environmental and 

behavioural factors. Evidence from population-based 

studies has demonstrated significant associations 

between parental or sibling history of diabetes and 

metabolic syndrome, while recent evidence also indicates 

that individuals with a family history of diabetes may 

exhibit less favourable glucose homeostasis even before 

overt diabetes develops.
[15,16]

 Therefore, family history 

represents a readily obtainable clinical marker that can 

help primary healthcare physicians identify individuals 

who may benefit from earlier metabolic screening and 

preventive counselling. 

 

Smoking was reported by 24.0% of the study participants 

and was significantly associated with metabolic 

syndrome in the unadjusted analysis (p=0.031). The 

estimated adjusted association was weaker and did not 

reach statistical significance after adjustment for other 

variables. This difference illustrates the importance of 

distinguishing crude associations from independent 

associations in observational studies. Smoking may 

contribute to adverse metabolic profiles through 

mechanisms involving oxidative stress, inflammation, 

endothelial dysfunction, altered lipid metabolism, and 

insulin resistance; however, the relationship between 

smoking and metabolic syndrome may also be influenced 

by age, sex, body weight, and other lifestyle 

characteristics. Recent evidence examining smoking 

cessation and metabolic syndrome has demonstrated that 

the relationship is complex and may vary according to 

smoking status and duration of cessation.
[17]

 

Consequently, smoking cessation remains an important 

component of cardiovascular risk reduction, but the 

present findings should not be interpreted as 

demonstrating an independent causal effect of smoking 

on metabolic syndrome. 

 

The comparison of mean metabolic parameters between 

participants with and without metabolic syndrome 

demonstrated the expected clustering of cardiometabolic 

abnormalities. Participants with metabolic syndrome had 

significantly higher mean BMI, waist circumference, 

systolic blood pressure, diastolic blood pressure, fasting 

blood glucose, and triglyceride levels, together with 

lower mean HDL-C.
[18]

 These differences are consistent 

with the definition of metabolic syndrome itself, because 

these variables represent the principal diagnostic 

components or closely related markers of the syndrome. 

The particularly marked difference in waist 

circumference between the two groups further 

emphasizes the importance of central adiposity, while the 

differences in fasting glucose and triglycerides indicate 

the coexistence of disturbances in glucose and lipid 

metabolism. Such clustering is clinically relevant 

because the simultaneous presence of several 

abnormalities identifies individuals at greater 

cardiometabolic risk than would be suggested by any 

single abnormality alone.
[1,6] 

 

The estimated multivariable analysis identified age ≥50 

years, obesity, physical inactivity, and family history of 

diabetes as independent factors associated with 

metabolic syndrome, whereas female sex and smoking 

did not retain statistical significance after adjustment. 

These findings suggest that metabolic syndrome in this 

primary healthcare population is influenced by a 

combination of non-modifiable and potentially 

modifiable determinants. The identification of obesity 

and physical inactivity as independent factors is 

particularly relevant because both can be addressed 

through preventive interventions at the primary 

healthcare level. Recent evidence supports lifestyle 

modification, including increased physical activity and 

appropriate weight management, as an important strategy 

for improving metabolic health and reducing 

cardiometabolic risk.
[13,14]

 Primary healthcare centers 

therefore provide an appropriate setting for systematic 

screening, individualized lifestyle counselling, early 

identification of high-risk individuals, and follow-up of 

patients with multiple metabolic abnormalities. 

 

The findings also have practical implications for family 

medicine in Mosul. The relatively high estimated 

prevalence of metabolic syndrome, together with the 

substantial proportions of participants with central 

obesity and physical inactivity, suggests that 

opportunistic screening during routine primary 

healthcare visits may identify a considerable number of 
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adults at increased cardiometabolic risk. Assessment can 

include BMI, waist circumference, blood pressure, 

fasting blood glucose, and lipid profile, accompanied by 

assessment of smoking, physical activity, dietary 

behaviour, and family history. Individuals with identified 

risk factors may benefit from structured lifestyle 

counselling, weight-management interventions, physical 

activity promotion, smoking cessation support, and 

appropriate follow-up. Evidence from recent systematic 

reviews indicates that comprehensive lifestyle 

approaches combining multiple healthy behaviours are 

associated with lower metabolic syndrome risk.
[14] 

 

Several limitations should be considered when 

interpreting the present findings. The cross-sectional 

design permits estimation of prevalence and 

identification of associations but does not establish 

temporal or causal relationships between risk factors and 

metabolic syndrome. The participants were recruited 

from three selected primary health care centers in Mosul, 

and therefore the findings may not be fully generalizable 

to all adults in Mosul or Iraq, particularly individuals 

who do not attend primary healthcare facilities. Lifestyle 

and family-history information was partly based on 

participant reporting and may therefore be affected by 

recall or reporting bias. In addition, the estimated results 

presented in the current manuscript should be replaced 

by the final analyzed data before publication. Despite 

these limitations, the study provides locally relevant 

information regarding the distribution of metabolic 

syndrome and its associated factors in a primary 

healthcare setting and highlights the importance of 

integrating cardiometabolic risk assessment into family 

medicine practice. 

 

5- CONCLUSION AND RECOMMENDATION 
The present study estimated that metabolic syndrome 

affected 30.3% of adults attending the selected primary 

health care centers in Mosul, indicating a substantial 

burden of clustered cardiometabolic risk in this primary 

healthcare population. Increased waist circumference 

was the most frequent metabolic abnormality, followed 

by elevated blood pressure, reduced HDL-C, elevated 

fasting blood glucose, and elevated triglycerides. 

Metabolic syndrome was more frequent among older 

adults and females, while obesity, physical inactivity, 

family history of diabetes mellitus, and smoking showed 

significant associations in the unadjusted analysis; in the 

estimated multivariable model, age ≥50 years, obesity, 

physical inactivity, and family history of diabetes 

remained independently associated with metabolic 

syndrome. It is recommended that primary healthcare 

and family medicine services in Mosul strengthen routine 

screening for metabolic syndrome through assessment of 

BMI, waist circumference, blood pressure, fasting blood 

glucose, and lipid profile, particularly among adults aged 

50 years or older and those with obesity or a family 

history of diabetes, together with systematic lifestyle 

counselling aimed at weight control, increased physical 

activity, healthy dietary practices, and smoking cessation. 

Further multicenter studies involving larger and more 

representative samples are recommended to establish the 

prevalence of metabolic syndrome in the wider Iraqi 

population and to evaluate its long-term association with 

cardiovascular disease and type 2 diabetes mellitus. 
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