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Abstract

Metabolic syndrome is a major public health problem worldwide and an independent predictor of cardiovascular disease in patiens
with type 2 diabetes (T2DM). This study aimed to determine the prevalence of metabolic syndrome and its individual components
among Jordanian patients with T2DM. A cross-sectional design was conducted among T2DM patients at the National Center for
Diabetes, Endocrinology and Genetics in Jordan. Data were collected using a structured questionnaire and clinical data extracted
from medical records. The National Cholesterol Education Program-Adult Treatment Panel lll (ATP IIl) and International Diabetes
Federation (IDF) diagnostic criteria were used to define metabolic syndrome. Among 1017 participants aged between 22 and
90 years, the overall prevalence of IDF defined metabolic syndrome was 84.2% (72.5% and 96.2% among males and females,
respectively). Using ATP Ill criteria, overall prevalence was 79.1% (77.4% and 80.8% among males and females, respectively).
Advancing age, female gender, nonadherence to a diet regimen, sedentary lifestyle or insufficient physical activity, and duration of
diabetes >10 years were significantly associated with increased odds of metabolic syndrome, regardless of the definition used.
Current smoking status and family history of cardiovascular diseases were significantly associated with increased likelihood of
ATP Il defined metabolic syndrome. The prevalence of metabolic syndrome among Jordanian patients with T2DM is extremely
high. The main modifiable risk factors of metabolic syndrome among these patients include nonadherence to a diet regimen,
insufficient physical activity, being overweight/obese and smoking. It is recommended that healthcare providers counsel patients
on the importance of maintaining physical activity, smoking cessation, and adherence to a diet regimen.

List of Abbreviations: ATP Ill = adult treatment panel Ill, BMI = body mass index, BP = blood pressure, FBG = fasting blood
glucose, HDL = high-density lipoprotein, IDF = international diabetes federation, IPAQ = international physical activity questionnaire,
NCDEG = national center for diabetes, endocrinology and genetics, NCEP = national cholesterol education program, SPSS =
statistical program for social sciences, STROBE = strengthening the reporting of observational studies in epidemiology, T2DM =
type 2 diabetes mellitus, TG = triglycerides.
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1. Introduction

Metabolic syndrome is typically defined as the cluster of abnor-
mally high blood pressure (BP), increased fasting blood glu-
cose (FBG), visceral obesity, high serum triglycerides (TG), and
low serum high-density lipoprotein (HDL); the latter 2 being
part of the atherogenic dyslipidemia triad.! It is associated
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with increased risk of type 2 diabetes mellitus (T2DM), stroke,
congestive heart disease, myocardial infarction, and cardio-
vascular and all-cause mortality.>?! Metabolic syndrome is a
major public health concern worldwide with prevalence rates
ranging from as low as 10% to as high as 84% depending on
the definition used and ethnic group.!* In Jordan, the age-ad-
justed prevalence of metabolic syndrome was estimated at 44%
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according to the International Diabetes Federation (IDF) crite-
ria and 39.9% according to the National Cholesterol Education
Program (NCEP) Adult Treatment Panel III (ATP III) criteria,’
which was in the upper range compared to other regional pop-
ulations.!*? The literature on metabolic syndrome in diabetic
patients in Jordan is relatively limited given its high prevalence
in the general population, so this study was conducted to deter-
mine the prevalence and factors associated with metabolic syn-
drome and its individual elements in patients diagnosed with
T2DM in Jordan.

2. Methods
2.1. Study design

A cross-sectional design was conducted among patients diag-
nosed with T2DM at the National Center for Diabetes,
Endocrinology and Genetics (NCDEG) in Jordan. To reduce
bias, a systematic sampling method was employed. T2DM
patients aged 20 years and above who attended the NCDEG
during a period of 3 months in 2020 were invited to partic-
ipate in this study. Type 1 diabetic patients and pregnant
women were excluded. The present study was approved by the
NCDEG Ethics’ Committee, and it adhered to Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
checklist.!"!

2.2. Data collection

A structured face-to-face interview questionnaire inquired about
age, gender, monthly income, family history of cardiovascular
diseases, cigarette smoking, physical activity and frequency of
adherence to a diet regimen. Clinical data were obtained from
the medical records of participants.

2.3. Measurements

Anthropometric measurements including weight, height, and
waist circumference were measured while the subjects were
wearing light clothing and no shoes. Waist circumference was
measured at the end of a normal expiration using a non-stretch-
able tape held in a horizontal plane around the abdomen at
the level of the iliac crest. Systolic and diastolic BPs were taken
while the subjects were seated and the arm was kept at the heart
level, after at least 5 minutes of rest, using a standardized mer-
cury sphygmomanometer.

2.4. Variable definitions

Diabetes mellitus was diagnosed if patients had a FBG > 126 mg/
dL (7.0 mmol/L) on 2 occasions or if the patient had a random
plasma glucose >200mg/dL (11.1 mmol/L) in the presence of
classical symptoms of hyperglycemia, or if glycosylated hemo-
globin (HbA1 ) was >6.5%. Diabetes was considered controlled
if the patient had a HbA1_<7.0%. Metabolic syndrome in a
patient with diabetes was defined according to NCEP ATP IIT if
he or she fulfills 2 or more of the followings: abdominal obesity
defined as a waist circumference > 102 ¢cm in men and > 88 cm in
women, TG = 150 mg/dL, HDL cholesterol < 40 mg/dL for males
and < 50mg/dL for females, systolic BP > 130mm Hg and/or
diastolic BP > 85 mm Hg.""" According to the IDF criteria,'? a
patient with diabetes had metabolic syndrome in the presence of
central obesity defined as a waist circumference > 94 cm in men
and >80cm in women. Body Mass Index (BMI) is expressed as
the quotient between weight (kg) and height squared (m?).
Patients were classified according to BMI following the rec-
ommendation of the World Health Organization as adopted
by the American Diabetes Association.!'! Physical activity was
assessed according to a modified International Physical Activity
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Questionnaire (IPAQ),!"* which classifies individuals into sed-
entary if the participant did not engage in physical activity for
at least 10 continuous minutes during the week; Insufficiently
active if the participant engaged in a physical activity for at least
10 continuous minutes per week and up to 150 minutes per
week, but insufficient to be classified as active; Active if the par-
ticipant engaged in a moderate activity or walking for >5 d/wk
and 230 minutes per session; and very active if the participant
engaged in vigorous activity for 25d/wk and 230 minutes per
session.

Frequency of adherence to a diet regimen was defined as the
number of times where a patient followed an eating plan pre-
scribed by a dietitian or treating physician over the past week
and was classified as follows: regular if the patient followed the
eating plan 4 to 7 days during the previous week, semiregular if
the patient followed the eating plan for 1 to 3 days during the
previous week, and nonadherence to any diet regimen.

2.5. Data analysis

Data were analyzed using the Statistical Program for Social
Sciences (SPSS) version 20.15! Frequency distribution was used
for categorical variables. The Chi-square test was used to exam-
ine the relationship between categorical variables. Multiple
logistic regression analysis was used to determine the inde-
pendent effect of each of the independent variables on meta-
bolic syndrome. A P-value of <.05 was considered statistically
significant.

3. Results

3.1. Patients’ characteristics

A total of 1017 participants aged between 22 and 90 years
with a mean age (SD) of 58.2 (10.5) years were included in this
study. The socio-demographic and clinical characteristics of
the study’s population are presented in Table 1. The majority
(81%) of patients were 50 years of age or older and 49% were
females. Nearly half the participants (51%) had a sedentary life
and 35% were not adherent to any diet regimen. The proportion
of patients with a family history of cardiovascular diseases was
28.9%. More than half (59%) of the patients were obese and
32% were overweight. About 41% of the diabetic participants
had HbA1_ of <7%.

3.2. Prevalence of metabolic syndrome and its
components

The overall prevalence of the IDF defined metabolic syndrome
was 84.2% (72.5% among males and 96.2% among females).
Using ATP III criteria, the overall prevalence of the metabolic
syndrome was 79.1% (77.4% among males and 80.8% among
females). Table 1 shows the prevalence of metabolic syndrome
according to age using both IDF and ATP III criteria. According
to the ATP III criteria, the most common metabolic abnormal-
ity in females was abnormal waist circumference (87.2%) fol-
lowed by high BP (75.4%), low HDL (68.8%), and high TG
levels (58.4%) (Table 2). In males, the most common meta-
bolic abnormality was high BP (79.7%), followed by low HDL
(79.5%), high TG level (69.4%) and abnormal waist circumfer-
ence (44.9%). Three percent of the patients had diabetes melli-
tus only, 17.8% had 2 metabolic abnormalities, 14.4% had 3
metabolic abnormalities, 23.8% had 4 metabolic abnormalities
and 40.9% had all the components of metabolic syndrome.

3.3. Factors associated with metabolic syndrome

Advanced age, female gender, nonadherence to a diet regi-
men, sedentary lifestyle or insufficient physical activity, and a
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duration of diabetes > 10 years were significantly associated
with increased odds of metabolic syndrome, regardless of the
definition used (Table 3). Current smoking status and family
history of cardiovascular diseases were significantly associated
with increased likelihood of ATP III defined metabolic syndrome.

4. Discussion

The prevalence of metabolic syndrome among Jordanian dia-
betics was 79.1% and 84.2% according to ATP III and IDF
criteria, respectively. A study in Italy reported a lower preva-
lence (68.4% ATP III and 73% IDF),!*®! while studies in Spain
(78.2% ATP 1III, 89.5% IDF)!'" and Malaysia (96.1% ATP III,
84.8% IDF)!"®! reported higher rates of metabolic syndrome
in 1 of the criteria. The variations in prevalence rates may be
due to differences in definition criteria, ethnic variations or the
combination of genetics and environmental factors, such as
obesity and diminished physical activity."*?! The prevalence of
metabolic syndrome in our sample increased with age, a finding
that was consistent with most studies in the literature.?’??! Age-
related changes in fat distribution, body size, and insulin sensi-
tivity likely contribute to the increased prevalence of metabolic
syndrome with age.?>?*! Moreover, prevalence was higher in
women than in men, which could be because a high percentage
of women had abdominal obesity. Similar results were found in
India, Iran and Albania where diabetic women had higher rates
of metabolic syndrome with central obesity being the main risk
factors.?>?52¢l However, studies in the United States and Japan

Socio-demographic, clinical and relevant characteristics of the study
participants.

Variable N %
Age (yr)

<50 197 19.4

501059 350 34.4

60 to 69 294 28.9

>70 176 17.3
Gender

Male 517 50.8

Female 500 49.2
Family income (JD)

<500 374 36.8

500 to 1000 451 443

>1000 192 18.9
Frequency of adherence to diet regimen

4 10 7 times/wk 172 16.9

110 3 times/wk 485 47.7

Not adherent 360 35.4
Physical activity

Sedentary 523 51.4

Insufficiently active 391 38.4

Active 103 10.1
Cigarette smoking

Nonsmoker 735 72.3

Ex-smoker 96 9.4

Current smoker 186 18.3
Body mass index (BMI)

Normal 93 9.1

Overweight 320 31.5

Obesity 604 59.4
Duration of diabetes (yr)

<5 409 40.2

5t09 186 18.3

>10 422 415
Glycemic control

>7% 601 59.1

<7% 416 40.9

Abbreviation: JD: Jordanian dinar.
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reported higher rates of metabolic syndrome in men than in
women. 228!

The odds’ ratio for metabolic syndrome was significantly
increased in participants who were non-adherent to a diet reg-
imen or had a sedentary lifestyle. Xu et al and Zhu et al had
concurring results where they found that the odds’ ratio for
metabolic syndrome was significantly lower in men who were
physically active.?3% Moderate physical activity is beneficial to
promote weight loss in obese individuals and positively mod-
ifies components of metabolic syndrome including promoting
loss of abdominal fat, reduction of BP, as well as improvement
of insulin sensitivity and lipid profiles in such patients.’!l Also
in our study, patients with T2DM duration of > 10 years were
found to have higher odds of developing metabolic syndrome.
Mogre et al found that diabetic patients with a T2DM duration
of more than 5 years had 11.3 times higher odds of developing
metabolic syndrome.? This is inconsistent with the findings of
Shimajiri et al and Abdul-Ghani et al which indicated that the
prevalence of metabolic syndrome decreased with increasing
durations of diabetes due to medical intervention to reduce BMI
and improve metabolic control in addition to better awareness
with the longer durations of diabetes.!*”-33

Like many prior studies,***! we found active smoking to be
a significant independent risk factor for metabolic syndrome.
Smoking is known to increase insulin resistance in a dose-de-
pendent manner, both directly through hormone activation and
indirectly via visceral obesity. As prediabetes and diabetes rates
rise, reducing or quitting smoking could be crucial for those at
risk, marking it as an important part of any diabetes preven-
tion and treatment strategy.’*! Data from 4043 participants in
the Korea National Health and Nutrition Examination (Survey
between 2016 and 2018) identified continuous smokers as hav-
ing 1.7 to 2.0 higher odds of insulin resistance compared to
nonsmokers. Notably, continuous smoking for periods as short
as 40 days correlated with increased insulin resistance.’”!

Our data supports the notion that overweight, obesity and a
positive family history of cardiovascular diseases are strong risk
factors for metabolic syndrome. Kip et al®®¥! reported that meta-
bolic status was strongly related to BMI which is consistent with
multiple other studies on various ethnic populations.?>?¢ This
is likely due to the well-documented notion of adipose tissue as
an active endocrine organ which releases numerous cytokines
and bioactive mediators responsible for inflammation, coagula-
tion, fibrinolysis, insulin resistance, diabetes, atherosclerosis and
some forms of cancers.*3"

This study confirms the wide prevalence of metabolic syn-
drome in diabetic patients in Jordan and underscores the impor-
tance of implementing targeted lifestyle changes to address the
main modifiable risk factors early on to minimize its harmful
sequela.**! Limitations of our study include its retrospective
nature and the fact that it included only 1 center. However, it
is important to note that the NCDEG attracts T2DM patients

Frequencies of metabolic syndrome components among patients with type 2
diabetes according to gender.

Variable Males N (%) Females N (%) Total N (%)
Abnormal waist circum- 232 (44.9%) 436 (87.2%) 668 (65.7%)
ference (ATP Il criteria)
Abnormal waist 375 (72.5%) 481 (96.2%) 856 (84.2%)
circumference (IDF
criteria)
High blood pressure 412 (79.7%) 377 (75.4%) 789 (77.6%)
Elevated triglyceride 359 (69.4%) 292 (58.4%) 651 (64.0%)
Low HDL 411 (79.5%) 344 (68.8%) 755 (74.2%)

Abbreviations: ATP Ill: adult treatment panel Ill; IDF: international diabetes federation; HDL: high-
density lipoprotein.
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Logistic regression analysis of factors associated with metabolic syndrome in patients with type 2 diabetes.
ATP 11l IDF

Variables OR (95% CI) P-value OR (95% CI) P-value
Age group

<50 1 1

50to 59 yr 2.11(1.31-3.41) .002 1.50 (0.98-2.29) .06

60 to 69 yr 2.35 (1.36-4.04) .002 1.69 (1.03-2.75) .04

>70 yr 4.27 (2.07-8.80) <.001 1.98 (1.09-3.59) .02
Gender

Male 1 1

Female 1.78 (1.17-2.71) .006 3.20 (2.21-4.62) <.001
Frequency of adherence to diet regimen

410 7 times/wk 1 1

1 o 3 times/wk 1.29 (0.81-2.06) .28 1.16 (0.75-1.78) >.49

Not adherent 414 (2.14-7.98) <.001 3.60 (2.06-6.29) <.001
Physical activity

Sedentary 4.05(2.17-7.53) <.001 2.65 (1.52-4.63) .001

Insufficiently active 2.19(1.27-3.78) .005 1.69 (1.03-2.80) .04

Active 1 1
Cigarette smoking

Nonsmoker 1 1

Ex-smoker 1.61 (0.77-3.34) >.19 1.03 (0.58—1.84) .90

Current Smoker 2.64 (1.51-4.61) .001 0.90 (0.59-1.39) .65
Family history of cardiovascular diseases

Yes 1.25 (1.05-2.24) .03 0.97 (0.69-1.36) .89

No 1 1
Duration of diabetes type 2 (yr)

<5 1 1

5t09 1.39(0.84-2.33) .20 0.99 (0.84-2.33) .96

>10 2.09 (1.24-3.5) .006 1.81 (1.24-3.50) .01
Body mass index

Normal 1

Overweight 1.85(1.03-3.29) .04

Obese 5.29 (2.95-9.51) <.001

Abbreviation: ATP lll: adult treatment panel Ill; IDF: international diabetes federation.

from all over the country, so the data obtained are likely to be
representative of the Jordanian population.

5. Conclusion

The prevalence of metabolic syndrome among diabetic patients
in Jordan is extremely high. The main modifiable risk factors of
metabolic syndrome among these patients include nonadherence
to a diet regimen, insufficient physical activity, overweight or obe-
sity and smoking. We recommend that healthcare providers coun-
sel patients on the importance of maintaining physical activity,
quitting smoking, and adhering to a diet regimen. Overweight
and obese patients should be educated about maintaining healthy
weights to prevent clustering of cardiovascular risk factors.
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