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Abstract

Background: The Mediterranean diet (MD) and physical activity (PA) are inversely associated with metabolic syndrome
(MetS).

Objectives: We aimed to determine the correlation between MD, PA, and MetS variables among Iranian adults.

Methods: A random sampling method was used across five cities in Iran, with participants selected from healthcare centers. A
total of 284 individuals diagnosed with MetS, aged 30 to 59 and over 60 years, participated. The MD and PA were assessed using
the MD and Short International PA Questionnaires (Ipaq). The MetS was defined based on international criteria.

Results: Men had significantly higher MetS risk scores than women (P < 0.05, effect size: d = 0.37). Overall, PA was significantly
higher in individuals aged 30 - 60 years compared to those over 60 years old (P < 0.001, effect size: d = 0.64), while those over 60
years showed a higher MD score than individuals aged 30 - 60 years (P < 0.001, effect size: d = 0.49). The MetS did not correlate
with MD and PA (P> 0.05). However, there was an inverse correlation between MD and light PA (P < 0.05). Finally, our dependent
variables were influenced by the city of residence (P < 0.05).

Conclusions: Central obesity and a history of metabolic disorders are the main reasons for the prevalence of MetS in our
study. The lower PA levels in older adults, along with the early onset of MetS, highlight the need for social policies that promote a
Mediterranean lifestyle. These findings are consistent with existing literature, which suggests that environmental and cultural
factors play a role in health outcomes. Further research is required to gain a deeper understanding of this issue. Central obesity
and a history of metabolic disorders are the main reasons for the prevalence of MetS in our study. The lower PA levels in older
adults, along with the early onset of MetS, highlight the need for social policies that promote a Mediterranean lifestyle. These
findings are consistent with existing literature, which suggests that environmental and cultural factors play a role in health

-

outcomes. Further research is required to gain a deeper understanding of this issue.
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1. Background

According to the World Health Organization,
approximately 6 billion people are overweight, and
about 1.4 billion people engage in very little physical
activity (PA), classifying them as part of the passive
group (1). It has been suggested that the prevalence of
metabolic syndrome (MetS) is strongly associated with

central obesity (2). The MetS is also characterized by
other cardiovascular risk factors, including triglyceride
(TG) levels above 150 mg/dL, HDL levels below 40 mg/dL
in men and below 50 mg/dL in women, fasting blood
sugar greater than 110 mg/dL, and blood pressure above
130/85 (3-5). The development of MetS is closely linked to
modern urban lifestyles, Western dietary habits, and
low PA.
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Previous research has shown a prevalence of MetS of
approximately 42% in the United States, 39% in
Indonesia, 29% in the Netherlands, 31% in China, and 30%
in India (6-9). A high prevalence of MetS has also been
reported in Iran (10, 11). It is suggested that high intakes
of unsaturated fatty acids, fruits, and vegetables, along
with moderate consumption of saturated fats,
carbohydrates, and red meat, can reduce the risk of
MetS (12).

The Mediterranean diet (MD) includes large amounts
of vegetables, fruits, legumes, grains, fish, and a high
ratio of unsaturated to saturated fatty acids, with
moderate dairy consumption and less sugar, meat, and
poultry. Studies have shown that individuals adhering
to the MD have a lower incidence of MetS compared to
those consuming more carbohydrates and fats (13, 14).
Mahdavi-Roshan et al. found that overweight or obese
individuals had average adherence to the MD, with only
6% highly compliant (15). In contrast, Ramezan et al.
reported that despite higher intake of fiber and olive oil,
the risk of type 2 diabetes remained high in individuals
with higher MD adherence scores (16). Another study
also found that while MD adherence was relatively good,
there was no significant association with MetS criteria
(17).

In addition to diet, PA is a key factor in reducing
MetS. Many studies have explored the relationship
between MetS, PA, and diet. Mohammadi et al. found
that MetS prevalence was higher in obese and
overweight individuals compared to those with normal
weight. Additionally, the inactive group had
significantly higher TGs and higher systolic and
diastolic blood pressure than the active group (18).
Other studies showed that self-reported PA, measured
with the Minnesota Questionnaire, was higher in
individuals who consumed polyunsaturated fatty acids,
omega-3, and alpha-linolenic acid, and lower in those
who consumed more saturated fatty acids (19). A recent
European longitudinal study also demonstrated that
patients adhering to low-calorie MD recommendations
and increased PA showed significant improvements in
body weight, waist circumference, Body Mass Index
(BMI), HDL cholesterol, TGs, and blood pressure after
one year (20). However, some studies found no
significant association between nutritional quality
indicators and MetS markers after adjusting for PA (21,
22).

Despite numerous studies, regional lifestyle
differences in Iran may contribute to an asymmetric
incidence of MetS. Moreover, no studies have
simultaneously examined PA and MD in adults with
MetS across multiple Iranian cities.

2. Objectives

This study aims to investigate the association
between PA, adherence to the MD, and MetS among
adult men and women in Iran who have been diagnosed
with MetS. We hypothesized the following: (1) Higher PA
levels will be associated with a lower prevalence of MetS;
(2) greater MD adherence will reduce the prevalence of
MetS; (3) There will be a significant interaction effect
between PA levels and 4-MD adherence on the
prevalence of MetsS.

3. Methods

3.1. Study Design

This study was conducted following the Declaration
of Helsinki, as established by the World Medical
Association, and was approved by the Ethics Committee
of the University of Mohaghegh Ardabili (protocol code:
IR.UMA.REC.1401.075). The study utilized a cross-
sectional design to evaluate the prevalence of MetS and
its associated factors among individuals over 30 years
old. The data were collected from January to May across
five cities in Iran. The cities were selected using random
sampling, and within each city, clinics were randomly
selected for participant recruitment, ensuring diverse
representation across different healthcare facilities
(cluster sampling). However, due to constraints such as
time, resources, and accessibility, convenience sampling
was ultimately employed for the final selection of
clinics. This meant that data collection was limited to
clinics that were accessible and willing to participate.

3.2. Participants

The participants were aged over 30 years, divided
into two age groups: Thirty to sixty years old and over 60
years old. A total of 976 responses were collected from
five cities: Ardebil, Tehran, Char Mahal-o-Bakhtiari,
Kermanshah, and Hamedan. Inclusion criteria for the
study required participants to have at least three MetS
symptoms. The sample size was determined using the
Cochran formula, which calculated the initial sample
size to be 900 responses. This ensured the study had
sufficient statistical power to assess the prevalence of
MetS.

3.3. Data Collection

In the first phase of data collection, participants'
height, weight, and waist circumference were
measured. Then, questionnaires were distributed, and
the average time to complete the questionnaire was 15
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minutes. After collecting the responses, we screened the
data, and 692 responses were excluded due to having
one or two MetS criteria. We also excluded 30 additional
responses that were either incomplete or lacked
informed consent. In the final analysis, 284 responses,
which met at least three MetS criteria, were included.

3.4. Mediterranean Diet Measurement

The MD Adherence Questionnaire was used to verify
dietary intake. This questionnaire had 14 questions. The
questionnaire ranges from 1 to 14. Scores from 1 to 5
correspond to low compliance (inappropriate dietary
patterns), 6 to 9 correspond to moderate compliance,
and scores from 10 or more are considered high
adherence (healthy eating pattern) (23).

3.5. Physical Activity Measurement

The International PA Questionnaire-Short Form
(IPAQ-SF) was used in this study. It contains seven
questions divided into four PA categories: Sitting,
walking, moderate-intensity activity, and high-intensity
activity. All items reflect activities performed during the
previous seven days. We estimated the total amount of
PA in MET-min/week and the time spent sitting (24). In
this study, the Iranian version of the IPAQ-SF was used.
The validity and reliability of the IPAQ-SF have been well-
established in the Iranian population. A study
demonstrated that the IPAQ-SF had high reliability
(Cronbach’s alpha = 0.7, Spearman Brown correlation
coefficient = 0.9) and valid measurement properties
when used with Iranian participants (25). To calculate
each person's energy consumption based on PA, the
energy consumed for each activity (MET) was multiplied
by the activity's duration (in minutes) and the number
of days in the week. The amount of MET was 3.3 for
walking, 4 for moderate PA, and 8 for vigorous PA. A
combined total PA MET-min/week was computed as the
sum of walking + moderate + vigorous MET-min/week
scores.

According to MET scores, three levels were estimated
for participants' PA:

1. Vigorous: (A) Vigorous-intensity activity on at least
three days, achieving a minimum of at least 1500 MET-
minutes/week or seven or more days of any
combination of walking, moderate-intensity, or (B)
vigorous-intensity activities achieving a minimum of at
least 3000 MET-minutes/week.

2. Moderate: (A) Three or more days of vigorous
activity of at least 20 minutes per day, (B) five or more
days of moderate-intensity activity or walking of at least
30 minutes per day, or (C) five or more days of any
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combination of walking, moderate-intensity, or
vigorous-intensity activities achieving a minimum of at
least 600 MET-min/week.

3. Light: Those individuals who do not meet the
criteria for the other categories.

3.6. Metabolic Syndrome Measurement

We used the Japanese Questionnaire Model (JAMRISC)
in the present study. This questionnaire contains 11
items, including age, gender, waist circumference, PA

and nutritional habits, smoking, history of
hypertension, diabetes, and myocardial/cerebral
infarction (26). According to the questionnaire’s

guidelines, we set the cutoff point at 20. If the
participant’s score was lower than 20, they were
classified as “no risk”, and if the participant’s score was
higher than 20, they were classified as “at risk”. The
calculation formula for the total risk score with the
JAMRISC Questionnaire is:

[1.3369 x gender (male = 1, female = 0)] + (0.1897 x
abdominal circumference cm) + [1.3738 x history of
hypertension (yes = 1, no = 0)] + [1.5084 x history of
hyperglycemia | urinary sugar (yes =1, no = 0)] +[0.8768
x exercises (less than 2 h =1, 2 h or more = 0)|. According
to the questionnaire’s guidelines, we set the cutoff point
at 20. If the score was lower than 20, it was classified as
“no risk”, and if the score was higher than 20, it was
classified as “at risk”.

3.7. Statistical Analysis

All statistics were completed using IBM SPSS®
Statistics Version 22 software. The Shapiro-Wilk test
assessed  dependent variables for normality.
Frequencies, medians, and standard deviations were
performed for the primary descriptor. An independent t-
test sample was performed on the groups' baseline
characteristics to assess any differences. Detailed
variables and a one-way analysis of variance (ANOVA)
were performed depending on the number of categories
of each variable. The alpha level for this study was set at
0.05. If a significant interaction was found, a least
significant difference post hoc test was performed to
evaluate where the difference was. A one-way
multivariate analysis of variance (MANOVA) was
performed to examine whether the city determined the
results for TM, MetS, and MET-minutes/week, taken
together as three dependent variables. Levene’s test was
used to check homoscedasticity. A correlational value
above 0.5 was considered to be strong, values above 0.50
were considered high, 0.3 - 0.49 were considered
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moderate, and any value less than 0.29 was considered
to be poor (27).

4. Results

Table 1 demonstrates the frequency of cities and
characteristics of participants. According to the data
presented, 10.9% of participants were from Ardebil, 28.9%
were from Tehran, 10.9% were from Char Mahal-o-
Bakhtiari, 32.4% were from Kermanshah, and 16.9% were
from Hamedan. The average age of participants was 51
years, with an average weight of 84.29 kg. The data
revealed that 45% of participants had diabetes (60%
women, 40% men), 63% had hypertension (63% women,
37% men), and 56% had hyperlipidemia (62.5% women,
37.5% men). Among those with diabetes, 81.1% were aged
30 - 60, and 18.9% were over 60. Similarly, 81.2% of
participants with hypertension were between the ages
of 30 and 60, and 18.8% were over 60 years old. For
hyperlipidemia, 77.4% were aged 30 - 60, and 22.6% were
over 60 years old.

Table 1. Frequency of Cities, Disease, and Characteristics of Participants

Cities No. (%) or Mean + SD
Ardebil 31(10.9)
Tehran 82(28.9)
Chahar Mahal-o-Bakhtiari 31(10.9)
Kermanshah 92(32.4)
Hamedan 48(16.9)

Disease
Diabetes 128 (45)
Hypertension 158 (63)
Hyperlipidemia 179 (56)

Characteristics
Age 51.42 +11.57
Height 165.15 £ 9.92
Weight 84.29 £12.78
BMI 0.0031+0.0003
Waist circumference 105.39 £13.79

Abbreviations: SD, standard division; BMI, Body Mass Index.

4.1. Differences Between Dependent Variables

4.1.1. Differences Between Dependent Variables Based on
Gender

We hypothesized that there are significant
differences in PA levels, MetS, and MD based on gender.
Table 2 demonstrates MD, PA, and MetS based on gender.
We used an independent t-test sample to assess
differences between gender groups on PA, MetS, and MD.
According to our results, men (21.55 + 6.59) had

significantly higher scores in MetS than women (18.81 +
8.1), t (253.65) = -3.10, P < 0.001. However, we found no
difference between men and women in PA and MD.

4.1.2. Differences Between Dependent Variables Based on Age

We hypothesized that there are significant
differences in PA levels, MD, and MetS based on age.
Table 3 demonstrates, using an independent samples t-
test, the results obtained for MD, PA, and MetS,
depending on age. Our results indicated that
individuals aged 30 - 60 years had significantly higher
scores in vigorous-MET (898.54 + 2077.52 vs. 118.75 *
339.10), t (253.55) = 5.32, P < 0.001, moderate-MET (634.90
+ 1414.41 vs. 92.50 + 296.93), t (268.92) = 5.30, P < 0.001,
and total-METs (1904.70 * 2928.87 vs. 635.97 + 993.02), ¢
(276.29) = 5.44, P < 0.001, compared to those over 60
years. Individuals over 60 years (9.78 + 2.59) had higher
MD adherence compared to those aged 30 - 60 years
(8.22 £ 3.64), t (142.60) = 3.82, P < 0.001. MetS was not
different between age groups (P> 0.05).

4.1.3. Differences Between Dependent Variables According to
Mediterranean Diet Levels

We hypothesized that there are significant
differences in PA and MetS according to MD levels. Table
4 demonstrates PA and MetS depending on MD levels.
According to the data presented, there was no
significant difference between MD levels in MetS and
total PA. However, those who had a low MD planned
their light MET (651.75 + 828.08) better than moderate
MET (316.77 £ 500.12) and vigorous MET (367.40 + 513.27),
F(3,280)=5.03,P<0.001.

4.1.4. Differences Between Dependent Variables According to
Physical Activity Levels

We hypothesized significant differences in MD and/or
MetS according to PA levels. Figures 1 and 2 demonstrate
the relationship between MD and MetS based on PA
levels. According to the data presented, no significant
differences were observed across different PA levels (MD;
F(2,281) =118, P=0.30, MetS; F (2,281)=1.25, P=0.28).

4.2. Correlations Between Variables

We hypothesized that there is a significant
correlation between dependent variables. Table 5 shows
the correlations between the variables studied. Our
results demonstrate there was a significant relationship
between MD and light PA, r =-0.142, P = 0.016; vigorous
and moderate PA, r = 0.266, P < 0.001; vigorous and light
PA, r=0.141, P=0.01; vigorous PA and total PA, r = 0.854, P
<0.001; moderate PA and light PA, r = 0.118, P= 0.04;
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Table 2. Physical Activity, Mediterranean Diet, and Metabolic Syndrome According to Gender

Leven’s Test

t-Test

95% Confidence Interval of the Difference

Variables Mean + SD Cohen’s D
F-Value P-Value t P-Value Lower Upper
MetS 6.58 <0.001 294  <0.001% -4.4844 -1.0025 037
Male 21.55+ 6.59
Female 18.81£8.1
MD 0.04 0.83 0.79 0.42 -0.50323 119032 0.17
Male 8.79+3.45
Female 8.44+3.52
PA
Vigorous-MET 4.69 0.03 119 0.23 -200.6821 820.3363 0.16
Male 918.09 +2401.77
Female 608.26 £1454.04
Moderate-MET P 0.46 0.49 0.54 0.58 222.3246 394.2512 0.06
Male 566.85 +1480.72
Female 480.89 £1136.11
Light-MET 238 0.12 1.62 0.10 -23.4938 249.2897 0.19
Male 454.45 + 624.49
Female 341.55+524.90
Total-Mets 4.81 0.02 139 0.16 2111668 1228.5434 0.18
Male 1939.40 +3342.51
Female 1430.72 £ 2174.31

Abbreviations: SD, standard deviation; MetS, metabolic syndrome; MD, Mediterranean diet; PA, physical activity.

2 Significant difference

b MET: Physical activity minutes.

moderate PA and total PA, r = 0.687, P < 0.001; and light
PA and total PA,r=0.366,P <0.001.

4.3. The Determination of Results and the City Predictor

We hypothesized that the results for PA, MD, and
MetS are determined by the city of residence. A one-way
MANOVA was performed to examine whether the results
for the MD, MetS, and MET minutes were determined by
the city (Table 6). The results indicated that the city
(Wilk’s lambda = 0.833, F = 4.363, P < 0.001, partial Eta
squared = 0.059) had a significant relationship with the
combination of dependent variables. Follow-up ANOVA
tests showed that the city of residence had a significant

effect on MD adherence (F = 5.907, P = 0.00, r]2 = 0.06)

and PA (F = 4.087, P = 0.00, n* = 0.04). However,
differences in MetS were not statistically significant

across cities (F=1.981, P=0.09, N2 = 0.02).
5. Discussion

Our study aimed to determine the correlation
between the MD, MetS, and PA variables in adults with
MetS in Iran. In summary, our findings showed that

Health Scope. 2025;14(2): 158725

there were no significant gender differences in PA and
MD, while men had significantly higher MetS risk scores
compared to women. The younger age group exhibited
significantly higher scores in vigorous, moderate, and
total PA compared to the older age group, while older
adults showed higher adherence to MD compared to
younger adults. At the same time, no significant
differences in MetS were observed across age groups.
Individuals with low MD scores had higher levels of
light PA compared to those with moderate or high MD
scores. However, we did not observe any significant
differences in MetS or overall PA. There was no
significant relationship between MD and MetS based on
PA levels. Moreover, a significant correlation was found
between PA levels and MD, as well as light PA. No
substantial correlation was observed between MetS and
PA/MD. Finally, the results of the study may vary
depending on the participants' city of residence. This is
the first study to compare the dependent variables (PA,
MD, and MetS) across multiple cities. It has been well-
established that there is a positive relationship between
waist circumference and higher levels of body mass,
body fat percentage, and BMI (22). These factors are
associated with MetS (5). Previous studies have
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Table 3. Physical Activity, and Mediterranean Diet, and Metabolic Syndrome According to Age
Leven’s Test t-Test 95% Confidence Interval of the Difference
Variables Mean +SD Cohen’s D
FValue  P-Value t P-Value Lower Upper
MD (y) 5.05 0.25 3.826 <0.001% -2.3637 -0.7533 0.49
30-60 8.22+3.64
Over 60 9.78 £2.59
PA
Vigorous-MET (y)b 21.25 <0.001 532 <0.0012 491.5983 1067.9925 0.64
30-60 898.54 £2077.52
Over 60 118.75 £339.10
Moderate-MET (y) 29.21 <0.001 530  <0.001% 340.9415 743.8766 0.63
30-60 634.90 +£1414.41
Over 60 92.50 £296.93
Light-MET (y) b 135 0.24 -0.66 0.50 -211.6687 104.7281 0.09
30-60 371.25+543.53
Over 60 424.72 £ 637.50
Total-MetS (y) 23.88 <0.001 5.44 <0.001? 809.5842 1727.8842 0.64
30-60 1904.70 £2928.87
Over 60 635.97£993.02
MetS (y) 032 0.12 -1.43 0.15 -3.7064 0.5835 0.21
30-60 19.47£7.89
Over 60 21.03+6.84

Abbreviations: SD, standard deviation; MD, Mediterranean diet; PA, physical activity; MetS, metabolic syndrome.

2 Significant difference.

b MET: Physical activity minutes.

demonstrated that the prevalence of MetS may vary by
gender (22, 28-30). Higher TG levels, lower low-density
lipoprotein, higher BMI, and higher waist circumference
are the most important predictors of MetS prevalence
(22,28).

In the present study, we observed that men were at
higher risk of MetS than women. While no significant
differences were found in waist circumference, self-
reported hypertension, and self-reported
hyperlipidemia between genders, men showed a higher
mean weight and an overall higher risk of MetS.
Additionally, our study revealed that the prevalence of
self-reported diabetes was significantly higher in men, a
finding consistent with international studies
suggesting that men are more prone to developing
MetS-associated comorbidities, such as diabetes (31).
These differences may be attributed to a combination of
biological, hormonal, and lifestyle factors. Insulin
resistance, or its associated condition,
hyperinsulinemia, directly contributes to other
metabolic risk factors and is also a key factor in the
development of type 2 diabetes. However, identifying
the unique role of insulin resistance is complicated by
the fact that it is closely linked to obesity. Therefore,

further investigation is needed to determine whether
insulin resistance specifically causes other metabolic
risk factors in men.

We also observed no significant difference in PA or
MD adherence between genders. Recently, a cohort
study reported no significant difference in
Mediterranean lifestyle adherence between genders in
individuals at high risk for MetS (13). Contrary to our
findings, past studies have indicated that men are
generally more physically active and have better
adherence to the MD compared to women (15, 32).
Another study showed that, although men are more
physically active, they may not adhere as well to dietary
recommendations, while women often report a more
structured eating routine. Despite these observations,
we found no significant differences in PA or MD
adherence between genders (33). Although these factors
are important, it has been observed that other
protective lifestyle factors, such as income level,
educational attainment, occupation, and other social
factors, are also associated with the risk of developing
MetS (34, 35). Therefore, future studies should
investigate the combination of these factors to better
understand their role in the development of MetS.
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Table 4. Physical Activity, Metabolic Syndrome, and Adherence to Mediterranean Diet

Variables No. Mean +SD F-Value P-Value Eta Squared
Vigorous-MET ? 0.01 0.88 <0.001
High 135 698.96 £2202.92
Moderate 13 705.48 £1554.76
Low 36 866.66 £1317.38
Moderate-MET ? 120 030 <0.001
High 135 392.00+999.18
Moderate 13 640.70 £1631.16
Low 36 563.33+803.10
Light-MET 2 5.03 <0.001° 0.03
High 135 367.40 £513.27
Moderate 13 316.77 £500.12
Low 36 651.75 + 828.08
Total-Mets 0.79 0.45 0.005
High 135 1458.36 £ 2717.11
Moderate 13 1662.96 +2744.23
Low 36 2081.75 £ 2245.16
MetS 112 0.32 0.82
High 135 19.44 £7.87
Moderate 13 19.72+7.57
Low 36 21.5907+7.28
Abbreviations: SD, standard deviation; MET, physical activity minutes; MetS, metabolic syndrome.
@ MET: Physical activity minutes.
b Significant difference
15 =
10 =
g
5 —
0= T T
fé F & @x@
s \@& &b@ A%
PA

Figure 1. Adherence to Mediterranean diet (MD) based on physical activity (PA) levels; P> 0.05; d: < 0.001

Moreover, we hypothesized that the prevalence of  requirements decrease with age, contributing to obesity
MetS increases with age, as it has been confirmed that (36). Our results demonstrated that although the
basal metabolism, lean body mass, and energy  youngerage group was more active than the older age
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Figure 2. Metabolic syndrome (MetS) according to physical activity (PA) levels; P> 0.05; d < 0.001
Table 5. Bivariate Correlations Between the Variables
Variables V.MET? M.MET L.MET Total.Mets MetS
MD -0.114 -0.087 0142° -0.046 -0.050
V.MET ? 0.023 0.854 € 0.141° 0.266
M.MET 2 0.055 0.687°¢ o0a1s®
L.MET ? 0.066 0366 €
Total.MET 2 0.056

Abbreviations: MetS, metabolic syndrome; MD, Mediterranean diet.
@ MET: Physical activity minutes.
b Correlation is significant at the 0.05 level (two-tailed).

€ Correlation is significant at the 0.01 level (two-tailed).

group, there was no significant difference between age
groups in terms of MetS. It is possible that our
participants over-reported their PA levels. Additionally,
our results showed that individuals aged 30 - 60 years
had significantly lower scores compared to those over
60 years, with significantly higher average weight, self-
reported diabetes, and self-reported hypertension in the
younger age group. These results suggest a higher
prevalence of metabolic disorders among younger
adults in our study. Therefore, interventions should
focus on improving diet quality and PA in adults.

We also observed no significant difference between
MD levels in MetS or overall PA. However, a significant
difference was observed between MD levels in light PA.

Indreica et al. showed that participants with higher
adherence to MD engaged in more intense PA (37). Our
statistical analyses showed no significant correlation
between MetS and PA/MD. However, a significant
relationship was found between MD and light PA. High
adherence to MD has been well-defined as being
associated with a lower MetS risk (16, 17, 21, 38-42). Fish,
olive oil, and nuts, which are components of MD, are
known to reduce the MetS risk (43). Previous studies
have reported that low-fat diets enriched with
polyunsaturated fatty acids also reduce TG levels (19, 44,
45). Additionally, the consumption of vegetables, olive
oil, and Low-Glycemic Index Foods has been shown to
lower blood glucose, C-peptide values, fasting serum
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Table 6. Multivariate and Post-hoc Analysis of Variance Test of Variance Between the Three Dependent Variables and the City
Effects Value F-Value Hypothesis DF Error DF P-Value Partial Eta Squared
Intercept
Pillai's trace 0.924 1125583 P 3.00 277.00 <0.001 0.92
Wilks' lambda 0.076 1125_533b 3.00 277.00 <0.001 0.92
Hotelling's trace 12.190 1125583 3.000 277.000 <0.001 0.924
Roy's largest root 12190 125583 P 3.000 277.000 <0.001 0.92
City
Pillai's trace 0.172 4.231 12.000 837.000 <0.001 0.05
Wilks' lambda 0.833 4363 12.000 733.165 <0.001 0.059
Hotelling's trace 0.194 4.468 12.000 827.000 <0.001 0.06
Roy's largest root 0.159 11.093 ¢ 4.000 279.000 <0.001 0.3
Post-hoc ANOVA results for dependent variables
Dependent variable
MD 5.907 <0.001 0.06
MetS 1.981 0.09 0.02
PA 4.087 <0.001 0.04
Abbreviations: ANOVA, analysis of variance; MD, Mediterranean diet; MetS, metabolic syndrome; PA, physical activity.
2 Design: Intercept + city.
b Exact statistics.
The statistic is an upper bound on F-value that yields a lower bound on the significance level.
testosterone levels, and insulin resistance, while epidemiological studies due to its practicality,

increasing serum insulin-like growth factor binding
proteins (IGFBP) 1 and 2 levels (46-49). Nitric oxide levels
and endothelin-1 are modulated by consuming extra
virgin olive oil and nuts (43).

Regular PA is associated with reduced MetS (50-54).
This may be due to significant improvements in systolic
and diastolic blood pressure, fasting blood glucose,
insulin, interleukin 6, and TGs through PA (51, 54).
However, we did not find a significant correlation
between MetS and MD/PA. More specifically, we found
moderate adherence to MD in our study. Seventy-seven
percent of our participants consumed pasta or rice at
least five days a week, 82% consumed grains or
carbohydrates every morning, and 30 to 36% regularly
consumed vegetables, olive oil, and fish. Adherence to
MD is influenced by sociocultural, religious, and
economic factors (29). In Iran, the typical diet includes
foods such as rice, bread, vegetables, legumes, yogurt,
and meats like lamb and chicken, which share
similarities with the MD, particularly in terms of plant-
based foods, legumes, and moderate meat
consumption. However, the Iranian diet differs in its
higher consumption of rice, specific herbs, and spices
not commonly emphasized in the MD diet. Also, nuts,
extra virgin olive oil, and fish may be difficult for our
participants to provide. Additionally, while self-reported
data is a commonly used method in large-scale
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participants may have inaccurately reported their
responses. Future studies could benefit from
incorporating objective measures, such as food diaries
for dietary assessment, to minimize recall bias and
provide more accurate and reliable data. Furthermore,
combining self-reported data with biochemical
measurements (e.g., blood tests) could offer a more
comprehensive understanding of the relationship
between diet and MetS. However, more research is
needed to conclude for larger populations.

Finally, we observed that the city of residence of the
participants influenced MD, PA, and MetS. To the best of
our knowledge, no previous studies have reported on
the relationship between these dependent variables and
the city of residence in Iran. This finding is consistent
with other research demonstrating significant effects of
city of residence on MD and PA outcomes (36). Notably,
we observed significant differences in MD and PA across
cities. These disparities may reflect variations in urban
infrastructure, cultural dietary patterns, socioeconomic
status, and access to recreational and health-promoting
facilities. Such city-specific characteristics likely play a
key role in shaping health-related behaviors and
outcomes, emphasizing the importance of considering
environmental and geographical factors in public
health planning.
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In contrast, although differences in MetS were
observed across cities, these differences did not reach
statistical significance. This suggests that MetS may be
more strongly influenced by individual-level factors
(e.g., genetics, chronic conditions) or may require a
larger sample size to detect city-level effects. Therefore,
we recommend that future studies use a larger and
more representative sample to provide more accurate
and generalizable conclusions. Another key strength of
this study was the use of a validated MetS Questionnaire,
an appropriately explored alternative to blood tests (26).
This approach may offer a cost-effective and time-
efficient method for MetS assessment. However, further
research is needed to validate its effectiveness.

5.1. Conclusions

Our study aimed to determine the correlation
between MD, PA, and MetS among adults in Iran. There
was no significant difference in MD and PA based on
gender, while men reported higher MetS risk scores.
Younger adults were more active than older adults,
while older adults showed higher adherence to MD.
However, no significant difference was observed
between younger and older age groups in MetS risk
score. MetS was not correlated with PA and MD. City of
residence influenced MD, PA, and MetS. It seems that the
prevalence of metabolic disorders begins at a younger
age. Central obesity and a history of metabolic disorders
are the main reasons for the prevalence of MetS in our
study. Due to lower PA in older adults and the possibility
of MetS from an early age, social policies should
encourage the promotion of a Mediterranean lifestyle.
Further research needs to be conducted to better
understand this topic.

5.2. Limitations

There are a few limitations to our study that should
be addressed. Firstly, participants were selected from a
specific and accessible population, which may limit the
generalizability of the findings to the broader
population. Secondly, since only clinics that were
accessible and willing to participate were included, the
sample may not represent the full diversity of the
broader population. Finally, we relied on self-reported
PA, which may not accurately reflect actual behavior.
Future studies should use more comprehensive random
sampling methods to improve the generalizability of
the results. Additionally, participants were asked to
report their PA levels and dietary habits, and such self-
reports may be influenced by factors such as
forgetfulness, social desirability bias, or inaccurate
recall. Investigating this issue in diverse populations
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and using accelerometers for more accurate PA
assessment or food diaries would be beneficial.

Footnotes

Authors' Contribution: Conceptualization: H. N. N.,
M.S., L. M. G, and H. N.; Methodology: H. N. N, M. S., [. M.
G., and H. N,; Software: H. N. N,, M. S,, I. M. G,, and H. N,;
Validation: H. N. N, M. S,, I. M. G., and H. N.; Formal
analysis: H. N. N,, M. S,, I. M. G., and H. N.; Investigation:
H.N.N.,M.S,, 1. M. G, and H. N.; Data curation: H. N. N., M.
S., I. M. G, and H. N.; Writing-original draft preparation:
H. N. N. and H. N.; Writing-review and editing: H. N. N., M.
S., . M. G,, and H. N,; Supervision: M. S, [. M. G., and H. N,;
Project administration: M. S, I. M. G,, and H. N.; All
authors have read and agreed to the published version
of the manuscript.

Conflict of Interests Statement: The authors declare
no conflict of interest.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Ethical Approval: All procedures performed in studies
were in accordance with the Ethical Committee of
Mohaghegh Ardabili University (protocol code:
IRUMA.REC.1401.075 ) and with the 1964 Helsinki
Declaration and its later amendments or comparable
ethical standards.

Funding/Support: The present study received no
funding/support.

Informed Consent: All participants provided their
written informed consent.

References

1. Vahdat H, Mombini H, Eslami Farsani M, Ab Abzadeh S, Barzegar H.
[Effect of High-Intensity Interval Training (HIIT) on the Levels of
Irisin and Interleukin-10 in Overweight Men]. Qom Univ Med Sci .
2018;12(2):35-44. FA. https://doi.org[10.29252/qums.12.2.35.

2. Wang HH, Lee DK, Liu M, Portincasa P, Wang DQ. Novel Insights into
the Pathogenesis and Management of the Metabolic Syndrome.
Pediatr Gastroenterol Hepatol Nutr. 2020;23(3):189-230. [PubMed ID:
32483543]. [PubMed Central ID: PMC7231748].
https://doi.org[10.5223/pghn.2020.23.3.189.

3. Expert Panel on Detection Evaluation; Treatment of High Blood
Cholesterol in Adults. Executive Summary of The Third Report of The
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, And Treatment of High Blood Cholesterol In
Adults (Adult Treatment Panel III). JAMA. 2001;285(19):2486-97.
[PubMed ID: 11368702]. https://doi.org[10.1001/jama.285.19.2486.

4. Alberti KG, Zimmet P, Shaw ]. Metabolic syndrome-a new world-wide
definition. A Consensus Statement from the International Diabetes

Health Scope. 2025;14(2): 158725


https://brieflands.com/articles/healthscope-158725
https://ethics.research.ac.ir/EthicsProposalViewEn.php?id=295060
https://doi.org/10.29252/qums.12.2.35
http://www.ncbi.nlm.nih.gov/pubmed/32483543
https://www.ncbi.nlm.nih.gov/pmc/PMC7231748
https://doi.org/10.5223/pghn.2020.23.3.189
http://www.ncbi.nlm.nih.gov/pubmed/11368702
https://doi.org/10.1001/jama.285.19.2486

Nohbaradar H et al.

Brieflands

10.

1.

15.

17.

18.

Federation. Diabet Med. 2006;23(5):469-80. [PubMed ID: 16681555].
https://doi.org[10.1111/j.1464-5491.2006.01858.X.

Neeland IJ, Lim S, Tchernof A, Gastaldelli A, Rangaswami ], Ndumele
CE, et al. Metabolic syndrome. Nat Rev Dis Primers. 2024;10(1):77.
[PubMed ID: 39420195). https://doi.org[10.1038/s41572-024-00563-5.

Sigit FS, Tahapary DL, Trompet S, Sartono E, Willems van Dijk K,
Rosendaal FR, et al. The prevalence of metabolic syndrome and its
association with body fat distribution in middle-aged individuals
from Indonesia and the Netherlands: a cross-sectional analysis of
two population-based studies. Diabetol Metab Syndr. 2020;12:2.
[PubMed ID: 31921359]. [PubMed Central ID: PMC6947940].
https://doi.org[10.1186/s13098-019-0503-1.

Krishnamoorthy Y, Rajaa S, Murali S, Rehman T, Sahoo |, Kar SS.
Prevalence of metabolic syndrome among adult population in India:
A systematic review and meta-analysis. PLoS One. 2020;15(10).
€0240971. [PubMed ID: 33075086]. [PubMed Central ID: PMC7571716].
https://doi.org[10.1371/journal.pone.0240971.

Yao F,Bo Y, Zhao L, Li Y, Ju L, Fang H, et al. Prevalence and Influencing
Factors of Metabolic Syndrome among Adults in China from 2015 to
2017. Nutrients. 2021;13(12). [PubMed ID: 34960027]. [PubMed Central
ID: PMC8705649]. https://doi.org[10.3390/nu13124475.

Liang X, Or B, Tsoi MF, Cheung CL, Cheung BMY. Prevalence of
metabolic syndrome in the United States National Health and
Nutrition Examination Survey 2011-18. Postgrad Med ].
2023;99(1175):985-92. [PubMed ID: 36906842].
https://doi.org[10.1093/postmj/qgad008.

Hadaegh F, Zabetian A, Tohidi M, Ghasemi A, Sheikholeslami F, Azizi
E. Prevalence of metabolic syndrome by the Adult Treatment Panel
III, International Diabetes Federation, and World Health
Organization definitions and their association with coronary heart
disease in an elderly Iranian population. Ann Acad Med Singap.
2009;38(2):142-9. [PubMed ID:19271043].

Azizi F, Salehi P, Etemadi A, Zahedi-Asl S. Prevalence of metabolic
syndrome in an urban population: Tehran Lipid and Glucose Study.
Diabetes Res Clin Pract. 2003;61(1):29-37. [PubMed ID: 12849921].
https://doi.org[10.1016/s0168-8227(03)00066-4.

Castro-Barquero S, Ruiz-Leon AM, Sierra-Perez M, Estruch R, Casas R.
Dietary Strategies for Metabolic Syndrome: A Comprehensive Review.
Nutrients. 2020;12(10). [PubMed ID: 33003472]. [PubMed Central ID:
PMC7600579]. https:|/doi.org/10.3390/nu12102983.

Sotos-Prieto M, Ortola R, Ruiz-Canela M, Garcia-Esquinas E, Martinez-
Gomez D, Lopez-Garcia E, et al. Association between the
Mediterranean lifestyle, metabolic syndrome and mortality: A whole-
country cohort in Spain. Cardiovasc Diabetol. 2021;20(1):5. [PubMed
ID: 33402187]. [PubMed Central ID: PMC7786987].
https://doi.org/10.1186/s12933-020-01195-1.

Sanchez-Sanchez ML, Garcia-Vigara A, Hidalgo-Mora JJ, Garcia-Perez
MA, Tarin ], Cano A. Mediterranean diet and health: A systematic
review of epidemiological studies and intervention trials. Maturitas.
2020;136:25-37. [PubMed ID: 32386663].
https://doi.org[10.1016/j.maturitas.2020.03.008.

Mahdavi-Roshan M, Salari A, Ggholipour M, Naghshbandi M. [Dietary
adherence in people with cardiovascular risk factors living in
northern Iran].J Babol Univ Med Sci. 2017;19(10):62-8. FA.

Ramezan M, Asghari G, Mirmiran P, Tahmasebinejad Z, Azizi F
Mediterranean dietary patterns and risk of type 2 diabetes in the
Islamic Republic of Iran. East Mediterr Health J. 2019;25(12):896-904.
[PubMed ID: 32003448]. https://doi.org[10.26719/emh;j.19.035.
Mohamed M, Denis L, Rekia B. Mediterranean diet and metabolic
syndrome in adult Moroccan women.  Res Obesity. 2015;2015:15-32.

Mohammadi A, Khodaei K, Badri N. [Association between the
prevalence of metabolic syndrome and physical activity at work,
leisure time and during exercise among over 30 years old male

Health Scope. 2025; 14(2): e158725

19.

20.

21

22,

23.

24.

25.

26.

27.

28.

29.

30.

31

students in Sabzevar (Case Study of Applied Science University)]. J
Sabzevar Univ Med Sci. 2019;26(1):53-61. FA.

Julibert A, Bibiloni MDM, Mateos D, Angullo E, Tur JA. Dietary Fat
Intake and Metabolic Syndrome in Older Adults. Nutrients. 2019;11(8).
[PubMed ID: 31416272]. [PubMed Central ID: PMC6723812].
https://doi.org[10.3390/nu11081901.

Sayon-Orea C, Razquin C, Bullo M, Corella D, Fito M, Romaguera D, et
al. Effect of a Nutritional and Behavioral Intervention on Energy-
Reduced Mediterranean Diet Adherence Among Patients With
Metabolic Syndrome: Interim Analysis of the PREDIMED-Plus
Randomized Clinical Trial. JAMA. 2019;322(15):1486-99. [PubMed ID:
31613346]. [PubMed Central ID: PMC6802271].
https://doi.org[10.1001/jama.2019.14630.

Kord Varkaneh H, Rrahmani ], Shab-Bidar S. [Association of
adherence to Alternative Healthy Eating Index with the metabolic
syndrome in Tehranian elderly]. Razi | Med Sci. 2018;25(6):43-51. FA.

Galan-Lopez P, Sanchez-Oliver AJ, Pihu M, Gisladottir T, Dominguez R,
Ries F. Association between Adherence to the Mediterranean Diet
and Physical Fitness with Body Composition Parameters in 1717
European Adolescents: The AdolesHealth Study. Nutrients. 2019;12(1).
[PubMed ID: 31892139]. [PubMed Central ID: PMC7019378].
https://doi.org/10.3390/nu12010077.

Martinez-Gonzalez MA, Garcia-Arellano A, Toledo E, Salas-Salvado J,
Buil-Cosiales P, Corella D, et al. A 14-item Mediterranean diet
assessment tool and obesity indexes among high-risk subjects: the
PREDIMED trial. PLoS One. 2012;7(8). e43134. [PubMed ID: 22905215].
[PubMed Central ID: PM(C3419206].
https://doi.org[10.1371/journal.pone.0043134.

Craig C, Marshall A, Sjostrom M, Bauman A, Lee P, Macfarlane D, et al.
International physical activity questionnaire-short form. ] Am Coll
Health. 2017;65(7):492-501.

Moghaddam MB, Aghdam FB, Jafarabadi MA, Allahverdipour H,
Nikookheslat SD, Safarpour S. The Iranian Version of International
Physical Activity Questionnaire (IPAQ) in Iran: Content and construct
validity, factor structure, internal consistency and stability. World
Appl Sci ]. 2012;18(8):1073-80.

Tan C, Sasagawa Y, Kamo KI, Kukitsu T, Noda S, Ishikawa K, et al.
Evaluation of the Japanese Metabolic Syndrome Risk Score
(JAMRISC): A newly developed questionnaire used as a screening tool
for diagnosing metabolic syndrome and insulin resistance in Japan.
Environ Health Prev Med. 2016;21(6):470-9. [PubMed ID: 27699688].
[PubMed Central ID: PMC5112197]. https://doi.org/10.1007/s12199-016-
0568-5.

Cohen J. Statistical Power Analysis for the Behavioral Sciences. New York,
USA: Routledge; 2013. https://doi.org[10.4324/9780203771587.

Iyer A, Kauter K, Brown L. Gender differences in metabolic syndrome:
A key research issue? Endocr Metab Immune Disord Drug Targets.
2011;11(3):182-8. [PubMed ID: 21831031].
https://doi.org[10.2174[187153011796429808.

Tuttolomondo A, Simonetta I, Daidone M, Mogavero A, Ortello A,
Pinto A. Metabolic and Vascular Effect of the Mediterranean Diet. Int |
Mol Sci. 2019;20(19). [PubMed ID: 31547615]. [PubMed Central ID:
PMC6801699]. https://doi.org/10.3390/ijms20194716.

Kerie S, Menberu M, Geneto M. Metabolic syndrome among residents
of Mizan-Aman town, South West Ethiopia, 2017: A cross sectional
study. PLoS One. 2019;14(1). €0210969. [PubMed ID: 30703130].
[PubMed Central ID: PMC6354988].
https://doi.org/10.1371/journal.pone.0210969.

Lee S, Ko Y, Kwak C, Yim ES. Erratum to: Gender differences in
metabolic syndrome components among the Korean 66-year-old
population with metabolic syndrome. BMC Geriatr. 2016;16:71.
[PubMed ID: 27013318]. [PubMed Central ID: PMC4806518].
https://doi.org/10.1186/s12877-016-0241-2.

11


https://brieflands.com/articles/healthscope-158725
http://www.ncbi.nlm.nih.gov/pubmed/16681555
https://doi.org/10.1111/j.1464-5491.2006.01858.x
http://www.ncbi.nlm.nih.gov/pubmed/39420195
https://doi.org/10.1038/s41572-024-00563-5
http://www.ncbi.nlm.nih.gov/pubmed/31921359
https://www.ncbi.nlm.nih.gov/pmc/PMC6947940
https://doi.org/10.1186/s13098-019-0503-1
http://www.ncbi.nlm.nih.gov/pubmed/33075086
https://www.ncbi.nlm.nih.gov/pmc/PMC7571716
https://doi.org/10.1371/journal.pone.0240971
http://www.ncbi.nlm.nih.gov/pubmed/34960027
https://www.ncbi.nlm.nih.gov/pmc/PMC8705649
https://doi.org/10.3390/nu13124475
http://www.ncbi.nlm.nih.gov/pubmed/36906842
https://doi.org/10.1093/postmj/qgad008
http://www.ncbi.nlm.nih.gov/pubmed/19271043
http://www.ncbi.nlm.nih.gov/pubmed/12849921
https://doi.org/10.1016/s0168-8227(03)00066-4
http://www.ncbi.nlm.nih.gov/pubmed/33003472
https://www.ncbi.nlm.nih.gov/pmc/PMC7600579
https://doi.org/10.3390/nu12102983
http://www.ncbi.nlm.nih.gov/pubmed/33402187
https://www.ncbi.nlm.nih.gov/pmc/PMC7786987
https://doi.org/10.1186/s12933-020-01195-1
http://www.ncbi.nlm.nih.gov/pubmed/32386663
https://doi.org/10.1016/j.maturitas.2020.03.008
http://www.ncbi.nlm.nih.gov/pubmed/32003448
https://doi.org/10.26719/emhj.19.035
http://www.ncbi.nlm.nih.gov/pubmed/31416272
https://www.ncbi.nlm.nih.gov/pmc/PMC6723812
https://doi.org/10.3390/nu11081901
http://www.ncbi.nlm.nih.gov/pubmed/31613346
https://www.ncbi.nlm.nih.gov/pmc/PMC6802271
https://doi.org/10.1001/jama.2019.14630
http://www.ncbi.nlm.nih.gov/pubmed/31892139
https://www.ncbi.nlm.nih.gov/pmc/PMC7019378
https://doi.org/10.3390/nu12010077
http://www.ncbi.nlm.nih.gov/pubmed/22905215
https://www.ncbi.nlm.nih.gov/pmc/PMC3419206
https://doi.org/10.1371/journal.pone.0043134
http://www.ncbi.nlm.nih.gov/pubmed/27699688
https://www.ncbi.nlm.nih.gov/pmc/PMC5112197
https://doi.org/10.1007/s12199-016-0568-5
https://doi.org/10.1007/s12199-016-0568-5
https://doi.org/10.4324/9780203771587
http://www.ncbi.nlm.nih.gov/pubmed/21831031
https://doi.org/10.2174/187153011796429808
http://www.ncbi.nlm.nih.gov/pubmed/31547615
https://www.ncbi.nlm.nih.gov/pmc/PMC6801699
https://doi.org/10.3390/ijms20194716
http://www.ncbi.nlm.nih.gov/pubmed/30703130
https://www.ncbi.nlm.nih.gov/pmc/PMC6354988
https://doi.org/10.1371/journal.pone.0210969
http://www.ncbi.nlm.nih.gov/pubmed/27013318
https://www.ncbi.nlm.nih.gov/pmc/PMC4806518
https://doi.org/10.1186/s12877-016-0241-2

Nohbaradar H et al.

Brieflands

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

12

Pavicic Zezelj S, Kendel Jovanovic G, Kresic G. The association
between the Mediterranean diet and high physical activity among
the working population in Croatia. Med Pr. 2019;70(2):169-76.
[PubMed ID: 30793709]. https://doi.org[10.13075/mp.5893.00773.

Feraco A, Gorini S, Camajani E, Filardi T, Karav S, Cava E, et al. Gender
differences in dietary patterns and physical activity: An insight with
principal component analysis (PCA). J Transl Med. 2024;22(1):1112.
[PubMed ID: 39696430]. [PubMed Central ID: PMCI1653845].
https:[/doi.org[10.1186/s12967-024-05965-3.

Alipour P, Azizi Z, Raparelli V, Norris CM, Kautzky-Willer A,
Kublickiene K, et al. Role of sex and gender-related variables in
development of metabolic syndrome: A prospective cohort study. Eur
] Intern  Med. 2024;121:63-75. [PubMed ID: 37858442].
https://doi.org/10.1016/j.€jim.2023.10.006.

Mazloomzadeh S, Khazaghi ZR, Mousavinasab N. The prevalence of
metabolic syndrome in Iran: A systematic review and meta-analysis.
Iranian ] Public Health. 2018;47(4):473.

Vasquez-Alvarez S, Bustamante-Villagomez SK, Vazquez-Marroquin G,
Porchia LM, Perez-Fuentes R, Torres-Rasgado E, et al. Metabolic Age,
an Index Based on Basal Metabolic Rate, Can Predict Individuals That
are High Risk of Developing Metabolic Syndrome. High Blood Press
Cardiovasc ~ Prev. 2021;28(3):263-70. [PubMed ID: 33666897].
https://doi.org/10.1007/s40292-021-00441-1.

Indreica ES, Badicu G, Nobari H. Exploring the Correlation between
Time Management, the Mediterranean Diet, and Physical Activity: A
Comparative Study between Spanish and Romanian University
Students. Int | Environ Res Public Health. 2022;19(5). [PubMed ID:
35270247]. [PubMed Central ID: PMC8909744].
https://doi.org/10.3390/ijerph19052554.

Je Y, Kim Y, Park T. Development of a self-assessment score for
metabolic syndrome risk in non-obese Korean adults. Asia Pac J Clin
Nutr. 2017;26(2):220-6. [PubMed ID: 28244698].
https://doi.org[10.6133/apjcn.012016.02.

Bakaloudi DR, Chrysoula L, Kotzakioulafi E, Theodoridis X,
Chourdakis M. Impact of the Level of Adherence to Mediterranean
Diet on the Parameters of Metabolic Syndrome: A Systematic Review
and Meta-Analysis of Observational Studies. Nutrients. 2021;13(5).
[PubMed ID: 33946280]. [PubMed Central ID: PMC8146502].
https://doi.org/10.3390/nu13051514.

Hershey MS, Sotos-Prieto M, Ruiz-Canela M, Christophi CA, Moffatt S,
Martinez-Gonzalez MA, et al. The Mediterranean lifestyle (MEDLIFE)
index and metabolic syndrome in a non-Mediterranean working
population. Clin Nutr. 2021;40(5):2494-503. [PubMed ID: 33932793].
https://doi.org[10.1016/j.clnu.2021.03.026.

Godos ], Zappala G, Bernardini S, Giambini I, Bes-Rastrollo M,
Martinez-Gonzalez M. Adherence to the Mediterranean diet is
inversely associated with metabolic syndrome occurrence: A meta-
analysis of observational studies. Int | Food Sci Nutr. 2017;68(2):138-48.
[PubMed ID: 27557591].
https://doi.org/10.1080/09637486.2016.1221900.

Tosti V, Bertozzi B, Fontana L. Health Benefits of the Mediterranean
Diet: Metabolic and Molecular Mechanisms. | Gerontol A Biol Sci Med
Sci. 2018;73(3):318-26. [PubMed ID: 29244059]. [PubMed Central ID:
PMC7190876]. https:|/doi.org/10.1093/gerona/glx227.

Storniolo CE, Casillas R, Bullo M, Castaner O, Ros E, Saez GT, et al. A
Mediterranean diet supplemented with extra virgin olive oil or nuts

44.

45.

46.

47.

48.

49.

50.

5L

52.

53.

54.

improves endothelial markers involved in blood pressure control in
hypertensive women. Eur | Nutr. 2017;56(1):89-97. [PubMed ID:
26450601]. https://doi.org/10.1007/s00394-015-1060-5.

Siri-Tarino PW, Chiu S, Bergeron N, Krauss RM. Saturated Fats Versus
Polyunsaturated Fats Versus Carbohydrates for Cardiovascular
Disease Prevention and Treatment. Annu Rev Nutr. 2015;35:517-43.
[PubMed ID: 26185980]. [PubMed Central ID: PMC4744652].
https://doi.org[10.1146/annurev-nutr-071714-034449.

Wang DD, Hu FB. Dietary Fat and Risk of Cardiovascular Disease:
Recent Controversies and Advances. Annu Rev Nutr. 2017;37:423-46.
[PubMed ID: 28645222]. https://doi.org/10.1146/annurev-nutr-071816-
064614.

Mirabelli M, Chiefari E, Arcidiacono B, Corigliano DM, Brunetti FS,
Maggisano V, et al. Mediterranean Diet Nutrients to Turn the Tide
against Insulin Resistance and Related Diseases. Nutrients.
2020;12(4). [PubMed ID: 32290535]. [PubMed Central ID:
PMC7230471]. https://doi.org/10.3390/nu12041066.

Sood S, Feehan J, Itsiopoulos C, Wilson K, Plebanski M, Scott D, et al.
Higher Adherence to a Mediterranean Diet Is Associated with
Improved Insulin Sensitivity and Selected Markers of Inflammation
in Individuals Who Are Overweight and Obese without Diabetes.
Nutrients. 2022;14(20). [PubMed ID: 36297122]. [PubMed Central ID:
PMC9608711]. https://doi.org[10.3390/nu14204437.

Park YM, Zhang J, Steck SE, Fung TT, Hazlett L], Han K, et al. Obesity
Mediates the Association between Mediterranean Diet Consumption
and Insulin Resistance and Inflammation in US Adults. J Nutr.
2017;147(4):563-71. [PubMed ID: 28298537]. [PubMed Central ID:
PMC5368583]. https://doi.org/10.3945[jn.116.243543.

Cani PD, Delzenne NM. The role of the gut microbiota in energy
metabolism and metabolic disease. Curr Pharm Des. 2009;15(13):1546-
58. [PubMed ID: 19442172]. https://doi.org/10.2174/138161209788168164.

Renninger M, Hansen BH, Steene-Johannessen ], Kriemler S, Froberg
K, Northstone K, et al. Associations between accelerometry measured
physical activity and sedentary time and the metabolic syndrome: A
meta-analysis of more than 6000 children and adolescents. Pediatr
Obes. 2020;15(1). e12578. [PubMed ID: 31709781]. [PubMed Central ID:
PMC7003500]. https://doi.org/10.1111/ijpo.12578.

Amin M, Kerr D, Atiase Y, Aldwikat RK, Driscoll A. Effect of Physical
Activity on Metabolic Syndrome Markers in Adults with Type 2
Diabetes: A Systematic Review and Meta-Analysis. Sports (Basel).
2023;11(5). [PubMed ID: 37234057). [PubMed Central ID:
PMC10222387]. https:[/doi.org[10.3390/sports11050101.

Cleven L, Dziuba A, Krell-Roesch |, Schmidt SCE, Bos K, Jekauc D, et al.
Longitudinal associations between physical activity and five risk
factors of metabolic syndrome in middle-aged adults in Germany.
Diabetol Metab Syndr. 2023;15(1):82. [PubMed ID: 37098550]. [PubMed
Central ID: PMC10131386]. https:[/doi.org[10.1186/s13098-023-01062-5.

Ahima RS. Overview of Metabolic Syndrome. Metabolic Syndrome.
2023. p. 3-14. https://doi.org[10.1007/978-3-031-40116-9_1.

Makiel K, Suder A, Targosz A, Maciejczyk M, Haim A. Effect of Exercise
Interventions on Irisin and Interleukin-6 Concentrations and
Indicators of Carbohydrate Metabolism in Males with Metabolic
Syndrome. | Clin Med. 2023;12(1). [PubMed ID: 36615169]. [PubMed
Central ID: PMC9820823]. https://doi.org/10.3390/jcm12010369.

Health Scope. 2025;14(2): 158725


https://brieflands.com/articles/healthscope-158725
http://www.ncbi.nlm.nih.gov/pubmed/30793709
https://doi.org/10.13075/mp.5893.00773
http://www.ncbi.nlm.nih.gov/pubmed/39696430
https://www.ncbi.nlm.nih.gov/pmc/PMC11653845
https://doi.org/10.1186/s12967-024-05965-3
http://www.ncbi.nlm.nih.gov/pubmed/37858442
https://doi.org/10.1016/j.ejim.2023.10.006
http://www.ncbi.nlm.nih.gov/pubmed/33666897
https://doi.org/10.1007/s40292-021-00441-1
http://www.ncbi.nlm.nih.gov/pubmed/35270247
https://www.ncbi.nlm.nih.gov/pmc/PMC8909744
https://doi.org/10.3390/ijerph19052554
http://www.ncbi.nlm.nih.gov/pubmed/28244698
https://doi.org/10.6133/apjcn.012016.02
http://www.ncbi.nlm.nih.gov/pubmed/33946280
https://www.ncbi.nlm.nih.gov/pmc/PMC8146502
https://doi.org/10.3390/nu13051514
http://www.ncbi.nlm.nih.gov/pubmed/33932793
https://doi.org/10.1016/j.clnu.2021.03.026
http://www.ncbi.nlm.nih.gov/pubmed/27557591
https://doi.org/10.1080/09637486.2016.1221900
http://www.ncbi.nlm.nih.gov/pubmed/29244059
https://www.ncbi.nlm.nih.gov/pmc/PMC7190876
https://doi.org/10.1093/gerona/glx227
http://www.ncbi.nlm.nih.gov/pubmed/26450601
https://doi.org/10.1007/s00394-015-1060-5
http://www.ncbi.nlm.nih.gov/pubmed/26450601
https://doi.org/10.1007/s00394-015-1060-5
http://www.ncbi.nlm.nih.gov/pubmed/26185980
https://www.ncbi.nlm.nih.gov/pmc/PMC4744652
https://doi.org/10.1146/annurev-nutr-071714-034449
http://www.ncbi.nlm.nih.gov/pubmed/28645222
https://doi.org/10.1146/annurev-nutr-071816-064614
https://doi.org/10.1146/annurev-nutr-071816-064614
http://www.ncbi.nlm.nih.gov/pubmed/32290535
https://www.ncbi.nlm.nih.gov/pmc/PMC7230471
https://doi.org/10.3390/nu12041066
http://www.ncbi.nlm.nih.gov/pubmed/36297122
https://www.ncbi.nlm.nih.gov/pmc/PMC9608711
https://doi.org/10.3390/nu14204437
http://www.ncbi.nlm.nih.gov/pubmed/28298537
https://www.ncbi.nlm.nih.gov/pmc/PMC5368583
https://doi.org/10.3945/jn.116.243543
http://www.ncbi.nlm.nih.gov/pubmed/19442172
https://doi.org/10.2174/138161209788168164
http://www.ncbi.nlm.nih.gov/pubmed/31709781
https://www.ncbi.nlm.nih.gov/pmc/PMC7003500
https://doi.org/10.1111/ijpo.12578
http://www.ncbi.nlm.nih.gov/pubmed/37234057
https://www.ncbi.nlm.nih.gov/pmc/PMC10222387
https://doi.org/10.3390/sports11050101
http://www.ncbi.nlm.nih.gov/pubmed/37098550
https://www.ncbi.nlm.nih.gov/pmc/PMC10131386
https://doi.org/10.1186/s13098-023-01062-5
https://doi.org/10.1007/978-3-031-40116-9_1
http://www.ncbi.nlm.nih.gov/pubmed/36615169
https://www.ncbi.nlm.nih.gov/pmc/PMC9820823
https://doi.org/10.3390/jcm12010369

