Metabolically Unhealthy Phenotype and Its
Determinants: A Population-based Study in
Southern Iran

Farhang Hooshmand', MD;
Vahid Rahmanian?, PhD;
Mohammad Shojaei’, MD;

Karamatollah Rahmanian®, MD

'Research Center for Non-
communicable Diseases, Jahrom
University of Medical Sciences,
Jahrom, Iran
2Department of Public Health, Torbat
Jam Faculty of Medical Sciences,
Torbat Jam, Iran
3Research Center for Social
Determinants of Health, Jahrom
University of Medical Sciences,
Jahrom, Iran

Correspondence:
Karamatollah Rahmanian, MD;
Research Center for Social
Determinants of Health, Jahrom
University of Medical Sciences,
Jahrom, Iran
Tel: +98 9173155578
Email: rahmaniank47@yahoo.com
Received: 10 April 2022
Revised: 09 May 2022
Accepted: 22 June 2022

Introduction

Abstract
Background: The overall prevalence of metabolically unhealthy
(MU) phenotype in Iranian adults is a matter of debate. This
study aimed to estimate the prevalence and determinants of
metabolically unhealthystate in people over 30 years old in the
general population in Southern Iran.
Methods: In this cross-sectional population-based study, 891
participants aged >30 were selected using a multi-stage cluster
sampling method. The study examined age, sex, education,
marital status, smoking behavior, weight, height, blood pressure,
fasting blood sugar, and lipid profiles. MU was defined as
the existence of at least two of four constituents of metabolic
abnormalities based on ATP III criteria. Data analysis was
carried out in Stata version 14. Finally, a logistic regression was
performed to identify the risk factors for MU prevalence.
Results: The overall prevalence of MU was 49.4%, corresponding
to 37.5%, 55.6%, and 60.2% of normal weight, overweight, and
obese participants, respectively. MU prevalence significantly
increased from 30.6% in participants aged 30-39 years to 69.7%
in participants aged 60 years or older. The results of multivariate
logistic regression showed that dyslipidemia (OR=2.98,
CI95%:2.13-4.16), high LDL (OR=2.73, C195%:1.77-4.20), obesity
(OR=2.83, C195%:1.84-4.36), overweight (OR=2.13, C195%:1.53-
2.98), and higher age (OR=1.04, C195%:1.03-1.05) was positively
associated with the MU state.
Conclusion: Metabolically unhealthy state is a public health
problem in the study area. In terms of public health, screening
for obesity and other metabolic disorders should be regularly
performed in clinical practice to take appropriate preventive
measures.
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Dyslipidemia

abnormalities are established on conditions to that of
the National Cholesterol Education Program Expert

One of the greatest global health problems is metabolic
abnormalities. Metabolic disorders such as metabolic
syndrome and dyslipidemia are corroborated to be
pertinent to the development of diabetes mellitus.
As used for defining metabolic syndrome, metabolic

Panel in Adults Adult Treatment Panel III.' These
conditions are comprised of fasting triglyceride, high-
density lipoprotein cholesterol (HDL-C), systolic and
or diastolic blood pressure, and fasting blood sugar
(FBS). Individuals with at least two of these disorders
are defined as metabolically unhealthy (MU) people.
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Results suggest that MU individuals have an increased
risk of diabetes mellitus and heart disease events or death
compared to participants with a metabolically healthy
(MH) state.>* The risk of cardiovascular disease events
and all-cause mortality are significantly elevated in MU
individuals in comparison to MH ones.’

In the study, 30291 Chinese individuals aged
20-99 years were surveyed, in which MU was detected
in 33.5% of the participants.’ Likewise, in another
study on 7632 participants aged 18-85 years and found
that 38.9% had MU. In another study (CODING
study) with 1907 participants aged 20-79 years, the
prevalence of MU was 39.1%.% However, a study
showed that among 2000 individuals,12.8% of had at
least two components of metabolic syndrome.’

In a study carried out on 1000 adults in the
Mazandaran province of Iran, the prevalence of MU
was found to be 69.2%.!° However, in another study in
Jahrom, Fars Province in southern Iran, 28.8% of the
participants aged 30 or older had metabolic syndrome."
In this area, the prevalence of hypertension and type 2
diabetes mellitus, as components of cardio-metabolic
risk factors, were 35.4% and 11.9%, respectively and
20% of pre-diabetes participants were obese.'*'* Other
components, such as hypertriglyceridemia and low
HDL, were 19.8% and 32.3% among men and 16.2%
and 51.3% in women, respectively."* According to the
prevalence of cardio-metabolic risk factors in previous
studies in the study area and the importance of early
detection of metabolic syndrome, this study was
performed. Therefore, this study aimed to estimate
the prevalence and associated factors of metabolically
unhealthy individuals aged 30 years or older.

Methods

Source of Data/Participants

This cross-sectional study was conducted using
data of a Jahrom heart study (JHS) among participants
aged 30-85 years old of the urban adult population, in
Jahrom, Fars province, southern Iran. In this survey,
1000 participants were selected using a multistage
cluster random sampling approach.® Given the
number of comprehensive urban health centers,
Jahrom was divided into three clusters, and three
health centers were randomly selected from each
cluster. In each health center, individuals aged from
30 to 85 years old were selected based on their health
records using simple random sampling. Demographic
and biochemical measures data were completed
for 891 participants. For the participants enrolled,
anthropometric quantities were obtained by a trained
physician. Height was determined to the nearest 0.1
cm with a stadiometer and weight was measured to the
nearest 0.1 kg on a portable Seca 700 (Seca, Germany).
Body mass index (BMI) was calculated as weight in
kilograms divided by the squared height in meters.

Blood pressure (BP) was measured on the right arm
after five minutes of resting in a seating position using
a mercury sphygmomanometer (Richter, Germany).
We measured systolic and diastolic BP twice at five-
minute intervals.

Participants were asked about their smoking status
(smoker, smoking at least one cigarette per week or
non-smoker). Levels of education were classified as
illiterate, secondary school to a diploma and university
graduates; meanwhile, marital status was categorized
as married or others (unmarried, widow, divorced).

After 8-10 hours of overnight fasting, 10cc
blood was taken from each subject by the trained
healthcare staff in a central laboratory (Paymanich
Hospital). Meanwhile, fasting blood glucose (FBS),
total cholesterol (TC), low-density lipoprotein (LDL),
high-density lipoprotein cholesterol (HDL), and
triglyceride (TG) were measured. TC and triglyceride
levels were determined by enzymatic techniques
using a Selectra E bio-chromatic analyzer. HDL and
LDL levels were measured after heparin-manganese
chloride precipitation of the other lipoproteins. Plasma
glucose levels were measured by the glucose oxidase
method. Remnant cholesterol was calculated by total
cholesterol — (HDL+LDL) and non-HDL cholesterol
by total cholesterol — HDL.

Measures

Normal weight was specified as BMI less than
25 kg/m?, overweight by 25 to <30 kg/m?, and
obese as >30kg/m? (21). In this study, we used the
components of the metabolic syndrome defined by IDF
(International Diabetes Federation) (23): BP>130/85
mmHg or received anti-hypertensive drugs (high
blood pressure); FBS>100 mg/dl or taking anti-diabetic
drugs (high FBS); TG>150mg/dl (high TG); and HDL
cholesterol<40mg/dl in men and <50 mg/dl in women
or taking fat-lowering drugs (low HDL). Participants
with 0—1 component of metabolic syndrome were
defined as metabolically healthy (MH) and those
with at least 2 components of metabolic syndrome
were defined as metabolically unhealthy (MU).
High blood pressure was defined as an SBP>140 mm
Hg or DBP>90 mm Hg, and/or the consumption of
antihypertensive medications. Diabetes was defined
as having fasting serum glucose equal to or greater
than 126 mg/dL through twice analysis or being
treated for diabetes. Hypercholesterolemia and
hypertriglyceridemia were considered as serum total
cholesterol (TC) and triglyceride of 240 and 200 mg/dl
or more or receiving lipid-lowering drugs as NCEEP,
ATP III, respectively.” Also, an LDL level of 160 mg/
dl or above was defined as high LDL. If at least one of
the serum levels of TG, TC, and LDL was equal to or
greater than 150, 200, and 130 mg/dl, respectively, and/
or HDL was less than 40 mg/dl, or if lipid-lowering
drugs were being used, it was defined as dyslipidemia.
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Table 1: Demographic, anthropometric, and cardio-metabolic factors among metabolically healthy and unhealthy participants

Variable MH MU P value
(n=451) (n=440)

Prevalence, frequency (percent) 451 (50.6) 440 (49.4) 0.72%

Age, year, mean (SD) 46.6 (12.8) 53.5(13.2) <0.001**

Sex, frequency (percent) 0.312*

Men 212 (52.5) 192 (47.5)

Women 239 (49.1) 248 (50.9)

Education, frequency (percent) <0.001*

Illiterate or primary school 170 (42.9) 226 (57.1)

Secondary school or diploma 196 (55.2) 159 (44.8)

University 85 (60.7) 55(39.3)

Marital status, frequency (percent) 0.037*

Married 413 (51.8) 384 (48.2)

Single, widowed or divorced 38 (40.4) 56 (59.6)

Smoking, frequency (percent) 0.211*

Yes 65 (56.0) 51 (44.0)

No 386 (49.8) 389 (50.2)

Body Mass Index group, frequency (percent) <0.001*

Normal weight 217 (62.5) 130 (37.5)

Overweight 170 (44.4) 213 (55.6)

Obesity 64 (39.8) 97 (60.2)

Hypertension, frequency (percent) <0.001*

Yes 74 (23.5) 241 (76.5)

No 377 (65.5) 199 (34.5)

Type 2 Diabetes Mellitus, frequency (percent) <0.001*

Yes 6(5.8) 98 (94.2)

No 445 (56.5) 342 (43.5)

Hypertriglyceridemia, frequency (percent) <0.001*

Yes 25 (10.5) 214 (89.5)

No 426 (65.3) 226 (34.7)

Hypercholesterolemia, frequency (percent) <0.001*

Yes 46 (22.8) 156 (77.2)

No 404 (58.8) 284 (41.2)

High LDL, frequency (percent) <0.001*

Yes 37 (20.8) 141 (79.2)

No 414 (58.1) 299 (41.9)

Dyslipidemia, frequency (percent) <0.001*

Yes 221 (38.2) 357 (61.8)

No 230 (73.5) 83 (26.5)

Body Mass Index, kg/m?, mean (SD) 25.6 (4.4) 272 (4.2) <0.001%**

Systolic BP, mmHg, mean (SD) 119.5 (16.5) 135.0 (19.5) <0.001%**

Diastolic BP, nmHg, mean (SD) 76.8 (10.9) 83.7 (10.8) <0.001%*

Fasting Blood Sugar, mg/dl, mean (SD) 84.8 (19.4) 111.9 (47.8) <0.001**

Triglyceride, mg/dl, mean (SD) 104.4 (59.9) 182.6 (96.6) <0.001%**

Total Cholesterol, mg/dl, mean (SD) 186.0 (37.2) 197.1 (43.0) <0.001**

Low Density Lipoprotein, mg/dl, mean (SD) 114.2 (29.9) 117.0 (33.8) 0.183%%*

High Density Lipoprotein, mg/dl, mean (SD) 50.8 (10.7) 44.9 (9.6) <0.001**

Remnant Cholesterol, mg/dl, mean (SD) 21.0 (10.2) 35.2 (19.9) <0.001%**

Non HDL Cholesterol, mg/dl, mean (SD) 135.2 (33.1) 152.2 (40.2) <0.001**

Triglyceride/HDL Ratio, mean (SD) 2.16 (1.38) 4.35(2.73) <0.001**

LDL/HDL Ratio, mean (SD) 2.31 (0.65) 2.68 (0.80) <0.001%**

Remnant Cholesterol/HDL Ratio, mean (SD) 0.43 (0.21) 0.84 (0.64) <0.001**

Metabolic Component, frequency (percent)

High Triglyceride 44 (9.8) 312 (70.9) <0.001*

Low HDL 109 (24.2) 272 (61.8) <0.001*

High Blood Pressure 117 (25.9) 328 (74.5) <0.001*

High Fasting Blood Sugar 24 (5.3) 220 (50.0) <0.001*

HDL: High Density Lipoprotein; MH: Metabolically Healthy; MU: Metabolically Unhealthy; BP: Blood pressure; HDL: high-density
lipoprotein; LDL: low-density lipoprotein; SD: Standard Deviation; *Chi-squared test; **Independent t-test; Significance level<0.05
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Statistical Analysis

Stata version 14 (Stata Corp LP, College Station,
TX) was used to analyze the data. Qualitative data are
presented as numbers and percentages; quantitative
data are reported as mean and standard deviation.
First, the Kolmogorov-Smirnov test was applied to
evaluate whether data had normal distribution or
not. Then, we compared the values of demographic,
anthropometric, and metabolic factors between MH
and MU participants according to the number of the
presence of any of the components by chi-square,
t-test- or one-way ANOVA tests. Binary logistic
regression analysis was performed to determine
the odds ratios at the 95% confidence interval for
the association between MU and anthropometry
and demographic features such as age, sex, marital
status, education level, smoking, BMI, BMI groups,
hypercholesterolemia, high LDL level, dyslipidemia,
remnant cholesterol, and non-HDL cholesterol with
cardio-metabolic risk factors (diabetes mellitus,
hypertension, hypertriglyceridemia, low HDL, TG/
HDL ratio, LDL/HDL ratio, and remnant-C/HDL
ratio) in model 1 and all variables except cardio-
metabolic factors in model 2. P-values less than 0.05
were considered statistically significant.

Results

In total, we selected 891 participants, of whom 45.3%
were men and 89.5% were married; furthermore, 15.7%,
39.8%, and 44.5% had an academic degree, secondary
school to diploma, and less than secondary school
education, respectively. The mean age of the participants
was 50.0+13.4 years.

MU obesity was determined in 49.4% of all
participants. They were older than MH participants
(Table 1). In individuals with lower education, MU
prevalence was higher than those with MH, while
in married individuals, MU prevalence was lower.
However, the MU was not different proportionate to

W Metabolically Healthy

69.7

545

45.5

30.3

sex and smoking status. BMI, SBP, DBP, FBS, TG,
total cholesterol, remnant-C, non-HDL-C, TG/HDL
ratio, LDL/HDL ratio, and remnant-C/HDL ratio were
significantly higher; on the other hand, HDL level was
lower in the MU group. Nevertheless, there was no
difference in the serum concentration of LDL between
MU and MH individuals. The obese and overweight
participants had a significantly higher prevalence of
MU than individuals with BMI 25 mg/kg?>. It was 4.6%
more obese than overweight participants (Table 1).

In participants with MU, the prevalence of
hypertension, diabetes, hypertriglyceridemia,
hypercholesterolemia, higher LDL, and dyslipidemia
was higher compared to individuals with MH. The
trend of age-specific prevalence in MU was seen, so
that the incidence of MU was 30.6% and 69.7% in
participants aged 30-39 and >60 years, respectively
(P=0.001) (Figure 1). Most participants had one,
followed by two abnormal metabolic components;
however, simultaneous occurrence of four components
had the lowest frequency. The imperative result
related to frequency was the fact that only 17.7% of
participants had no abnormal metabolic component.
The mean age and BMI had a positive correlation with
the number of abnormal metabolic components; that
is, the more BMI and mean age, the more abnormal
metabolic components. The metabolically unhealthy
components (MUC) significantly increased with the
number of MUC in participants (P<0.001). Among
the participants with one and two MUC, high blood
pressure and high FBS were the most and the least
common components, respectively. However, for
participants with three MUC, these were high TG
and high FBS, respectively (Table 2).

Age, sex, marital status, education,
hypercholesterolemia, high LDL level, dyslipidemia,
BMI, overweight and obesity, hypertension,
diabetes mellitus, hypertriglyceridemia, and low
HDL level were associated with MU. However,
sex and smoking were not associated with MU

O Metabolically Unhealthy
69.4

53.5
46.5

30.6

> 60 year 50-59 year

40-49 year 30-39 year

Figure 1: Prevalence (%) of metabolically healthy status by age.
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Table 2: Comparison of the number of MH abnormality according to the demographic variable and cardio-metabolic risk factors among

the participants

Number of abnormal Metabolic 0 factor 1 factor 2 factor 3 factor 4 factor P value
components (n=158) (n=293) (n=231) (n=165) (n=44)

Prevalence, frequency (percent) 158 (17.7) 293 (32.9) 231 (26.0) 165 (18.5) 44 4.9) -

Age, Year, mean (SD) 454 (11.4) 47.2 (13.4) 52.0(13.4) 54.0 (12.6) 58.61 (13.4) <0.001*
BMI, kg/m?, mean (SD) 25.1 4.3) 25.8 (4.5) 26.8 (4.2) 27.7 (4.1) 27.7 (4.9) <0.001*
MU Components: frequency (percent)

High blood pressure - 117 (39.9) 151 (65.4) 133 (80.6) 44 (100.0) <0.001**
High FBS - 24 (8.2) 71 (30.7) 105 (63.6) 44 (100.0) <0.001**
High TG - 43 (14.7) 123 (53.2) 146 (88.5) 44 (100.0) <0.001**
Low HDL - 109 (37.2) 117 (50.6) 111 (67.3) 44 (100.0) <0.001**

BMI: Body Mass Index; FBS: Fasting Blood Sugar; HDL: High Density Lipoprotein; MU: Metabolically Unhealthy; SD: Standard
Deviation; TG: Triglyceride; MH: Metabolically Healthy; -: Not applicable; *One-way ANOVA, ** Chi-squared test, significance

level<0.05

Table 3: Crude and Adjusted Odds Ratio of study variables for MU participants

Variables Crude Odds Ratio (OR) Adjusted OR
Model 1 Model 2

OR (CI95%) p* OR (CI95%) p** OR (CI95%) )
Age 1.04 (1.03-1.05) <0.001 1.03 (1.02-1.05)  <0.001 1.04 (1.03-1.05) <0.001
Sex, female 1.15 (0.88-1.49) 0.312 0.61 (0.39-0.95)  0.030 1.06 (0.77-1.45) 0.738
Marital status, married 0.63 (0.41-0.97) 0.038 0.99 (0.48-2.08)  0.996 0.71 (0.43-1.18) 0.185
Educate, primary and illiterate Ref - Ref - Ref -
Secondary to diploma 0.49 (0.33-0.72) <0.001 0.95 (0.51-1.80)  0.880 0.91 (0.57-1.45) 0.691
University 0.61 (0.46-0.81) 0.001 1.07 (0.64-1.80)  0.794 1.05 (0.73-1.51) 0.793
Smoker 0.78 (0.53-1.15) 0.212 0.93 (0.48-1.81)  0.834 1.00 (0.63-1.60) 0.997
Hypercholesterolemia 4.84 (3.37-6.95) <0.001 1.43 (0.73-2.78)  0.295 1.50 (0.77-2.94) 0.234
High LDL cholesterol 5.28 (3.57-7.80) <0.001 1.13 (0.45-2.86)  0.797 2.73 (1.77-4.20) <0.001
Dyslipidemia 4.48 (3.31-6.05) <0.001 1.54 (0.99-2.42)  0.058 2.98 (2.13-4.16) <0.001
BMI, Normal weight Ref - Ref - Ref -
Overweight 2.10 (1.56-2.81) <0.001 2.25(1.43-3.54)  <0.001 2.13 (1.53-2.98) <0.001
Obese 2.53 (1.73-3.71) <0.001 2.59 (1.43-4.70)  0.002 2.83 (1.84-4.36) <0.001
Hypertension 4.75 (3.46-6.51) <0.001 11.9 (6.9-20.6) <0.001 - -
Diabetes mellitus 21.3(9.2-49.0) <0.001 347 (12.1-99.5)  <0.001 - -
Hypertriglyceridemia 16.1 (10.3-25.2) <0.001 21.9 (11.4-42.3)  <0.001 - -
Low HDL-cholesterol 5.08 (3.81-6.78) <0.001 23.6 (13.5-41.3)  <0.001 - -

BMI: Body Mass Index; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; Ref: Reference group; OR: Odds Ratio; MU:
Metabolically Unhealthy, -: Not applicable; *Univariate logistic regression; **Multivariable logistic regressions; Significance level<0.05.
Variables entered in Model 1: age, sex, marital status, education level, smoking, BMI, hypercholesterolemia, high LDL level, dyslipidemia,
remnant cholesterol, and non-HDL cholesterol with cardio-metabolic risk factors (diabetes mellitus, Hypertension, hypertriglyceridemia,
low HDL, TG/HDL ratio, LDL/HDL ratio, and remnant-C/HDL ratio). Variables entered in Model 2: age, sex, marital status, education
level, smoking, BMI, hypercholesterolemia, high LDL level, dyslipidemia, remnant cholesterol, and non-HDL cholesterol.

obesity. Among them, diabetes mellitus (OR: 21.3,
95%CI: 9.2-49.0, P<0.001) and hypertriglyceridemia
(OR: 16.1, 95%CI: 10.3-25.2, P<0.001) were the
strongest predictor of MU, respectively. In model
1, we entered all the variables mentioned above.
Adjusted OR was significantly different in age, sex,
overweight and obesity, HTN, diabetes mellitus,
hypertriglyceridemia, and low HDL. The estimated
risk of MU status was the highest in participants with
diabetes mellitus (OR: 34.7, P<0.001), low HDL (OR:
23.6, P<0.001), and hypertriglyceridemia (OR: 21.9,
P<0.001), respectively. In model 2, that is, without
MUC, the most imperative factor was dyslipidemia
(OR: 2.98, P<0.001), obesity (OR: 2.83, P<0.001),
and high LDL (OR: 2.73, P<0.001), respectively
(Table 3).

Discussion

In this study, MU prevalence was 49.4%. This prevalence
increased with increasing age. Consequently, 37.5%,
55.6%, and 60.2% of normal weight, overweight,
and obese participants were metabolically unhealthy,
respectively. The robust risk factors for the development
of MU were dyslipidemia, obesity, high LDL level,
overweight, and age.

Dyslipidemia, obesity, and high LDL level were
the most significant risk factors associated with the
metabolically unhealthy state. In a study performed
on the Korean population, male sex, current smoker,
higher age, and lower education were associated with
the higher risk of metabolically unhealthy obesity in
participants with BMI>25.0 kg/m?."® In another study,
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higher age and dyslipidemia were determinants of
metabolically unhealthy status in obese individuals.'s
In overweight/obese participants, the relationship
between metabolically unhealthy status and different
items, including older age, female sex, and abnormal
waist circumference were found in another study.'
It seems that lifestyles like low physical activity,
inappropriate nutritional behaviors and consumption
of high-fat foods are germane to creating this result,
which has also been mentioned in comparative studies.

MU prevalence in this study was lower than the
study conducted in Iranian adult population (49.4%
vs. 69.2%)."° From 10 cohort studies across Europe,
the authors found a high prevalence of MU in obese
participants in the Dilgom’s study in Finland (71.6%)
and the lowest in the Chris’s study in Italy (40.0)."”
Meanwhile, in the Coding’s study, the prevalence was
39.1%,? which was lower than our result. In another
descriptive study, 25.0% of individuals over 20 years
and 38.9% of those aged 18-85 years had metabolic
syndrome and >2 abnormal metabolic components of
metabolic syndrome, respectively.” '® Prevalence of
pre-metabolic syndrome (having two of five metabolic
components) was 29.4% for U.S individuals.?
However, in Nigeria, 12.9% of the participants aged
18-64 years had at least two metabolic components
of metabolic syndrome.’ These findings indicated a
wide variation in the prevalence of MH and MU. This
variation is more likely due to the variety in definitions
of metabolic disorder and the use of different metabolic
abnormality criteria (such as CDS, ATP III, Wildman,
Karelis and Homa), revealing the fact that the results
amongst studies were not comparable.

Our result showed that the prevalence of MU
and MH in obese participants was 60.2% and 39.8%,
respectively although it was 62.5% for MH in normal
weight. In one study reported that 74.5% of obese
participants were MU, while 36.0 of normal-weight
participants were MH.?' The China Hypertension
Survey indicated that 46.6% of abnormal-weight
individuals (overweight and obese) had the MU
status.?

In an obese population with no metabolic
abnormalities, better fitness with 30 to 50 percent
lower mortality than obese peers with these risk
factors was observed.? This risk difference suggests
that there may be a heterogeneous risk profile among
obese individuals. Thus, a subset of obesity is defined
as healthy metabolic obesity (MHO), including obese
individuals who appear to be protected against obesity-
related metabolic complications and do not have a
set of cardiac metabolic abnormalities. Conversely,
obesity with metabolic risk factors is called unhealthy
metabolic obesity (MUQO). MHOs include people
possessing large amounts of fat mass or body weight
but displaying healthy metabolic characteristics.
Therefore, it is referred to as a benign disease.?*

The higher prevalence of metabolic unhealthiness
(MU) was found to be associated with older age.
Previous studies have also observed a significant
variation in obesity prevalence across different age
groups. A follow-up study conducted in England
revealed that 44.5% of individuals initially classified
as metabolically healthy (MH) were transitioned
into MU within eight years, suggesting that MH is
a temporary state. This observation supports the
notion that the increasing susceptibility to MU with
advancing age in our study can be explained by this
phenomenon. In obese individuals, MU prevalence
increased under 65 years of age and then declined.!
However, a study suggested that the prevalence of
having at least two components of the metabolic
syndrome had no particular trend based on age group.’
In normal-weight and overweight/obese individuals,
the mean age of MU was significantly higher than
the MH state.!” All these results indicate the effect of
aging on different body systems in the development
of metabolic syndrome.

Individuals with MU, with and without
anthropometric abnormality, had an increased
risk of cardiovascular disease, liver disorder, and
diabetes.?? In a VMCUN study, diabetes mellitus
incidence was higher in unhealthy participants (one
or more risk factors) compared to healthy ones.* It
showed that the risk of cardiovascular disease was
1.27 times higher in participants older than 55 years
who had metabolic syndrome than individuals without
metabolic syndrome.*' In a 7.43-year follow-up study
on participants aged more than 20 years, the risk of
ischemic stroke was 1.4%. It significantly increased
the MU in normal-weight and obese participants
compared to the MH groups.*

Strengths and Limitations

The strengths of this study were a well-defined
study with large sample size. Findings were compared
between males, females and other groups. However,
the study had several limitations as well. First, owing
to differences in the definition of the MU state, it is
difficult to compare our findings with other studies.
Second, BMI was not considered in the analysis due
to the lack of data. Also, we did not use lifestyle and
food data that could affect cardio-metabolic risk
factors. Third, due to the nature of the cross-sectional
design of the study, causal relationships could not be
determined clearly.

Conclusions

The results of this study showed that MU was a
public health problem in the study area. Higher age,
dyslipidemia, and high LDL were significantly associated
with MU states. In terms of public health, it would be
better to screen for obesity and other metabolic disorders
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in clinical practice to establish suitable preventive
strategies. Furthermore, in the scope of public health
policies, the allocation of the national budget for planning
eligible strategies in order to determine and identify
suitable programs to prevent and treat these risk factors
is proposed. These strategies can increase the general
health condition of the community and reduce the costs
of its complications.
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The ethical considerations of the study entailing
the required information regarding the research
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were subsequently examined. The study protocol was
consistent with the ethical principles of the Helsinki
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