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Abstract
Background  Regarding the rapidly increasing prevalence of obesity throughout the globe, it remains a serious public health 
concern. A subgroup of obesity that does not meet metabolic syndrome criteria is called metabolically healthy obesity 
(MHO). However, whether the MHO phenotype increases cardiovascular disease (CVD) risk is controversial. This study 
aimed to evaluate the prevalence of MHO and its 10-year CVD risk in Iranian populations.
Methods  Based on the STEPS 2021 project in Iran, we collected data on 18119 Iranians 25 years and older from all 31 
provinces after applying many statistical factors. Using the Framingham score, we evaluated the 10-year cardiovascular risk 
associated with the various MHO definition criteria for Iranian populations.
Results  The prevalence of MHO was 6.42% (5.93—6.91) at the national level according to the AHA-NHLBI definition, and 
23.29% of obese women and 24.55% of obese men were classified as MHOs. Moreover, the MHO group was younger than 
the metabolically unhealthy obesity (MUO) group based on all definitions (p < 0.001). The odds ratio of MUO individuals 
being classified as high-risk individuals by the Framingham criteria for CVD was significantly higher than that of MHO 
individuals by all definitions, with a crude odds ratio of 3.55:1 based on AHA-NHLBI definition.
Conclusion  This study reveals a significant prevalence of MHO in the Iranian population, with approximately 25% of obese 
individuals classified as MHO. While MHO is associated with a lower risk of cardiovascular disease compared to MUO, 
MHO carries the potential for transitioning to an unhealthy state.

Keywords  Cardiovascular diseases · Metabolic syndrome · Obesity · Public health · World Health Organization

Introduction

The prevalence of obesity is rapidly increasing worldwide, 
posing a significant public health concern [1]. The World 
Health Organization (WHO) estimates that 1.9 billion 
individuals are overweight or obese, with 650 million of 
whom are classified as obese [1]. This trend is observed 
in both developed and developing countries [2, 3]. The 

Iranian population's recent adoption of sedentary lifestyles 
and rapid westernization of nutrition habits may led to the 
recent increase in overweight and obesity [4].  A review 
study performed in Iran found that 24.1% of adults over the 
age of 50 are obese [5]. Obesity has been shown to be a 
predisposing factor for a variety of physical and psychologi-
cal comorbidities, including cardiovascular disease (CVD), 
type 2 diabetes mellitus, sleep apnea, hypertension, specific 
cancers, hyperlipidemia, non-alcoholic fatty liver, and gall 
bladder disease, depression, and anxiety [6–9]. CVD is the 
leading cause of mortality among obese persons [10]. Since 
obesity has become a global epidemic, it has led to enor-
mous financial burdens on healthcare systems. Obesity is 
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estimated to be responsible for 0.7% to 2.8% of the total 
country’s medical costs [11].

Metabolically healthy obesity (MHO) is a new term that 
refers to a subgroup of individuals who are obese (BMI ≥ 30 
kg/m) but do not meet metabolic syndrome criteria [12]. How-
ever, there is currently no consensus on the precise definition 
of MHO. In the majority of studies, MHO is described as 
obese individuals who have two or more of the metabolic syn-
drome criteria, including hypertension, high plasma triglyc-
erides, low plasma HDL, high fast blood sugar, and a large 
waist circumference [13]. MHO prevalence estimates vary 
from 10 to 51% across the countries according to Rey-López 
et al.'s systematic review using ATP III, IDF, and the homeo-
stasis model of assessment of insulin resistance (HOMA-IR) 
[14]. It is important to note that MHO is not a benign condi-
tion and has been associated with a variety of serious chronic 
diseases like CVD, high blood pressure, type 2 diabetes, 
chronic kidney disease, and certain kinds of cancer and has 
the potential to progress into an unhealthy state [15]. How-
ever, the association between the MHO phenotype and the risk 
of CVD remains a topic of controversy [12]. In this regard, 
several investigations have shown that MHO participants do 
not have an elevated risk of CVD as compared to unhealthy 
metabolically obese individuals [16, 17]. For instance, results 
of a 15.9-year follow-up study conducted by Farhad H et al., 
showed that CVD events did not increase among MHO phe-
notypes [18]. On the other hand, some investigations have 
shown that MHO persons are more likely to develop CVD 
events and die than metabolically healthy normal-weight 
(MHNW) adults [19–21]. Hinnouho G et al. performed a 
17-year follow-up cohort study and discovered that both the 
MHO and MUO phenotypes had an increased risk for CVD 
[21]. These contradictory findings are due to differences in 
MHO definitions, follow-up period, research methodologies, 
and the population for whom the study was designed [22].

Accordingly, the purpose of this study was to assess the 
prevalence of MHO among Iranian populations using dif-
ferent metabolic syndrome criteria and the 10-year risk of 
developing CVD among these individuals using Framing-
ham risk models.

Method and materials

Study overview and design

This study uses STEPwise approach of WHO to surveillance 
(STEPS). STEPS is a standardized and unified monitoring 
system implemented by WHO that enables participating 
nations to gather, evaluate, and disseminate crucial health 
data [23]. This survey was cross-sectional research con-
ducted at the national scale in all provinces of Iran.

Study population

This study utilized individual data from the STEPS 2021 
project. Candidates were selected using a cluster random 
selection method to be representative of Iranians 18 years 
and older from all 31 provinces in Iran, based on both 
urban and rural locations. The included population was 
evaluated for demographics, metabolic, and behavioral 
risk factors using questionnaires, anthropometry, and lab-
oratory tests. People with mental disorders who may not 
be able to answer the questionnaires, people with physi-
cal limitations that prevent anthropometry measurement, 
pregnant women, and those unable to provide laboratory 
samples were excluded from the study. Participants pro-
vided informed consent and agreed to participate in the 
study. For STEPS 2021, Iranians aged 18 or older who 
lived in Iran at the time of data collection were eligible 
to participate. Consequently, 3176 data collection clus-
ters were created. After applying many statistical factors, 
28821 persons were included in the data collection. There 
were 947 people who declined the survey or were unable 
to be enlisted. In accordance with the WHO STEPwise 
approach to risk factor surveillance, sampling and exami-
nation processes were conducted by trained experts. Using 
the latest standard version of the WHO questionnaire (ver-
sion 3.2), 27,874 participants completed the questionnaire 
(step 1). In accordance with WHO criteria, trained health-
care experts measured the height, weight, waist circumfer-
ence, hip circumference, blood pressure, and pulse rate 
of 27,745 participants (step 2). To target NCDs' risk fac-
tors through biochemical blood and urine tests, laboratory 
measurements were taken on participants aged 25 years or 
older, a total of 18,119 individuals (step 3). The complete 
report of Iran STEPS 2021 provides detailed information 
about the survey [24].

Variables

To define MHO, we used metabolic syndrome criteria, 
including blood pressure, lipids (mostly HDL and triglyc-
erides), glycemia (fasting blood sugar), and other biologi-
cal data like waist circumference. Supplementary Table 1 
presents details on the seven criteria used to define MHO: 
National Cholesterol Education Adult Treatment Panel 
III (ATP III) [25], the International Diabetes Federation 
(IDF) [26], the American Heart Association/National 
Heart, Lung, and Blood Institute (AHA-NHLBI) [27], the 
Joint Interim Statement (JIS) [28], Meigs [29], Regional 
IDF and Regional JIS [30]. Iran's National Committee on 
obesity recommended that ethnicity-specific values be 
applied to the IDF and JIS definitions of obesity which 
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have separate cutoffs for waist circumference (WC) called 
Regional IDF and Regional JIS, respectively [30].

The data of variables used to estimate the cardiovascu-
lar risk associated with each definition. We evaluated the 
demographic and clinical parameters by seven criteria. In 
the laboratory, serum total cholesterol, high-density lipo-
protein cholesterol (HDL-C), triglycerides, creatinine, ala-
nine transaminase (ALT), blood urea nitrogen (BUN), whole 
blood HbA1c, fasting plasma glucose, and urine sodium, 
potassium, and creatinine were measured using an auto-
analyzer (Roche-Hitachi Cobas C311, High–Technologies 
Corporation, Tokyo, Japan) approved by the reference labo-
ratory [24]. Overweight is considered as a 25 ≤ BMI < 30 kg/
m2; Obesity is defined as a BMI ≥ 30 kg/m2; hypertension is 
described as a systolic blood pressure of 140 mmHg and/or 
a diastolic blood pressure of 90 mmHg; and increased blood 
glucose/diabetes is characterized as a fasting blood sugar 
of 126 mg/dl OR a HbA1c of 6.5 percent. Age, sex, local 
residency, province, family history of diabetes, and variables 
were also included. The estimated glomerular filtration rate 
(eGFR) was calculated using patients' age, sex, and serum 
creatinine. We measured urine albumin using Prestige pre-
mium 24i.

We assessed the 10-year cardiovascular risk associated 
with MHO, metabolically unhealthy obesity (MUO), and 
metabolically healthy non-obese (MHNW) individuals based 
on various metabolic syndrome criteria using the Framing-
ham score. The Framingham Risk Score, provided by the 
American Heart Association and the American College of 
Cardiology, is a widely used multifactor system that esti-
mates an individual's likelihood of experiencing a cardio-
vascular event, such as a heart attack or stroke, within the 
next 10 years, considering variables including age, sex, total 
cholesterol, HDL, systolic blood pressure, and smoking hab-
its. Based on the Framingham Score, high cardiovascular 
risk is considered to be greater than or equal to 20% [31, 32].

Statistical analysis

In the present study, we estimated the prevalence of MHO in 
6 age groups, 25–34, 35–44, 45–54, 55–64, 65–74, and ≥ 75 
among all definitions. After finalizing the survey data, vari-
ables and outcomes for MHO were defined using the above 
criteria. In this descriptive analysis, the frequency of MHO 
prevalence was reported, along with the respective 95% CI 
or p-value. To compare districts, CI was employed as it sug-
gests a non-significant difference in a variable. Furthurmore, 
we used model's odds ratios (OR) and 95% confidence inter-
vals (CI). The response variables were reported in binary 
form, using a logistic regression model. For reporting the 
results of the analysis, we established a reference category 
and then compared a second category to the reference. The 
model was adjusted for age, physical activity, area, school 

years, wealth index, and current cigarette smoking. We used 
logistic regression models to estimate crude and adjusted 
ORs and stratified the results by BMI categories and health 
status to study associations between metabolic health status 
and high cardiovascular risk (Framingham score ≥ 20%). 
Within each BMI category, we considered the metaboli-
cally healthy group to be the reference group. All statistical 
analyses were performed with the STATA software version 
14 (STATA Corp., College Station, Texas, USA) and R sta-
tistical package for Windows version 4.1.2 (https://​cran.r-​
proje​ct.​org). Two-tailed P values of 0.05 were considered 
statistically significant.

Ethical consideration

The ethical committee of the Tehran University of Medical 
Sciences approved this study under code IR.TUMS.NIHR.
REC.1398.006. All authors protect the data of recruited par-
ticipants. No individual data is reported; results are based 
only on statistical modeling. Participants provided informed 
consent in the original survey, Iran STEPS 2021.

Results

A total of 18,119 volunteers participated in the STEPS study 
2021, with 10,293 (56.80%) females and 7,826 (43.20%) 
males aged over 25 years completing the questionnaires and 
laboratory tests.

Prevalence

Among obese individuals, 23.29% of women and 24.55% of 
men met the criteria for MHO based on the AHA-NHLBI 
definition. At the national level, the RIDF definition yielded 
the highest prevalence of MHO in both sexes with 7.93% 
(7.35—8.51), whereas the JIS definition yielded the low-
est prevalence with 6.22% (5.73—6.71). (Supplementary 
Table  3) However, based on AHA-NHLBI criteria, the 
prevalence of MUO was 14.45% (13.72–15.18) for women 
and 6.24% (5.71–6.77) for men. In all criteria, MUO is more 
prevalent in women than in men. (Table 1).

The highest prevalence of MHO within AHA-NHLBI cri-
teria among both sexes across the provinces was in Bush-
ehr province which was 8.98% (6.46—11.51), whereas the 
lowest prevalence was in Sistan and Baluchistan within all 
definitions (3.56% (1.97—5.15) in AHA-NHLBI). Based 
on the definition of AHA-NHLBI, the prevalence of MHO 
is mostly concentrated in Bushehr province, West Azerbai-
jan province, Ilam, Kurdistan, Khuzestan, Kohgiluyeh and 
Boyer-Ahmad, Zanjan, and Kermanshah, all located in west-
ern Iran. (Supplementary Table 3).

https://cran.r-project.org
https://cran.r-project.org


884	 Journal of Diabetes & Metabolic Disorders (2024) 23:881–893

1 3

Ta
bl

e 
1  

P
re

va
le

nc
e 

of
 o

be
si

ty
 p

he
no

ty
pe

 b
as

ed
 o

n 
di

ffe
re

nt
 c

rit
er

ia
 d

iv
id

ed
 b

y 
se

x

1  M
et

ab
ol

ic
al

ly
 h

ea
lth

y 
ob

es
ity

2  M
et

ab
ol

ic
al

ly
 u

nh
ea

lth
y 

ob
es

ity
3  A

m
er

ic
an

 H
ea

rt 
A

ss
oc

ia
tio

n/
N

at
io

na
l H

ea
rt,

 L
un

g,
 a

nd
 B

lo
od

 In
sti

tu
te

 (A
H

A
/N

H
LB

I)
4  A

du
lt 

Tr
ea

tm
en

t P
an

el
 II

I (
A

TP
 II

I)
5  Jo

in
t I

nt
er

im
 S

ta
te

m
en

t (
JI

S)
6  R

eg
io

na
l J

IS
 (R

JI
S)

7  In
te

rn
at

io
na

l D
ia

be
te

s F
ed

er
at

io
n 

(I
D

F)
8  R

eg
io

na
l I

D
F

O
be

si
ty

 p
he

no
ty

pe
A

H
A

-N
H

LB
I3

A
TP

 II
I4

JI
S5

R
JI

S6
ID

F7
R

ID
F8

M
ei

gs

B
M

I <
 25

, H
ea

lth
y,

 M
al

e
14

.0
6 

(1
3.

37
–1

4.
76

)
14

.5
3 

(1
3.

82
–1

5.
23

)
11

.9
4 

(1
1.

31
–1

2.
58

)
13

.3
5 

(1
2.

67
–1

4.
03

)
15

.5
6 

(1
4.

84
–1

6.
28

)
15

.9
 (1

5.
16

–1
6.

64
)

14
.4

4 
(1

3.
74

–
15

.1
4)

B
M

I <
 25

, H
ea

lth
y,

 
Fe

m
al

e
10

.8
4 

(1
0.

23
–1

1.
46

)
11

.1
9 

(1
0.

57
–1

1.
82

)
11

.3
 (1

0.
67

–1
1.

93
)

11
.6

8 
(1

1.
04

–1
2.

32
)

10
.0

5 
(9

.4
5–

10
.6

5)
13

.8
3 

(1
3.

14
–1

4.
52

)
11

.0
8 

(1
0.

46
–

11
.7

1)
B

M
I <

 25
, U

nh
ea

lth
y,

 
M

al
e

3.
86

 (3
.4

3–
4.

29
)

3.
39

 (2
.9

8–
3.

81
)

5.
98

 (5
.4

5–
6.

5)
4.

57
 (4

.1
1–

5.
03

)
2.

36
 (1

.9
9–

2.
74

)
2.

02
 (1

.6
9–

2.
35

)
3.

48
 (3

.0
7–

3.
89

)

B
M

I <
 25

, U
nh

ea
lth

y,
 

Fe
m

al
e

4.
26

 (3
.8

4–
4.

68
)

3.
91

 (3
.5

–4
.3

2)
3.

8 
(3

.4
–4

.2
)

3.
42

 (3
.0

3–
3.

81
)

5.
06

 (4
.6

–5
.5

1)
1.

27
 (1

.0
3–

1.
52

)
4.

02
 (3

.6
–4

.4
4)

25
 <

  =
 B

M
I <

 30
, 

H
ea

lth
y,

 M
al

e
9.

21
 (8

.6
1–

9.
81

)
9.

95
 (9

.3
3–

10
.5

6)
5.

85
 (5

.3
5–

6.
34

)
7.

09
 (6

.5
5–

7.
62

)
8.

36
 (7

.7
8–

8.
95

)
8.

94
 (8

.3
4–

9.
53

)
9.

65
 (9

.0
4–

10
.2

6)
25

 <
  =

 B
M

I <
 30

, 
H

ea
lth

y,
 F

em
al

e
9.

85
 (9

.1
8–

10
.5

3)
10

.6
7 

(9
.9

8–
11

.3
6)

10
.6

7 
(9

.9
8–

11
.3

6)
11

.7
 (1

0.
98

–1
2.

42
)

8.
64

 (8
.0

3–
9.

25
)

14
.5

5 
(1

3.
78

–1
5.

32
)

10
.3

9 
(9

.7
–

11
.0

7)
25

 <
  =

 B
M

I <
 30

, 
U

nh
ea

lth
y,

 M
al

e
9 

(8
.3

8–
9.

63
)

8.
26

 (7
.6

5–
8.

87
)

12
.3

6 
(1

1.
66

–1
3.

07
)

11
.1

2 
(1

0.
44

–1
1.

8)
9.

85
 (9

.2
1–

10
.4

9)
9.

27
 (8

.6
4–

9.
9)

8.
56

 (7
.9

4–
9.

18
)

25
 <

  =
 B

M
I <

 30
, 

U
nh

ea
lth

y,
 F

em
al

e
11

.8
1 

(1
1.

17
–1

2.
44

)
10

.9
9 

(1
0.

37
–1

1.
61

)
10

.9
9 

(1
0.

37
–1

1.
6)

9.
96

 (9
.3

8–
10

.5
3)

13
.0

2 
(1

2.
32

–1
3.

71
)

7.
11

 (6
.6

2–
7.

6)
11

.2
7 

(1
0.

65
–

11
.9

)
30

 <
  =

 B
M

I, 
H

ea
lth

y,
 

M
al

e 
(M

H
O

1 )
2.

03
 (1

.7
2–

2.
34

)
2.

29
 (1

.9
5–

2.
62

)
1.

63
 (1

.3
5–

1.
92

)
1.

75
 (1

.4
5–

2.
04

)
1.

99
 (1

.6
6–

2.
32

)
2.

01
 (1

.6
8–

2.
34

)
2.

16
 (1

.8
3–

2.
48

)

30
 <

  =
 B

M
I, 

H
ea

lth
y,

 
Fe

m
al

e 
(M

H
O

)
4.

39
 (4

–4
.7

7)
4.

97
 (4

.5
6–

5.
37

)
4.

58
 (4

.1
8–

4.
99

)
4.

95
 (4

.5
2–

5.
38

)
4.

34
 (3

.9
6–

4.
73

)
5.

92
 (5

.4
3–

6.
41

)
4.

72
 (4

.3
2–

5.
12

)

30
 <

  =
 B

M
I, 

U
nh

ea
lth

y,
 

M
al

e 
(M

U
O

2 )
6.

24
 (5

.7
1–

6.
77

)
5.

98
 (5

.4
6–

6.
5)

6.
63

 (6
.0

9–
7.

18
)

6.
52

 (5
.9

9–
7.

06
)

6.
28

 (5
.7

6–
6.

79
)

6.
26

 (5
.7

4–
6.

78
)

6.
11

 (5
.5

9–
6.

63
)

30
 <

  =
 B

M
I, 

U
nh

ea
lth

y,
 

Fe
m

al
e 

(M
U

O
)

14
.4

5 
(1

3.
72

–1
5.

18
)

13
.8

7 
(1

3.
15

–1
4.

59
)

14
.2

5 
(1

3.
53

–1
4.

97
)

13
.8

8 
(1

3.
17

–1
4.

59
)

14
.4

9 
(1

3.
76

–1
5.

22
)

12
.9

2 
(1

2.
24

–1
3.

59
)

14
.1

2 
(1

3.
39

–
14

.8
4)



885Journal of Diabetes & Metabolic Disorders (2024) 23:881–893	

1 3

Within almost all definitions, Alborz province had the 
highest prevalence of MHO among males (8.09% (0.19—
15.99) in JIS). However, the lowest male prevalence of 
MHO was in Ardebil over approximately all definitions 
(1.75% (0.08—3.41) in AHA-NHLBI). (Supplementary 
Table 5) Furthermore, the highest prevalence of MHO 
among females was found in the west Azerbaijan prov-
ince across most definitions (e.g., 11.48% (7.49—15.48) 
in AHA-NHLBI), while almost all criteria showed Yazd 
province to have the lowest prevalence of MHO among 
females (2.8% (0.21—5.4) in AHA-NHLBI). (Supple-
mentary Table 4) The prevalence of MHO in both sexes 
combined for the RIDF definition exhibited the most fluc-
tuation among 31 provinces (range: 4.46%—10.7%). (Sup-
plementary Table 3).

In terms of the prevalence of MHO by sex, the highest 
prevalence was found in the RIDF criteria for women with 
5.92% (5.43—6.41), and the ATP III criteria for men with 
2.29% (1.95–2.62). Comparatively, the lowest prevalence 
was found among women using the IDF criteria with 4.34% 
(3.96—4.73), and men using the JIS criteria with 1.63% 
(1.35—1.92). The prevalence of MHO in women was more 
than twice that of men, regardless of the definition (Table 1).

Demographics and underlying condition

The mean age of people with MHO based on ATP III criteria 
was 46.93 years old. Regarding all definitions, individuals 
with MHO were younger than those with MUO (46.93 vs 
51.29, respectively, p < 0.001). (Supplementary Table 2) 
According to AHA-NHLBI, the age group of 35–44 had the 
highest prevalence of MHO in all definitions with 8.33% 
(7.2—9.45), whereas the age group above 75 had the lowest 
MHO prevalence in all definitions with 3.7% (1.79—5.61). 
A similar pattern was almost seen among age groups based 
on sex (Table 2).  Across all definitions, MHO prevalence 
has decreased with age. The prevalence of MUO, however, 
has increased with age (Fig. 1).

We compared demographics, metabolic profiles, and 
health behaviors among MHO and MUO populations. (Sup-
plementary Table 2) The WC and hip circumference (HC) 
of MHO cases and the mean systole and diastole of their 
blood pressure were lower than those of MUO cases on all 
definitions we studied. (p < 0.001). Blood glucose, HbA1C, 
total cholesterol, triglycerides, and ALT among those with 
MHO were lower than those among people with MUO. 
(p < 0.001) We found no significant relationship between 
MHO and alcohol consumption. (p = 0.348) Our study 
found that MUO prevalence was higher in all subcategories 
of alcohol consumption, smoking, education level, area of 
residence, positive family history of diabetes, occupation, 
marital status, presence of microalbuminuria, and wealth 
index, so we could not find any relationship between MHO Ta
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and MUO in these categories. (subgroups of these variables 
may be found in Supplementary Table 2).

Logistic regression analysis for the prediction 
of CVD

By all definitions, MUO individuals had more odds ratio 
significantly to being in the high-risk group by Framingham 
criteria than MHOs. For instance, according to the AHA-
NHLBI criteria, the risk of having high-risk Framingham 
(CVD risk >  = 20%) was more than seven times higher in 
MUO than in MHO. (Table 3) Ultimately, according to binary 
logistic regression analysis, all metabolically unhealthy 
groups had higher adjusted odds of cardiovascular disease.

As shown in Table 3, we assessed the association between 
metabolic status and CVD risk by stratifying the value by types 
of criteria. Regardless of all definitions, MUO individuals had 

a significantly more odds ratio of being in the high-risk group 
by Framingham criteria than MHOs. For instance, in Table 3, 
according to the AHA-NHLBI criteria, the risk of having high-
risk Framingham in MUO was approximately seven times 
more than that of MHO. Table 3 provides the ORs and 95% 
CIs of high-risk Framingham according to metabolic health 
and obesity phenotypes. After adjusting (Table 3), among all 
definitions, the OR values for high-risk Framingham for the 
MUO ranged between 2.15 (95% CI: 0.98–4.68) andd 5.74 
(3.08,10.67), as compared with MHO. The analysis of adjusted 
OR also revealed that the risk of having high-risk Framingham 
was increased for people with metabolically unhealthy (MU) 
with BMI < 25 and MU with 25 <  = BMI < 30 in all defini-
tions, as compared with metabolically healthy people at the 
same BMI. Ultimately, according to binary logistic regres-
sion analysis, all metabolically unhealthy groups had higher 
adjusted odds of cardiovascular disease.

Fig. 1   Prevalence of MHO and 
MUO across age groups and 
sexes using different criteria

MHO; Both MUO; Both

MHO; Male MUO; Male

MHO; Female MUO; Female
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Discussion

Our findings revealed that approximately one quarter of 
obese individuals met the criteria for MHO across all seven 
definitions used in both sexes. We observed a significantly 
higher prevalence of MHO among females than among 
males, irrespective of the definition used. Additionally, the 
prevalence of MHO decreased with advancing age. We also 
found regional disparities in MHO prevalence, although 
these differences were not statistically significant across the 
various definitions. Factors associated with MHO included 
younger age, lower waist circumference (WC), hip circum-
ference (HC), blood sugar levels, HbA1c, cholesterol, tri-
glycerides, ALT, eGFR, and higher HDL levels.

In terms of prevalence, the BioSHaRE study [8] reported 
an obesity prevalence of 17% and an MHO prevalence of 12% 
among adults in Europe in 2014. Wen et al. [33] analyzed data 
from eight National Health and Nutrition Examination Surveys 
(NHANES) in the US and found an increasing trend in MHO 
prevalence from 5.0% in 1999–2000 to 8.9% in 2013–2014. In 
our survey, the prevalence of obesity in Iran was 27.1%, with 
MHO prevalence ranging from 6.22% to 7.93% across the dif-
ferent criteria. In Europe, the MHO prevalence ranged from 
1.1 to 6.6% and in Korea, MHO prevalence ranged from 5.7% 
to 25.8%, with the ATPIII criteria being the most commonly 
used for defining metabolic abnormalities [34].

Regarding regional differences within Iran, Latifi et al. 
[35] reported a 19.5% MHO prevalence in Ahvaz, Khuz-
estan province, using the ATP III criteria, while our study 
showed a prevalence of 8.51% in the same province. Similarly, 
Hajian-Tilaki et al. [36] found a 15.1% MHO prevalence in 
Babol, Mazandaran province, using ATP III criteria, whereas 
our study reported a prevalence of 7.98% (4.78–11.18) in 
Mazandaran province. These variations in prevalence can be 
attributed to differences in population characteristics, regional 
lifestyle habits, and the components of MHO definitions [37].

Consistent with previous studies [8, 33, 38], we observed 
a higher prevalence of MHO among women compared to 
men. In our survey, the prevalence of MHO among women 
was more than twice as high as that among men. This gender 
disparity can be attributed to differences in glycemic indices, 
body fat distribution, adipocyte size and function, hormonal 
regulation of body weight and adiposity, and the effects of 
estrogen on the accumulation of risk factors associated with 
metabolic syndrome [8].

It also demonstrated that transition from MHO to MUO 
was observed in approximately 50% of individuals initially 
classified as MHO, while 10% achieved a metabolically 
healthy normal weight after weight reduction [39]. Accord-
ing to Mathis et al., the transition between MHO and MUO 
involves a number of factors, such as excessive reactive oxy-
gen species, oxidized oils, hormonal changes such as high 
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adiponectin as a chief insulin sensitizer in MHO, increased 
leptin and ghrelin in MUO, lower levels of inflammatory 
cytokines in MHO, deficiencies in nutrients, genetics and 
social factors as well as environmental pollution and age 
[40]. Vascular dysfunction resulting from obesity may con-
tribute to metabolic disturbances [41]. Age also plays a role 
in the transition, and our findings support the decreased like-
lihood of MHO with aging, aligning with previous studies 
[42]. The highest prevalence of MHO observed in the 35 to 
44 age group in our study supports the hypothesis that MHO 
is associated with an earlier onset of obesity [33, 38].

The increasing prevalence of MUO with aging can be 
partly explained by the prevalence of obesity phenotypes as 
individuals age. Moreover, the decline in estrogen's protec-
tive effect on the metabolic state in women with aging may 
contribute to the transition from MHO to MUO [43–45].

Iranians, according to Mahi et al., who analyzed 2015 
data from the United Nations Population Division, were 
ranked second among countries aging the fastest between 
2015 and 2050 for the percentage point increase in elderly 
people over the age of 60. In 2050, 56.8% of the population 
will be older than 60 (about 52.5 million people), a figure 
four times higher than in 2015 [46]. Considering these sta-
tistics, we expect that as Iranians' ages increase in the future, 
their prevalence of MHO will decrease, but their population 
of MUO will increase, and we will see an increase in car-
diovascular complications in the future, based on our results 
[46]. Consequently, it is crucial for Iranian policymakers to 
prepare strategies to address these future challenges.

The presence of obesity is an independent risk factor for 
CVD [47]. Consistent with a meta-analysis by Eckel et al. [13], 
our study demonstrated that MUO individuals faced higher 
cardiovascular risks compared with MHO participants. In con-
trast to our findings, Li et al. reported that MHO and MUO 
phenotypes had similar cardiovascular risks with poor prog-
noses. It was found that MHO population had worse micro-
vascular functions than MHNW population, suggesting that 
obesity does not have a benign effect on vascular health [47].

There has been speculation that blood pressure as a 
metabolic criterion may be an indication of changes in the 
vasculature resulting from aging and ultimately a possible 
cause of CVD and death [48]. Moreover, our study, similar 
to other studies [49], revealed that WC was lower in MHO 
than in MUO, indicating that MHO is negatively related 
to waist circumference. WC demonstrated great specificity 
and sensitivity when identifying high cardiovascular risks 
estimated by Framingham [49]. It has been proven that aging 
and higher WC were significantly correlated with all meta-
bolically unhealthy states [45]. MHO is significantly associ-
ated with a reduced risk of atrial fibrillation when compared 
with MUO in obese participants [50, 51].

By examining microvasculature with venous occlusion 
plethysmography, scientists concluded that vascular function 

had abnormal vascular reactivity and impairment in MHO 
individuals compared to those with normal weight, although 
they showed less endothelial dysfunction than MUO par-
ticipants [47]. MHO participants have also been shown to 
have a significant risk of developing diabetes, indicating 
that healthy obese individuals need to monitor their blood 
glucose levels, blood pressure, and lipid levels closely to 
stay at the metabolically healthy stage. In order to reduce 
cardiometabolic disease, healthy lifestyle habits require to 
be increased among high-risk populations [52].

To sum up, complications in obesity are not necessarily related 
to obesity phenotype but may be linked to metabolic dysfunction 
and visceral fat distribution rather than obesity phenotype [36].

In the current study, the analysis of adjusted OR also 
revealed that the risk of having high-risk Framingham was 
increased for people with metabolically unhealthy (MU) 
with BMI < 25 and MU with 25 <  = BMI < 30 in all defini-
tions, as compared with metabolically healthy people at the 
same BMI. A previous study found that metabolic distur-
bances led to further impairment of microvascular function 
in people regardless of their BMI category [47].

Although, the current study showed that the metaboli-
cally healthy population has a lower risk of CVD, but, in a 
meta-analysis involving studies with more than 10 years of 
follow-up, metabolically healthy overweight and obese peo-
ple were found to have a greater risk of death. Even without 
metabolic dysfunction, prolonged exposure to excess weight 
has been associated with a higher risk of cardiovascular dis-
ease [53]. For future studies, it could be evaluated the risk of 
CVD among obese individuals, particularly MHO and MUO 
subgroups, with known CVD predictor biomarkers such as 
B-type natriuretic peptide or cardiac troponin, or with novel 
ones like endocan, which has been shown to be an independ-
ent predictor of CVD [54, 55]. As, it has been shown that 
elevated endocan levels, as a novel inflammatory endothelial 
biomarker, are in individuals with obesity and cardiovascular 
diseases. It may be due to the correlation between endocan 
and metabolic syndrome criteria, including alterations in lipid 
profiles, WC, and glycemic status, such as diabetes [55, 56].

In this study, we found that those with MHO have a 
higher GFR than those who have MUO. Prior research indi-
cated that there was a higher incidence of CKD in in indi-
viduals with MHO than in those without obesity; thus losing 
weight appears to be a protective factor against developing 
kidney failure in MHO individuals [39]. Similar to Velho 
et al.'s study [38], we were not able to find a direct correla-
tion between alcohol consumption and smoking and MHO, 
most likely because the prevalence of unhealthy metabo-
lism in every group of smokers and alcohol consumers is 
higher than that of MHO. In line with recent studies, we 
demonstrated that MHO population had favorable metabolic 
profiles, including no hypertension, favorable lipid, and liver 
enzymes levels [57].
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Strengths and limitations

An important strength of this study is the large sample size 
and the weighted cluster sampling method that was used, 
which can be considered reflective of the Iranian popula-
tion. Furthermore, to our knowledge, there has never been a 
national or subnational study of MHO in Iran, along with a 
study of different definitions, prior to this. Only two previous 
studies reporting prevalence rates of MHO in the northern 
provinces of Iran and Ahvaz city, based on ATP III criteria, 
have ever been conducted [35, 36].

Moreover, to our knowledge, few studies have compared 
the prevalence of MHO using seven different definitions. 
Another strengths of the current study in this regard is 
using Regional IDF and Regional JIS which Iran's National 
Committee on obesity recommended that ethnicity-specific 
values be applied to the IDF and JIS definitions of obesity 
which have separate cutoffs for WC called Regional IDF 
and Regional JIS, respectively. Given the cross-sectional 
nature of this study, further longitudinal research is neces-
sary to examine the potential associations between MHO 
and factors such as smoking, alcohol consumption, and 
physical activity. Additionally, a structured questionnaire 
was used to collect data which might be with some over-
reporting or underreporting. In spite of these limitations, 
our article provides a clear overview of the importance of 
MHO in Iranian society.

Conclusion

This study contributes to our understanding of MHO in 
the Iranian context and underscores the importance of 
addressing obesity and metabolic health as part of public 
health initiatives. The findings reveal that approximately 
one-quarter of the obese population in Iran falls under 
the category of MHO, with a higher prevalence observed 
among women compared to men. The prevalence of MHO 
decreases with advancing age, while MUO becomes more 
prevalent. While having MHO appears to be associated 
with a lower risk of CVD compared to MUO, it is impor-
tant to bear in mind that MHO is not without its own 
health risks and may lead to an unhealthy metabolic state. 
These findings emphasize the need for policymakers to 
implement strategies that prevent the transition from MHO 
to MUO and promote better health outcomes among indi-
viduals with MHO.

Furthermore, the study highlights the importance of 
using standardized definitions for MHO, as different crite-
ria yielded similar prevalence rates. It is crucial for future 
research to employ consistent definitions to facilitate accu-
rate comparisons across studies and populations.
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