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Abstract
Introduction
The prevalence of metabolically healthy obesity (MHO) varies based on different criteria.
We assessed the prevalence of MHO and metabolic unhealthiness based on body mass
index (BMI) and their association with metabolic syndrome (MetS) in a nation-wide study.
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Methods
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Data were taken from the STEPs 2016 study, from 18,459 Iranians aged �25 years. Demographic, metabolic, and anthropometric data were collected. Subjects were stratified by
BMI, metabolic unhealthiness, and having MetS. The latter was defined based on National
Cholesterol Education Program Adult Treatment Panel III 2004 (NCEP ATP III), was then
assessed.
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Results
The prevalence of MHO and metabolic unhealthiness in obese subjects was 7.5% (about
3.6 million) and 18.3% (about 8.9 million), respectively. Most of the metabolic unhealthy individuals were female (53.5%) or urban residents (72.9%). Low physical activity was significantly and positively associated (Odds Ratio: 1.18, 95% CI: 1.04–1.35) with metabolic
unhealthiness, while being a rural residence (0.83, 0.74–0.93), and having higher education
(0.47, 0.39–0.58) significantly but negatively affected it. Dyslipidemia was the most frequent
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MetS component with a prevalence rate of 46.6% (42.1–51.1), 62.2% (60.8–63.6), 76.3%
(75.1–77.5), and 83.4% (82.1–84.6) among underweight, normal weight, overweight and
obese phenotypes, respectively.
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Conclusion

Abbreviations: MHO, Metabolically healthy obesity;
BMI, Body mass index; MetS, Metabolic syndrome;
NCEP ATP III, National Cholesterol Education
Program Adult Treatment Panel III 2004; NCDs,
Non-communicable diseases; T2DM, Type 2
diabetes mellitus; CVD, Cardiovascular diseases;
MUHNW, Metabolically unhealthy normal weight;
NHANES, National Health and Nutrition
Examination Survey; NIMAD, National Institute for
Medical Research Development; WC, Waist
circumference; WHR, Waist-to-hip-ratio; SBP,
Systolic blood pressure; DBP, Diastolic blood
pressure; GPAQ, Global Physical Activity
Questionnaire; MET, Metabolic Equivalent of Task;
FBS, Fasting blood sugar; TChol, Total cholesterol;
HDL-C, High density lipoprotein cholesterol; LDLC, Low density lipoprotein cholesterol; TGs,
Triglycerides; NCDRC, Non-Communicable
Diseases Research Center; MHUW, Metabolically
healthy underweight phenotype; MUHUW,
Metabolically unhealthy underweight phenotype;
MHNW, Metabolically healthy normal weight
phenotype; MUHNW, Metabolically unhealthy
normal weight phenotype; MHOW, Metabolically
healthy overweight phenotype; MUHOW,
Metabolically unhealthy overweight phenotype;
MUHO, Metabolically unhealthy obese phenotype;
95% CI, 95% confidence interval; OR, Odds Ratio;
hs-CRP, High-sensitive-C reactive protein.

BMI aside, an additional set of criteria such as metabolic markers should be taken into
account to identify normal weight but metabolically unhealthy individuals. Given the highest
prevalence of dyslipidemia among obese subjects, further interventions are required to
raise public awareness, promote healthy lifestyles and establish lipid clinics.

Introduction
Being overweight and/or obese accelerates the incidence and mortality rate of many non-communicable diseases (NCDs) such as type 2 diabetes mellitus (T2DM), and cardiovascular diseases (CVD) [1–3]. Some studies have shown a variation in this regard by taking into account
body size phenotypes and metabolic profiles. In other words, some obese individuals, whom
despite their high body mass index (BMI) do not have any cardiometabolic risk factors, are
known as metabolically healthy obese (MHO) [4, 5]. This is while some normal weight individuals have CVD risk factors; they, therefore, are considered to be metabolically unhealthy normal weight (MUHNW) [6].
The prevalence rate of such phenotypes is different based on the definition criteria. Globally, MHO individuals represent 10–45% of the adult obese population based on diagnostic criteria, with higher prevalence among younger obese individuals in general and women [7].
Among US adults aged �20 years, about 10% of the US population (31.7% of all obese individuals) have been classified as MHO based on having �2 metabolic abnormalities, as defined by
the National Health and Nutrition Examination Survey (NHANES) 1999–2004 [8]. However,
Wildman et al used having 0 or 1 metabolic abnormalities to identify MHO individuals in
NHANES 2005–2012, and reported that about 9.0% of the population (26.42% of all obese
individuals) was MHO [8, 9].
A high number of Iranians were reported to be overweight and obese based on STEPs 2016,
suggesting that prevention and control of obesity in this population through serious interventional strategies is required [10]. As a result, accurate illustration of the metabolic status of the
overweight and obese people in this population is needed. To our knowledge, no study has
reported the frequency of MHO in a population-based study, representative of the Iranian
population. Hence, the aim of the present study is to assess the prevalence rate of metabolically
healthy/unhealthy individuals based on BMI categories as well as their association with metabolic syndrome (MetS) in a nation-wide study on the Iranian adults.

Materials & methods
Study design and participants
Data were taken from the STEPs 2016 study, whose protocol has been published elsewhere
[11]. In brief, this cross-sectional study was conducted on the Iranian adults in 2016. Required
data was collected using questionnaires, and the results of anthropometric measurements and
blood serum evaluations. Study participants gave their written informed consent. The study
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was ethically approved by Ethical Committee of National Institute for Medical Research Development (ID: IR.NIMAD.REC.1397.513).

Study variables
Weight, height, BMI, waist circumference (WC), waist-to-hip-ratio (WHR), systolic (SBP) and
diastolic blood pressure (DBP) were measured in each subject by trained staff under standard
protocols previously described in the STEPs manual [12, 13]. Weight was measured by Innofit,
JY-218A personal scale, SN: 14010936 (China). BP was measured by Beurer sphingometer,
Type: BM 20, Art_Nr: 652.11 (Germany).
The participants’ age, educational status (Illiterate, 1–6 years, 7–12 years, 13 years and
more), job (employed, unemployed, homemaker), marital status and smoking habits were selfreported. Physical activity was measured by the Global Physical Activity Questionnaire
(GPAQ) and reported as Metabolic Equivalent of Task (MET) [14].
Venous blood samples were taken after 12–14 hours of overnight fasting to measure fasting
blood sugar (FBS), total cholesterol (TChol), high density lipoprotein cholesterol (HDL-C),
low density lipoprotein cholesterol (LDL-C), and triglycerides (TGs). In patients with TGs
<400 mg/dl, LDL-C was estimated by the Friedewald formula (TChol minus HDL-C minus
TGs/5 in mg/dl), whereas it was measured directly in the others [15]. HDL-C was measured
using the homogeneous enzymatic cardiometric test. All the collected samples were assessed
using kits with definite batch numbers in the Non-Communicable Diseases Research Center
(NCDRC) laboratory.
The collected samples were stored under standard conditions (at temperatures lower than
4˚C) in vaccine transfer boxes and were transferred to the central processing/archiving laboratory of study in the NCDRC of Endocrinology and Metabolism Population Sciences Institute
of Tehran University of Medical Sciences in the shortest possible time (less than 18 hours).
During transfer, a digital thermometer recorded the temperature in each cold box. FBS,
TChol, and TGs levels were tested following a standard enzymatic method using an auto-analyzer (Cobas C311, Hitachi, Japan).

Definitions
BMI was subdivided into 4 categories <18.5, 18.5–24.99, 25.0–29.99, and �30 kg/m2, known
as underweight, normal weight, overweight, and obese, respectively [16]. Low physical activity
was defined according to WHO’s recommendation of less than 600 METs per week [17]. MetS
was defined based on the National Cholesterol Education Program Adult Treatment Panel III
2004 (NCEP ATP III) criteria [18]. Being metabolically unhealthy was referred to individuals
with more than one of the following criteria: FBS �100 mg/dl (or diagnosed diabetes), TGs
�150 mg/dl, HDL-C <40 mg/dl in men and <50 mg/dl in women, SBP �130 mmHg and
DBP �85 mmHg. By stratifying metabolic phenotypes and BMI categories, we generated eight
body size phenotypes: (i) underweight with normal metabolic profiles, called metabolically
healthy underweight phenotype (MHUW), (ii): underweight with abnormal metabolic profiles, called metabolically unhealthy underweight phenotype (MUHUW), (iii): normal weight
with normal metabolic profiles, called metabolically healthy normal weight phenotype
(MHNW), (iiii): normal weight with abnormal metabolic profiles, called metabolically
unhealthy normal weight phenotype (MUHNW), (v): overweight with normal metabolic profiles, called metabolically healthy overweight phenotype (MHOW), (vi): overweight with
abnormal metabolic profiles, called metabolically unhealthy overweight phenotype
(MUHOW), (vii): obese with normal metabolic profiles, called metabolically healthy obese
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phenotype (MHO), and (viii): obese with abnormal metabolic profiles, called metabolically
unhealthy obese phenotype (MUHO).

Statistical analysis
Upon conducting complex survey analysis, the demographic, lifestyle and biochemical characteristics of the participants within each body size phenotype were presented as overall and
point estimates along with their 95% confidence interval (95% CI). We evaluated the statistical
difference between the prevalence of being metabolically unhealthy and healthy normal-weight
using other BMI categories and logistic or linear regressions. Logistic regression was used to
calculate unadjusted and adjusted Odds Ratio (OR) for having �2 cardiometabolic abnormalities among normal weight individuals or having <2 cardiometabolic abnormalities among
overweight and obese subjects. Sex, resident area, age, educated years, low physical activity,
current daily cigarette smoking and WC were used for reporting the adjusted ORs. Sensitivity
analysis was done to calculate the prevalence of being metabolically unhealthy/healthy based
on abdominal obesity and to explore the association between the metabolically unhealthy phenotypes among the Iranian population. The Package survey in R version 3.4.0 was used to estimate the weighted prevalence and plot the figures [19].

Results
This study was conducted on 18,459 participants, including 8,594 male and 9,865 female aged
�25 years (mean age: 47.6, 95% CI: 47.4–47.9). The demographic and metabolic characteristics
of the participants based on their body size phenotypes are presented in Table 1. Most of the
metabolically unhealthy subjects were older than 47.0 years, married, hypertensive, with some
7–12 years of educations, had low physical activity, greater WC, and suffered from biochemical
abnormalities, Table 1.
The sex pattern of metabolically unhealthy individuals shifted from women of the under-,
normal- and overweight group to obese men. The prevalence of being metabolically unhealthy
was significantly different between obese men and women only. Among all BMI groups, the
mean age of metabolically unhealthy individuals was older than metabolically healthy ones.
The educational pattern of metabolically unhealthy subjects shifted from illiteracy (16.8%) to
having 7–12 years of schooling (37.8%). This pattern was regardless of BMI categories (ranging
from 39.0%, 34.1%, 36.5%, 34.0% among underweight, normal weight, overweight, and obese
illiterate subjects to 18.0%, 34.1%, 36.5% and 34.0%, among subjects with similar BMI groups
but with 7–12 years of education, respectively). In addition, the highest prevalence of being
metabolically healthy was seen in underweight, normal weight, overweight and obese subjects
with 7–12 years of education; 38.5%, 40.0%, 44.2%, and 38.1%, respectively, Table 1.
Job pattern differed among different BMI categories; 35.6%, 41.1%, and 62.5% of metabolically unhealthy individuals were homemaker, with an increasing rate seen within the underweight, overweight and obese group, respectively. The highest number of metabolic
unhealthiness in the employed subjects was 40.7%, and was observed among those with the
overweight phenotype. Being metabolically healthy, on the other hand, was more prevalent
among employed underweight and normal weight individuals, 40.9%, and 48.3%, respectively.
Corresponding figures for overweight or obese phenotypes were 49.6% and 64.6%, respectively, and more frequently reported seen among the homemakers, Table 1.
The prevalence of abnormalities in the anthropometric and biochemical parameters was
significantly higher with increasing BMI. The prevalence of MetS in the overall population,
MUHUW, MUHNW, MUHOW, and MUHO groups were estimated at 38.3% (37.5–39.2),
19.3% (12.6–26.0), 44.5% (41.9–47.1), 70.1% (68.4–71.9), and 95.7% (94.9–96.5), respectively.
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54.1 (53.2–
54.9)

47.6 (47.4–
47.9)

Female (%)

Mean Age (yrs.)

28.7 (27.9–
29.4)

37.8 (37.0–
38.7)

16.6 (16.0–
17.3)

1–6 years

7–12 years

13 years and more
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46.7 (45.8–
47.5)

15.3 (14.6–
15.9)

Home maker

Unemployed

83.4 (82.7–
84)
7.4 (7.0–
7.9)
7.1 (6.7–
7.6)

93.6 (93.2–
94.1)

22.2 (21.5–
23.0)

Married

Never married

Widowed

Having basic insurance
(%)

Having complementary
insurance (%)

19.7 (19.1–
20.3)

19.9 (19.3–
20.6)

20.5 (19.8–
21.2)

First quintile (Poorest)

Second quintile (Poorer)

Third quintile (Middle)

Wealth index quintile
(%)

2.0 (1.7–
2.3)

Divorced

Marital status (%)

38.1 (37.3–
38.9)

Employed

Job (%)

16.8 (16.3–
17.4)

Illiterate

Educated years (%)

Overall
N = 18,459

Variable

19.8 (16.0–23.6)
16.3 (11.8–20.8)

6.7 (2.7–10.7) a

a

44.4 (39.2–49.6)

16.2 (9.7–22.7)

62.7 (54.0–71.3) a

10.4 (6.3–14.6)

c

c

10.8 (5.1–16.5)

93.1 (90.6–95.6)

5.1 (3.1–7.0)

a

21.0 (17.0–25.1)

88.9 (82.7–95.1)

18.8 (12.3–25.3) a

12.1 (6.1–18.1)

71.5 (67.0–76.0)

65.7 (57.5–74.0) a
a

2.4 (0.9–4.0)

a

25.4 (20.5–30.4)

33.7 (28.6–38.8)

b

40.9 (35.9–45.9)

b

14.3 (10.6–18.0)

38.5 (33.1–43.9)

27.5 (23.1–31.9)

b

19.7 (15.9–23.5)

43.9 (41.7–46.1)

43.6 (38.4–48.9)

Metabolically
Healthy
(MHUW)
N = 492

3.3 (0.4–6.3)

29.9 (21.6–38.3)

c

35.6 (27.4–43.8)

34.5 (26.2–42.8)

19.5 (11.9–27.1)

18.0 (11.3–24.7)

a

23.5 (16.3–30.7)

39.0 (30.6–47.4) a

53.2 (49.9–56.4)

44.4 (35.8–53.0)

Metabolically
Unhealthy
(MUHUW)
N = 140

Underweight

20.4 (18.4–22.4)

21.9 (19.8–23.9)

24.6 (22.6–26.7)

20.6 (18.5–22.7)

93.7 (92.4–95.1)

9.2 (7.7–10.7)

8.0 (6.7–9.3)

81.2 (79.2–83.1)

1.6 (1.0–2.2)

21.3 (19.2–23.4)

38.4 (35.9–41.0)

40.2 (37.7–42.8)

16.2 (14.2–18.2)

34.1 (31.5–36.6)

26.9 (24.7–29.2)

22.8 (20.8–24.8)

51.5 (50.6–52.3)

44.2 (41.6–46.8)

Metabolically
Unhealthy
(MUHNW)
N = 2,118

18.9 (17.3–20.4)

20.9 (19.4–22.4)

26.4 (24.9–27.9)

16.0 (14.5–17.5)

92.3 (91.2–93.5)

3.9 (3.2–4.7)

14.1 (12.8–15.4)

79.8 (78.2–81.3)

2.2 (1.5–2.9)

15.6 (14.2–17.0)

36.1 (34.4–37.9)

48.3 (46.4–50.1)

21.5 (19.9–23.2)

40.0 (38.2–41.8)

24.9 (23.3–26.5)

13.5 (12.4–14.7)

42.8 (42.3–43.4)

45.6 (43.7–47.4)

Metabolically
Healthy
(MHNW)
N = 3,964

Normal weight

19.8 (18.4–21.2)

19.3 (17.9–20.7)

c

16.2 (14.9–17.5) a

26.3 (24.6–28.0)

a

94.0 (93.2–94.9)

7.6 (6.6–8.6)

4.5 (3.8–5.2)

a

86.6 (85.3–87.8) a

1.3 (0.9–1.7)

18.2 (16.8–19.7)

c

41.1 (39.2–42.9)

40.7 (38.9–42.5)

15.9 (14.4–17.3)

36.5 (34.7–38.4)

29.2 (27.5–30.9)

18.4 (17.1–19.7) a

51.3 (50.8–51.8)

46.1 (44.2–48.0)

20.1 (18.4–21.8)

b

17.2 (15.6–18.7)

a

17.6 (16.0–19.2)

a

21.7 (19.9–23.5)

c

94.0 (92.8–95.2)

4.6 (3.7–5.6)

7.3 (6.3–8.3)

a

85.4 (83.7–87) a

2.7 (1.7–3.7)

a

11.6 (10.4–12.9)

a

49.6 (47.5–51.8)

a

38.7 (36.7–40.8)

19.9 (18.3–21.6)

b

44.2 (42.1–46.4)

25.4 (23.6–27.1)

10.4 (9.3–11.6) a

43.5 (43.0–44.0)

a

58.6 (56.6–60.7)

Metabolically
Healthy
(MHOW)
N = 3,074

Overweight
Metabolically
Unhealthy
(MUHOW)
N = 4,011

Table 1. Comparison of the demographical and metabolic characteristics of the participants based on their body size phenotype.

c

(Continued )

22.0 (19.5–24.5)
b

20.4 (17.7–23.1)

a

13.6 (11.8–15.4)

a

25.2 (22.3–28.2)

a

95.4 (94.3–96.6)

6.2 (4.6–7.7) b

3.9 (2.9–5.0) a

a

87.8 (85.8–89.8)

2.1 (1.2–3.1)

11.5 (9.0–14.1) c

a

64.6 (61.5–67.6)

a

23.9 (21.4–26.4)

a

13.5 (11.3–15.6)

38.1 (35.1–41.2)

a

34.4 (31.5–37.4)

14.0 (12.0–16.0)

a

46.1 (45.3–46.9)

24.1 (22.3–25.9)

20.9 (19.3–22.6)

12.7 (11.4–13.9) a

26.6 (24.7–28.4)

a

93.7 (92.6–94.7)

11.5 (10.1–13.0) c

2.7 (2.0–3.3)

a

83.5 (81.9–85.2)

2.2 (1.6–2.8)

10.4 (9.3–11.6)

a

62.5 (60.6–64.4) a

27.1 (25.4–28.8) a

10.9 (9.7–12.1) a

34.0 (32.0–35.9)

34.4 (32.5–36.3) a

20.7 (19.2–22.3)

51.0 (50.5–51.5)

74.5 (71.9–77.1)

68.7 (66.9–70.5) a
a

Metabolically
Healthy (MHO)
N = 1,371

Obese
Metabolically
Unhealthy
(MUHO)
N = 3,289
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19.8 (19.1–
20.5)

20.1 (19.4–
20.8)

56.5 (55.5–
57.4)
9.8 (9.3–
10.3)

92.3 (92.1–
92.5)

45.3 (44.5–
46.2)

90.6 (90.4–
90.8)

72.2 (72.0–
72.5)

Fourth quintile (Richer)

Fifth quintile (Richest)

Low physical activity
(<600 METs) (%)

Current daily cigarette
smoker (%)

Waist circumference
(cm)

Being abdominal obese
(WC �102 cm (men); �
88 cm (women)) (%)

WHR (� 100)

Weight (kg)

PLOS ONE | https://doi.org/10.1371/journal.pone.0262246 January 6, 2022

99.6 (98.9–
100.3)

29.2 (28.4–
30.0)

FBS (mg/dl)

Being diabetics
(FBS � 100 mg/dl
includes diabetes) (%)

Being
hypertriglyceridemia
(TGs � 150 mg/dl) (%)

27.7 (26.9–
28.5)

129.2
(127.8–
130.6)

41.9 (41.0–
42.7)

Being HTN (SBP � 130
mmHg or DBP � 85
mmHg) (%)

TGs (mg/dl)

78.0 (77.8–
78.2)

DBP (mmHg)

164.5
(163.9–
165.2)

127.2
(126.9–
127.5)

SBP (mmHg)

TChol (mg/dl)

27.1 (27.0–
27.2)

BMI (Kg/m )

2

Overall
N = 18,459

Variable

Table 1. (Continued)

a

22.3 (14.6–30.0) a

115.6 (101.2–
130.0) a

156.3 (149.1–
163.4) c

42.5 (33.9–51.1)

100.2 (94.0–
106.5)

63.5 (54.9–72.1)

79.3 (77.6–81.0)

132.4 (129.1–
135.7)

17.2 (17.0–17.4)

46.3 (45.1–47.5)

a

82.8 (81.9–83.6)

86.3 (84.6–88.0) a

0.9 (0.0–2.2)

a

69.9 (67.2–72.6)

144.2 (141.0–
147.5) a

6.8 (4.3–9.2)

86.2 (83.8–88.5)

12.2 (8.0–16.4)

a

70.0 (68.5–71.5)

114.2 (111.7–
116.7) c

a

17.2 (17.1–17.3)

a

47.1 (46.5–47.7)

a

0.4 (0.0–0.9) a

a

70.4 (69.4–71.3)

c

18.0 (14.3–21.6)

3.2 (0.3–6.2) a

73.8 (72.1–75.6) a

18.6 (11.8–25.5)

58.1 (49.1–67.2)

50.2 (44.4–56.1)

42.5 (39.9–45.0)

149.4 (145.3–
153.5)

165.6 (163.7–
167.5)

46.6 (44.0–49.2)

106.8 (104.4–
109.3)

63.0 (60.6–65.4)

80.3 (79.7–80.8)

132.9 (131.8–
134.0)

22.9 (22.8–23.0)

62.6 (62.1–63.1)

90.2 (89.7–90.7)

17.5 (15.5–19.5)

85.3 (84.7–85.9)

14.8 (13.1–16.6)

57.1 (54.4–59.8)

16.1 (13.8–18.4)

7.1 (4.1–10.0) a

8.6 (2.4–14.7)

17.0 (15.1–18.9)

12.5 (9.2–15.8) b

5.9 (1.7–10.0) b

1.6 (1.0–2.1)

83.0 (81.9–84.2)

154.0 (152.8–
155.2)

6.0 (5.0–7.1)

88.2 (87.1–89.3)

13.6 (12.4–14.8)

72.8 (72.5–73.2)

116.9 (116.4–
117.4)

22.3 (22.2–22.4)

61.0 (60.7–61.3)

86.8 (86.4–87.2)

8.6 (7.5–9.7)

81.1 (80.7–81.5)

13.5 (12.2–14.7)

53.4 (51.3–55.4)

15.4 (14.0–16.7)

18.5 (17.0–20.0)

Metabolically
Healthy
(MHNW)
N = 3,964

Normal weight
Metabolically
Unhealthy
(MUHNW)
N = 2,118

Metabolically
Healthy
(MHUW)
N = 492

Underweight
Metabolically
Unhealthy
(MUHUW)
N = 140

52.1 (50.3–54.0) a

169.3 (165.4–
173.3) a

170.9 (169.6–
172.2) a

48.7 (46.8–50.5)

109.0 (107.3–
110.6)

65.3 (63.5–67.1)

3.3 (2.5–4.2) b

a

93.5 (91.9–95.0)

160.8 (159.5–
162.1) a

6.0 (5.1–6.9)

89.4 (88.8–90.0)

14.8 (13.3–16.4)

a

74.5 (74.1–74.8)

82.0 (81.5–82.4) a

a

27.2 (27.2–27.3)
119.2 (118.7–
119.8) a

a

a

72.9 (72.5–73.2)

a

89.6 (89.3–90.0)

a

42.8 (40.7–44.9)

a

91.7 (91.3–92.1)

7.2 (6.2–8.2)

a

a

54.6 (52.5–56.6) a

173.7 (170.1–
177.3) a

(Continued )

2.9 (1.9–4.0) c

a

97.7 (95.5–99.9)

165.4 (163.5–
167.3) a

6.7 (5.2–8.2)

53.9 (51.9–55.9) a

174.3 (172.8–
175.7) a

89.6 (88.7–90.5)

b

17.9 (15.6–20.2)

a

75.3 (74.7–75.9)

121.3 (120.4–
122.2) a

a

33.1 (32.9–33.3)

a

84.6 (83.9–85.3)

a

91.3 (90.7–91.8)

a

87.7 (85.6–89.7)

102.5 (101.8–
103.2) a

4.3 (3.0–5.6) a

111.8 (109.9–
113.7) b

69.9 (68.1–71.8)

a

83.1 (82.7–83.6) a

137.3 (136.5–
138.1) a

33.8 (33.7–34.0)

86.9 (86.4–87.4)

a

93.9 (93.5–94.2) a

91.4 (90.3–92.5) a

105.9 (105.5–
106.3) a

5.5 (4.6–6.4)

b
a

58.5 (55.3–61.7)

b

a

22.9 (20.2–25.6)

21.1 (18.6–23.6)

62.0 (60.0–64.0)

b

53.6 (51.3–55.8)

20.6 (19.0–22.3)

a

21.7 (20.0–23.3) a

Metabolically
Healthy (MHO)
N = 1,371

Obese
Metabolically
Unhealthy
(MUHO)
N = 3,289

25.0 (23.1–27.0)

20.0 (18.4–21.7)

134.7 (133.9–
135.4)b

27.5 (27.5–27.6)

74.5 (74.2–74.9)

a

93.1 (92.7–93.5) a

49.7 (47.9–51.6) a

95.1 (94.7–95.5) a

10.1 (9.0–11.1)

a

56.1 (54.2–58.1)

23.3 (21.5–25.0) a

21.4 (19.9–23.0) b

Metabolically
Healthy
(MHOW)
N = 3,074

Overweight
Metabolically
Unhealthy
(MUHOW)
N = 4,011
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41.2 (41.0–
41.4)

69.3 (68.5–
70.1)

97.7 (97.2–
98.2)

HDL-C (mg/dl)

Low HDL-C < 40 mg/dl
(men)/; < 50 mg/dl
(women) (%)

LDL-C (mg/dl)

95.5 (89.1–101.9)

89.7 (84.7–94.7)

38.5 (36.7–40.2)

a

81.6 (78.8–84.4)

b

34.7 (29.9–39.4)

a

48.7 (47.6–49.7)

Metabolically
Healthy
(MHUW)
N = 492

Underweight
Metabolically
Unhealthy
(MUHUW)
N = 140

98.9 (97.3–100.5)

89.1 (87.6–90.7)

36.9 (36.4–37.3)

90.9 (89.9–92.0)

43.6 (41.7–45.4)

46.5 (46.0–46.9)

Metabolically
Healthy
(MHNW)
N = 3,964

Normal weight
Metabolically
Unhealthy
(MUHNW)
N = 2,118

c

101 (99.9–102.2)

88.6 (87.3–89.9)

45.2 (44.7–45.7)

36.3 (36.0–36.7) c

a

96.9 (95.8–98.1)

a

50.9 (48.8–53.1)

a

Metabolically
Healthy
(MHOW)
N = 3,074

Overweight
Metabolically
Unhealthy
(MUHOW)
N = 4,011

102.8 (101.5–
104.1) a

90.3 (89.1–91.4)

37.1 (36.7–37.5)

99.8 (98.1–
101.5) a

a

52.4 (49.3–55.5)

46.2 (45.5–46.9)

Metabolically
Healthy (MHO)
N = 1,371

Obese
Metabolically
Unhealthy
(MUHO)
N = 3,289

https://doi.org/10.1371/journal.pone.0262246.t001

c p < 0.05 versus normal weight within metabolic subgroup.

a p < 0.001 versus normal weight within metabolic subgroup.
b p < 0.01 versus normal weight within metabolic subgroup.

- By survey logistic or linear regression models

Total Cholesterol; TGs: Triglycerides; HDL-C: High Density Lipoprotein-Cholesterol; LDL-C: Low Density Lipoprotein-Cholesterol.
- Data presented as point estimation (prevalence or mean) and its 95% CI.

WC: Waist Circumferences; WHR: Waist Hip Ratio; BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; HTN: Hypertension; FBS: Fasting Blood Sugar; TChol:

Overall
N = 18,459

Variable

Table 1. (Continued)
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The prevalence of metabolically unhealthy phenotypes in the studied population (aged
�25) was 52.6% (51.8–53.5; 25.7 million persons). Most of them were female (53.5%) or urban
residents (72.9%). Based on the BMI categories, 0.6% of underweight (0.3 million people),
11.5% of normal weight (5.6 million people), 22.2% of overweight (10.9 million people), and
18.3% of obese individuals (8.9 million people) were metabolically unhealthy, Table 2. The percentage of being MHUW, MHNW, MHOW and MHO in the studied population were estimated at 2.5% (1.2 million people), 20.5% (10.0 million people), 16.8% (8.2 million people),
and 7.5% (3.6 million people), respectively.
Based on national estimates by age group and sex (Fig 1), most Iranian females had the
MUHO (34.6%), and this phenotype was more prevalent in the 65-69-year age group. As for
the males, however, the MHNW (37.1%) was more frequent, and the phenotype was mainly
reported in the 25-34-year age group. National estimates by area indicate that the majority of
people in the urban and rural areas had the MUHOW or MHNW phenotypes, respectively,
Fig 1.
The prevalence of metabolically unhealthy phenotypes was higher than that of metabolically
healthy phenotypes in the 65–69 age groups within normal weight individuals. As for the

Table 2. Comparison of burden and prevalence of metabolic unhealthiness/healthiness among Iranian adults of different body size phenotype (for all ages) based
on their living area (rural vs urban) and gender.
Participants

Total

Rural

Urban

Female

Male

Type

Underweight

Normal weight

Overweight

Obese

Metabolically
Unhealthy
(MUHUW)

Metabolically
Healthy
(MHUW)

Metabolically
Unhealthy
(MUHNW)

Metabolically
Healthy
(MHNW)

Metabolically
Unhealthy
(MUHOW)

Metabolically
Healthy
(MHOW)

Metabolically
Unhealthy
(MUHO)

Metabolically
Healthy
(MHO)

Prevalence
(%)

0.6 (0.5–0.7)

2.5 (2.2–2.8)

11.5 (11.0–
12.1)

20.5 (19.9–
21.2)

22.2 (21.5–
22.9)

16.8 (16.2–
17.5)

18.3 (17.6–
19.0)

7.5 (7.0–7.9)

Burden�

308.0 (254.5–
361.5)

1,220.8
(1,094.4–
1,347.3)

5,631.7
(5,357.3–
5,906.2)

10,041.7
(9,709.1–
10,374.4)

10,861.3
(10,505.3–
11,217.3)

8,228.9
(7,911.3–
8,546.5)

8,943.3
(8,617.7–
9,268.9)

3,645.9
(3,426.6–
3,865.1)

Prevalence
(%)

1.2 (1.0–1.5)

4.4 (3.9–5.0)

12.8 (11.9–
13.7)

25.6 (24.4–
26.7)

18.7 (17.6–
19.7)

15.7 (14.7–
16.7)

15.2 (14.2–
16.2)

6.4 (5.8–7.1)

Burden�

155.6 (136.6–
177.2)

558.2 (523.6–
597.3)

1,518.4
(1,434.0–
1,602.0)

3,111.5
(3,014.9–
3,208.5)

2,170.7
(2,056.3–
2,282.8)

1,850.7
(1,748.7–
1,950.7)

1,779.1
(1,671.5–
1,884.2)

756.1 (687.9–
822.1)

Prevalence
(%)

0.4 (0.3–0.5)

1.7 (1.4–2.0)

11.0 (10.3–
11.7)

18.4 (17.6–
19.3)

23.7 (22.8–
24.7)

17.3 (16.5–
18.2)

19.6 (18.8–
20.5)

7.9 (7.3–8.5)

Burden�

152.4 (117.9–
184.2)

662.7 (570.8–
750.0)

4,113.3
(3,923.3–
4,304.2)

6,930.2
(6,694.2–
7,165.8)

8,690.6
(8,449.0–
8,934.4)

6,378.3
(6,162.6–
6,595.8)

7,164.2
(6,946.2–
7,384.8)

2,889.8
(2,738.8–
3,043.0)

Prevalence
(%)

0.5 (0.4–0.6)

2.0 (1.7–2.3)

9.4 (8.7–10.1)

17.3 (16.4–
18.2)

18.9 (18.0–
19.9)

18.3 (17.3–
19.2)

23.2 (22.2–
24.3)

10.3 (9.6–11.0)

Burden�

123.4 (100.6–
146.0)

479.6 (422.4–
536.2)

2,246.5
(2,122.6–
2,369.8)

4,138.0
(3,980.7–
4,294.9)

4,529.3
(4,361.6–
4,696.6)

4,465.4
(4,307.7–
4,623.5)

5,788.2
(5,619.9–
5,957.7)

2,587.2
(2,463.1–
2,712.7)

Prevalence
(%)

0.8 (0.6–0.9)

3.1 (2.6–3.5)

14.0 (13.1–
14.9)

24.3 (23.3–
25.4)

26.1 (25.0–
27.2)

15.2 (14.3–
16.0)

12.5 (11.7–
13.3)

4.1 (3.7–4.6)

Burden�

184.6 (154.0–
215.5)

741.2 (672.0–
811.0)

3,385.2
(3,234.7–
3,536.4)

5,903.7
(5,728.4–
6,079.5)

6,332.0
(6,143.7–
6,520.7)

3,763.6
(3,603.7–
3,923.0)

3,155.1
(2,997.8–
3,311.2)

1,058.7 (963.6–
1,152.4)

- Data presented as point estimation and its 95% CI.
�

Rounded to the nearest thousand.

- All differences for rural versus urban area by each group were statistically significant (p < 0.05).
- All differences for female versus male by each group were statistically significant (p < 0.05).
https://doi.org/10.1371/journal.pone.0262246.t002
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Fig 1. National prevalence of metabolic phenotypes for each BMI category by sex, area of residence, and age groups. MUHUW: metabolically
unhealthy underweight, MHUW: metabolically healthy underweight, MUHNW: metabolically unhealthy normal weight, MHNW: metabolically healthy
normal weight, MUHOW: metabolically unhealthy overweight, MHOW: metabolically healthy overweight, MUHO: metabolically unhealthy obese, MHO:
metabolically healthy obese.
https://doi.org/10.1371/journal.pone.0262246.g001

subjects with overweight or obese phenotypes, this was observed in the 45–54 and 25–34 age
groups, respectively, Fig 2. The prevalence of the metabolically unhealthy phenotype increased
with BMI. The prevalence of the metabolically unhealthy phenotype was lower than that of the
metabolically healthy phenotype in all age groups among underweight subjects.
The prevalence of the metabolic phenotypes was different between female and male at subnational level. The highest and lowest percentages of MHO among female subjects were
reported in the western province, Kurdistan (15.2; 95% CI: 10.4–20.0) and the south-eastern
province, Sistan-Baluchistan (5.5; 95% CI: 2.8–8.1), correspondingly. The highest and lowest
percentage of MHO among male individuals was seen in the other western province, Hamadan (6.7; 95% CI: 3.1–10.4) and the south-western province, Hormozgan (1.0; 95% CI: 0.0–
2.4), respectively. Overall, the most frequently observed metabolic phenotype among females
was MUHO, which was mainly presented in the northern province, Mazandaran (35.9%).
Among males, MHNW was most frequently observed (33.4%) in South Khorasan, Fig 3. Subnational estimates by area indicated that the most frequent metabolic phenotype in the urban
areas was MUHOW, and observed in the northern province of Guilan (27.5%), Fig 4. The
most frequent metabolic phenotype observed in the rural areas was MUHNW, in the northwestern province of Zanjan (34.9%), Fig 4.
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Fig 2. The prevalence of metabolically unhealthy phenotypes compared with the metabolically healthy
phenotypes by age groups and body size. MUHUW: metabolically unhealthy underweight, MHUW: metabolically
healthy underweight, MUHNW: metabolically unhealthy normal weight, MHNW: metabolically healthy normal
weight, MUHOW: metabolically unhealthy overweight, MHOW: metabolically healthy overweight, MUHO:
metabolically unhealthy obese, MHO: metabolically healthy obese.
https://doi.org/10.1371/journal.pone.0262246.g002

Based on the number of MetS components stratified by BMI categories, most participants
with underweight, normal weight, or overweight phenotypes had only one MetS component,
whereas all obese subjects had atleast two MetS components, regardless of their sex or area of
residence, (S1 Fig). The most frequent MetS component among our population, regardless of
BMI, was dyslipidemia. The prevalence rate of dyslipidemia was 46.6% (42.1–51.1), 62.2%
(60.8–63.6), 76.3% (75.1–77.5), and 83.4% (82.1–84.6) among individuals with underweight,
normal weight, overweight and obese phenotypes, respectively.
Among normal weight individuals, the prevalence of metabolic unhealthiness was significantly higher among older ages than those aged 25-34-years (with a surging trend), particularly
among individuals with low physical activity and large WC. It was significantly lower among
rural residents and in more educated individuals. After adding WC to adjust the above-mentioned variables (sex, age, area of residence, years of education, low physical activity, current
cigarette smoker), the association with residence in rural areas, age groups, and having a larger
WC remained statistically significant, Table 3.
Among overweight and obese individuals, older age groups compared to those aged
between 25–34 years, males, those with low physical activity, current cigarette smokers, and
those with a larger WC were less likely to be metabolically healthy. After adjusting for sex, age,
area of residence, years of education, low physical activity, current cigarette smoker and WC,
the negative association with sex, age, low physical activity, and having a larger WC remained
statistically significant, Table 4.
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Fig 3. Sub-national prevalence of metabolic phenotypes for each BMI category by sex. (a) MUHUW: metabolically unhealthy underweight, (b) MHUW:
metabolically healthy underweight, (c) MUHNW: metabolically unhealthy normal weight, (d) MHNW: metabolically healthy normal weight, (e) MUHOW:
metabolically unhealthy overweight, (f) MHOW: metabolically healthy overweight, (g) MUHO: metabolically unhealthy obese, (h) MHO: metabolically healthy
obese.
https://doi.org/10.1371/journal.pone.0262246.g003

Sensitivity analysis
When abdominal obesity (WC �102 cm in men and �88 cm in women) was used as a criterion, 22.9% of individuals without abdominal obesity were metabolically unhealthy (>1 cardiometabolic abnormality), whereas 15.5% of those with abdominal obesity fell into the
metabolically healthy phenotype category. Among the overall population, the association
between BMI categories and metabolic unhealthiness is outlined in Table 5. After adjusting for
age and sex, the probability of being metabolically unhealthy was significantly and positively
associated with low physical activity and BMI categories (Table 5, model 1). When ‘abdominal
obesity’ was used instead of BMI categories in the logistic regression (model 1), the ‘low physical activity’ and ‘abdominal obesity’ remained statistically significant and positively associated
with �2 cardiometabolic abnormalities. When ‘years of education’ was added to the equation
(Table 5, model 2), the probability of being metabolically unhealthy was positively associated
with low physical activity and BMI categories, and decreased with any increase in years of education. When abdominal obesity was added to the equation instead of BMI categories, residence in rural areas became negatively significant, and low physical activity, abdominal
obesity and years of education remained significant.
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Fig 4. Sub-national prevalence of metabolic phenotypes for each BMI category by area of residence. (a) MUHUW: metabolically unhealthy underweight, (b)
MHUW: metabolically healthy underweight, (c) MUHNW: metabolically unhealthy normal weight, (d) MHNW: metabolically healthy normal weight, (e)
MUHOW: metabolically unhealthy overweight, (f) MHOW: metabolically healthy overweight, (g) MUHO: metabolically unhealthy obese, (h) MHO: metabolically
healthy obese.
https://doi.org/10.1371/journal.pone.0262246.g004

Discussion
This nation-wide study found an alarming prevalence of metabolic unhealthiness and rising
BMI rates especially among females, the urban population, and people aged 65–69 years.
Based on our results, blood markers such as glucose, TGs and HDL-C as well as blood pressure, WC, and physical activity are more accurate measures of health than BMI.
Based on our results, the prevalence of metabolic unhealthiness among Iranians with normal weight and overweight phenotypes were higher than the US (11.5% vs. 9.3%, and 22.2%
vs. 17.2%, respectively). The prevalence rate of metabolic unhealthiness among obese Iranians
was lower than the US (18.3% vs. 24.8%) [9]. It is important to acknowledge that the prevalence of metabolic healthiness/unhealthiness varies from study to study based on used definition. Several sets of criteria have been used to define these phenotypes, some of which are
considered as indicators of metabolic disorders such as, T2DM, dyslipidemia, and hypertension with/without insulin resistance, whereas others are considered as inflammatory markers
[8, 20, 21]. The use of different definition makes the comparison of the prevalence rates of
these phenotypes as well as the assessment of their long-term health effects between studies difficult. In addition, the cutoff values for each parameter also vary in the studied populations
due to differences in their risk distributions [8, 22, 23]. The reasons behind the differences
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Table 3. Logistic regression model showing risk factors of metabolically unhealthy phenotype among normal
weight individuals.
Variable

OR (95% CI)
(unadjusted)

P-Value

OR (95%
CI)a

1.05 (0.93–1.18)

0.467

1.05 (0.90–
1.22)

Urban

Reference

0.002

Rural

0.83 (0.74–0.93)

P-Valuea

OR (95%
CI)b

0.553

0.93 (0.79–
1.10)

0.006

0.85 (0.73–
0.98)

P-Valueb

Sex
Female
Male

Reference

Reference

Reference
0.399

Resident area
Reference
0.82 (0.71–
0.94)

Reference
0.021

Age
25–34 years

Reference

35–44 years

1.57 (1.31–1.89)

<0.001

1.68 (1.37–
2.06)

Reference
<0.001

1.54 (1.25–
1.89)

Reference
<0.001

45–54 years

2.60 (2.14–3.16)

<0.001

2.86 (2.28–
3.57)

<0.001

2.49 (1.99–
3.12)

<0.001

55–64 years

3.45 (2.80–4.27)

<0.001

3.70 (2.87–
4.75)

<0.001

3.02 (2.32–
3.93)

<0.001

65–69 years

4.31 (3.17–5.86)

<0.001

4.68 (3.31–
6.62)

<0.001

3.60 (2.50–
5.17)

<0.001

70 years and more

4.28 (3.46–5.30)

<0.001

4.16 (3.17–
5.45)

<0.001

3.40 (2.58–
4.49)

<0.001

Educated years
Illiterate

Reference

1–6 years

0.64 (0.54–0.76)

<0.001

0.90 (0.73–
1.11)

Reference
0.334

0.87 (0.71–
1.08)

Reference
0.208

7–12 years

0.50 (0.43–0.59)

<0.001

0.90 (0.71–
1.14)

0.378

0.87 (0.69–
1.11)

0.262

13 years and more

0.47 (0.39–0.58)

<0.001

0.80 (0.62–
1.04)

0.096

0.79 (0.60–
1.03)

0.085

Low physical activity
(<600 METs)
No

Reference

Yes

1.18 (1.04–1.35)

Reference
0.013

1.15 (1.00–
1.32)

0.93 (0.75–
1.15)

Reference
0.054

1.13 (0.98–
1.30)

0.086

0.518

0.99 (0.80–
1.22)

0.895

1.04 (1.03–
1.05)

<0.001

Current daily cigarette
smoking
No

Reference

Yes

1.09 (0.92–1.29)

0.312

Reference

Waist circumference

1.05 (1.04–1.06)

<0.001

Reference

a

Adjusted for sex, resident area, age, educated years, low physical activity, current daily cigarette smoking.

b

Adjusted for all above variables plus waist circumference.

https://doi.org/10.1371/journal.pone.0262246.t003

found between our results and that of the US are the differences between the age and race of
the participants as well as the used criteria. Our participants were older (mean age: 47.6 years)
than the US population (45.0 years in Wildman et al.’s study) [23]. Similar to our previous
study on MetS prevalence in Iran [13], the rate of metabolic unhealthiness increased with age
both in Iran and the US [24], confirming that the declining prevalence of MHO with age is
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Table 4. Logistic regression model showing risk factors of metabolically healthy phenotype among overweight
and obese individuals.
Variable

OR (95% CI)
(unadjusted)

P-Value

OR (95%
CI)a

<0.001

0.66 (0.59–
0.74)

0.015

1.10 (0.99–
1.22)

P-Valuea

OR (95%
CI)b

<0.001

0.71 (0.64–
0.80)

0.084

1.10 (0.98–
1.22)

P-Valueb

Sex
Female
Male

Reference
0.74 (0.68–0.81)

Reference

Reference
<0.001

Resident area
Urban

Reference

Rural

1.12 (1.02–1.23)

Reference

Reference
0.093

Age
25–34 years

Reference

35–44 years

0.60 (0.53–0.68)

<0.001

0.61 (0.53–
0.70)

Reference
<0.001

0.65 (0.56–
0.75)

Reference
<0.001

45–54 years

0.37 (0.32–0.42)

<0.001

0.38 (0.33–
0.44)

<0.001

0.41 (0.35–
0.48)

<0.001

55–64 years

0.26 (0.22–0.30)

<0.001

0.29 (0.24–
0.34)

<0.001

0.33 (0.27–
0.39)

<0.001

65–69 years

0.20 (0.16–0.26)

<0.001

0.23 (0.17–
0.30)

<0.001

0.26 (0.20–
0.34)

<0.001

70 years and more

0.21 (0.17–0.26)

<0.001

0.26 (0.20–
0.33)

<0.001

0.29 (0.23–
0.38)

<0.001

Educated years
Illiterate

Reference

1–6 years

1.51 (1.32–1.73)

<0.001

1.20 (1.02–
1.40)

Reference
0.026

1.16 (0.99–
1.36)

Reference
0.068

7–12 years

2.02 (1.77–2.31)

<0.001

1.36 (1.14–
1.61)

0.001

1.25 (1.05–
1.48)

0.012

13 years and more

2.23 (1.91–2.60)

<0.001

1.58 (1.30–
1.92)

<0.001

1.45 (1.19–
1.76)

<0.001

Low physical activity
(<600 METs)
No

Reference

Yes

0.86 (0.78–0.94)

Reference
0.002

0.82 (0.75–
0.91)

0.93 (0.75–
1.14)

Reference
<0.001

0.85 (0.77–
0.94)

0.001

0.467

0.93 (0.76–
1.15)

0.512

0.97 (0.97–
0.98)

<0.001

Current daily cigarette
smoking
No

Reference

Yes

0.77 (0.65–0.91)

0.002

Reference

Waist circumference

0.96 (0.96–0.97)

<0.001

Reference

a

Adjusted for sex, resident area, age, educated years, low physical activity, current daily cigarette smoking.

b

Adjusted for all above variables plus waist circumference.

https://doi.org/10.1371/journal.pone.0262246.t004

independent of the criteria used to define MHO. Our samples were limited to subjects with the
Caucasian ethnicity, whereas the NHANES study included different races, non-Hispanic
whites and blacks as well as Hispanic and Mexican American adults [8]. Moreover, unlike the
US study, insulin and high-sensitive-C reactive protein (hs-CRP) levels were not measured in
our study.

PLOS ONE | https://doi.org/10.1371/journal.pone.0262246 January 6, 2022

14 / 20

PLOS ONE

Metabolically Healthy/Unhealthy and metabolic syndrome

Table 5. Sensitivity analysis to assess the association of different risk factors and risk of being metabolically
unhealthy phenotype among the overall Iranian population.
Variable

Model 1
OR (95%
CI)

P-Value

OR (95%
CI)

0.001

1.45 (1.32–
1.59)

0.753

0.93 (0.86–
1.01)

Model 2
P-Value

OR (95%
CI)

<0.001

1.22 (1.11–
1.34)

0.085

0.93 (0.85–
1.01)

P-Value

OR (95%
CI)

<0.001

1.50 (1.36–
1.66)

0.085

0.88 (0.81–
0.96)

P-Value

Sex
Female

Reference

Male

1.17 (1.07–
1.27)

Reference

Reference

Reference
<0.001

Resident area
Urban

Reference

Rural

0.99 (0.91–
1.07)

Reference

Reference

Reference
0.003

Age
25–34 years

Reference

35–44 years

1.86 (1.65–
2.11)

<0.001

1.95 (1.73–
2.21)

Reference
<0.001

1.82 (1.60–
2.06)

Reference
<0.001

1.91 (1.68–
2.16)

Reference
<0.001

45–54 years

3.45 (3.04–
3.92)

<0.001

3.56 (3.14–
4.04)

<0.001

3.26 (2.86–
3.71)

<0.001

3.37 (2.96–
3.84)

<0.001

55–64 years

5.44 (4.75–
6.24)

<0.001

5.23 (4.56–
6.00)

<0.001

4.97 (4.29–
5.75)

<0.001

4.83 (4.17–
5.59)

<0.001

65–69 years

7.61 (6.24–
9.28)

<0.001

6.87 (5.64–
8.38)

<0.001

6.80 (5.52–
8.37)

<0.001

6.24 (5.07–
7.69)

<0.001

70 years and more

7.22 (6.14–
8.49)

<0.001

5.97 (5.10–
7.00)

<0.001

6.23 (5.19–
7.47)

<0.001

5.26 (4.40–
6.29)

<0.001

0.025

1.09 (1.01–
1.19)

0.035

1.10 (1.01–
1.19)

0.027

1.09 (1.01–
1.19)

0.898

0.92 (0.79–
1.06)

0.230

0.99 (0.85–
1.14)

0.849

0.89 (0.78–
1.03)

Low physical activity
(<600 METs)
No

Reference

Yes

1.10 (1.01–
1.19)

Reference

Reference

Reference
0.036

Current daily
cigarette smoking
No

Reference

Yes

1.01 (0.87–
1.17)

Reference

Reference

Reference
0.123

BMI
<25 kg/m2

Reference

25–29.9 kg/m2

2.07 (1.87–
2.28)

<0.001

2.07 (1.88–
2.29)

<0.001

�30 kg/m2

3.73 (3.33–
4.17)

<0.001

3.70 (3.31–
4.15)

<0.001

Reference

Abdominal obesity
(WC �102 cm
(men); �88 cm
(women))
No

Reference

Yes

2.44 (2.23–
2.66)

Reference
<0.001

2.41 (2.21–
2.64)

<0.001

Educated years
Illiterate

Reference

1–6 years

0.85 (0.75–
0.96)

0.008

0.87 (0.77–
0.99)

Reference
0.028

7–12 years

0.81 (0.71–
0.93)

0.003

0.84 (0.74–
0.97)

0.015

(Continued )
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Table 5. (Continued)
Variable

Model 1
OR (95%
CI)

P-Value

OR (95%
CI)

13 years and more

Model 2
P-Value

OR (95%
CI)

P-Value

OR (95%
CI)

P-Value

0.68 (0.58–
0.80)

<0.001

0.69 (0.59–
0.81)

<0.001

Model 1: Statistical predictors were resident area, low physical activity, current daily cigarette smoking, BMI
categories or abdominal obesity adjusted for age and sex.
Model 2: Statistical predictors were resident area, low physical activity, current daily cigarette smoking, educated
years, BMI categories or abdominal obesity adjusted for age and sex.
https://doi.org/10.1371/journal.pone.0262246.t005

We found a significant negative association between BMI categories and the risk of being
metabolically unhealthy in both normal weight and overweight/obese phenotypes and also in
subjects with low physical activity. For instance, physical activity is expected to have positive
effects on cardiometabolic risk factors even among overweight and obese subjects [8, 17, 25,
26]. The prevalence of metabolic unhealthiness, regardless of BMI phenotype, was lower in
our participants with higher levels of education. The association between the prevalence of
obesity and other MetS criteria and educational level is well known [13, 27–29]. Compared
with BMI-derived obesity, a higher prevalence of metabolic unhealthiness was found when
having abdominal obesity was considered rather than BMI. This result indicates that visceral
fat might be more relevant to metabolic abnormalities than BMI [30, 31]. Although some
believe that WC should not be used to define MHO as some obese subjects also have high WC
[31], our study showed a negative association between having larger WC and MHO (based on
BMI). The correlation noted between metabolic abnormalities and years of education in our
study being independent of BMI and WC could point out the cultural differences between the
US and our population as another reason behind the variety in the reported prevalence rates.
In agreement with the Finnish cohorts [32], the highest prevalence of MetS was seen among
our obese subjects. This finding confirms the increase in MetS prevalence rate with surging
BMI. However, in some studies conducted in the Italian and Dutch populations, the prevalence of MetS was not reported to be higher among obese individuals [32, 33]. The most frequent MetS component in obese Finnish subjects was elevated blood pressure [32]. In
contrast, lipid abnormality was the most frequent MetS component among our obese individuals. As a result, dyslipidemia could be concluded as the main contributing factor to unhealthy
obesity and MetS among the Iranian population. Furthermore, previous reports on the prevalence of dyslipidemia in Iran (43.9%) [34] could confirm the ethnical predisposition of Iranians to insulin resistance along with heavy consumption of high calorie unhealthy foods and
the sedentary lifestyle in this population [35, 36].
After 5.5 to 10.3 years of follow-up, it has been established that MHO is not a static condition and can transform into metabolic unhealthiness over time [37, 38]. It is, therefore, of
great importance to define the variables that could predict the transition from metabolically
healthy to unhealthy in each population. In our study, the frequency of MetS components
increased with BMI regardless of sex. In addition, low physical activity and central obesity
enhanced the transition from being metabolically healthy to unhealthy phenotype. In the
Spanish population, any increase in BMI, WC or waist-to-hip-ratio was reported to help accelerate this transition, whereas following a healthy diet, high levels of physical activity, not smoking or cessation of smoking helped stop the shift [39]. Conversely, factors such as the female
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gender, high insulin levels, low levels of HDL-C, and greater visceral fat accumulation were the
factors accelerating this change in the Japanese Americans [40].
Our study had several strengths and limitations. The main strength was its populationbased sampling nature that was representative of the Iranian population and the precise characterization of the participants. Moreover, the accurate estimation of BMI-derived obesity
through direct measurement by trained research staff along with the estimation of metabolically healthy/unhealthy prevalence rates across different provinces of Iran were among other
strengths. The cross-sectional design of the study, on the other hand, limited the establishment
of causal associations. Given the global rise of obesity, the comparison of metabolically
healthy/unhealthy prevalence rates based on our data (collected in 2016) with that of the
NHANES 1999–2004 data could show bias because of the differences mainly in the sampling
time.

Conclusion
By focusing on BMI alone, the identification of overweight and obese individuals who are metabolically healthy as well as metabolically unhealthy subjects with normal weight is not possible. In other words, the “one size fits all” management approach could prove ineffective and
should not be recommended for every overweight and obese individual. In addition, due to its
heterogeneity, an expert consensus is urgently required to standardize the definition of MHO.
This could be performed through considering a set of criteria including insulin resistance,
T2DM markers, hypertension, dyslipidemia, inflammatory biomarkers such as hs-CRP as well
as WC. Moreover, it should be remembered that MHO is a dynamic concept that can alternate
to a metabolically unhealthy condition over time. So, more focus needs to be laid on variables
that could help prevent this transition.
Nevertheless, given the high mortality rate attributable to excess BMI and due to ischemic
heart diseases, stroke and T2DM in Iran [41] and lack of applicable obesity prevention programs, appropriate intervention programs are required. In this regard, further studies are
needed to identify the factors contributing to the differences between provinces, especially
among neighboring provinces. Given the high prevalence of dyslipidemia among obese subjects, raising awareness about lipid abnormalities, healthy lifestyles, lipid-lowering medications
as well as expanding lipid clinics could be an important intervention.

Supporting information
S1 Fig. National prevalence of metabolic phenotypes for each BMI category by metabolic
syndrome components classified by sex and area of residence.
(TIFF)
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Gonçalves CG, Glade MJ, Meguid MM. Metabolically healthy obese individuals: Key protective factors.
Nutrition. 2016; 32, 14–20. https://doi.org/10.1016/j.nut.2015.07.010 PMID: 26440861

8.

Wildman RP, Muntner P, Reynolds K, McGinn AP, Rajpathak S, Wylie-Rosett J, et al. The obese without cardiometabolic risk factor clustering and the normal weight with cardiometabolic risk factor clustering: prevalence and correlates of 2 phenotypes among the US population (NHANES 1999–2004). Arch
Intern Med. 2008; 168:1617–1624. https://doi.org/10.1001/archinte.168.15.1617 PMID: 18695075

9.

Tomiyama AJ, Hunger JM, Nguyen-Cuu J, Wells C. Misclassification of cardiometabolic health when
using body mass index categories in NHANES 2005–2012. Int J Obes (Lond). 2016; 40, 883–886.
https://doi.org/10.1038/ijo.2016.17 PMID: 26841729

10.

Djalalinia S, Saeedi Moghaddam S, Sheidaei A, Rezaei N, Naghibi Iravani SS, Modirian M, et al. Patterns of Obesity and Overweight in the Iranian Population: Findings of STEPs 2016. Front Endocrinol
(Lausanne). 2020; 11:42. https://doi.org/10.3389/fendo.2020.00042 PMID: 32174887

11.

Djalalinia S, Modirian M, Sheidaei A, Yoosefi M, Zokaiee H, Damirchilu B, et al. Protocol design for
large-scale cross-sectional studies of surveillance of risk factors of non-communicable diseases in Iran:
STEPs 2016. Arch Iran Med. 2017; 20, 608–616. https://doi.org/0172009/AIM.009 PMID: 29048923

PLOS ONE | https://doi.org/10.1371/journal.pone.0262246 January 6, 2022

18 / 20

PLOS ONE

Metabolically Healthy/Unhealthy and metabolic syndrome

12.

STEPS manual. Available at: http://www.who.int/ncds/surveillance/steps/manual/en. Accessed date:
June 30, 2021.

13.

Tabatabaei-Malazy O, Saeedi Moghaddam S, Rezaei N, Sheidaei A, Hajipour MJ, Mahmoudi N, et al. A
nationwide study of metabolic syndrome prevalence in Iran; a comparative analysis of six definitions.
PLoS One. 2021; 16(3):e0241926. https://doi.org/10.1371/journal.pone.0241926 PMID: 33657130

14.

Noncommunicable diseases and their risk factors. Global Physical Activity surveillance. Available at:
https://www.who.int/ncds/surveillance/steps/GPAQ/en/. Last accessed: 07 August 2019.

15.

Roberts WC. The Friedewald-Levy-Fredrickson formula for calculating low-density lipoprotein cholesterol, the basis for lipid-lowering therapy. Am J Cardiol. 1988. 62, 345–346. https://doi.org/10.1016/
0002-9149(88)90248-2 PMID: 3165237

16.

WHO Technical Report Series 894. Obesity: preventing and managing the global epidemic: report of a
WHO consultation. Geneva 2000. Available at: https://www.who.int/nutrition/publications/obesity/
WHO_TRS_894/en/.

17.

Mohebi F, Mohajer B, Yoosefi M, Sheidaei A, Zokaei H, Damerchilu B, et al. Physical activity profile of
the Iranian population: STEPS survey, 2016. BMC Public Health. 2019; 19, 1266. https://doi.org/10.
1186/s12889-019-7592-5 PMID: 31519165

18.

Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al; International Diabetes
Federation Task Force on Epidemiology and Prevention; Hational Heart, Lung, and Blood Institute;
American Heart Association; World Heart Federation; International Atherosclerosis Society; International Association for the Study of Obesity: Harmonizing the metabolic syndrome: a joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National
Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International
Atherosclerosis Society; and International Association for the Study of Obesity. Circulation. 2009; 120,
1640–1645. https://doi.org/10.1161/CIRCULATIONAHA.109.192644 PMID: 19805654

19.

Lumley T. Analysis of complex survey samples. J Stat Softw. 2004; 9(1), 1–19.

20.

Aguilar-Salinas CA, Garcı́a EG, Robles L, Riaño D, Ruiz-Gomez DG, Garcı́a-Ulloa AC, et al. High adiponectin concentrations are associated with the metabolically healthy obese phenotype. J Clin Endocrinol Metab. 2008; 93, 4075–4079. https://doi.org/10.1210/jc.2007-2724 PMID: 18682512

21.

Karelis AD, Brochu M, Rabasa-Lhoret R. Can we identify metabolically healthy but obese individuals
(MHO)? Diabetes Metab. 2004; 30, 569–572. https://doi.org/10.1016/s1262-3636(07)70156-8 PMID:
15671927

22.

Meigs JB, Wilson PW, Fox CS, Vasan RS, Nathan DM, Sullivan LM, et al. Body mass index, metabolic
syndrome, and risk of type 2 diabetes or cardiovascular disease. J Clin Endocrinol Metab. 2006; 91,
2906–2912. https://doi.org/10.1210/jc.2006-0594 PMID: 16735483

23.

Velho S, Paccaud F, Waeber G, Vollenweider P, MarquesVidal P. Metabolically healthy obesity: different prevalences using different criteria. Eur J Clin Nutr. 2010; 64, 1043–1051. https://doi.org/10.1038/
ejcn.2010.114 PMID: 20628408

24.

Adams KF, Schatzkin A, Harris TB, Kipnis V, Mouw T, Ballard-Barbash R, et al. Overweight, obesity,
and mortality in a large prospective cohort of persons 50 to 71 years old. N Engl J Med. 2006; 355,
763–778. https://doi.org/10.1056/NEJMoa055643 PMID: 16926275

25.

Messier V, Karelis AD, Prud’homme D, Primeau V, Brochu M, Rabasa-Lhoret R. Identifying metabolically healthy but obese individuals in sedentary postmenopausal women. Obesity (Silver Spring). 2009;
18, 911–917. https://doi.org/10.1038/oby.2009.364 PMID: 19851302

26.

Gutiérrez-Repiso C, Soriguer F, Rojo-Martı́nez G, Garcı́a-Fuentes E, Valdés S, Goday A, et al. Variable
patterns of obesity and cardiometabolic phenotypes and their association with lifestyle factors in the
Di@bet.es study. Nutr Metab Cardiovasc Dis. 2014; 24, 947–955. https://doi.org/10.1016/j.numecd.
2014.04.019 PMID: 24984822

27.

Lee K. Metabolically obese but normal weight (MONW) and metabolically healthy but obese (MHO)
phenotypes in Koreans: characteristics and health behaviors. Asia Pac J Clin Nutr. 2009; 18, 280–284.
PMID: 19713189

28.
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