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Purpose: The incidence of obesity is globally increasing and it is a predisposing factor for
morbidity and mortality. This study assessed the prevalence of metabolically unhealthy (MU)
individuals and its determinants according to body mass index (BMI).

Materials and method: In our cross-sectional study, 891 persons aged 30 years or older
participated. Participants were classified as obese (BMI >30 kg/m?), overweight (BMI 25—
<30 kg/m* and normal weight (BMI <25 kg/m?). Metabolic health status was defined using
four existing cardio-metabolic abnormalities (elevated blood pressure, elevated serum concentra-
tions of triglyceride and fasting glucose and a low serum concentration of high density lipoprotein
cholesterol). Then, two phenotypes were defined: healthy (existence of 0—1 cardio-metabolic
abnormalities) and unhealthy (presence of 2 or more cardio-metabolic abnormalities).

Result: Overall, 10.9% (95% confidence interval (CI): 8.8-13.0) and 7.2% (95% CI:
5.5-8.9) of participants were MU obese and metabolically healthy obese, respectively. The
prevalence of MU was higher in overweight (55.6%; 95% CI: 50.6—60.6, p<0.001) and obese
(60.2%; 95% CI: 52.8-67.6, p=0.001) subjects than in individuals with a normal weight
(37.5%; 95% CI: 29.4-42.6). Multiple logistic regression analysis showed an association of a
MU state with age and dyslipidaemia in the BMI subgroups and with female sex in the
normal weight individuals.

Conclusion: The prevalence of a MU state increased with increasing BMI. Ageing and
dyslipidaemia were associated with an unhealthy metabolic state in normal weight, over-
weight and obese subjects and with the female sex in normal weight subjects.
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Introduction

The prevalence of obesity is increasing worldwide' and it was reported in 2011—
2013 that 16.5% of Iranian subjects older than 18 years were obese.” Also, as part
of the Jahrom Health Study (JHS), 9.9% of men and 24.8% of women aged
30 years or older were obese.’ Obesity is a strong risk factor for several chronic
diseases, such as hypertension (HTN), pre-diabetes, diabetes mellitus type 2
(DMT?2), dyslipidaemia and cardiovascular disease.*® According to a study con-
ducted in Jahrom, the prevalence of cardiovascular risk factors in adults were
11.6% for diabetes mellitus,'® 31.4% for hypertension,” 19.8% in men and 16.2%
in women for hypertriglyceridemia® and 9.4% in men and 13.3% in women for
hypercholesterolemia.’
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Most obese subjects have one or more metabolic
abnormalities. In the JHS Study, 24.7% of men and

32.2% women had metabolic syndrome.'!

However,
some, but not all, obese subjects have obesity-related
metabolic abnormalities that are collectively referred to
as metabolically unhealthy obesity (MUO). Currently, the
prevalence of the MUO phenotype varies from 10.6 to
20.1% according to diverse definitions of metabolic
abnormalities.'> In a study conducted on subjects aged
35-74 years in Spain, the prevalence of MUO was
26.3%."% In another study, the MUO phenotype was
detected in 19.4% of Russian people aged 25-64 years.'
The prevalence of MUO varies in different populations
according to the age of the participants and the definition
of a metabolically unhealthy (MU) subject.

Cohort studies have evaluated the risk of MUO for
several conditions. Many investigators found that the inci-
dences of all-cause mortality,'> hypertension,'® acute myo-
cardial infarction,'” subclinical atherosclerosis'® and
coronary artery disease'® were increased in individuals
with the MUO phenotype relative to the metabolically
healthy obese (MHO) group. Also, the ischaemic stroke
rate for the MUO subjects was significantly increased
relative to the MHO and metabolically healthy normal
weight (MHNW) groups during a mean follow-up of 7.4
+1.5 years.'? Others have suggested that the risk of type 2

20-22 and abnormalities of serum liver

diabetes mellitus
enzymes including gamma glutamyl-transferase and ala-
nine aminotransferase” are increased in MUO compared
with MHO.

Metabolic abnormalities are frequent in the general

3310 hevertheless information

population of south of Iran,
of metabolic deformities in obese individuals are infre-
quent. Therefore, the aim of the current study was to
evaluate the prevalence and clinical characteristics of
MU individuals according to body mass index (BMI)
groups in an Iranian adult people aged 30 years or older

in south region of Iran.

Materials and methods

This study was conducted using data obtained from the
JHS. The JHS is a cross-sectional survey of the urban
adult population (age >30 years) in Jahrom (population;
near 120,000), in 175 kilometres in the south eastern
region of Shiraz, Fars province, Iran. A multi-stage clus-
tered probability design was applied to this survey.” From
all 10 urban health centres (with 9,000—15,000 people)
and according to its population, sex, and age groups

(male/female and aged 30-34, 35-39, 40-44, 45-49,
50-54, 55-59, 60-64, 65—69 and 70 years or older), a
total of 1,000 individuals aged 30 years or over were
randomly selected for the JHS. Thus, 891 subjects were
included in the present study. All participants consent
was written informed consent. The protocol of the JHS
was approved by the Ethical Review Board of the Jahrom
University of Medical Sciences (ethics code: JUMS.
REC.1378.51.7). All procedures were performed in
accordance with the Declaration of Helsinki.

All participants answered a questionnaire developed
and administered by well-trained investigators, including
data on smoking status (never, current), level of education
(illiterate, primary school, secondary school, high school,
university), marital status (married and single [unmarried,
widow, or divorced]), history of hypertension, diabetes
mellitus, dyslipidaemia, cardiovascular diseases, liver pro-
blems and renal disease, as well as current medications.
Questionnaire filling, anthropometric and blood pressure
measurements and fasting blood samples were conducted
in the clinical and laboratory centre in the Paymanie
Hospital at the Jahrom University of Medical Sciences.

Anthropometric measurements were obtained for all
participants by a 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). BMI was calculated as weight (kg) divided by
height squared (m?). Blood pressure was measured on the
right arm using a mercury sphygmomanometer (Richter,
Germany) after the subject had rested for 5 mins in a seated
position. Systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured two times at 5 min intervals
and the average was used in the analyses. Hypertension was
defined as an average SBP >140 mmHg, an average DBP
>90 mmHg and/or self-reported current treatment for hyper-
tension with antihypertensive medication.

Blood was taken from each participant by trained med-
ical personnel after 810 hrs of overnight fasting. Blood
glucose, total cholesterol (TC), low density lipoprotein
cholesterol (LDL-C), high density lipoprotein cholesterol
(HDL-C) and triglycerides (TG) were measured. TC and
triglyceride levels were measured by enzymatic techniques
using a Selectra E bio-chromatic analyser. HDL and LDL
levels were measured after precipitation of the other lipo-
proteins with heparin and manganese chloride. Plasma
glucose levels were measured by the glucose oxidase
method.
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Diabetes mellitus was defined as having two fasting
serum glucose assessments of >126 mg/dl or being trea-
ted for diabetes. Dyslipidaemia was defined according to
the recent recommendations of the American Heart
Association; that is, TC >200 mg/dl and/or triglyceride
>200 mg/dl and/or LDL cholesterol >130 mg/dl and/or
HDL cholesterol <40 mg/dl. We used the cut-offs recom-
the Cholesterol
Programme Expert Panel on Detection, Evaluation and
of High Blood Cholesterol in Adults
(ATP TII):** hypercholesterolemia was set as a total
serum cholesterol >240 mg/dl, high LDL-C as a level
of LDL-C >160 mg/dl and hypertriglyceridemia as serum

mended by National Education

Treatment

TG levels >200 mg/dl and/or current use of lipid low-
ering medication, while low HDL-C was set as <40 mg/
dl for men and <50 mg/dl for women. Overweight was
defined as a BMI between 25 kg/m* and <30 kg/m* and
obesity was defined as a BMI 30 kg/m” or higher.

Cardio-metabolic risk factors (CMRFs) were defined
using the components of metabolic syndrome defined by
the International Diabetes Federation: systolic or diastolic
BP >130/85 mmHg or taking antihypertensive drugs; fast-
ing blood glucose >100 mg/d or drug treatment for pre-
viously diagnosed diabetes; TG >150 mg/dl or lipid
lowering medication use; HDL cholesterol <40 mg/dl in
men and <50 mg/d in women or taking medication to treat
hyperlipidaemia. Subjects with 0—-1 CMRF were defined as
metabolically healthy (MH) and those with at least 2
CMRFs were defined as metabolically unhealthy (MU).
Metabolically healthy overweight (MHOW), metabolically
unhealthy overweight (MUOW), metabolically healthy
obesity (MHO), metabolically unhealthy obesity (MUO),
MHNW and metabolically unhealthy normal weight
(MUNW) phenotypes were classified according to over-
weight, obesity or normal weight and the presence or
absence of CMREF(s).

Statistical analyses were performed with SPSS soft-
ware, version 16 (SPSS, Chicago, USA). Continuous vari-
ables are expressed as the mean + standard deviation and
categorical variables are presented as the percentage. We
compared the socio-demographic, anthropometric and car-
dio-metabolic factors such as sex, marital status, education
levels, smoking status, diabetes mellitus, HTN, hypercho-
lesterolemia, hypertriglyceridemia, high LDL-C and dysli-
pidaemia between the MH and MU subjects in each BMI
group by chi squared tests. Also, we used one-way analy-
sis of variance tests for comparing continuous variables
such as age, SBP, DBP, FBS, TG, TC, LDL-C and HDL-C.

A multiple logistic regression model was used to estimate
the adjusted odds ratio (OR) and its 95% confidence inter-
val for some variables for the MU and healthy at normal
weight, overweight and obese participants. The variables
age group, sex, education, marital status, smoking status,
dyslipidaemia and hypercholesterolemia were included in
the multiple logistic regression models. The age groups
were categorised as 30—44, 45-59 and >60 years and the
age group of 30—44 was considered as the reference cate-
gory. Sex (female vs male), education level (educated vs
illiterate, secondary-diploma vs illiterate, primary vs illit-
erate), smoking status (current smoker vs others) and
status
Dyslipidaemia and hypercholesterolemia were categorised

marital (married vs others) were compared.
as yes vs no. P-values <0.05 were considered to be statis-

tically significant.

Results

In total, 891 subjects aged 30-91 years, mean age of 50.0
+13.46 years, participated in our study. Among these, 405
(45.5%) individuals were male; 89.5% were married and
18.9%, 25.6%, 39.8% and 15.7%, respectively, were illit-
erate, primary education level, secondary education level
and diploma and a higher academic degree.

The prevalence of MUO, MUOW and MUNW were
10.9%, 23.9% and 14.6%, respectively (Table 1). The
prevalence of MU was significantly higher in obese
(60.2%; 95% confidence interval (CI): 52.8-67.6,
p<0.001) and overweight (55.6%; 95% CI: 50.6-60.6,
p<0.001) subjects than in individuals with a normal weight
(37.5%; 95% CI: 29.4-42.6).

As shown in Table 1, the distribution of age, sex,
weight and height was significantly different among the
MU and MH subjects according to the BMI groups but not
significantly different for education level and marital sta-
tus. In other words, the obese (p<0.001 and p=0.017) and
overweight (p=0.017 and p=0.021) subjects were younger
than the normal weight subjects in both the MU and MH
groups. Also, the obese and overweight subjects were
more likely to be female than normal weight individuals
among both the MU and MH subjects. Not surprisingly,
obese (p<0.001 and p<0.001) and overweight (p<0.001
and p<0.001) persons were heavier than subjects with a
normal weight for both MU and MH individuals. In addi-
tion, obese subjects (»p<0.001 and p=0.003) were signifi-
cantly shorter than normal weight individuals for both MU
and MH persons. Also, obese subjects (p=0.005) were
shorter than overweight individuals among the MU
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persons. Current smoking status was significantly different
for the MH individuals. Thus, normal weight and over-
weight subjects were more likely to be smokers than the
obese participants.

In MH participants, there were no significant differ-
ences in SBP and serum concentration of FBS, TG and
HDL-C, percent of HTN, DMT2, hypertriglyceridemia,
high LDL-C, or low HDL-C
according to BMI groups (Table 2). However, DBP was
higher in the obese (p=0.002) and overweight (p=0.021)
individuals. Also, serum levels of TC and LDL-C were
significantly higher in obese (p=0.012 and p=0.020) and
overweight (p<0.001 and p<0.001) subjects. Overweight
subjects

hypercholesterolemia,

had a higher prevalence of dyslipidaemia
(»<0.001) compared to normal weight and obese subjects.
Similar to the MH group, in MU individuals, there were no
significant differences in SBP and the serum concentra-
tions of FBS, TG, HDL-C, percent of HTN, DMT2, hyper-
triglyceridemia, hypercholesterolemia, high LDL-C, or
low HDL-C according to the BMI groups and also not
for DBP, TC, LDL-C and dyslipidaemia.

The multiple logistic regression results (Table 3) of
obese participants showed a significant relationship to
MUO with an age group of >60 years (p=0.026) and dysli-
pidaemia (p<0.001). Similarly, MUNW was associated with
an age group of >60 years (p<0.001) and dyslipidacmia
(p<0.001) and also with female sex (p=0.040). In over-
weight subjects, being MH in the MUOW was associated
with an age 45-59 years (p=0.001), age >60 years
(p<0.001), and dyslipidaemia (p<0.001).

Discussion

Obesity and the presence of metabolic abnormalities
increase the risk of type 2 diabetes mellitus, ischaemic
stroke and coronary artery disease.'®**¢ Our multiple
logistic regression results indicated an association of meta-
bolically unhealthy in normal weight and obese partici-
pants with age >60 years and dyslipidaemia and also with
female sex in MUNW. Furthermore, in overweight indivi-
duals, MU was associated with age >45 years and
dyslipidaemia.

Nevertheless, these outcomes were incompletely con-
sistent with the findings of former studies. In a study
conducted by Zhang et al, independent determinant factors
for MHO were age <55 years (OR: 1.659; p=0.001) and
non-current smoking (OR: 1.397; p=0.038), whereas race,
sex, marriage status and educational status were not sig-
nificant contributors.?” In another study, age >50 years and

current smoking was associated with an unhealthy state in
normal weight subjects, whereas in overweight/obese sub-
jects, an unhealthy state was inversely associated with age
>50 years but positively with female sex.”® The authors
found that individuals with MUNW compared to MHNW
subjects were more likely to be male, former smokers,
hypertensive and those with lower levels of physical
activity.”’ In a study carried out by Lopez-Garcia et al,
lower age, being female and smoking were independently
associated with MHO, but among normal weight subjects,
a metabolic abnormal state was positively associated with
age >45 years and inversely with female sex, former
smoking status and education level.>

In our study, the prevalence of MUO was 10.9 (CI
95%: 8.8-13.0). Other researchers have reported a higher
MUO prevalence than in our results.'***>2 In one study
on adults aged 20-70 years without lean individuals, the
prevalence of MUO was higher (24.2%)*® than our results.
1"* with
a definition of metabolically unhealthy as having >2 car-

Also, in a study conducted by Martinez-Larrad et a

dio-metabolic abnormalities, the MUO prevalence was
higher (26.3%) than that found in our study. In a study
conducted by Liu et al,'? the prevalence of MUO ranged
from 10.9% to 20.1% according to five different metabolic
abnormality criteria. However, in studies conducted in the
USA'" and England,” the investigators reported a lower
prevalence of MUO (8.3% and 5.3%, respectively) than
our result. An explanation for these differences is that the
prevalence of MUO differs because of the use of different
definitions of metabolically unhealthy, the ethnicity of the
population studied, the design of the study and the features
of the participants.

As well as MUO status increasing the risk of mortality
and the incidence of CVD and metabolic disorders,**>°
MHO individuals are at higher risk of all-cause mortality
and chronic disorders such as diabetes mellitus, cardiovas-
cular diseases, etc.'>?>* The cumulative incidence of meta-
bolic syndrome, DMT2 and hypertension in MHO and MUO
individuals aged over 20 years was significantly higher com-
pared with MHNW after 5 years of follow-up.*> Lee et al
showed a significantly augmented risk for ischaemic stroke
in MUO subjects during a follow-up of 7.4 years."> The
results of Hinnouho et al showed a significant association
between metabolically healthy obesity and DMT2 and CVD
over a median follow-up of 17.4 years.?® In a meta-analysis
study, the pool adjusted relative risk for the incidence of
DMT?2 was 4.03 in MHO and 8.93 in MUO subjects com-
pared with MHNW individuals.” Kim et al during an analysis
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Table 3 Adjusted odds ratio (OR) and 95% confidence interval (Cl) for study variables of the metabolically healthy among normal

weight, overweight and obese subjects

MUO, OR (95% CI) | P-value | MUOW, OR (95% CI) | P-value | MUNW, OR (95% Cl) [ P-value
Age (year)
3044 1.00 - 1.00 - 1.00 -
45-59 1.56 (0.69-3.54) 0.287 247 (1.44-4.23) 0.001 1.74 (0.89-3.38) 0.105
260 3.19 (1.15-8.85) 0.026 4.65 (2.55-8.46) <0.001 3.91 (2.00-7.65) <0.001
Sex
Male 1.00 - 1.00 - 1.00 -
Female I.11 (0.44-2.84) 0.825 0.99 (0.61-1.61) 0.964 1.70 (1.03-2.82) 0.040
Educational level
llliterate 1.00 - 1.00 - 1.00 -
Primary I.11 (0.30-4.13) 0.875 0.82 (0.41-1.63) 0.562 0.77 (0.38-1.61) 0.481
Secondary to Diploma 0.65 (0.17-2.46) 0.526 1.13 (0.57-2.27) 0.722 0.74 (0.34-1.63) 0.454
Academic 0.73 (0.15-3.48) 0.692 0.73 (0.33-1.61) 0.438 0.61 (0.25-1.50) 0.279
Smoking
Others 1.00 - 1.00 - 1.00 -
Current smoking 3.67 (0.65-21.21) 0.142 0.96 (0.49-1.89) 0.909 0.70 (0.36-1.34) 0.282
Marital status
Others 1.00 - 1.00 - 1.00 -
Married 0.35 (0.11-1.15) 0.083 0.74 (0.35-1.58) 0.437 1.06 (0.45-2.50) 0.891
Hypercholesterolemia
No 1.00 - 1.00 - 1.00 -
Yes 0.49 (0.15-1.58) 0.232 0.57 (0.31-1.026) 0.061 1.02 (0.51-2.05) 0.947
Dyslipidemia
No 1.00 - 1.00 - 1.00 -
Yes 4.69 (2.18-10.07 <0.001 4.26 (2.24-8.12) <0.001 6.08 (3.57-10.36) <0.001

Abbreviations: MUO, metabolically unhealthy obesity; MUOW, metabolically unhealthy overweight; MUNW, metabolically unhealthy normal weight.

of 34,798 person years suggested a significant association of
subclinical carotid atherosclerosis with MHO compared to
MHNW individuals.'® A study showed that MHO indivi-
duals are at a higher risk of coronary heart disease, cerebro-
vascular disease and heart failure than normal weight MH
individuals.*® But, these outcomes in the MHO subjects are
controversial.'>?”*® Dhana et al have demonstrated that
MHO does not correlate with CVD in elderly subjects.”
Also, a large meta-analysis demonstrated that MHO subjects
are not at an increased risk of all-cause mortality and/or
cardiovascular events at a mean follow-up of 11.5 years.*’

Our study showed that dyslipidaemia was significantly
higher in MU subjects as compared with MH in all normal
weight, overweight and obese subgroups. In a study con-
ducted by Tian et al, the prevalence of dyslipidaemia was
higher in MU non-obese and obese subjects.'® Yoon et al
reported that serum TG was higher in obese subjects
among MH and MU subjects.”’

Our study has limitations regarding the study design,
which is cross-sectional, and thus the associations do not
indicate causality. Our study also lacks any data on pro-
inflammatory cytokines. We used fasting blood sugar as
one of our criteria for the definition of metabolically
healthy, but a previous study showed that 30% of BMI
defined obese subjects classified as MHO according to
fasting plasma glucose exhibited impaired glucose toler-
ance or even DMT2 when subjected to an oral glucose
tolerance test.*” Conversely, the strength of our study is
its population-based sample selection, suitable sample
size and standardised methods of data collection.

In conclusion, the prevalence of MU in obese and
overweight Iranian adults was higher than in subjects
with a normal weight. Our data showed that ageing and
dyslipidaemia in BMI subgroups and also female sex
in normal weight subjects were associated with a MU

state.
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