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Abstract \
c:kground: We aimed to estimate the exploratory factor analysis (EFA) of metabolic syndrome components

based on variables including gender, BMI, and age groups in a population-based study with large sample size.
Methods: This study was conducted on 10663 individuals 40-70 yr old in Phase 1 of the Persian Kharameh cohort
study conducted in 2014-2017. EFA of the metabolic syndrome components, including waist circumference (WC),
systolic blood pressure (SBP), diastolic blood pressure (DBP), triglyceride (T'G), high-density lipoprotein (HDL)
and fasting blood sugar (FBS), was performed on all participants by gender, BMI (Body Mass Index), and age
groups.

Results: EFA results in the whole population based on eigenvalues greater than one showed two factors explain-
ing 56.06% of the total variance. Considering factor loadings higher than 0.3, the first factor included: DBP, SBP,
and WC, named as hypertension factor. The second factor also included TG, negative-loaded HDL, FBS, and
WC, named as lipid factor. Almost similar patterns were extracted based on subgroups.

Conclusion: MetS is a multi-factorial syndrome. Both blood pressure and lipid had a central role in this study
and obesity was an important factor in both ones. Hypertension, having the highest factor loading, can generally
be a valuable screening parameter for cardiovascular and metabolic risk assessment.

Qywords: Metabolic syndrome; Factor analysis; Cohort; Iran /

Introduction

Metabolic syndrome (MetS) is defined as a branch crease the risk of type 2 diabetes mellitus, cardio-
of risk factors such as central obesity, insulin re- vascular disease, cancer, and premature death (1).
sistance, dyslipidemia and hypertension which in- These are the most important health care prob-

lems in the world. This syndrome is associated
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with twice the risk of heart disease and heart attack
and five times the risk of diabetes, so it is 2 com-
mon tool for cardiovascular risk assessment (2).
The impact of MetS on mortality has increased
over time and even its components are associated
with various causes of mortality (3). About 20% to
25% of the adult population in the world suffers
from metabolic syndrome disorders (4). In Iran,
the prevalence of MetS by IDF (International Di-
abetes Federation) and ATP III (Adult Treatment
Panel III) were 37% and 33.82%, respectively (5).
MetS have been a complex issue in health care and
seem to have no simple cause. When the compo-
nents of MetS coexist, these risk factors increase
the risk of cardiovascular disease and its associated
consequences, including death; and it is beyond
what can be expected by a single component ().
Metabolic components are likely to be correlated
and have interactions (7).

Factor analysis is an appropriate method to iden-
tify the fundamental structure of metabolic syn-
drome components. The purpose of factor analy-
sis was to reduce the number of variables and dis-
cover the underlying latent factors that can justify
the structure of related factors and observed
changes in metabolic syndrome components in
populations, instead of statistical analysis of each
component, it would be better to analyze two or
multiple latent factors which were not observable
but were identified by factor analysis. This method
is an epidemiological technique to provide signifi-
cant insight into the underlying disease process.
Understanding how the components of the meta-
bolic syndrome cluster helps physicians and re-
searchers to interpret the pathophysiology of met-
abolic syndrome and provide effective strategies
to identify and prevent potential cardiovascular
risks (8).

Regardless of the different diagnostic cutoff
points for the syndrome, all definitions include
four main characteristics: obesity, glucose intoler-
ance, dyslipidemia, and hypertension (9). In previ-
ous studies, factor analysis for components of
metabolic syndrome has revealed indecisive and
inconsistent results; the different number of fac-
tors has been suggested in previous models of ex-
ploratory factor analysis, even up to 5 factors (10-
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17). However, the important mechanisms of the
metabolic syndrome, the interaction between reg-
ular physiological functions, including the abnor-
malities involved, and the number of latent factors
explaining the pathophysiological process have
still been unclear and remained controversial.
Therefore, the purpose of this study was to esti-
mate the exploratory factor analysis to discover
underlying latent factors explaining the observed
variations and correlations of metabolic syndrome
components based on variables including gender,
BMI (Body Mass Index), and age groups in a pop-
ulation-based study with large sample size.

Materials and Methods

This cross-sectional, population-based study was
conducted on 10.663 individuals aged 40-70 yr in
the first phase of the PERSIAN (Prospective Ep-
idemiological Research Studies in Iran) cohort
study of Kharameh City from 2014 to 2017. Kha-
rameh study was a subset of the National PER-
SIAN cohort study which included different geo-
graphical, climatic and ethnic groups in eighteen
provinces of Iran (18). Kharameh City is located
in Fars Province in the southern part of Iran. Its
population is 54,864 and the main ethnicity of
population is Fars (19). The main inclusion criteria
were 40-70 yr of age, living in Kharameh County,
and Iranian nationality. The exclusion criteria
were: lack of presence in clinics for physical exam-
ination, mental retardation, and unwillingness to
participate in the study. All questionnaires were
completed by using online survey through dedi-
cated platform.

The data used in this study were demographic, age
and gender questions. Anthropometric indices
also included weight (kg), height and waist circum-
ference (cm). BMI was calculated by a standard
formula and the subjects were divided into the
groups of normal weight (BMI<25 kg/m?2), over-
weight (BMI=25-29.9 kg/m2) and obese (BMI
230 kg / m2). These blood biochemical parame-
ters data were used as components of the meta-
bolic syndrome in exploratory factor analysis:
FPG, TG, and HDL. Blood pressure was also
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measured twice with 15 min intervals and the data
was recorded based on blood pressure on the right
and left arms.

Ethical approval was obtained from the research
ethics committee of Shiraz University of Medical
Sciences (IR.SUMS.REC.1398.445).

Exploratory Factor Analysis for Metabolic
Syndrome Components

In this study, Exploratory factor analysis was per-
formed using Principal Component Analysis and
Orthogonal Rotated Varimax from Metabolic
Syndrome Components including; WC, SBP,
DBP, TG, HDL and FBS to reduce the number of
original variables to fewer latent factors. The sum
of the variances for each observed variable was es-
timated with other variables in the constructed
factor and the amount of Eigenvalue (sum of
squared loading factor) greater or equal to one was
used as the criterion for the inclusion of an addi-
tional factor in the model. The KMO (kaiser-
meyer-olkin) was measured to determine the cor-
relation between the data suitable for factor analy-
sis. Moreover, the Bartlett test result was signifi-
cant, which indicates that there is a relationship
between the variables. Finally, based on factor
analysis, factor loadings equal to or greater than
0.3 were considered acceptable.

Descriptive characteristics of patients were pre-
sented with statistical, mean (standard deviation)
and frequency (relative frequency) markers. Inde-
pendent t-test was used to compatre two-way
equality between qualitative variables. One-way
ANOVA was used to compare mean equality in
more than two qualitative variables. Pearson cor-
relation coefficient was used to examine the corre-
lation between quantitative variables. Data were
analyzed by SPSS software (ver. 22, Chicago, IL,
USA). P-values less than 0.05 were considered sta-
tistically significant.

Results

Of the 10.663 participants in the Kharameh co-
hort study: in terms of gender, 44.3% were male
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(4719) and 55.7% were female (5944). In terms of
BMI, 3.9% (411), 36.4% (3882), 41.7% (4451) and
18.0% (1919) were in the low, normal, overweight
and obese groups, respectively. The mean age of
the subjects was 51.94£8.27 yr and mean BMI was
26.07+4.41.

In examining the difference between the mean
metabolic syndrome components by gender, the
average waist circumference in women was more
than 4 cm on average in comparison to men.
Women also had higher levels of FBS and HDL
cholesterol of 2.66 and 1.86, respectively. How-
ever, there was no difference in high triglycerides
and systolic and diastolic blood pressure between
genders. The mean of all the metabolic syndrome
components was higher in obese than in over-
weight people and was also higher in overweight
people than normal subjects, but this trend was
downward from normal people to obese subjects
for HDL. The mean WC, FBS, HDL, SBP and
DBP were increased by every decade of subjects’
age. Although the mean triglyceride level was in-
creased in the age group of 50-59 compared to the
age group of 40-49, this was the lowest in the el-
derly group (60-70 yr) than other three decades of
age groups (Table 1). The results of the correlation
between the metabolic syndrome components in
the whole population showed the highest correla-
tion between SBP and DBP (r=0.83). Then, there
was an inverse correlation between HDL and TG.
In terms of higher correlation, the correlation be-
tween WC with both SBP and DBP, and triglycer-
ides with WC and FBS were the next. In terms of
gender, in addition to the strong correlation be-
tween the two types of hypertension, the highest
correlation was observed between waist circum-
ference and blood pressure in males and there was
a reverse correlation between HDL and TG in fe-
males (Table 2). In terms of BMI and age groups,
in addition to the strong relationship between the
two types of hypertension, the highest correlation
was a reverse relationship between HDL and TG
in the three groups. Thereafter, the highest corre-
lation was found between WC and blood pressure
(Data are not showed).
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Table 1: Mean and SD of metabolic syndrome components by gender, BMI and age groups (n=10663)

Compone Total Sex Body Mass Index (BMI), kg/m2 Age group (yr)
nts  (10663) ~ \[ale Female P Normal Overwei  Obese P 40-49 50-59 60-70 P
(4719)  (5944) (4293) ght (1919) (4686)  (3759)  (2218)
(4451)

WC,cm 955112  93.0%11 97511 <  852%8. 99.146.5 110148 <  947%12 960+12 965+12 <
0 9 7 0.0 3 4 0.0 0 0 0 0.0
01 01 01
FBS, 99.4+33 980431 100.6£3 < 979433 99.6+33. 1024+3 00 941426 101.843 106.6+4 <
mg/dL 9 4 57 0.0 1 7 5.8 03 4 6.9 0.2 0.0
01 01
TG, 1303+8 130.148 130.54#8 0.7 119.9+7 135148 142548 <  1293+7 133148 127947 0.0
mg/dL 0.8 0.8 0.9 60 3.2 3.2 8.2 0.0 95 6.8 2.5 29

01
mg/dL 477412 466112 485112 < 485112  473%12. 467412 0.0  46.6+12  48.0%12 494413 <
HDL, 5 0 9 0.0 8 2 5 29 1 5 3 0.0
01 01
SBP, 115.1+1 1149+1 115241 03 111541 116641 119541 < 112141 1163+1 119441 <
mm/Hg 77 6.9 8.3 21 6.9 74 8.7 0.0 6.5 8.1 8.4 0.0
01 01
mm/Hg 723%10  723%+10 723%10 07  69.9%9. 733%9.9 754%X10 <  714%10 729+10 732+10 <
DBP, 2 1 3 88 7 9 0.0 1 4 0 0.0
01 01

Abbreviations: WC, waist circumference; FBS, fasting blood sugar; TG; Triglyceride; HDL, high-density lipoprotein; SBP, systolic blood pres-
sure; DBP, diastolic blood pressute

Table 2: Correlation between the metabolic syndrome components in the whole population and by gender

Compo Total Male Female
nents WC FBS TG H SBP D WC FBS TG H SBP D WC FBS TG H SBP D
r DL BP DL BP DL BP
P-value
WC, cm 1 1 1
FBS, 0.0 1 0.0" 1 0.06 1
mg/dL. 7 8 *
<0. <0. <0.
001 001 001
TG, 01" 0.18 1 0.18 0.18 1 0.11 0.8 1
rng/dL 4 * * * * *
<0. <0. <0. <0. <0. <0.
001 001 001 001 001 001
mg/dL - - - 1 - - - 1 - - - 1
HDIL, 0.08 0.02 0.29 0.06 0.03 0.28 012 0.01 0.30
* 0.07 * * * * * 0.41 *
<0. 8 <0. <0. 0.01 <O0. <0. 6 <0.
001 001 001 8 001 001 001
SBP, 024 0.08 0.06 0.0 1 032 0.07 0.05 - 1 017 0.10 0.07 0.0 1
mm/Hg * * * 1 * * * 0.0 * * * 2
<0. <0. <0. 0.1 <0. <0. <0. 02 <0. <0. <0. 0.0
001 001 001 73 001 001 001 0.8 001 001 001 82
80
mm/Hg 027 005 006 00 08" 1 035 0.06 0.07 00 08" 1 0.21  0.04 0.06 - 0.8" 1
DBP, * * * 01 3 * * * 05 4 * * * 0.0 3
<0. <0. <0. 09 <o. <0. <0. <0. 0.7 <0. <0. <0. <0. 02 <0.
001 001 001 08 001 001 001 001 14 001 001 001 001 09 001
03

Abbreviations: WC, waist circumference; FBS, fasting blood sugar; TG; Triglyceride; HDL, high-density lipoprotein; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure.
* Significant correlation, P<0.05
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The results of exploratory factor analysis for the
metabolic syndrome components in the whole
population based on eigenvalues greater than one
and the scree plot (Data Are not showed) showed
two factors explaining 56.06% of the total variance
(first factor 33.46% and second factor 22.60%).
Based on factor loadings above 0.3, the first factor

included DBP, SBP and WC, named the hyperten-
sion factor. The second factor also included TG,
negative-loaded HDL, FBS, and WC, named lipid
factor. An almost similar pattern was observed in
both genders and it was explained 57.45% and
55.45% of the variance in males and females, re-
spectively (Table 3).

Table 3: Factor loadings for metabolic syndrome components in exploratory factor analysis using varimax rotation

by gender

Components Total Male Female

Factor 1 Factor 2 Factor1 Factor2 Factor1 Factor2
SBP, mm/Hg 0.933 -0.012 0.927 -0.030 0.941 0.026
DBP, mm/Hg 0.938 -0.014 0.933 -0.028 0.943 0.031
WC, cm 0.477 0.314 0.563 0.277 0.333 0.376
TG, mg/dL 0.055 0.798 0.075 0.797 0.020 0.785
HDL, mg/dL 0.069 -0.706 0.054 -0.700 0.097 -0.720
FBS, mg/dL 0.106 0.403 0.093 0.428 0.099 0.380
Eigen values 2.00 1.35 2.09 1.34 1.95 1.37
Variance explained 33.46 22.60 3498 22.47 32.57 22.88
Cumulative variance 56.06 57.45 55.45

Abbreviations: WC, waist citcumference; FBS, fasting blood sugar; T'G; Triglyceride; HDL, high density lipoprotein;

SBP, systolic blood pressure; DBP, diastolic blood pressure.

Factor loads higher than 0.3 are bolded

In addition, the results of the exploratory factor
analysis based on BMI in the normal weight group
identified two factors that account for 55.96% of
the total variance. Here the first factor also in-
cluded SBP, DBP and WC, and the second factor
included high TG, HDL, and FBS. In the over-
weight group, two factors with the same pattern
were identified explaining 53.73% of the variance.
However, in the obese group, three factors were
identified: the first factor named hypertension in-
cluded SBP and DBP, the second factor named li-
pid included TG and HDL, and the third factor
named glucose included FBS explaining 70.83% of
the total variance in this group. A similar pattern
was also extracted by age groups (Table 4)

Discussion

This population-based study showed the mean
metabolic syndrome components in the whole
population, based on gender, age and BMI varia-
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bles. The results of EFA limited the metabolic syn-
drome components in the whole population to
two factors named as hypertension and lipid. Ab-
dominal obesity was also important in both fac-
tors. Subsequently, similar patterns were extracted
according to the subgroups of the studied varia-
bles.

The metabolic syndrome components are corre-
lated; in this study, the highest correlation was
found between SBP and DBP, followed by an in-
verse correlation between HDL and TG. WC was
also correlated with both types of blood pressure.
In the Hanley study, except for the relationship
between SBP and DBP, all variables were signifi-
cantly correlated with WC (20). In another study,
TG and HDL cholesterol were inversely corre-
lated (8). There was epidemiological evidence of a
direct effect of WC on blood pressure (21). All of
these results emphasize that all the metabolic syn-
drome components overlap.
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In this study, the first identified factor in the whole
population in both genders included DBP, SBP
and WC, named Hypertension; the second factor
included TG, Negative-loaded HDL-C, FBS and
WC named as lipid factor explaining 56.06% of
the total variance. Based on the results, obesity is
common in all factors. In our study, all subgroups
of SBP and DBP were loaded in one factor as well

as TG and HDL-C in another factot. So, because
of the importance of blood pressure measure-
ment, it should be considered as a suitable tool for
screening people at risk for MetS in populations.
There was no major pathological process for met-
abolic syndrome. This evidence is consistent with

previous studies on other populations with at least
2 factors observed in both genders (9, 12-15, 17).

Table 4: Factor loadings for metabolic syndrome components in exploratory factor analysis using varimax rotation

by BMI and age groups

Compone Body Mass Index (BMI), kg/m2 Age group (yr)
nts Normal Overweight Obese 40-49 50-59 60-70
Fact Fact Fact Fact Fact Fact Fact Fact Fact Fact Fact Fact Fact
orl or 2 orl or 2 orl or2 or3 orl or2 orl or 2 or 1 or 2
SBP, 093 001 094 - 094 0.02 011 094 - 0.93 - 0.92 -
mm/Hg 9 6 4 0.01 6 0 3 0 0.02 5 0.01 6 0.01
8 1 9 3
mm/Hg 093 001 094 - 0.95 - 0.06 094 - 0.94 - 0.93 -
DBP, 7 8 2 0.01 6 0.00 2 3 0.02 3 0.01 5 0.00
8 4 5 1 3
WC, cm 038 039 027 022 019 -007 044 048 030 043 029 034 0.36
0 7 5 1 6 1 8 2 3 0 6 7
TG, 0.01 080 004 078 001 079 018 006 080 0.05 0.79 005 0.76
mg/dL 8 2 0 6 8 9 7 7 3 4 5 7 9
mg/dL 0.11 - 0.05 - 0.00 - 0.16 0.04 - 0.03 - 0.05 -
HDL, 6 0.68 0 0.69 9 0.81 7 0 0.73 5 0.70 8 0.64
9 3 8 2 1 6
FBS, 0.12 038 0.07 0.46 - 0.11 089 006 034 0.09 044 0.03 0.52
mg/dL 7 5 9 1 0.07 6 3 5 4 3 5 1 5
4
Eigen 198 137 187 135 189 134 100 205 135 200 136 189 138
values 4
Variance 330 229 311 225 316 224 167 342 226 334 227 31.6 230
explained 5 1 8 5 3 8 2 5 2 2 4 0 2
Cumulative 55.96 53.73 70.83 56.87 56.16 54.62
variance

Abbreviations: WC, waist circumference; FBS, fasting blood sugar; TG; Triglyceride; HDL, high-density lipoprotein;

SBP, systolic blood pressure; DBP, diastolic blood pressure
Factor loads higher than 0.3 are bolded

Besides, in a study on the Iranian population, fac-
tor analysis identified three factors (blood pres-
sure, lipids, and glycemia). In males, the first factor
was identified by WC, SBP and DBP and the sec-
ond factor was by positive loading for WC and TG
and negative loading for HDL-C. The third factor
was only FBS. In women, the variables of the first

Awvailable at:
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factor were similar to the first factor in men. The
second factor in women identified by TG and neg-
ative-loaded HDL-C and the third factor by WC
and FBS. The components explained 75.71% and
75.93% of the variances in males and females, re-
spectively (12). Blood pressure and lipids were
predominant in this study and waist circumference
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were common in all three factors. In a study con-
ducted on the whole population, the first factor
was blood pressure (systolic and diastolic) and the
second factor was triglyceride (HDL-C and TG)
explaining 55.4% of the total variance (15); these
results are consistent with the present study.

In the northern part of Iran, three factors were ex-
tracted by EFA in both genders. In men, hyper-
tension included systolic and diastolic blood pres-
sure, obesity and WC, and lipid/glucose factor in-
cluded TG, HDL, and FBS. Together, these three
factors accounted for 65.3% of the variance ob-
served in men and 66.8% in women (13). In this
study, BMI and WC were considered together for
obesity. In this study, the first factor was hyper-
tension, which was in line with our study and the
obesity factor was next. In rural areas of India for
both genders, three factors were identified in the
measured variables explaining 71% of the vari-
ance. WC, TG, and LDL and HDL-C negative
loading which had the highest explained variance.
The second factor was cholesterol explaining
about 20% of the variance (total cholesterol and
low-density lipoprotein), but hypertension was the
third factor in this study (14). In this study,
dyslipidemia was the predominant factor corre-
lated with waist circumference and other lipid fac-
tors. Generally, these inconsistencies in these stud-
ies can be related to the selection of criteria such
as the target group, the number of factors, the ex-
traction or rotation methods, the threshold chosen
for loading factors, and the cut points for the se-
lection of factors.

Central obesity, as defined by the International Di-
abetes Federation, is a major component of MetS
(4). Obesity is related to all causes of death, espe-
cially cardiovascular mortality (22). In our study,
abdominal obesity was loaded in both factors and
had a higher factor load in women. This suggests
that general obesity and abdominal obesity are the
most sensitive markers of metabolic syndrome for
women than men; therefore, women are more sus-
ceptible to metabolic abnormalities (23). As ex-
pected, body fat is a driving factor behind most of
the factors and traits involved in the development
of MetS and metabolic diseases (9). Central obesity
appears to play an important role in linking other
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risk factors together in MetS. As an anthropomet-
ric measure, WC could be considered a suitable
tool for screening individuals at risk for MetS.
Because of the large sample size, the population-
based nature of the study, and because the infor-
mation is based on a cohort study, more accurate
data has been collected for research purposes.
Moreover, exploratory factor analysis based on
several variables including gender, age groups and
BMI are the most important advantages of this
study.

The cross-sectional nature of the study limited the
possibility of examining causal relationships. This
study also evaluated only the relationship between
routine components in the definition of MetS and
major risk factors and other non-routine risk fac-
tors have not been measured, addressed in future
studies. Therefore, it is recommended to carry out
these evaluations in different groups. Definitely,
the results of subsequent phases of this cohort
study could further help to understand the patho-
genesis of MetS in this population.

Conclusion

MetS is a multi-factorial syndrome and some com-
mon causal patterns can be considered for the
components of the syndrome. Two factors of
blood pressure and lipid had a critical role, obesity
was an important variable in both factors and
blood pressure had the highest factor loading.
Since the risk of cardiovascular disease is con-
stantly increasing by higher blood pressure, it is
important to identify these high-risk individuals.
As a simple measurement, blood pressure can be
a good tool for screening people at risk for MetS
in populations.
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