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Davood Khalili1,2 & Pezhman Bagheri3 & Mozhgan Seif4 & Abbas Rezaianzadeh5
&

Esmaeil Khedmati Morasae6 & Ehsan Bahramali7 & Fereidoun Azizi8

Received: 9 August 2020 /Accepted: 22 December 2020
# Springer Nature Switzerland AG 2021

Abstract
Background Evaluating the process of changes in theMetabolic Syndrome (MetS) components over time is one of the ways to study of
the MetS natural history. This study aimed to determine the trend of changes in the progression of MetS from its isolated components.
Methods This longitudinal study was performed on four follow-up periods of the Tehran Lipid and Glucose Study (TLGS) between
1999 and 2015. The research population consisted of 3905 adults over the age of 18 years. MetS was diagnosed based on the Joint
Interim Statement (JIS). The considered components were abdominal obesity, hypertension, hyperglycemia, and dyslipidemia.
Results The highest incidence of MetS from its components was related to hypertension in the short term (3.6-year intervals). In
the long run, however, the highest increase in the MetS incidence occurred due to abdominal obesity. Overall, the incidence of
MetS increased due to obesity and dyslipidemia, but decreased due to the other factors. Nonetheless, the trend of MetS incidence
from all components increased in total. The most common components were dyslipidemia with a decreasing trend and obesity
with an increasing trend during the study.
Conclusion The results indicated that obesity and hypertension components played a more important role in the further devel-
opment of MetS compared to other components in the Iranian adult population. This necessitates careful and serious attention in
preventive and control planning.
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Introduction

Metabolic Syndrome (MetS), as one of the world’s public
health challenges, refers to a cluster of metabolic disorders,
including central adiposity, hypertension, insulin resistance,
and dyslipidemias [1]. These disorders are important predic-
tors of diabetes mellitus, cardiovascular disease, and their
mortality as well as all-cause mortality [2, 3]. Evidence has
indicated that the risk of diabetes mellitus was five times
higher and that of myocardial infarction was three times
higher amongst the individuals with MetS compared to
healthy people [4]. However, studies on MetS have been
mostly limited to the epidemiology, etiology, and prognosis
of the disorder [5–7], and there are few studies on the longi-
tudinal changes of its components over time including key
information on the pathway of establishment, pathophysiolo-
gy, and treatment of MetS. In one of these studies, longitudi-
nal changes demonstrated the effect of birth cohort on the
prevalence of MetS [8]. In another study using this approach,
the relationship between the changes in MetS components
over time and the long-term occurrence of MetS was investi-
gated, and the mechanisms of incidence and pathways leading
toMetS were reported. Based on the results, long-term chang-
es in the Body Mass Index (BMI) mostly affected the inci-
dence of MetS through hypertension [9]. Investigation of the
association between the component changes and the occur-
rence of complications, such as type 2 diabetes [10, 11], as
well as the longitudinal relationship between some biomarkers
and the occurrence of MetS components [12] have shown
further evidence on the assessment of longitudinal changes
in MetS components and their dynamics. In the development
process of MetS, components can appear sequentially or si-
multaneously depending on the individual’s lifestyle.
Researchers believe that in this process, the component with
highest incidence plays an important role in the progression of
MetS [13]. However, discussions in this area are still contro-
versial [14–16]. Exploring the dynamics of MetS components
over time can play a significant role in clarifying the pathways
of this disorder. In other words, since the components of this
disorder occur together as a set, it can be argued that there are
common mechanisms for the occurrence of MetS that may be
better understood and judged by examining them in a large
set. To date, however, there has been a major belief among
researchers about the central role of insulin resistance in this
process [13, 17]. Considering the progression of MetS from
the angle of longitudinal changes of its components over time
is a process and pathological view that can play an important
role in the evolution of knowledge on how this disorder and
similar disorders are established. On the other hand, the dy-
namics of the incidence and prevalence of MetS components
during the time of MetS establishment may contain important
information on the interaction of components in forming this
disorder, disease prognosis, interventional strategies, and

mitigating policies. Therefore, the present study aims to eval-
uate the longitudinal changes of the MetS components, in-
cluding hypertension, dyslipidemia (low High Density
Lipoprotein (HDL) and high triglycerides), hyperglycemia,
and abdominal obesity, and the incidence rate of MetS due
to each of the components in the context of a large-population
cohort study in order to achieve a clear picture of the role of
each component in the process of MetS development.

Methods

Study participants and design

This longitudinal population-based study was done based on
the data from four follow-up periods of the Tehran Lipid and
Glucose Study (TLGS) whose details have been previously
described [18–20]. This study was performed in order to de-
termine the dynamism of the process of changes in the occur-
rence of MetS from its components among the individuals
over the age of 18 years (inclusion criteria). The TLGS study
was the first large-population cohort study in Iran designed to
determine the prevalence, incidence, changes, and outcomes
of the risk factors of chronic non-communicable diseases in
15,005 urban populations over three years of age in Tehran
using multi-sampling method since 1999. The sampling phase
of this study was conducted between 1997 and 2001 and pe-
riodic evaluations in separate phases were followed approxi-
mately once in every 3.6 years. The second phase of the study
was carried out between 2002 and 2005, the third phase be-
tween 2006 and 2008, the fourth phase between 2009 and
2011, and the fifth phase between 2012 and 2015.

Exclusion criteria process

In the first stage of the sampling process, out of a total of
15,005 people, 1532 were eliminated due to the history or
the definite diagnosis of diabetes and cardiovascular disease.
In the second stage, 4486 people aged 18 years and lower
were eliminated and 8987 ones were entered into the next
stage. In order to evaluate the trends in a virginal population
accurately and purely, 5082 people who had undergone vari-
ous lifestyle-based interventions were eliminated, as well.
Finally, 3905 adults were entered into the process of analysis.

Missing data strategy

After applying the exclusion criteria, depending on the design
of the study, missing data values in some variables ranged
from 15% to 25% in the follow-up periods, which was expect-
ed. Since the missing pattern was Missing At Random
(MAR), multiple imputation strategy [21–27] was used to
analyze and estimate the missing data using the Markov
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Chain Monte Carl (MCMC) approach with a maximum of 10
iterations. In the MAR pattern, the probability of a missing
value is related only to the observable data and it is possible to
estimate the missing values from the observed data. Missing
pattern in this case is not completely ‘random’, but it is the
most general case where we can ignore the missing mecha-
nism. The final pool estimation was the basis of the analysis.

Measurements and definitions

Joint Interim Statement (JIS) [28] guideline and the cut-off
proposed for Waist Circumference (WC) in the Iranian popu-
lation were used to define MetS in adults [29, 30]. In this
context, three out of the five following criteria were needed
for diagnosis: (1) abdominal obesity (WC ≥90 cm for both
genders), (2) triglycerides ≥150mg/dL, (3) HDL cholesterol
≤40mg/dL for males or ≤ 50mg/dL for females or receiving
drugs, (4) systolic/diastolic blood pressure ≥ 130/85mmHg or
receiving medications, and (5) fasting plasma glucose ≥100
mg/dL or receiving drugs.

Interviews using validated questionnaires [31–33] were
used to collect demographic data, medical records, and status
of MetS components during the follow-up period. Moreover,
WC and blood pressure weremeasured during regular medical
examinations in accordance with the existing standards. Blood
pressure was measured twice after a five-minute rest in sitting
position and the average value was considered. WC was also
measured over the umbilicus [34]. All blood tests were per-
formed in fasting state. Glucose oxidase assay was used to
measure fasting blood glucose and enzymatic methods were
used to measure lipid factors (triglycerides, HDL, and choles-
terol). The five components of MetS were central obesity (ab-
dominal obesity), hypertension, hyperglycemia, increased lev-
el of triglycerides, and decreased level of HDL. Because the
combination of triglycerides elevation and HDL decrease has
been introduced as dyslipidemia in the majority of sources,
these two components were merged in the current study.

Statistical analysis

Mean and standard deviation were used to describe the quan-
titative variables, while frequency and percentage were uti-
lized for qualitative variables. For quantitative variables,
Kolmogorov-Smirnov test was used to confirm the normality
assumption. In addition, chi-square and Cochrane test were
used to compare the differences between the two genders
and significance of the components trend. First, the prevalence
of each component and MetS in each period was calculated.
Then, the component-specific incidence rate of MetS was
used to investigate the dynamic trend of changes in MetS
incidence rates, wherein the net population of each component
was considered the denominator and the number of people
with MetS from the same component was regarded as the

numerator in any period. To calculate the incidence rate, the
baseline (F0) was considered the beginning of the period and
the first, second, third, and fourth incidences were calculated
in F1 (follow-up period 1), F2, F3, and F4, respectively. The
incidence rate of MetS was calculated similarly in healthy
individuals without metabolic disorders (no components). In
order to assess the stability ofMetS in patients withMetS over
time, the persistent MetS rate index was computed. It should
be noted that stability implied staying in the MetS state or
disease persistence in different periods. IBM SPSS Statistics
for Windows, version 24 (IBM Corp, Armonk, NY) and
Microsoft Excel 2016 were used for all these steps, and the
level of significance was set at <0.05.

Ethical considerations

This study was performed using the TLGS data and, conse-
quently, it was ethically subject to the ethical considerations
taken into account in that project (TLGS). It was independent-
ly the result of a research project approved by the National
Ethics Committee on Biomedical Research of Iran (code:
IR.SUMS.REC.1398.835).

Results

Out of a total of 3905 people, 1681 (43%) were male and 2224
(57%) were female. The median age of the participants was
37 years at the beginning of the study and 50 years at the end.
The median age was one year higher for males compared to
females. Themost common component at the beginning of the
study was dyslipidemia in males, females, and in total.
However, the most common component was obesity in all
three groups (males, females, and in total) in the final period
of the study. On the other hand, hypertension was the rarest
component in all three groups. Based on the prevalence rates,
obesity followed an ascending trend in all three groups, the
trend of hypertension was constant and irregular, dyslipidemia
followed a descending trend, and the trend of hyperglycemia
was initially stable and increasing at the end. Furthermore, the
trend of MetS was increasing in all three groups and the trend
of the number of healthy people (no components) during the
study was relatively constant. The trend of changes inMetS as
well as in its components was statistically significant over
time. Moreover, there were significant differences between
males and females regarding the trend of hypertension in the
last three periods, dyslipidemia in all periods, hyperglycemia
in the second, fourth, and final periods, obesity in all periods,
and MetS in all periods (p < 0.001). Furthermore, the inci-
dence of obesity was higher among females in all periods,
while that of hypertension, dyslipidemia, hyperglycemia,
and healthy status (no components) was higher amongst males
in all periods. However, the prevalence of MetS was higher in
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females in all periods. Separate information of the samples
based on their gender groups in the follow-up periods has been
presented in Table 1. In addition, the trend of changes in the
middle ranges has been shown in Fig. 1.

As shown in Fig. 1, the decreasing trend of dyslipidemia in
the middle of the study period was slower in males than in
females. Overall, however, the rate of decrease in dyslipidemia
was higher in females than inmales. The progress trend of other
components in both male and female groups in the middle of
the study period was consistent and relatively the same.

In the first follow-up period, in proportion to the population
at risk in each component and period (dynamic at risk popu-
lation), the highest incidence rate of MetS from the compo-
nents was related to hyperglycemia, hypertension, and hyper-
tension in males, females, and in total, respectively. In addi-
tion, the overall incidence of MetS from the isolated compo-
nents was calculated to be 8.5% among males in the first
period. In the second, third, and fourth follow-up periods,
the highest overall incidence rates of MetS in males were
related to hyperglycemia, dyslipidemia, and hypertension, re-
spectively. As for females, it was associated with obesity,
dyslipidemia, and hypertension. In total also, it was related
to hyperglycemia, dyslipidemia, and hypertension.

In the first follow-up period, the lowest rate of MetS in all
three groups (males, females, and total) had occurred in the
obesity component. In the second, third, and fourth periods,
the lowest incidence had respectively occurred in hyperten-
sion, hyperglycemia, and hyperglycemia in males and in hy-
pertension and hyperglycemia (concurrently), hypertension,
and hyperglycemia and dyslipidemia (concurrently) in fe-
males. In total, it had occurred in hypertension, hyperglyce-
mia, and dyslipidemia.

The MetS persistence rate in patients with MetS was gen-
erally stable with low fluctuations in the first to fourth follow-
up periods. However, the progression declined in females as
well as in the total mode. On the other hand, the incidence rate
of MetS in healthy people (no components) was higher in
males than in females at the end of the study, and only in-
creased among males. The overall incidence of MetS from the
isolated components also increased in all three groups, with a
superiority among males.

In terms of trend, the trend of the MetS incidence rate from
no components, obesity, and dyslipidemia increased in males
at the end of the study. The highest increase in the MetS
incidence rate was related to obesity. The incidence trend of
all components also increased in males. Considering females,

Table 1 The prevalence (%) of components and MetS stratified by gender and follow-up periods

Components Follow-up periods P value

F0# (%) F*1 (%) F2 (%) F3 (%) F4 (%)

Males Age (median) 38 41 44 47 51 –

Abdominal obesity 181 (10.8) 124 (7.4) 187 (11.1) 272 (16.2) 294 (17.5) < 0.001&

Hypertension 23 (1.4) 7 (0.4) 18 (1.1) 22 (1.3) 30 (1.8) < 0.001&

Dyslipidemia 475 (28.3) 444 (26.4) 334 (19.9) 131 (7.8) 97 (5.8) < 0.001&

Hyperglycemia 33 (2) 30 (1.8) 48 (2.9) 51 (3) 80 (4.8) < 0.001&

MetS 175 (10.4) 305 (18.1) 303 (18) 448 (26.7) 479 (28.5) < 0.001&

No components 291 (17.3) 132 (7.9) 122 (7.3) 130 (7.7) 126 (7.5) < 0.001&

Females Age (median) 37 40 43 46 50 –

Abdominal obesity 296 (13.3) 177 (8) 297 (13.4) 466 (21) 556 (25) < 0.001&

Hypertension 8 (0.4) 0 3 (0.1) 2 (0.1) 7 (0.3) < 0.001&

Dyslipidemia 424 (19.1) 216 (9.7) 194 (8.7) 57 (2.6) 37 (1.7) < 0.001&

Hyperglycemia 7 (0.3) 3 (0.1) 5 (0.2) 5 (0.2) 10 (0.4) < 0.001&

MetS 386 (17.4) 581 (26.1) 529 (23.8) 735 (33) 789 (35.5) < 0.001&

No components 157 (7.1) 46 (2.1) 64 (2.9) 46 (2.1) 42 (1.9) < 0.001&

Total Age (median) 37 40 43 47 50 –

Abdominal obesity 477 (12.2) 301 (7.7) 484 (12.4) 738 (18.9) 850 (21.8) < 0.001&

Hypertension 31 (0.8) 7 (0.2) 21 (0.5) 24 (0.6) 37 (0.9) < 0.001&

Dyslipidemia 899 (23) 660 (16.9) 528 (13.5) 188 (4.8) 134 (3.4) < 0.001&

Hyperglycemia 40 (1) 33 (0.8) 53 (1.4) 56 (1.4) 90 (2.3) < 0.001&

MetS 561 (14.4) 886 (22.7) 832 (21.3) 1183 (30.3) 1268 (32.5) < 0.001&

No components 448 (11.5) 178 (4.6) 186 (4.8) 176 (4.5) 168 (4.3) < 0.001&

#Baseline, *follow-up period, & significant; two-sided p value at 0.05 significance level in Cochrane test.
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the incidence trend in all components, except for no compo-
nents, increased over time. In this group, the highest increase
in the MetS incidence rate was related to hyperglycemia. The
incidence trend of all components increased, as well. In the
total mode, the results revealed an increase in the incidence
from obesity and dyslipidemia, but a decrease in the incidence

from other factors. Moreover, the trend of MetS incidence
related to all components was increasing. The trend of MetS
incidence changes related to all components in all three groups
was also significant over time. In terms of gender compari-
sons, the rate of change in the MetS incidence rate from hy-
perglycemia and hypertension was inversely proportional;

0

5

10

15

20

25

30

35

F 0 F 1 F 2 F 3 F 4
PR

EV
AL

EN
CE

 R
AT

E 
(%

)
FOLLOW-UP PERIODS

MALE 

Abdominal obesity (62%) Hypertension (28.5%) Dyslipidemia (-80%)

Hyperglycemia (140%) MetS (174%) No component (-56.6%)

0
5

10
15
20
25
30
35
40
45

F 0 F 1 F 2 F 3 F 4

PR
EV

AL
EN

CE
 R

AT
E 

(%
) 

FOLLOW-UP PERIODS

FEMALE 

Abdominal obesity (88%) Hypertension(-25%) Dyslipidemia (-91%)

Hyperglycemia (33.3%) MetS (104%) No component (-73.2%)

0
5

10
15
20
25
30
35
40

F 0 F 1 F 2 F 3 F 4

PR
EV

AL
EN

CE
 R

AT
E 

(%
) 

FOLLOW-UP PERIODS

TOTAL 

Abdominal obesity (78.6%) Hypertension (12.5%) Dyslipidemia (-85.2%)

Hyperglycemia (130%) MetS (125.6%) No component (-62.6%)

Fig. 1 The trend changes in the
prevalence rate of MetS and its
isolated components by gender
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both were higher in females than in males. In other words, the
incidence rate of MetS from these two components increased
in females, but decreased in males. Nonetheless, progression
in other components was consistent in males and females.
Among the components with consistent trends, the highest
difference between males and females was related to obesity;
the rate of increase in the incidence trend was 73.6% in males
and 3.8% in females. Among the components with heteroge-
neous trends, the highest difference between the two genders
was related to hyperglycemia; the change rate in the trend was
−53.7% inmales and 179.7% in females. In the total mode, the
highest increase in the MetS incidence was related to obesity.
Other details have been presented in Table 2.

The trend of changes in the incidence rates in the middle
time intervals (between the first follow-up period and the end)
has been depicted in Fig. 2. In all three groups, the incidence
rates of MetS from hypertension and hyperglycemia were de-
clining and consistent in the middle of the study. Additionally,
the trends of the incidence rates of MetS from obesity and
dyslipidemia were against each other in the middle of the
study. However, the distance between the incidence values
of these two components (obesity and dyslipidemia) increased
by moving towards the end of the study. Furthermore, the
incidence of MetS from hypertension reached zero in the mid-
dle of the study and increased afterwards in all three groups
(males, females, and in total).

Discussion

In this study, the dynamic behavior of the four components in
direct transition to the MetS state was investigated in the form
of incidence rates. The results showed that the highest inci-
dence rate of MetS from the components resulted from hyper-
tension in the total mode in the short term (3.6 years). In long-
term trends, however, the highest increase in the MetS inci-
dence rate occurred due to obesity. Additionally, the trend of
MetS incidence was ascending due to obesity and dyslipid-
emia and descending from the other factors in the total mode
at the end of the study. There was also an increase in the
incidence trend of MetS from the set of components. In terms
of the prevalence of the components, the most common com-
ponent was dyslipidemia with a decreasing trend and obesity
with an increasing trend during the study.

The present study aimed to determine the MetS incidence
rate using a different approach compared to other studies in
this field. Moreover, the purpose of determining the incidence
rate was to evaluate the incidence trend of MetS from each
component rather than calculating the incidence rate as gen-
erally done in other studies. Hence, similar studies are very
rare and the incidence rate computed in the current study is not
comparable to the values reported in other studies. In other
words, the incidence rate computed in other studies is not

component-specific and is the result of considering all com-
ponents together without separating the share of each.
Considering the occurrence of MetS from the perspective of
the component-based natural history, it can be said that the
occurrence of this disorder can be calculated both directly
from the isolated components and as a whole (all components
together). In most studies, there is no evidence of isolated
components and the proportion of the isolated components
contributing to the MetS incidence is not clear. This is exactly
the gap that was tried to be filled in this study and can play an
important role in a more accurate understanding of the patho-
physiology of this disorder and its treatment.

In the process of MetS natural history, except for the no
components state, there were four isolated states [13]: isolated
abdominal obesity, isolated hypertension, isolated dyslipid-
emia, and isolated hyperglycemia. Among the existing studies
in this area, some have generally determined the incidence rate
(the first approach), while some rare ones have determined the
share of each of the abovementioned components in the oc-
currence of MetS by utilizing complex and new statistical
approaches (second approach). What follows includes the ex-
amination and comparison of some aspects of the two
approaches.

One comparable aspect between the present study and oth-
er studies was the timing of the incidence rate calculation.
Although the results of the studies using the first approach
are not comparable to the current research, the findings of
the Baltimore cohort study demonstrated that the MetS inci-
dence rate was 25.5% in males and 14.8% in females over a
six-year period [35]. In a large cohort study conducted on
2000 people aged 20–74 years in central Iran between 2005
and 2015 [36], the 10-year incidence of MetS was reported to
be 56.1% (5.61% per year) in healthy individuals. In another
study [37] performed on patients with type 2 diabetes (without
MetS) followed up for 11.7 years in Iran, the incidence rate of
MetS was reported to be 33.4%. In another study conducted in
China [38] over a nine-year period, the incidence rate of MetS
was found to be 48.28% among females and 42.12% among
males. In one other study in Iran, based on the data obtained
from the four follow-up periods of the TLGS study [39], the
cumulative incidence ofMetS was estimated to be about 39%.
In another study on the same population in Iran [40] also, the
incidence rate of MetS was reported to be 20.4% in a three-
year period. There are also several reports on the incidence of
this disorder in other populations (Portugal [41], France [42],
and Japan [43]), in which the incidence rate was reported to be
81.4%; 10.5% in males, 8% in females, and 15% in total. In
the final period of the present study, the overall incidence of
MetS was reported to be 10.7%, which was consistent with
some studies and inconsistent with some others. The varia-
tions might be attributed to several reasons. All studies made
use of two criteria, namely NCEP (National Cholesterol
Education Program) and JIS, and there was no difference in
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this regard. It seems that the most important difference was
related to the present study’s approach to calculating the inci-
dence rate as well to shorter time intervals. In this study, a
component-based approach was taken to compute the inci-
dence rate by calculation of the incidence rate in each of the

components as well as in healthy people (no components) at
the beginning and in the follow-up periods. However, in most
studies, component separation has not been performed to cal-
culate the incidence rates. On the other hand, there was a
dynamic and two-way connection between each component
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Fig. 2 The trend of changes in the
incidence rate of MetS from its
isolated components by gender
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or a combination of components and MetS over time. This
implied that in each time interval, a person might improve or
the number of components in a person might increase or de-
crease. Therefore, considering the incidence rate based on the
components might provide a more accurate estimate of the net
incidence rate of MetS. Furthermore, the participants were
assessed in five periods (four follow-up periods) in the current
investigation, while they were evaluated over a period of time
in other studies. Finally, and yet importantly, because the
number of at-risk people decreased and varied over time in
the present research, both the number of cases (numerator) and
the denominator decreased over time.

In this study, the highest increase in the incidence rate
was associated with obesity in the total mode. In other
words, the highest increase in the incidence of MetS oc-
curred due to obesity in the long term. In the short term
(3.6 years), however, the highest incidence was observed
in hypertension, hyperglycemia, dyslipidemia, and hyper-
tension in the first to fourth periods, respectively. Similarly,
Baltimore cohort study [35], Tang [44], Palaniappan [45],
and Hwang [14] have identified obesity as the most impor-
tant component leading to MetS in adults. In contrast, Jia
et al. [13] maintained that hypertension was the most im-
portant component leading to MetS in adults. On the other
hand, a large study conducted in central Iran [36] and a
study in China [46] introduced hyperglycemia as the most
important component related to the development of MetS.
Among the aforementioned studies, four were performed
using the second approach [13, 14, 44, 46]. Since the pres-
ent study and these four studies were conducted with a lon-
gitudinal approach, their results might be more comparable.
Among these four studies, the results of two [14, 44] were
consistent with the long-term findings of the present inves-
tigation in reporting the higher significance of obesity in the
occurrence of MetS. In addition, the results of one study
[13] were in agreement with the short-term findings on the
more significant role of hypertension. However, the results
of the last study [46] were inconsistent with the overall
findings of the current research. It is worth mentioning that
the present study was the first to examine the component-
based occurrence process of MetS in Iran. Regardless of the
differences among the results of the studies in this field, it
can be said that depending on the lifestyles of different
communities, the role of each component in the develop-
ment and occurrence of MetS can be different. Regarding
the roles of hypertension and obesity in the development of
MetS amongst adults, the difference might be attributed to
the differences in the lifestyle and culture of the study pop-
ulations. Additionally, the increase in the incidence rate of
the MetS in people with hypertension could be mediated by
obesity and the changes that occurs in the body to facilitate
the conditions of hypertension. Since the components of
MetS have common roots in terms of the pathophysiology

of the disease, it may not be possible to distinguish between
the roles of obesity and hypertension in the development of
MetS. Nonetheless, the results presented in Fig. 2 revealed
that in the process of MetS development from its compo-
nents, hypertension and hyperglycemia were relatively sim-
ilar and obesity and dyslipidemia were also similar. This
makes a slight distinction between the common roots of
the components. In terms of mechanism also, it puts obesity
and dyslipidemia in a different level from hypertension and
hyperglycemia in the development of MetS. Hypertension
and hyperglycemia have been known as vascular disorders
and are likely to share their effects in this way, especially
among males. As in the present study, the prevalence of
obesity and dyslipidemia was higher in females, while that
of hypertension and hyperglycemia was higher among
males. On the other hand, obesity leads to dyslipidemia
through metabolic changes as well as metabolites and lipid
abnormalities. Moreover, the common link among obesity,
dyslipidemia, and MetS has been largely attributed to the
phenomenon of insulin resistance in peripheral tissues [47].

In the current study, the stability rate of MetS followed
a descending trend in total and in females, but an ascend-
ing trend in males from the first to the fourth follow-up
periods. Stability rates can indicate a change in the direc-
tion of some patients towards recovery, a return to recov-
ery, or even a progression of the disease. This index can
be called persistent MetS, as well [11]. The decreasing
trend of this index among females might be a sign of
the instability of the disease in this group, which could
be affected by various drug or behavioral interventions
over time. On the other hand, the increasing trend of this
index among males could be a sign of the higher stability
of the disease in this group, disease resistance to treat-
ment, or ineffectiveness of the treatments and interven-
tions over time.

The present study findings revealed the increasing
trend of the MetS incidence among healthy males (no
components) and its decreasing trend among females as
well as in the total mode during the research. Besides, the
overall incidence of MetS from all the isolated compo-
nents increased more in males than in females. Overall,
it could be concluded that the overall progression of MetS
was likely to be more severe amongst males. On the con-
trary, evidence has suggested a higher prevalence of the
disease among females. In the studies carried out by Jia
[13], Chen [46], Tang [44], and Hwang [14], the proba-
bility of transmission from the healthy status (no compo-
nents) directly to MetS as well as the possibility of main-
taining and stabilizing the disease status over time was
higher in males than in females. These findings were in
line with those of the present investigation, showing that
MetS persistence was higher in males compared to fe-
males over time.
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One of the important limitations of this study was the in-
comparability of the calculated incidence rates with other
studies, which limited the ability to accurately compare the
findings and determine the possible causes. Other study limi-
tations included not exploring the interplay between the com-
ponents and the effective covariates in this process as well as
the impossibility to generalize the results to the total popula-
tion of Tehran or Iran due to differences in culture, lifestyle,
and access to health services. Nevertheless, paying attention to
the component-specific calculation of MetS incidence as an
innovation in this study is strongly recommended in other
longitudinal studies to accurately identify the natural history
of MetS and to compute its net incidence rate.

Conclusion

The results indicated that isolated abdominal obesity, as the
most important component of MetS, played a fundamental
role in the development of MetS in the Iranian population
through the creation and development of other components.
This needs to be taken into consideration in preventive and
control policies as well as in further studies.
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