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Abstract Little is known regarding the development of
metabolic syndrome. This study examining gender differ-
ence in the characteristics of metabolic components aimed
to estimate the development of metabolic syndrome in both
genders. This nation-wide, population-based survey inclu-
ded 5,880 men and women aged 20-79 years in Taiwan.
Metabolic syndrome was defined by the revised National
Cholesterol Education Program Adult Treatment Panel III,
with adoption of the Asian criteria for abdominal obesity.
The results indicate that metabolic syndrome was prevalent
in 20.4% of the men and 15.3% of the women. Lipid
components occurred the earliest in both genders. The
appearance of the first isolated component was earlier in
women than in men (mean age 43.4 vs. 45.6 years,
P < 0.05). In contrast, the mean prevalent age of metabolic
syndrome appeared earlier in men than in women by
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4.9 years (mean age 51.3 vs. 56.2 years, P < 0.05). The
differences in prevalent age from the appearance of any
isolated component to metabolic syndrome were 12.8 years
in women and 5.7 years in men, respectively. If men had a
body mass index less than 23 kg/m? and exercise habits,
the difference in the prevalent age from the isolated com-
ponent to metabolic syndrome was 15.4 years, longer than
for all women subjects. We conclude lipid components
appeared the earliest. Women had the first isolated com-
ponent earlier, presenting as metabolic syndrome later than
men. The development of metabolic syndrome was slower
in subjects without overweight characteristics and with
exercise habits.
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Abbreviations
BMI Body mass index
BP Blood pressure

FPG Fasting plasma glucose

HDL High-density lipoprotein cholesterol

METS Metabolic syndrome

NCEP National cholesterol education program
ATP III expert panel adult treatment panel IIT

TG Triglyceride

WwC Waist circumference

Introduction

The metabolic syndrome (MetS), a cluster of central
obesity, glucose intolerance, hypertension, and dyslipide-
mia [1, 2], poses for risks of cardiovascular diseases and
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diabetes mellitus [3, 4]. There is a significant gender dif-
ference in cardiovascular diseases risks, showing a male to
female ratio of 2-5 [5, 6]. MetS has been observed in many
ethnic groups [7-13], and the influence of gender on its
prevalence varies between populations mainly related to the
characteristics of the population sampled and its definition.
In Asian countries, studies revealed that the prevalence of
MetS is higher among men than among women in Singa-
pore [8, 9], Korea [10] and Taiwan [11] according to the
modified National Cholesterol Education Program Expert
Panel Adult Treatment Panel III (NCEP ATP III) criteria
[9]. Among young and middle-aged adults, women have
lower blood pressure and serum levels of triglyceride, and
less abdominal fat accumulation than men [14]. However,
the protection conferred on women is not lifelong and the
prevalences of MetS increased with age especially in
women, sharply beyond aged 50-60 years [7, 11]. Recent
studies indicate that the programming of metabolic disorder
and the process of atherosclerosis starts at an early age,
show differences on gender [15]. However, few literatures
discussed or assessed the natural history of MetS but that is
important to design intervention strategies. The effective-
ness of lifestyle modification, changes in diet and physical
activity in the resolution of MetS, was demonstrated [16]
and that illustrated the importance of taking intervention to
prevent disease progression. In the effort to examine gender
difference in the characteristics of metabolic components
aimed at different preventive strategies, this study was
designed with the aim to assess gender differences in the
development of MetS, and the influence of exercise habits
and overweight characteristics on these differences.

Methods
Population surveys

We utilized data from a nation-wide, cross-sectional,
population-based survey, named the Taiwanese Survey on
Prevalence of Hyperglycemia, Hyperlipidemia, and
Hypertension (TwSHHH) 2002. This study was based on
the National Health Interview Survey (NHIS) which
employed a multi-staged, stratified, clustering sampling
scheme in 2001 (including 26,685 non-institutionalized
residents from 6,592 households in 1,648 communities in
Taiwan). Half of the NHIS sampled Household Registration
List (3,296 households) in each stratum were randomly
selected for the TWSHHH. There were 7,578 (attendance
rate: 73.6%) from 10,292 eligible subjects participated
TwSHHH. The details of this population have been
described previously [17]. All participants gave written
informed consent. Subjects who lacked a blood specimen
(976 participants) or who were older than 80-year old or less
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than 20-year old were excluded. The remaining 5,880 sub-
jects were included in the following analyses. No significant
differences were found in the prevalence of metabolic
disorders between study subjects and excluded subjects.

Data collection

Socio-demographic characteristic data including gender,
age, personal habits, family history of cardiovascular
related diseases, physician-diagnosed diseases and medi-
cation history were investigated using a trained-nurse-
administrated questionnaire. Sitting blood pressure (BP)
and anthropometrical measurements were measured. Two
BP measurements were made 30 s apart in the right arm
after the participant sat and rested for 5-10 min. A third BP
measurement was made when the first two BP readings
differed by more than 10 mmHg. The average of the two
closest readings was calculated and used in the analysis.
Waist circumference (WC) was measured at the narrowest
point with a tape measure placed parallel to the floor. NaF
plasma was collected for fasting plasma glucose (FPG)
analysis, along with serum for levels of lipids. Blood
samples were transported in dry-ice to the central labora-
tory, stored at —20°C and analyzed within 2 weeks. Fasting
triglyceride (TG) (Bucolo method) and FPG (glucose oxi-
dase method) were measured by an automated system
(Vitros 550/750, Johnson & Johnson, USA). High-density
lipoprotein cholesterol (HDL) was measured by electro-
phoresis. Body mass index (BMI) was calculated as weight
in kilograms divided by the square of the height in meters.
We adopted the BMI cutoffs suggested by the World
Health Organization Asian Pacific Guideline for classifi-
cation of excess weight [18]. Accordingly, subjects were
classified into normal (BMI < 23), overweight
(23 < BMI < 25) or obese (BMI = 25) categories. Smok-
ing was categorized as current, past, and never during the
previous 3 months. Alcohol drinking status was catego-
rized as frequent (more than once a week), less frequent
(less than once a week), and never. Exercise habits was
defined as regularly exercising for over 30 min during the
previous 3 months and categorized as frequent (more than
twice a week), less frequent (once a week), and never.

Criteria of MetS and its components

Revised NCEP ATP III diagnostic criteria have been
approved by the American Heart Association in 2005 [2].
The definition of central obesity was modified as a WC
more than 90 cm in men, and more than 80 cm in women
[18]. Based on this revissd NCEP ATP III for Asians
definition, we defined MetS as needing at least three out of
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five of the following criteria: (1) WC = 90 cm in men or
80 cm in women; (2) fasting TG = 1.69 mmol/l; (3)
HDL < 1.03 mmol/l in men or <1.29 mmol/l in women;
(4) systolic BP > 130 mmHg or diastolic BP > 85 mmHg,
or current use of antihypertensive drugs; and (5) FPG >
5.6 mmol/l or current use of antidiabetic drugs.

Statistical analysis

We expressed the prevalence of the individual component
of MetS as proportions and compared those between gen-
ders by a chi-square test. A graphical presentation of
gender-specific prevalence rates for MetS and its compo-
nents are provided in 5-year increments.

The prevalent age of individual component is shown as
the mean age and its standard deviation (SD). Differences
of mean prevalent age between genders in individual
component were tested using analysis of a general linear
model after adjustment for exercise habits, smoking and
alcohol drinking status. The term, isolated component, was
defined as participants having only one component of
MetS. The gender impacts on prevalent age difference from
having isolated component to fulfilling the criteria of MetS
were assessed by two sample 7 test by a SUDAAN descript
procedure that tests the differences of two means from two
data sets [19]. The statistical analyses were performed with
a SAS statistical software (version 8.2; SAS Institute), and
survey software SUDDAN was used (survey procedures in
SAS) to correct the affection by sample weight. Statistical
significance was designated at P < 0.05 and an odds ratio
that excluded 1.

Results
Characteristics of the study subjects

Among the 5,880 subjects with a mean age of 44.7 (SD
15.0) years, MetS that was defined with the revised NCEP
ATP III for Asians definition was prevalent in 20.4% of the
men and 15.3% of the women (Table 1). Men had higher
mean values of TG concentration, BMI, systolic and dia-
stolic BP, and a higher prevalence of current smoking,
current alcohol drinking, and overweight characteristics
(P < 0.0001) than women.

Subjects who were physically inactive accounted for
46.5%. There were no differences between men and
women. In components of MetS, high BP (34.1%) was the
most common component in men, followed by high TG
(32.6%) and large WC (27.7%). However, the component
of a large WC (29.2%) was the most common risk factor in
women, followed by the component of low HDL (25.4%).

A higher prevalence of high BP, high TG and high FPG
were noted in men than in women.

Gender difference in the prevalence of individual
components and MetS

The prevalence of a large WC, high BP and high FPG
increased with age in both genders, whereas the prevalence
of a low HDL differed little between categories of age
groups (Fig. 1). The distribution of these metabolic
abnormalities on age groups differed in gender. Men aged
less than 50 years had a higher prevalence of a large WC,
high TG, high BP and high FPG than women. In contrast,
the prevalence of these components rose sharply after the
menopausal transition. The prevalence of a large WC in
women after the menopausal period increased rapidly and
was higher than in men beyond the age group of 50-55.
Therefore, the prevalence of MetS was lower in women
than men until after age 50 years, although showing a cross
over beyond the age group of 50-59 years, becoming
higher in women.

Gender difference in the prevalent age of individual
components and MetS

We computed the prevalent age of individual components
and its combination with other components, shown in
Table 2. Regardless of gender difference, low HDL was
present in the youngest mean age, followed by high TG.
Lipid components of MetS occurred the earliest, compared
with other nonlipid components.

The appearance of the first individual component
showed earlier in women than in men (mean age: 43.4 vs.
45.6 years, P < 0.05). In contrast, the mean age of MetS
showed earlier in men than in women by 4.9 years (mean
age: 51.3 vs. 56.2 years, P < 0.05).

The difference in the prevalent age from the appearance
of any isolated component to MetS was 12.8 years in
women and 5.7 years in men. Regardless of which com-
ponent was present, men were sooner than women in
presenting as cases of MetS. The difference in the pre-
valent age from having the first isolated component to
fulfilling MetS (more than three components) varied. There
were greater years between the prevalent age of isolated
low HDL and MetS with low HDL components in women
than in men (20.3 years in women, 12.1 years in men,
respectively). However, the differences in prevalent age
from isolated high BP to MetS with high BP were 5.1 years
in women and 1.7 years in men.

In both genders, overweight characteristics and physical
inactive subjects took fewer years to present MetS. If men
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Table 1 Basic characteristics of the study sample

Total subjects (n = 5,880) Men (n = 2,775) Women (n = 3,105) P

Age (years) 44.7 (15.0) 45.0 (14.7) 443 (15.4) 0.073
Body mass index (kg/m?) 23.7 (3.7) 24.3 (3.5) 23.0 (3.8) <0.0001
Waist circumference (cm) 80.5 (10.9) 85.2 (9.8) 76.2 (10.0) <0.0001
Systolic blood pressure (mmHg) 115.9 (18.1) 119.3 (16.6) 112.9 (18.9) <0.0001
Diastolic blood pressure (mmHg) 75.4 (11.3) 78.4 (10.9) 72.8 (10.9) <0.0001
Fasting plasma glucose (mmol/l) 5.27 (1.63) 5.31 (1.64) 5.25 (1.62) 0.1326
Triglycerides (mmol/l) 1.48 (0.98) 1.68 (1.10) 1.30 (0.82) <0.0001
HDL cholesterol (mmol/l) 1.44 (0.39) 1.34 (0.39) 1.53 (0.37) <0.0001
Medical treatment

Antihypertensive agent (%) 10.8 11.1 10.4 0.3870

Lipid-lowering drugs (%) 4.1 4.5 3.7 0.1378

Antidiabetes drugs (%) 3.8 4.0 3.7 0.5121
Overweight and obesity (%)

Body mass index (kg/m?) 23-24.9 21.6 245 18.9 <0.0001

Body mass index (kg/m?) 25 31.6 37.9 25.6
Smoking (%)

Current smoker 233 452 3.7 <0.0001

Ex-smoker 3.9 7.8 0.4

Never 72.9 47.0 95.9
Alcohol drinking (%)

Frequent, >once a week 12.3 22.0 3.6 <0.0001

Less frequent, <once a week 14.1 21.6 7.4

Never 73.6 56.4 89.0
Exercise habits (%)

Frequent, >twice a week 35.1 34.1 37.1 0.001

Less frequent, once a week 17.1 19.1 15.9

Never 47.8 46.8 47.0
Low HDL cholesterol level® (%) 234 21.7 24.8 0.0045
High TG level® (%) 27.5 35.2 20.7 <0.0001
Large WC* (%) 30.0 29.2 30.6 0.2411
High FPG® (%) 18.5 19.6 17.4 0.0314
High BP® (%) 29.7 36.3 23.7 <0.0001

* Low high-density lipoprotein <1.03 mmol/l in men or <1.29 mmol/l in women

" High triglyceride level >1.69 mmol/l

¢ Large waist circumference 290 cm in men, 280 ¢cm in women according to Asian criteria

d High fasting plasma glucose level (=5.6 mmol/l) or taking medication

¢ High blood pressure (=130/85 mmHg) or taking medication

had BMI less than 23 kg/m?* and exercised more than once
a week, the differences in the prevalent age from the first
isolate component to MetS was 15.4 years, longer than for
all women subjects (Table 3).

Discussion
We found in the present study that MetS, as defined with

the revised NCEP ATP III, for Asians definition, was
prevalent in 20.4% of the men and 15.3% of the women.

@ Springer

The prevalence of MetS was lower in women than in men
until after age 50, also showing a crossover. Lipid com-
ponents of MetS occurred the earliest in both genders,
whereas high BP was seen in the oldest. Women had the
first isolated component earlier and presented as cases of
MetS later than in men. We found that the development of
MetS was slower in subjects without overweight charac-
teristics and with exercise habits.

The influence of gender on the prevalence of MetS
varies between populations. In Taiwan, previous studies
demonstrated a higher prevalence of MetS in men than in
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Fig. 1 The gender-age-specific prevalence of metabolic syndrome
and it components in men and in women. (a) Low high-density
lipoprotein <1.03 mmol/l in men or <1.29 mmol/l in women,
(b) high triglyceride level =>1.69 mmol/l, (c) large waist

women (15.5-29.2% in men and 4.8-10.5% in women
according to modified NCEP ATP III definition, respec-
tively) [11, 20]. Compared with the modified NCEP ATP
IIT definition of MetS, we found similar prevalence rates in
men, but higher prevalence rates in women with the revised
NCEP ATP III for Asians definition. The influence on the
prevalence of MetS was greater in women than in men.
Reports from the US National Health and Nutrition
Examination Survey [7] and from a study of a large health
check-up population in Taiwan [11] also demonstrated this
reversal of MetS prevalence by sex after an age of
60 years. In this cross-sectional survey, we found that the
distribution of these components of MetS on age groups
differed in gender. Prevalence of MetS was higher in men
than in women before the age group of 50 years, which was
attributable to higher prevalent of high TG and high BP
components in men. Prevalence of MetS was higher in
women than in men beyond the age group of 60 years,
because large WC component increased rapidly with age in
women after the menopausal period.

It is difficult to establish the cascade of components that
characterize the syndrome. As such, the development of
MetS has not been clarified clearly. Earlier appearances of
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circumference 290 c¢cm in men, >80 cm in women according to Asian
criteria, (d) high fasting plasma glucose level (=5.6 mmol/l) or taking
medication, (e) high blood pressure (=130/85 mmHg) or taking
medication

lipid components with a higher prevalence in younger age
groups indicate that dietary fat intake contributes to the
positive associations of MetS [21]. In this study, although
adiposity was also positively associated with dietary fat
intake, appearance of lipid components was close to
approaching the large WC cut-off point in this study.

We detected gender-related influences on the prevalent
age at presenting components of MetS and found that the
appearance of the first isolated component showed earlier
in women than in men by 2 years. The difference in pre-
valent age from appearance of any isolated component to
MetS was 12.8 years in women and 5.7 years in men.
Women had the first isolated component earlier and pre-
sented as cases of MetS later than men. The strength of the
observed difference of prevalent age on gender might be
dependent on the cut-off point for these metabolic com-
ponents. It can be argued that the cut-off points are
arbitrary (with lower levels of large WC and higher levels
of low HDL criteria of MetS in women), and the proportion
of high-risk individuals would have risen considerably. In
this study, we applied men’s criteria to women and found
that the difference in prevalent age from appearance of any
isolated component to MetS was 9.4 years in women.
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Table 2 Mean prevalent age of individual or combined components of metabolic syndrome in 2,775 men and 3,105 women and comparison on
gender differences®

Mean prevalent age (y) (standard deviation) P-value for trend®  Difference (95% CI)
from “>3” to “1”

Number of individual metabolic component

0 1 2 >3
Men
Any type of components 38.6 (13.8) 45.6 (15.4)* 479 (14.9*  51.3 (14.6)* <0.0001 5.7 (4.0-7.3)%*s%:*
Low HDL choesterol® group 36.8 (13.5) 42.4 (13.3) 48.9 (14.2)* <0.0001 12.1 (8.9-15.5)***
High TG level® group 39.9 (12.4) 44.2 (13.7) 49.5 (14.2)**  <0.0001 9.6 (7.2-12.1)
Large WC* group 43.8 (14.6)*  48.3 (15.4)*  50.9 (14.8)* <0.0001 7.1 (4.2-10.1)*
High FPG® group 49.4 (12.7) 51.8 (14.3)*  54.8 (13.9) 0.0055 5.4 (2.1-8.8)**
High BP® group 51.7 (16.0) 52.8 (15.)*  53.4 (14.4)** 0.3263 1.7 (0.6-3.9)**
Women
Any type of components 37.3 (11.1)  43.4 (14.0) 51.5 (14.2) 56.2 (13.2) <0.0001 12.8 (11.3-14.4)
Low HDL choesterol® group 34.2 (10.1) 44.6 (13.9) 54.5 (14.1) <0.0001 20.3 (18.3-22.3)
High TG level® group 43.8 (13.8) 47.6 (14.5) 55.7 (13.5) <0.0001 11.9 (8.7-14.9)
Large WC* group 46.9 (13.4) 52.3 (13.9) 56.3 (13.5) <0.0001 9.6 (7.2-11.6)
High FPG® group 46.6 (12.9) 55.5 (13.2) 574 (12.2) <0.0001 10.8 (7.8-13.6)
High BP® group 53.8 (11.9) 57.0 (11.8) 58.9 (11.8) <0.0001 5.1 (2.8-7.3)

* Significance between genders. NS, not significant; *P < 0.05; **P < 0.01; ***P < 0.001

P P for trend by general linear regression with adjustment for smoking, alcohol drinking status and exercise habits

¢ Low high-density lipoprotein <1.03 mmol/l in men or <1.29 mmol/l in women

d High triglyceride level 21.69 mmol/l

¢ Large waist circumference 290 cm in men, 280 ¢cm in women according to Asian criteria
£ High fasting plasma glucose level (=5.6 mmol/l) or taking medication

€ High blood pressure (>130/85 mmHg) or taking medication

Table 3 Differences of prevalent age® from having the first isolated component to fulfilling the definition of metabolic syndrome (more than
three components) and the influence of BMI” and exercise habits

Total subjects BMI = 23 Without exercise ~ BMI = 23 and without BMI < 23 and with
habits exercise habits exercise habits

Men

A. The first isolated component 45.6 (15.4) 44.0 (13.0) 44.8 (14.4) 43.7 (12.7) 49.1 (17.8)

B. More than three components 51.3 (14.6) 49.4 (14.2) 48.9 (13.9) 46.9 (13.2) 64.4 (11.5)

Differences: B — A 5.7 (4.0-7.3) 5.4 (3.5-72)NS 4.0 (1.8-6.2)N8 3.2 (0.8-5.71)" 15.4 (9.8-20.9)""
Women

A. The first isolated component 43.4 (14.0) 43.9 (12.2) 42.6 (13.9) 422 (11.4) 43.1 (14.9)

B. More than three components 56.2 (13.2) 53.8 (13.2) 54.9 (12.9) 52.6 (12.8) 62.9 (11.7)

Differences: B — A 12.8 (11.3-14.4) 9.9 (8.1-11.9)"" 123 (10.1-14.5™ 104 (7.7-13.2)"" 19.9 (16.5-23.4)""

# Values are mean (standard deviation) and difference (95% confidence interval)
" Body mass index
¢ Significance from total subjects. NS, not significant; P <0.05 P <0.01; 7P < 0.001

Previous studies reveal that women develop cardiovas-  resistance appears to be a central feature of MetS. Meta-
cular diseases later in life than men, and women are bolic control varies between men and women. Intrinsic
lagging behind men by about 10-15 years [22, 23]. Car- sexual dimorphisms exist at the molecular and cellular
diovascular gender differences are apparent long before  levels and, obviously, there is the presence of different sex
cardiovascular diseases appear in men and women. Insulin  steroid hormones [24]. Data of the EarlyBird Study showed
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that girls were intrinsically more insulin resistant than boys
[25]. Girls aged 5 years were 30% more insulin resistant
than boys. That could be the one of causes to explain why
women had the first isolated component earlier in this
study. In contrast, adult men are more insulin resistant than
women [26]. Greater visceral fat accumulation and lower
plasma adiponectin concentrations in men than women are
candidates for mediating gender differences in insulin
sensitivity and higher vulnerability to CVD [27, 28].
Among young and middle-aged adults in this study, women
have lower BP and TG, and less visceral fat accumulation
than men. However, the protection conferred on women is
not lifelong, dissipating rapidly after the age of 50 [14].
That supports the protective effects of female sex hor-
mones and the unfavorable effects of testosterone on
substrate metabolism in view of the MetS.

The iron depletion effects were also raised to explain
the phenomenon of gender differences. Elevated ferritin
levels have been associated with MetS. Jehn M et al.
conducted a cross-sectional study of 6,044 adults in the
US and found that the positive association between ele-
vated iron stores and the prevalence of MetS [29].
Punnonen et al. examined CVD risk after premenopausal
hysterectomy or myomectomy and found that the relative
risk was three times greater in the hysterectomy group
than in the myomectomy group in a period of
11-18 years after the procedures [30]. That study data
indicate that a functioning uterus and loss of blood and
iron are necessary for continued cardiovascular protection
of women.

The discrepancy might be also explained in part by the
survivor bias with an earlier average death in men than in
women. Previous studies showed men having 2-5 times
higher CVD mortality rates than women among middle-
aged people [5, 6]. Another limitation of this study is the
use of cross-sectional survey to predict the development of
metabolic components that might exist birth cohort effects
in the population. Further research of cohort follow-up
designs would be ideal to understand the gender difference
on the development of metabolic syndrome. Nevertheless,
we obtained the significant differences of prevalent age of
MetS and its components in men and women, which
indicate the need for programs of health promotion and
high risk screening intervention in the consideration of
differences in gender.

In comparison with Caucasians, Asians have a greater
risk of fitting the metabolic profile at lower WC than do
whites [31]. Ethnic-specific cutoff points of cardiometa-
bolic components in MetS focusing on the definition of
abdominal obesity have been suggested [18]. Therefore,
the issue of the gender difference on the development of
MetS might also need to be discussed according to ethnic-
specific conditions.

Current recommendations for managing the cardiovas-
cular disease risk focus on lifestyle modifications that have
been shown to be of benefit, particularly in the reduction of
excess adiposity and the increase in physical activity [16].
We found that a BMI < 23 kg/m* and exercise behavior
could lengthen the development of MetS in both genders,
but more significantly in men than in women. Previous
studies suggested that men gain much more benefit from
exercise training than women, whereas women only benefit
from it when it is accompanied by weight loss [32]. In
intervention studies, exercise training in combination with
weight loss improved insulin sensitivity in both genders,
whereas men had significantly larger improvements in
insulin sensitivity than women in response to an exercise-
training program in the absence of substantial weight loss
[33].

A better understanding of these metabolic component
changes between aging and gender will aid in the recog-
nition and treatment of subjects at risk for future MetS and
cardiovascular diseases, leading to appropriate interven-
tions. Additional clarification of gender difference in the
development characteristics of MetS by a cohort study is
required, as individuals with this condition are increasingly
being considered as candidates for behavioral and phar-
macologic intervention.
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