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Abstract
Aims/hypothesis We estimated cardiovascular disease
(CVD) mortality in individuals with the metabolic syn-
drome on the basis of different definitions.
Methods We collaboratively analysed data from 4,715 men
and 5,554 women, who were aged 30 to 89 years, had a
maximum follow-up of 7 to 16 years, and were drawn from
nine European population-based cohorts. Cox regression
analysis with age as time scale was performed to estimate
hazard ratio (HR) for mortality, adjusting for cohort, serum
total cholesterol and smoking.
Results The prevalence of the metabolic syndrome according
to definitions of WHO, the National Cholesterol Education
Program (NCEP), NCEP revised and the International
Diabetes Federation (IDF) was 27.0%, 25.9%, 32.2% and
35.9% respectively in men and 19.7%, 23.4%, 28.5% and
34.1% respectively in women. The corresponding HRs
(95% CIs) for CVD mortality were 2.09 (1.59–2.76), 1.74
(1.31–2.30), 1.72 (1.31–2.26) and 1.51 (1.15–1.99) in men,
and 1.60 (1.01–2.51), 1.39 (0.89–2.18), 1.09 (0.70–1.69) and
1.53 (0.99–2.36) in women. The paired homogeneity test
showed that in men the HR was higher with the WHO
definition than with the IDF definition (p=0.03). In women the
HR was lower with the revised NCEP definitions than with
either the WHO (p=0.02) or the IDF (p=0.01) definitions.

With a few exceptions,HRs for full definitions of the syndrome
were not significantly different from those for their single
components.
Conclusions/interpretation Metabolic syndrome by the four
definitions predicted CVD mortality in men, but the
prediction was weak in women. Further research is required
on the utility of definitions of the metabolic syndrome
above and beyond that of its single components and in
individual CVD risk stratification, particularly with regard
to sex difference in the prediction.
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Abbreviations
AACE American Association of Clinical Endocrinologists
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DECODE Diabetes Epidemiology: Collaborative Analysis

Of Diagnostic Criteria in Europe
EGIR European Group for Study of Insulin Resistance
ESM electronic supplementary material
FPG fasting plasma glucose
2hPG plasma glucose 2 h after 75-g glucose load
HR hazard ratio
IDF International Diabetes Federation
NCEP National Cholesterol Education Program
PAR population attributable risk

Introduction

Four major definitions of the metabolic syndrome have
been proposed by different expert groups: WHO in 1998
[1] (revised 1999 [2]); the European Group for the Study of
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Insulin Resistance (EGIR) in 1999 [3]; the National
Cholesterol Education Program Adult Treatment Expert
Panel III (NCEP) in 2001 [4, 5] (revised in 2004 [6]); and
the American Association of Clinical Endocrinologists
(AACE) in 2003 [7, 8]. The WHO and the EGIR
definitions have been proposed primarily for research
purposes and the NCEP and AACE definitions for clinical
use. The latter definition is less strict than others and
intended as a guideline for physicians to define the
metabolic syndrome. The major components of the meta-
bolic syndrome included in these definitions are similar, but
components and their diagnostic threshold values are
emphasised differently in different definitions. In addition
to the already existing definitions, a new definition,
outlined by an International Diabetes Federation (IDF)
consensus group, was issued in 2005 in an attempt to unify
the existing definitions [9, 10]. This IDF definition
emphasises the primary importance of central obesity, as
assessed by waist circumference with ethnicity-specific
cutoffs, and also considers it to be a prerequisite.

As summarised in a recent systematic review [11],
several prospective studies have evaluated the association
of either the WHO or the NCEP definition or both with the
risk of cardiovascular disease (CVD). Although the results
of different studies have not been uniform, meta-analyses
have shown that the metabolic syndrome by the WHO
definition was associated with a 1.9-fold increase and by
the NCEP definition with a 1.7-fold increase in CVD risk
[11]. To our knowledge, the relationship of the IDF
definition of the metabolic syndrome with CVD risk has
so far been evaluated and compared with other definitions
in only one prospective study [12].

In the present paper, based on data from nine European
cohort studies participating in the Diabetes Epidemiology:
Collaborative Analysis Of Diagnostic Criteria in Europe
(DECODE), we determined the prevalence of the metabolic
syndrome by the IDF definition as compared with that
obtained by the WHO and the NCEP (original and revised)
definitions and examined the relation of these different
definitions of the syndrome with CVD, non-CVD and
all-cause mortality.

Subjects and methods

Study populations

A total of 10,269 individuals (4,715 men and 5,554
women) from nine cohorts of seven studies formed the
present study population. For 10,207 of these (4,679 men,
5,528 women) it was possible to make a correct classifica-
tion with regard to cause-specific mortality. Individuals
with previously diagnosed diabetes were not included in the

data analysis, since one of the cohorts did not include
individuals with previously diagnosed diabetes. All the
studies (for details, see Electronic supplementary material
[ESM]) were population-based and their baseline surveys
were conducted around the early 1990s. The maximum
follow-up time ranged from 6.6 to 16.0 years. The age
range in the entire study population was from 30 to
89 years, with mean ages ranging from 46 to 62 years in
different cohorts.

The recruitment of the DECODE cohorts has been
described in detail previously [13–18]. Briefly, researchers
who had conducted epidemiological studies in Europe on
diabetes and impairment of glucose regulation, using a
standard 2-h 75-g OGTT, were invited to participate.
Individual data on fasting and 2-h glucose concentrations
and a number of other variables were sent to the Diabetes
and Genetic Epidemiology Unit of the National Public
Health Institute in Helsinki, Finland, for collaborative data
analyses. Detailed information on baseline participation rate
and methods used in waist circumference and blood
pressure measurements and laboratory assays is presented
in ESM Table 1. Each study had Ethics Committee
approval in accordance with local requirements, and the
Ethics Committee of the National Public Health Institute
has approved the current study on the metabolic syndrome
and related issues based on the DECODE database.
Informed consent was obtained from each individual.

Definition of the metabolic syndrome in the present study

Since data on urinary protein excretion and on dyslipidaemia
treatment were not available, the definitions of the metabolic
syndrome used in the present study were modified slightly.

Individuals with fasting plasma glucose (FPG)
Q6.1 mmol/l and/or 2-h post-load plasma glucose (2hPG)
Q7.8 mmol/l and/or insulin resistance were considered to
have the WHO metabolic syndrome [2], if, in addition, they
had two or more of the following other components:
(1) WHR >0.90 in men (>0.85 in women) and/or BMI
>30 kg/m2; (2) blood pressure Q140/90 mmHg or use of
antihypertensive drugs; (3) serum triacylglycerol
Q1.7 mmol/l and/or HDL-cholesterol <0.9 mmol/l in men
and <1.0 mmol/l in women. Insulin resistance was defined
by the top quartile of the fasting insulin concentration
among non-diabetic individuals in the background popula-
tion. Because the insulin measurements were not stan-
dardised between studies, the quartile cut-off points were
calculated separately for each individual cohort, and
separately for men and women.

The NCEP definition [4, 5] does not have any
prerequisite; a diagnosis can be made if a person has three
or more of the following five components: (1) waist
circumference >102 cm in men and >88 cm in women;
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(2) FPG Q6.1 mmol/l; (3) blood pressure Q130/85 mmHg or
use of antihypertensive drugs; (4) serum triacylglycerol
Q1.7 mmol/l; (5) serum HDL-cholesterol <1.03 mmol/l in
men and <1.29 mmol/l in women.

In the revised NCEP definition [6], the FPG cut-off
value was lowered from 6.1 mmol/l to 5.6 mmol/l, as
recommended by a report of the National Heart, Lung, and
Blood Institute/American Heart Association.

According to the IDF definition [9, 10], a person can
be defined as having metabolic syndrome if he/she has
central obesity (defined as waist circumference Q94 cm for
men and Q80 cm for women in Europids), plus any two of
the following components: (1) serum triacylglycerol
Q1.7 mmol/l; (2) serum HDL-cholesterol <1.03 mmol/l in
men and <1.29 mmol/l in women; (3) systolic blood
pressure Q130 or diastolic blood pressure Q85 mmHg, or
treatment of previously diagnosed hypertension; 4) FPG
Q5.6 mmol/l.

Definition of fatal events

Vital status and the date and cause of death for deceased
individuals were recorded for each individual who had
attended the baseline examination. Individuals who had
emigrated, and for whom the vital status could not be
confirmed, were treated as censored at the time of
emigration. The follow-up was almost complete, from
98% to 100% (Table 1). The International Classification
of Diseases, 8th, 9th and 10th Revisions, were used to code

the causes of death. The codes used for CVD were
401–448 (I10–I79 for the Tenth Revision); the non-CVD
deaths include all other causes of deaths. Participants who
died, but for whom information on the cause of death was
not available, were not included in the calculation of CVD or
non-CVD mortality.

Statistical analysis

SPSS for Windows (version 13.0) was used to calculate
means and proportions. Cox proportional hazard model
analyses were performed using the R 2.2.1 Program
(http://www.r-project.org/), adjusting for cohort, total cho-
lesterol and smoking, and using age as time scale. Hazard
ratios (HRs) (95% CIs) for mortality in relation to the
metabolic syndrome of different definitions and single risk
factor components of these definitions were estimated. The
assumption of the proportionality was tested using the
FCox.zph (fit)_ package incorporated in the R Program. A
global χ2 test as well as the per-variable χ2 test was made,
and there was no statistical evidence against the propor-
tional hazard assumption for a Cox model fit (p values
>0.05 for all tests). Meta-analysis using the method detailed
by Fleiss [19] was performed based on individual data of
each of the seven studies separately. The individual
β-coefficients for each study as well as the combined overall
β-coefficient of all studies are presented in Fig. 1a–f. A
fixed rather than a random effects approach was chosen
because the statistic Q for measuring study-to-study

Table 1 Demographic and follow-up information on the cohort included

Cohorts Number
of
subjects

Age in years,
mean (range)

Men
(%)

Completeness
of follow-up
(%)

Maximum
duration of
follow-up
(years)

Number of deaths (%)

CVD Non-CVD All-cause

Men Women Men Women Men Women

Cremona,
Italy,

1,909 58 (40–88) 43.7 100.0 6.9 26 (3.1) 18 (1.7) 51 (6.1) 26 (2.4) 81 (9.7) 47 (4.4)

MONICA,
Finland, 1992

1,847 54 (44–64) 45.5 100.0 12.0 36 (4.3) 10 (1.0) 57 (6.8) 41 (4.1) 93 (11.1) 51 (5.1)

Hoorn, the
Netherlands

2,379 62 (49–77) 46.1 97.3 10.2 67 (6.2) 32 (2.5) 94 (8.7) 79 (6.2) 177 (16.1) 118 (9.2)

Newcastle,
UK

735 55 (30–76) 51.0 100.0 10.6 25 (6.7) 8 (2.2) 33 (8.8) 24 (6.7) 59 (15.7) 32 (8.9)

MONICA,
Poland

351 58 (44–73) 47.3 98.6 6.6 13 (7.9) 2 (1.1) 4 (2.4) 3 (1.7) 18 (10.8) 9 (4.9)

MONICA,
Sweden, 1986

417 46 (30–64) 50.1 100.0 16.0 14 (6.8) 4 (2.0) 11 (5.4) 7 (3.4) 29 (13.9) 15 (7.2)

MONICA,
Sweden, 1992

696 47 (30–64) 47.1 100.0 12.0 4 (1.2) 1 (0.3) 9 (2.8) 8 (2.2) 16 (4.9) 12 (3.3)

MONICA,
Sweden, 1994

909 52 (30–74) 48.4 100.0 8.0 8 (1.8) 4 (0.9) 10 (2.3) 7 (1.5) 25 (5.7) 16 (3.4)

Ely, UK 1,026 54 (40–69) 41.4 99.2 15.7 20 (4.7) 7 (1.2) 33 (7.8) 38 (6.3) 53 (12.5) 45 (7.5)
Total 10,269 56 (30–88) 45.9 – 16.0 213 (4.6) 86 (1.6) 302 (6.5) 233 (4.2) 551 (11.7) 345 (6.2)
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variation in effect size was not statistically different from
zero (for the IDF metabolic syndrome Q=3.5, 6 df for men
and Q=6.04, 5 df for women, all p>0.10) [19]. Since only
two CVD deaths were observed for Polish women, neither of
whom had the metabolic syndrome, it was not possible to
perform the analysis for Polish women. They were not
included in Fig. 1a–f, but were included in the pooled data
analysis.

Except for the data presented in Fig. 1a–f, data
from all other analyses shown in the present study were
made based on pooled data adjusting for cohort in order
to increase the statistical power. The overall HRs
estimated using Fleiss_s method based on the individual
studies was approximately equal to those based on the
pooled data analysis of all studies given the same study
population.

Based on the pooled data, paired homogeneity tests were
applied, using the FCar_ package in the R 2.2.1 program, to
test the null hypothesis that the multivariate adjusted b
coefficients for CVD mortality in relation to the metabolic

syndrome by different definitions were not statistically
different from each other. The hypothesis is rejected if the p
value of the test is less than 0.05, and the test then indicates
that the predicted CVD mortality is different with different
definitions. The same method was also applied to test the
differences in effect sizes between a full definition and its
single components.

The population attributable risk (PAR) and its 99% CI
were calculated using the censored bootstrap method
described by Davidson and Hinkley [20]. We fitted the
Cox proportional hazard model in each of the re-sampling
iterations to obtain cohort-, cholesterol- and smoking-
adjusted estimates of the HR, and calculated the
corresponding estimate of the exposure probability.
The mean of the 10,000 bootstrap samples of the PAR
and the 99.5% and 0.5% percentile points (99% CI)
are reported. The formula for calculating the PAR was:
PAR ¼ Pr Eð Þ HR� 1ð Þ= Pr Eð Þ HR� 1ð Þ þ 1½ �, where Pr
(E) is the prevalence of each risk factor and HR denotes
the HR of the factor estimated from a Cox model.
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Fig. 1 Individual and overall beta coefficients for CVD mortality in
men (a–c) and women (d–f) with the metabolic syndrome by (a, d)
WHO, (b, e) NCEP and (c, f) IDF definitions, as compared with those
without the syndrome using the same definition. Cox regression

analysis using age as time scale and adjusted for cohort, cholesterol
and smoking were used. & point estimates; error bars, 95% CIs of
point estimates in all individuals; x point estimates in non-diabetic
individuals; Δ point estimates in persons without prior history of CVD
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Results

The number of individuals, their demographic character-
istics, the completeness of follow-up and the number of
deaths in each study cohort are shown in Table 1. Table 2
shows the baseline risk factor characteristics and the
prevalence of risk factor components of the metabolic
syndrome, as well as the prevalence of the metabolic
syndrome by different definitions in men and women in the
pooled study population. The overall prevalence of the
metabolic syndrome in men by the WHO, the NCEP
original, the NCEP revised and the IDF definitions was
27.0%, 25.9%, 32.2% and 35.9%. In women it was 19.7%,
23.4%, 28.5% and 34.1%, respectively. There was a
considerable discrepancy between individuals identified
by the different definitions. Of 2,116 men who had the
metabolic syndrome by any of the three definitions of the
WHO, NCEP and IDF, only 707 (33.4%) met the criteria of
all three. Among 2,096 women with the metabolic

syndrome by any of the three definitions, 793 (37.8%)
had the syndrome by all three definitions. When this
comparison was made by replacing the original NCEP
definition with the revised NCEP definition, the concor-
dance rates were 36.1% in men and 40.9% in women.

The associations of individual risk factors with CVD
mortality were calculated per one standard deviation
increase (decrease for HDL-cholesterol) in each risk factor
to allow comparisons between factors. Among the factors
studied, HDL-cholesterol, 2hPG, systolic blood pressure,
and waist circumference followed by triacylglycerol in
men, and in women systolic blood pressure, triacylglycerol,
2hPG and FPG were the most important risk factors for
CVD mortality (Table 3). The effect sizes of dichotomous
variables of the individual factors defined using different
definitions of the metabolic syndrome were also estimated,
and the HRs are shown in Table 4. The HR of smoking vs
non-smoking with regard to CVD mortality was 2.11 (1.43–
3.11) in men and 2.80 (1.67–4.71) in women.

Table 2 Baseline characteristics of men and women in the combined study cohorts

Characteristic Men (n=4,715) Women (n=5,554) p value

FPG (mmol/l) 5.53 (1.00) 5.31 (1.00) <0.001
2hPG (mmol/l) 5.56 (1.00) 5.82 (1.00) <0.001
Triacylglycerol (mmol/l) 1.44 (1.01) 1.23 (1.01) <0.001
Total cholesterol (mmol/l) 6.05 (1.00) 6.22 (1.00) <0.001
HDL (mmol/l) 1.20 (1.00) 1.46 (1.00) <0.001
Systolic blood pressure (mmHg) 138 (0.28) 135 (0.26) <0.001
Diastolic blood pressure (mmHg) 83 (0.17) 80 (0.15) <0.001
BMI (kg/m2) 26.5 (0.06) 26.4 (0.06) 0.32
WHR 0.94 (0.00) 0.82 (0.00) <0.001
Waist circumference (cm) 94.5 (0.16) 83.7 (0.14) <0.001
Current smoking, number (%) 1,400 (29.7) 1,136 (20.5) <0.001
Prevalence of components of different definitions of the metabolic syndrome, number (%)
Glucose abnormality
WHO: FPG Q6.1 mmol/l and/or 2hPG Q7.8 mmol/l 1,254 (26.6) 1,165 (21.0) <0.001
NCEP: FPG Q6.1 mmol/l 951 (20.2) 661 (11.9) <0.001
NCEP revised, IDF: FPG Q5.6 mmol/l 2,118 (44.9) 1,767 (31.8) <0.001
Dyslipidaemia
WHO: triacylglycerol Q1.7 mmol/l and/or HDL <0.9 mmol/l in men, <1.0 mmol/l in women 1,860 (39.4) 1,432 (25.8) <0.001
NCEP, IDF: triacylglycerol Q1.7 mmol/l 1,717 (36.4) 1,322 (23.8) <0.001
NCEP, IDF: HDL<1.03 mmol/l in men,<1.29 mmol/l in women 1,288 (27.3) 1,612 (29.0) 0.06
Elevated blood pressure (mmHg)
Blood pressure Q140/90 or on treatment 2,414 (51.2) 2,612 (47.0) <0.001
Blood pressure Q130/85 or on treatment 3,257 (69.1) 3,501 (63.0) <0.001
Central obesity
WHO: BMI >30 kg/m2 or WHR >0.90 in men, >0.85 in women 2,881 (61.1) 1,832 (33.0) <0.001
NCEP: waist >102 cm in men, >88 cm in women 919 (19.5) 1,738 (31.3) <0.001
IDF: waist Q94 cm in men, Q80 cm in women 2,376 (50.4) 3,304 (59.5) <0.001

Prevalence of metabolic syndrome, number (%)
WHO 1,271 (27.0) 1,092 (19.7) <0.001
NCEP 1,219 (25.9) 1,301 (23.4) <0.001
NCEP revised 1,520 (32.2) 1,585 (28.5) <0.001
IDF 1,692 (35.9) 1,892 (34.1) 0.05

Values are age- and cohort-adjusted mean (SE), or number (%)
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In men the presence of the metabolic syndrome by the
WHO, NCEP, NCEP revised and IDF definitions increased
CVD mortality significantly, but in women only the WHO
metabolic syndrome remained significant after multivariate
adjustment (Table 4), with borderline significance for the
other definitions. The paired homogeneity test showed that
there was no difference in the prediction of CVD mortality
between the WHO and the NCEP definitions (p=0.16 in
men and p=0.42 in women), between the NCEP and the
IDF definitions (p=0.51 in men and p=0.49 in women), and
between the WHO and the IDF definitions in women
(p=0.94). The prediction of CVD mortality was, however,
stronger in men diagnosed by the WHO definition than in
those diagnosed by the IDF definition (p=0.03). When the
NCEP definition was replaced with the NCEP revised
definition, the test results did not change in men, but in
women the NCEP revised definition related to a signifi-
cantly lower CVD risk than the WHO definition (p=0.02)
and the IDF definition (p=0.01).

The paired homogeneity test showed that the effect sizes
of a full definition of the metabolic syndrome were not
statistically significantly different from their individual
components (p>0.05) with only a few exceptions. Thus a
lower HR for dyslipidaemia (p=0.015) and for IFG/IGT
(p=0.021) defined by the WHO criteria in men, and a
higher HR for elevated blood pressure (p=0.046) and
triacylglycerol (p=0.022) defined by the revised NCEP
criteria in women were observed, as compared respectively
with the corresponding full definitions.

The respective PAR for the WHO, NCEP, NCEP revised
and IDF definitions of the metabolic syndrome with regard

to CVD mortality was 0.21 (0.09–0.34), 0.16 (0.04–0.28),
0.19 (0.06–0.32) and 0.15 (0.01–0.29) in men, and 0.11
(j0.03–0.28), 0.10 (j0.06–0.28), 0.04 (j0.13–0.23) and
0.18 (j0.04–0.41) in women. The PAR for raised blood
pressure, high triacylglycerol and low HDL by the NCEP/
IDF definition was 0.47 (0.22–0.69), 0.11 (j0.04–0.26)
and 0.16 (0.05–0.29) in men, and 0.51 (0.10–0.87), 0.17
(0.001–0.36) and 0.08 (j0.10–0.29) in women.

To check the extent to which the results obtained might
be modified by a prior history of CVD or by previously
undiagnosed diabetic status, the same analyses were also
run after excluding individuals with prior CVD at baseline
survey (five of the studies used have this information), as
well as after excluding persons with newly diagnosed
diabetes from the analyses. The point estimates of these
analyses were plotted side by side with the estimates based
on all individuals (Fig. 1a–f). The overall β coefficients
decreased for most of the definitions, but remained
unchanged for the IDF definition (Fig. 1c) in men and for
the WHO definition in women (Fig. 1d) after newly
diagnosed diabetic individuals were excluded from the data
analyses (Fig. 1a–f). However, the overall β coefficients in
persons who were free of CVD at baseline examination
changed in different directions, increasing slightly for the
IDF definition in men (Fig. 1c) and for the WHO definition
in women (Fig. 1d), while remaining unchanged for the
NCEP definition in men (Fig. 1b), and decreasing for the
WHO definition in men (Fig. 1a) and for the NCEP
(Fig. 1e) and the IDF (Fig. 1f) definitions in women. The
overall HR for CVD mortality in relation to the metabolic
syndrome was not markedly driven by either the prior CVD
history or the undiagnosed diabetic status.

The metabolic syndrome was not related significantly to
non-cardiovascular mortality by any of the four definitions
in men or women (Table 5). By all four definitions,
metabolic syndrome was significantly related to all-cause
mortality in men, whereas in women no such significant
relationships were observed.

Discussion

More than one-third of the DECODE study population met
the IDF definition for the metabolic syndrome, which is
higher than the proportion given by either the WHO or the
original NCEP definition, but rather close to that obtained
with the revised NCEP definition in men. Despite the
differences in the definitions and in the resulting preva-
lences, all definitions of the metabolic syndrome were
associated with increased CVD mortality in men, but the
association was weak in women. The effect sizes for many
single components were as high as those for the full
definitions of the syndrome.

Table 3 HRs (95% CI) for CVD mortality corresponding to a one
standard deviation increase in risk factors in all subjects including
newly diagnosed diabetes

Variable (one SD
for men/women)

Men Women

Waist (10.0/11.7 cm) 1.21 (1.06–1.39) 1.14 (0.91–1.41)
BMI (3.5/4.6 kg/m2)a 1.16 (1.01–1.33) 0.98 (0.78–1.23)
Systolic blood pressure
(20/22 mmHg)

1.27 (1.12–1.45) 1.35 (1.10–1.66)

Diastolic blood pressure
(11/11 mmHg)

1.13 (0.99–1.30) 1.19 (0.97–1.47)

Total cholesterol
(1.12/1.26 mmol/l)

1.15 (1.00–1.32) 1.01 (0.81–1.28)

Triacylglycerol
(1.08/0.74 mmol/l)

1.20 (1.08–1.34) 1.24 (1.05–1.47)

HDL (0.34/0.36 mmol/l) 0.68 (0.58–0.79) 0.85 (0.67–1.06)
FPG (0.98/0.84 mmol/l) 1.16 (1.08–1.25) 1.16 (1.02–1.33)
2hPG (2.51/2.31 mmol/l)a 1.28 (1.18–1.39) 1.17 (1.01–1.34)

The time scale is age for all models, adjusted for total cholesterol,
smoking and cohort

aWith missing values
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An important strength of the DECODE study is that its
database contains information on a large number of
European men and women with almost complete follow-
up with regard to cause-specific mortality. However, despite
the large size of the study, the number of CVD deaths was
still low in women.

The limitation of this collaborative data analysis was that
the protocols and methods used to assess risk factors at
baseline were not uniform in all seven studies, because

studies included in the DECODE study had originally been
conducted independently. However, as shown in ESM
Table 1, the methods used for measurement of waist
circumference and blood pressure and the laboratory assays
for glucose and lipids were similar, although not stan-
dardised across studies. This may to a certain extent reduce
the discrepancy in survey methods between studies. In
addition, the cohort was included as a covariate in all data
analyses where the data from different cohorts were pooled

CVD
death, n

HR (95% CI)a

Crude Model 1
Age-adjusted

Model 2
Age+cohort

Model 3
Multivariate

Men
WHO metabolic syndrome 99 2.49 (1.88–3.28) 1.92 (1.47–2.52) 2.05 (1.56–2.70) 2.09 (1.59–2.76)
NCEP metabolic syndrome 84 1.94 (1.46–2.57) 1.67 (1.27–2.21) 1.76 (1.33–2.33) 1.74 (1.31–2.30)
NCEP revised 102 2.00 (1.52–2.64) 1.68 (1.28–2.19) 1.76 (1.34–2.31) 1.72 (1.31–2.26)
IDF metabolic syndrome 105 1.79 (1.36–2.36) 1.44 (1.10–1.89) 1.51 (1.15–1.99) 1.51 (1.15–1.99)
FPG Q6.1 and/or 2hPG Q7.8 mmol/l 89 2.07 (1.56–2.74) 1.55 (1.18–2.03) 1.56 (1.18–2.07) 1.56 (1.18–2.07)
FPG Q6.1 mmol/l 66 1.84 (1.37–2.49) 1.48 (1.10–1.98) 1.54 (1.14–2.08) 1.53 (1.13–2.07)
FPG Q5.6 mmol/l 120 1.62 (1.23–2.14) 1.28 (0.98–1.68) 1.35 (1.01–1.79) 1.33 (1.00–1.77)
Triacylglycerol Q1.7 and/or
HDL-C <0.9 mmol/l

101 1.41 (1.07–1.86) 1.44 (1.10–1.88) 1.52 (1.16–2.00) 1.43 (1.08–1.88)

Triacylglycerol Q1.7 mmol/l 91 1.33 (1.00–1.75) 1.40 (1.06–1.83) 1.48 (1.12–1.95) 1.37 (1.03–1.82)
HDL <1.03 mmol/l 82 1.71 (1.29–2.28) 1.59 (1.21–2.10) 1.66 (1.25–2.20) 1.68 (1.27–2.23)
Blood pressure Q140/90 mmHg
or treated

153 2.54 (1.87–3.44) 1.82 (1.35–2.46) 1.91 (1.40–2.60) 2.04 (1.50–2.79)

Blood pressure Q130/85 mmHg
or treated

184 2.96 (1.99–4.40) 2.10 (1.42–3.12) 2.19 (1.47–3.27) 2.30 (1.54–3.43)

BMI >30 kg/m2 or WHR >0.90 161 2.03 (1.48–2.80) 1.56 (1.14–2.14) 1.68 (1.17–2.40) 1.64 (1.14–2.34)
Waist >102 cm 63 1.79 (1.32–2.42) 1.53 (1.14–2.06) 1.52 (1.13–2.04) 1.56 (1.16–2.11)
Waist Q94 cm 136 1.79 (1.34–2.38) 1.42 (1.07–1.88) 1.44 (1.08–1.91) 1.48 (1.11–1.97)
Women
WHO metabolic syndrome 33 2.61 (1.68–4.05) 1.54 (0.99–2.40) 1.56 (0.99–2.45) 1.60 (1.01–2.51)
NCEP metabolic syndrome 34 2.17 (1.40–3.37) 1.47 (0.95–2.29) 1.47 (0.94–2.29) 1.39 (0.89–2.18)
NCEP revised 36 1.83 (1.19–2.82) 1.14 (0.73–1.76) 1.12 (0.72–1.73) 1.09 (0.70–1.69)
IDF metabolic syndrome 47 2.38 (1.55–3.65) 1.52 (0.98–2.33) 1.50 (0.97–2.32) 1.53 (0.99–2.36)
FPG Q6.1 and/or 2hPG Q7.8 mmol/l 37 2.93 (1.90–4.51) 1.55 (1.00–2.40) 1.61 (1.03–2.50) 1.69 (1.08–2.63)
FPG Q6.1 mmol/l 26 3.31 (2.07–5.28) 2.13 (1.33–3.41) 2.24 (1.37–3.64) 2.17 (1.33–3.55)
FPG Q5.6 mmol/l 35 1.49 (0.96–2.29) 1.07 (0.70–1.66) 1.06 (0.67–1.68) 1.08 (0.69–1.72)
Triacylglycerol Q1.7 and/or
HDL-cholesterol <1.0 mmol/l

38 2.32 (1.51–3.56) 1.82 (1.18–2.81) 1.85 (1.20–2.85) 1.77 (1.13–2.77)

Triacylglycerol Q1.7 mmol/l 36 2.35 (1.52–3.62) 1.81 (1.17–2.79) 1.83 (1.18–2.84) 1.81 (1.14–2.86)
HDL <1.29 mmol/l 33 1.53 (0.99–2.38) 1.34 (0.86–2.07) 1.36 (0.87–2.11) 1.24 (0.79–1.93)
Blood pressure Q140/90 mmHg
or treated

66 3.81 (2.30–6.30) 1.91 (1.13–3.20) 1.93 (1.14–3.27) 2.07 (1.22–3.52)

Blood pressure Q130/85 mmHg
or treated

76 4.56 (2.35–8.84) 2.17 (1.09–4.30) 2.14 (1.07–4.28) 2.31 (1.15–4.62)

BMI >30 kg/m2 or WHR >0.85 39 1.71 (1.12–2.63) 1.33 (0.86–2.04) 1.23 (0.78–1.95) 1.21 (0.77–1.92)
Waist >88 cm 38 1.76 (1.15–2.71) 1.24 (0.80–1.90) 1.21 (0.78–1.88) 1.26 (0.81–1.95)
Waist Q80 cm 63 1.89 (1.17–3.06) 1.19 (0.73–1.93) 1.15 (0.70–1.89) 1.20 (0.73–1.99)

a Crude HR calculated as mortality in subjects exposed/mortality in those not exposed. For Models 1–3, age is the time scale. In Model 3
additional adjustments were made for cohort, smoking and total cholesterol.

Table 4 HRs showing the relationship of different definitions of the
metabolic syndrome and their individual components with CVD death,
compared with those without the metabolic syndrome or without each

risk factor component of these definitions in all subjects including
newly diagnosed diabetes
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together, and the results were similar to those based on the
meta-analysis of individual studies.

Most of the population-based studies applying the WHO
definition of the metabolic syndrome [12, 21–29] have
modified it in a similar way to our study, using the top
quartile of fasting plasma insulin as a proxy of insulin
resistance and omitting microalbuminuria from the defini-
tion. The original NCEP definition or its slight modification
has been applied in many studies [12, 22, 24–26, 28, 30–
37]. In a recent systematic review and meta-analysis [11],
combining data for men and women, the overall estimate of
the relative risk of CVD was 1.9 for studies that used the
most exact WHO definition, and 1.7 for studies that used
the original NCEP definition; the PAR varied from 12% to
17%. The results of our study were close to these estimates.
The only study so far comparing the prediction of CVD by

the IDF, the WHO and the original NCEP definitions is the
British Regional Heart Study of female participants [12], in
which the age-adjusted HRs for CHD (fatal and non-fatal)
were 1.3, 1.5 and 1.4, respectively. Our corresponding point
estimates of the age-adjusted HRs for CVD mortality in
women were quite similar to those reported for British
women.

In accordance with our study, several other studies have
shown that individual components predicted the CVD risk
by a similar magnitude to that predicted by the actual
syndrome [12, 22, 23, 38]. A study using the hyper-
insulinaemic–euglycaemic clamp technique showed that
about one third of the subjects who did not meet the NCEP
criteria for the metabolic syndrome were insulin-resistant
[39]. Importantly, these subjects were not significantly
different from those meeting the NCEP criteria in regard to

Non-CVD All causes

Deaths, n HR Deaths, n HR

Men
WHO metabolic syndrome 106 1.25 (0.98–1.60) 221 1.57 (1.32–1.87)
NCEP metabolic syndrome 92 1.11 (0.86–1.42) 187 1.33 (1.11–1.59)
NCEP revised 109 1.02 (0.80–1.30) 225 1.27 (1.06–1.51)
IDF metabolic syndrome 129 1.10 (0.87–1.39) 251 1.26 (1.06–1.49)
FPG Q6.1 and/or 2hPG Q7.8 mmol/l 109 1.27 (0.99–1.62) 212 1.41 (1.18–1.69)
FPG Q6.1 mmol/l 84 1.31 (1.01–1.70) 160 1.41 (1.17–1.71)
FPG Q5.6 mmol/l 155 1.09 (0.86–1.39) 295 1.22 (1.02–1.45)
Triacylglycerol Q1.7 and/or HDL <0.9 mmol/l 120 0.97 (0.76–1.23) 240 1.17 (0.98–1.39)
Triacylglycerol Q1.7 mmol/l 109 0.96 (0.75–1.23) 218 1.15 (0.96–1.38)
HDL <1.03 mmol/l 87 1.04 (0.81–1.33) 180 1.25 (1.04–1.49)
Blood pressure Q140/90 mmHg or treated 197 1.42 (1.11–1.82) 373 1.60 (1.33–1.93)
Blood pressure Q130/85 mmHg or treated 240 1.31 (0.98–1.75) 462 1.57 (1.25–1.96)
BMI >30 kg/m2 or WHR >0.90 216 1.50 (1.12–2.01) 402 1.50 (1.21–1.87)
Waist >102 cm 79 1.30 (1.00–1.69) 148 1.37 (1.13–1.65)
Waist Q94 cm 172 1.08 (0.86–1.36) 329 1.22 (1.03–1.45)
Women
WHO metabolic syndrome 64 1.05 (0.78–1.41) 108 1.17 (0.92–1.48)
NCEP metabolic syndrome 71 1.07 (0.80–1.43) 114 1.14 (0.91–1.44)
NCEP revised 88 1.09 (0.83–1.44) 136 1.10 (0.88–1.38)
IDF metabolic syndrome 99 1.07 (0.82–1.40) 160 1.20 (0.97–1.49)
FPG Q6.1 and/or 2hPG Q7.8 mmol/l 84 1.41 (1.07–1.86) 133 1.50 (1.19–1.88)
FPG Q6.1 mmol/l 46 1.17 (0.84–1.62) 77 1.40 (1.07–1.82)
FPG Q5.6 mmol/l 105 1.21 (0.92–1.59) 153 1.24 (0.99–1.55)
Triacylglycerol Q1.7 and/or HDL <1.0 mmol/l 70 0.99 (0.74–1.33) 117 1.16 (0.92–1.47)
Triacylglycerol Q1.7 mmol/l 68 1.03 (0.77–1.40) 112 1.19 (0.93–1.51)
HDL <1.29 mmol/l 71 1.02 (0.76–1.35) 112 1.06 (0.85–1.34)
Blood pressure Q140/90 mmHg or treated 133 1.03 (0.78–1.36) 218 1.24 (0.98–1.56)
Blood pressure Q130/85 mmHg or treated 164 0.91 (0.67–1.23) 264 1.14 (0.88–1.49)
BMI >30 kg/m2 or WHR >0.85 103 1.34 (1.02–1.77) 160 1.33 (1.06–1.67)
Waist >88 cm 92 1.27 (0.97–1.67) 144 1.26 (1.01–1.58)
Waist Q80 cm 152 1.07 (0.81–1.43) 236 1.12 (0.88–1.42)

The time scale is age for all models and adjustment for cohort, total cholesterol and smoking

Table 5 HRs (95% CI) showing the relationship of different
definitions of the metabolic syndrome and their individual components
with non-cardiovascular death (non-CVD) and death from all-causes,

as compared with those without the metabolic syndrome or without
each risk factor component of these definitions in all subjects including
newly diagnosed diabetes
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the prevalence of IFG and IGT, the glucose disposal rate,
and all of the lipoprotein subclass changes, including
increased large VLDL concentration and VLDL size, and
decreased large HDL particles and HDL size, all of which
would increase CVD risk [39]. Definitions of the metabolic
syndrome are intended to promote intensive lifestyle
modification and health care in people who are at increased
risk of diabetes and CVD. Because the definitions require
the presence of a certain number of dichotomously defined
risk factors, all the definitions will miss individuals who
have fewer factors but are at increased mortality risk. For
these individuals, the definition of the metabolic syndrome
does not offer any benefit with regard to the identification
of problems and possible medical intervention. In this
study, for example, the CVD mortality among newly
diagnosed diabetic women with and without the WHO
metabolic syndrome was 5.7% and 6.5%, respectively.
Thus diagnosis of the metabolic syndrome would give little
additional prognostic value in the assessment of CVD risk
in newly diagnosed diabetic women.

In conclusion, the findings of our population-based study
raised questions about the utility of definitions of the
metabolic syndrome in predicting CVD mortality. Further
research is needed on the predictive value of the metabolic
syndrome over and above that of its individual components
and conventional multivariate CVD risk assessment scores,
as well as on the differences in effect size between sexes.
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