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Abstract The clinical use of criteria for metabolic syn-
drome (MetS) and its individual components with respect to
risk prediction of coronary heart disease (CHD) remains
uncertain. In this study, we investigated whether and to what
extent MetS and its individual components were related to
risk for CHD. A total of 1,028 subjects, who had undergone
coronary angiography or were diagnosed as acute myocar-
dial infarction, were selected according to inclusion criteria.
MetS was diagnosed with National Cholesterol Education
Program Adult Treatment Panel III (NCEP ATPIII) criteria.
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CHD was diagnosed with clinical data and confirmed by
coronary angiography. The severity of coronary athero-
sclerosis was estimated by CHD Gensini cumulative index.
All the patients were aged 33—87 years. The results showed
that the age- and sex-adjusted odds ratios (ORs) for CHD in
different individual components of MetS were as follows:
low-high density lipoprotein (low-HDL), 3.15 (1.94-5.12);
high-fasting plasma glucose (high-FPG), 2.26 (1.63-3.69);
high-blood pressure (high-BP), 2.13 (1.38-3.29); high-
triglycerides (high-TG), 1.55 (1.13-2.11); all P < 0.05,
whereas high-body mass index (high-BMI), 0.75 (0.55-
1.03) and high-waist circumference, 0.75 (0.51-1.10), both
P > 0.05. Among all the components, the triad of low-HDL,
high-FPG, and high-BP had the highest OR for CHD: 4.28
(3.12-5.87) (P < 0.001). MetS subjects had significant
increases in number of disease vessel and CHD Gensini
index (P < 0.001). When individual components of MetS
were considered separately, groups with low-HDL, or high-
FPG, or high-BP had significant increases in number of
disease vessel and Gensini index (all P < 0.001). In con-
clusion, our present results demonstrated that individual
components of MetS and their various combinations may
have different contributions to CHD and the severity of
coronary artery stenosis. Clinical focus should remain on
establishing optimum-risk algorithms for CHD.

Keywords Coronary heart disease - Metabolic
syndrome - Risk factors - Coronary angiography
Introduction

The metabolic syndrome (MetS), also termed the insulin

resistance syndrome, is characterized by a clustering of
cardiovascular risk factors including hyperglycemia,
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obesity, dyslipidemia, and hypertension, and it was firstly
defined by Reaven [1] in 1988 to improve the under-
standing of links between insulin resistance and vascular
disease. Since its first definition, many studies have focused
their attention on whether the MetS is associated with an
increased risk of cardiovascular disease (CVD) [2—7]. Most
of the studies have confirmed the contributive and predic-
tive effects of MetS to CVD in population or community-
based cross-sectional and prospective studies. However, in
a recent investigation which addressed their analysis in two
prospective studies in elderly populations, the results
showed negligible clinical effects of MetS on incident
vascular events [8]. In PROSPER study, over a mean of
3.2-year follow-up, MetS was not associated with increased
risk of CVD in those with or without baseline disease. In
BRHS study, over a mean of 7-year follow-up, MetS was
only modestly associated with incident CVD despite strong
association with diabetes. Furthermore, the results of some
other studies also challenge the view that the criteria for
MetS do offer more than the sum of its parts [9, 10].
Therefore, this clinical role of MetS remains contentious,
and its definition is also under debate [11-13].

Since the coronary heart disease (CHD) is the most
important single event of CVD, in this study, we conducted
a cross-sectional study in Chinese people in Shanghai to
assess whether MetS and its individual components were
related to the risk of CHD. Furthermore, since few studies
have focused their attention on the effects of MetS on the
severity of coronary vessel disease in Chinese population,
we further investigated to what extent MetS and its com-
ponents were related to coronary vessel disease by Gensini
score and disease vessel counting using coronary angiog-
raphy. Based on this qualitative and quantitative analysis,
we may arrive at a more reliable conclusion on the rela-
tionship between MetS and CHD.

Results
Baseline characteristics

In this study, all the patients were aged 33-87 years
(average 64 years), among whom, 65.9% were male.
Descriptive statistics for the general characteristics of
1,028 participants according to MetS status (233 in non-
MetS group and 795 in MetS group) are shown in Table 1.
There were significant differences between non-MetS and
MetS groups in most of the covariates, especially the
individual components of MetS, whereas the age, sex
composing, and smoking status in the two groups were not
significantly different (all P > 0.05). The prevalence of
CHD in those with MetS (83.6%) was significantly higher
than those without MetS (57.2%) (P < 0.001).
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Table 1 Demographic, anthropometric, and biochemical character-
istics of the study subjects

Characteristics MetS absent MetS present P
value

Number of subjects 233 795

Age (years) 63 £ 10 64 £ 10 0.433

Body mass index (kg/m?) 23.1+£29 256 +£3.1 <0.001

Waist circumference (cm) 85.7 £ 8.8 914 £ 94 <0.001

Systolic blood pressure 127.1 £19.2 134.8 &£ 19.1 <0.001

(mmHg)
Diastolic blood pressure 76.7 £ 10.6 80.1 £ 10.1 <0.001
(mmHg)
Triglyceride (mmol/l) 14 £+ 0.6 22+ 14 <0.001
Total cholesterol (mmol/l) 44+ 1.0 48 +£ 1.7 0.006
HDL cholesterol (mmol/l) 1.3 +0.5 1.1 £ 03 <0.001
LDL cholesterol (mmol/l) 26 £ 1.0 28 £09 0.079
Fasting plasma glucose 50+ 1.1 6.8 £24 <0.001
(mmol/l)
Fasting serum insulin 8.1 £8.2 129 + 143 <0.001
(UIU/ml)
HOMA-IR (pIU mol/1?) 20+44 41462 <0.001
Smoking status 0.451
Never 141 (60.5) 443 (55.8)
Former 11 (4.7) 79 (9.9)
Current 81 (34.8) 273 (34.3)
Current alcohol use 29 (19.1) 129 (24.6) 0.017
Hypertension 79 (52.0) 392 (74.7) <0.001
Type 2 diabetes mellitus 6 (3.9) 333 (63.4) <0.001
Coronary heart disease 87 (57.2) 439 (83.6) <0.001
Acute myocardial infarction 39 (16.7) 251 (31.6) <0.001
Family history of coronary 30 (12.9) 167 (21.0) 0.003

heart disease

Data are mean £ SD, n (%), or as indicated

MetS metabolic syndrome, HDL high density lipoprotein, LDL low
density lipoprotein

Odds ratios for CHD

In analyses inclusive of all the participants, the age- and
sex-adjusted odds ratios (ORs) for CHD in those with MetS
were 3.42 (95% CI 2.47-4.75, P < 0.001), compared with
those without MetS.

The potential effects of various combinations of MetS
traits on the risk for CHD were investigated according to
presence of single trait and their occurrence in triplets, as
shown in Table 2. Risk for CHD associated with single
trait or specific triad was estimated with the group without
that single trait or specific triad used as the comparator.
Since the results obtained by grouping with body mass
index (BMI) or waist circumference were similar in this
study, we only used the BMI for grouping in the analysis in
Table 2. The age- and sex-adjusted ORs and 95% CI for
CHD in different individual components of MetS were as
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Table 2 Age- and sex-adjusted odds ratios and 95% CI for CHD with individual components of MetS and with specific combinations of MetS

components relative to those without that combination

Model MetS components CHD
High FPG High BP Low HDL High TG High BMI Odds ratios 95% CI P value
Individual components of MetS
1.1 X 2.26 1.63-3.69 <0.001
1.2 X 2.13 1.38-3.29 0.001
1.3 X 3.15 1.94-5.12 <0.001
1.4 X 1.55 1.13-2.11 0.006
1.5 X 0.75 0.55-1.03 0.075
3 components of MetS
3.1 X X X 4.28 3.12-5.87 <0.001
32 X X X 1.92 1.36-2.71 <0.001
33 X X X 278 1.94-4.00 <0.001
3.4 X X 2.02 1.42-2.86 <0.001
3.5 X X X 2.71 1.92-4.00 <0.001
3.6 X X X 1.83 1.21-2.78 0.005
3.7 X X X 2.56 1.87-3.49 <0.001
3.8 X X X 1.83 1.30-2.59 0.001
39 X X X 1.79 1.33-2.42 <0.001
3.10 X X X 2.02 1.41-2.90 <0.001

CI confidence interval; CHD coronary heart disease; MetS metabolic syndrome; FPG fasting plasma glucose; BP blood pressure; HDL high

density lipoprotein; 7G triglycerides; BMI body mass index

follows: low high density lipoprotein (low HDL), 3.15
(95% CI 1.94-5.12); high fasting plasma glucose (high
FPG), 2.26 (95% CI 1.63-3.69); high blood pressure (high
BP) 2.13 (95% CI 1.38-3.29); high triglycerides (high TG),
1.55 (95% CI 1.13-2.11); all P < 0.05, whereas high body
mass index (high BMI), 0.75 (95% CI 0.55-1.03); high
waist circumference, 0.75 (95% CI 0.51-1.10); both
P > 0.05. Among all the triplet components, low HDL plus
high FPG and high BP had the highest OR for CHD: 4.28
(95% CI 3.12-5.87) (P < 0.001).

The extent of coronary atherosclerosis

Comparison of the number of disease vessel and severity of
coronary atherosclerosis using Gensini score [14] between
MetS and non-MetS groups is shown in Fig. 1. After
adjustment for age, sex, and other factors, MetS subjects had
significant increases in number of disease vessel (1.4 £ 1.2
vs. 1.0 £ 1.1, P < 0.001) and CHD Gensini cumulative
index (26.8 + 31.0 vs. 15.4 4+ 23.2, P < 0.001).

The comparisons of the number of disease vessel and
Gensini cumulative index between the group with indi-
vidual MetS component and the group without that indi-
vidual component are shown in Table 3. The number of
disease vessel and Gensini cumulative index were both
significantly increased in patients with low HDL compared
with those without this trait (both P < 0.001). The similar
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Fig. 1 Age- and sex- adjusted comparison for the number of disease
vessel and severity of coronary atherosclerosis (Gensini score)
between MetS and non-MetS groups

results were obtained in high FPG and high BP groups (all
P < 0.001). However, no significant difference was found
in group with high TG, high BMI, or high waist circum-
ference group (P > 0.05).

Discussion
The aim of this study was to investigate whether and to

what extent MetS and its individual components were
related to risk for CHD. This study found the following
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Table 3 Comparison for the extent and severity of coronary ath-
erosclerosis between individual components of MetS relative to those
without that combination

Individual Number of P value Gensini P value

components disease vessels score

of MetS

High FPG
No 1.0 £ 1.1 <0.001 18.2 £25.2 <0.001
Yes 16 £15 29.5 £ 325

High BP
No 0.8 £ 1.0 <0.001 11.0 £ 16.8 <0.001
Yes 14+£12 26.4 £+ 309

Low HDL
No 0.7+ 1.0 <0.001 89 £ 155 <0.001
Yes 14+£12 26.1 £ 30.6

High TG
No 13+£12 0.232 244 £30.8 0.52
Yes 13+£1.1 23.7 £ 28.7

High BMI
No 14+12 0.153 259 £ 315 0.113
Yes 13£12 222 £27.7

Central obesity
No 14+£12 0.064 26.1 £30.0 0.165
Yes 1.3+£1.1 21.9 £ 26.6

FPG fasting plasma glucose; BP blood pressure; HDL high density
lipoprotein; TG triglycerides; BMI body mass index

results. (1) In middle-aged-to-elderly Chinese patients,
among all the MetS components, low HDL, high FPG, and
high BP may have the relatively high association with
CHD, whereas high TG, high BMI, or central obesity may
have weak association. (2) When different combinations of
three components were used for the definition of MetS,
only triad of low HDL, high FPG, and high BP offers
priority in the identify of subjects with increased risk of
CHD, whereas no other combination offers more than its
individual parts. (3) Results from coronary angiography
showed that MetS subjects had significant increases in
number of disease vessel and CHD Gensini score. When
individual components of MetS were considered sepa-
rately, group of low HDL, or high FPG or high BP had
significantly increased Gensini index, whereas no signifi-
cant difference was found in high TG, high BMI, or high
waist circumference group. This study indicated that indi-
vidual components of MetS and their various combinations
may have different values in respect of risk prediction of
CHD and the severity of coronary disease.

The value of a formal diagnosis of MetS in clinical
practice for determination of vascular risk has been ques-
tioned since its first definition [11-13]. Many of the studies
have confirmed the predictive effects of MetS to CVD
in different populations. For example, in the Hoorn study
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(a Dutch population-based cohort study), the NCEP defi-
nition of MetS was associated with a twofold increase in
age-adjusted risk of fatal CVD in men and nonfatal CVD in
women [4]. Moreover, in a Swedish community-based
sample of middle-aged men, the MetS significantly pre-
dicted total and cardiovascular mortality (Cox proportional
hazard ratios 1.36 and 1.59, respectively) [6]. Both studies
indicated a clinical value in diagnosing the MetS. The
similar conclusion was also obtained in two Chinese popu-
lation groups [2, 15]. However, despite such findings, the
predictive value of MetS for CVD was poor in some other
studies [5, 8, 16]. The results from the Casale Monferrato
Study showed that MetS was not associated with 11-year
all-cause or CVD mortality in a population-based cohort of
1,565 patients with T2DM [17]. The results from the
PROSPER and BRHS studies suggested that although
MetS was associated with T2DM, weak or no association
was found between MetS and vascular risk in elderly
populations [8]. Furthermore, a meta-analysis of 37 lon-
gitudinal studies which included 172,573 individuals also
showed that after adjusting for traditional cardiovascular
risk factors, only a modest relative risk was found in
patients with MetS for CVD compared with those without
[5]. In this study, since CHD is the most important single
event of CVD, we investigated whether MetS was associ-
ated with CHD in Chinese patients who underwent coro-
nary angiography or diagnosed as acute myocardial
infarction. Our results showed that except for the combi-
nation of the triad of low HDL, high FPG, and high BP, the
other triads did not offer more than the individual parts of
the syndrome with respect to risk prediction of CHD. When
combinations of four or all the five components of the
MetS were considered, similar results were obtained
(shown in supplementary Table 1). Moreover, when
severity of coronary vessel disease was assessed using
disease vessel counting and Gensini score, consistent
results were obtained in these patients. Therefore, all these
results indicated that different components of MetS may
have different contributions with respect to CHD. Diag-
nosis of MetS may hold limited clinical value for CHD risk
stratification.

In this study, however, we did not find any association
of high BMI or central obesity with incident CHD (ORs:
0.75 [0.55-1.03], 0.75 [0.51-1.10], respectively, both
P > 0.05). Moreover, none of high BMI, central obesity or
high TG was associated with the severity of coronary
vessel stenosis (both P > 0.05). These results can also be
supported by another two studies, the PROSPER and
BRHS studies, in which high BMI or waist circumference,
or high TG was not associated with incident CVD despite
strong association with incident diabetes [8]. For example,
in the PROSPER study, after 3.2-year follow-up, the haz-
ard ratio (HR) of high BMI for incident CVD and incident
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diabetes was 0.99 (0.78-1.25) and 2.51 (1.89-3.34),
respectively; HR of high TG for incident CVD and incident
diabetes was 1.10 (0.90-1.35) and 2.10 (1.60-2.77),
respectively. Similar results were obtained when they
extended analysis to the BRHS study. Results of this study
and the other two recent studies indicated that the classical
pattern of risk factors for T2DM which includes obesity or
central obesity differs in many respects to that which pre-
dicts vascular events in middle-aged or elderly people.

However, there are still some limitations to be found in
this study. First, all the patients included were middle- or
elderly aged and most of them were referred to the Depart-
ment of Cardiology because of the occurrence of cardiac
symptoms. These might have resulted in a higher CHD
prevalence in this study population group than those in the
common population. Second, among all the participants, 920
(about 89.5%) patients underwent coronary angiography for
the diagnosis of CHD, whereas the other 108 subjects were
diagnosed with an acute myocardial infarction according to
the clinical manifestation and biochemical tests. Thus, the
Gensini score and disease vessel analysis could include only
89.5% of all the study participants. This might to some extent
weaken the power of correlation analysis.

In conclusion, in this study, in the middle-aged-to-
elderly Chinese patients, individual components of MetS
and their various combinations may have different values
in respect of risk prediction of CHD and the severity of
coronary artery stenosis. Except the triad of low HDL, high
FPG, and high BP, the other combinations do not provide
further prediction compared with the knowledge of its
single components. Our findings may be helpful for other
investigators to re-evaluate the predictive effects of MetS
on CVD. Clinical focus should remain on establishing
optimum-risk algorithms for CVD.

Materials and methods
Study participants

For inclusion, in this study, we considered consecutive
patients who were referred to the Department of Cardiol-
ogy in Ruijin Hospital (Shanghai). During the period from
January 2005 to December 2007, we recruited 1,382 con-
secutive Chinese subjects who were diagnosed as acute
myocardial infarction or undergoing coronary angiography
for the evaluation of CHD at Department of Cardiology in
Ruijin Hospital affiliated to Jiao-Tong University School of
Medicine. Of these 1,382 study participants, 354 were
excluded because oral glucose tolerance test (OGTT) was
not measured (n = 96), or because of other missing clinical
information (n = 258). Thus, this study analysis included
only 1,028 subjects.

Among all the subjects, 920 patients were recommended
to accept coronary angiography for the diagnosis of CHD,
the other 108 subjects were diagnosed with an acute
myocardial infarction without coronary angiography. All
the subjects underwent an OGTT, and they were all Chi-
nese living in the Shanghai region, and gave informed
consent. The Institutional Review Board of the Ruijin
Hospital approved the study protocol.

Oral glucose tolerance test

OGTT was performed in all subjects after an overnight
fasting of 12 h. Blood samples were collected before and at
2 h after a standard oral glucose load of 75 g for the
measurement of fasting plasma glucose (FPG), fasting
serum insulin (FINS), hemoglobin Alc (HbAlc), triglyc-
eride (TG), total cholesterol (TC), high density lipoprotein
cholesterol (HDL-C), low density lipoprotein cholesterol
(LDL-C), apolipoprotein A (Apo A), apolipoprotein B
(Apo B), lipoprotein(a) [Lp(a)], 2-h plasma glucose
(2hPG), and 2-h serum insulin (2hINS). The blood samples
were frozen at —80°C until assayed.

The homeostasis model assessment index HOMA-IR
and HOMA-IS was used to access insulin resistance and
insulin sensitivity, respectively. They were calculated
using the following formula: HOMA-IR = [FINS (puIU/
mL) x FPG (mmol/L)]/22.5; HOMA-IS = [20 x FINS
(WU/mL)J/[FPG (mmol/L) — 3.5] [18].

Coronary angiography and diagnostic criteria for CHD

Selective coronary angiography was performed using mul-
tiple projections with the Judkins technique. The severity of
coronary atherosclerosis was estimated by the Gensini score
which is based on the number of stenotic coronary artery
segments, the degree of their lumen stenosis. The extent and
severity of CHD were assessed by assigning points to each
lesion as follows: (1) <50% stenosis of the luminal diam-
eter, (2) 50-74% stenosis; (3) 75-99%, and (4) total
obstruction. In addition, the severity of CHD was also
classified as one-, two-, or three-vessel disease according to
the number of stenotic coronary artery in the three major
vessels. Significant CHD by coronary angiography was
defined as more than 50% stenosis in at least one coronary
artery segment. Acute myocardial infarction was diagnosed
by a representative set of electrocardiogram, cardiac
enzyme values, and typical symptoms.

Definitions of metabolic syndrome
In this analysis, we used the updated 2005 National Cho-

lesterol Education Program Adult Treatment Panel III
(NCEP ATP 1III) criteria to define MetS [19]. In detail, the
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definition of MetS requires the presence of any three or
more of the following five criteria: (1) high blood pressure:
blood pressure > 130/85 mmHg or known treatment for
hypertension; (2) hypertriglyceridemia; fasting plasma tri-
glycerides > 1.7 mmol/l; (3) low HDL: fasting HDL
cholesterol <1.0 mmol/l in men, <1.3 mmol/l in women;
(4) hyperglycemia: fasting glucose level of >6.1 mmol/l or
known treatment for diabetes; (5) central obesity: waist
circumference >90 cm in men, >80 cm in women. Fur-
thermore, in this study, we also used body mass index
(BMI) > 25 kg/m? as the cut-off point of obesity accord-
ing to the criteria of Asia-Oceania [20].

Clinical and biochemical measurements

Patients’ visits were studied between 0700 and 0800 in the
morning, after an overnight fasting of 10-12 h. Date of
birth, smoking, alcohol consumption, and past medical
history were assessed. Height and weight (light clothes and
without shoes), waist and hip circumference, and seated
blood pressure (measured on the patient’s nondominant
arm supported at heart level) were determined by a senior
physician. Biochemical measurements of serum lipids and
insulin were performed in a central laboratory (Shanghai
Institute of Endocrinology and Metabolism, Shanghai,
China). All patients were required to refrain from alcohol,
cigarettes, and heavy physical exercise for at least 1 week
before obtaining blood samples for biochemical measure-
ment and performing the 75-g OGTT. Glucose was mea-
sured immediately using an enzymatic method (Beckman
CX-7 Biochemical Autoanalyser, Brea, CA, USA). Serum
insulin was measured using a double antibody radioim-
munoassay (DSL, Webster, TX, USA). Serum total cho-
lesterol and triglycerides were measured by enzymatic
methods (Beckman coulter Inc., Fullerton, CA, USA).
HDL-c and LDL-c were determined by immunoinhibition
methods (HDL-c, LDL-c Direct, Wake Pure Chemical
Industries Ltd. GmbH, Neuss, Germany).

Statistical analysis

Statistical analysis was performed using the SPSS 11.0
system for windows (SPSS Inc., Chicago, IL, USA), and
data are presented as mean £ SD (in Fig. 1 as mean +
SEM) if not denoted otherwise. Logistic regression was
used to calculate ORs and their 95% confidence interval
(CD). Logarithmic transformation was used for HOMA-IR,
number of disease vessel, and Gensini score because of the
high degree of skewing. Differences in studied variables
were tested for statistical significance with the y’-test for
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categorical variables, with the analysis of variance
(ANOVA) for normally distributed continuous variables,
and with the Mann—Whitney U-tests for non-normally
distributed continuous variables. P values < 0.05 were
considered statistically significant.
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