Pathophysiology and natural history 383

Impact of metabolic syndrome on the outcome of patients
with stable coronary artery disease: 2-year follow-up

of the MASS Il study

Neuza H. Lopes, Felipe S. Paulitsch, Alexandre C. Pereira, Aécio F. Gois,
Antonio Gagliardi, Cibele L. Garzillo, Jodo F. Ferreira, Noedir A. Stolf

and Whady Hueb

Objective We characterized the impact of the metabolic
syndrome (MetS) and its components on cardiovascular
adverse events in patients with symptomatic chronic
multivessel coronary artery disease, which have been
followed prospectively for 2 years.

Methods Patients enrolled in the MASS Il study were
evaluated for each component of the MetS, as well as
the full syndrome.

Results The criteria for MetS were fulfilled in 52% of
patients. The presence of MetS (P<0.05), glucose
intolerance (P=0.007), and diabetes (P=0.04) was
associated with an increased mortality in our studied
population. Moreover, despite a clear tendency for each
of its components to increase the mortality risk, only
the presence of the MetS significantly increased the risk
of mortality among nondiabetic study participants

in a multivariate model (P=0.03, relative risk 3.5,

95% confidence interval 1.1-6). Finally, MetS was still
associated with increased mortality even after adjustment

Introduction

Metabolic syndrome (MetS) refers to a clustering of lipid
and nonlipid factors of metabolic origin associated with
insulin resistance and leading to higher cardiovascular
risk. It is characterized by the presence of insulin
resistance, abdominal obesity, dyslipidemia, and hyper-
tension [1].

MetS has a high prevalence, with approximately 44% of
the US population over 50 years of age meeting the
National Cholesterol Education Program (NCEP) criteria
[2]. Two recent reports, one by the NCEP Expert Panel
on Detection, Evaluation and Treatment of High Blood
Cholesterol in Adults (ATP III) [3] and the other from
the World Health Organization (WHO) [4] give special
attention to the diagnosis of MetS mainly because its
components [especially obesity and diabetes mellitus
(DM)] on industrialized countries are rising over the
decades.

Patients with MetS are at increased risk for cardiovascular
disease (CVD) as a result of multiple risk factors at any
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for diabetes status. These results indicate a strong and
consistent relationship of the MetS with mortality in
patients with stable coronary artery disease.

Conclusion Although glucose homeostasis seems to be
the major force driving the increased risk of MetS, the
operational diagnosis of MetS still has information for
stratifying patients when diabetes information is taken into
account. Coron Artery Dis 19:383-388 © 2008 Wolters
Kluwer Health | Lippincott Williams & Wilkins.
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given low-density lipoprotein (LDL) cholesterol level
[5,6]. All of the main components of the MetS have been
associated independently with atherosclerosis [7-10].

Recently, MetS was also associated with an increased
incidence of cardiovascular events, including increased
risk for both cardiovascular and all causes of mortality
[11-14]. The impact of MetS on the outcome of patients
with chronic coronary artery disease (CAD), however, is
less well defined. In this study, we investigated the
association between the MetS and its components with
the incidence of cardiovascular events in stable CAD

Methodology

Study population

The participants for this study were selected from the
prospective, randomized, and controlled clinical trial, The
Medicine, Angioplasty, or Surgery Study (MASS II Study).
It was designed to compare medical treatment (MT),
angioplasty/stent (PCI), and surgical myocardial revascular-
ization (CABG) for patients with multivessel stable CAD
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with preserved left ventricular function [15]. From May
1995 to May 2000, 2076 candidates who had indications for
myocardial revascularization were evaluated. Of these, 611
patients were eligible and met all entry criteria to be
assigned randomly to one of the three therapeutic groups:
MT (= 203), PCI (205), or CABG (203).

The inclusion criteria included symptomatic multivessel
coronary disease, preserved left ventricular function, and
the presence of coronary lesions (> 70% of stenosis)
amenable to angioplasty. The primary endpoint of this
study is to compare the incidence of the major cardiac
events, such as acute myocardial infarction, cardiac death,
or refractory angina requiring revascularization procedures
among the three therapeutic options.

The beginning of the treatment was considered to be
randomized date, and patients were studied by the
intention-to-treat principle. The follow-up time for all
patients will be 5 years. All patients gave informed
consent, and the ethics committee of the Heart Institute
of the University of Sao Paulo, Brazil approved this study.

Data collection

The collected demographic and laboratory data included
age, sex, angiographic findings, and traditional risk factors,
such as history of earlier coronary events, hypertension,
DM, body mass index, severity of angina, smoking status,
and cholesterol and triglycerides profile.

We applied the condition-specific cut points for the MetS
from the revised NCEP ATP-IIT report, with minor
modifications as noted [16]. The five-component condi-
tions are insulin resistance defined as a fasting plasma
glucose (FPG) greater than or equal to 100 mg/dl
(5.6 mmol/l), hypertension, as systolic blood pressure
greater than or equal to 130 mmHg, and/or diastolic blood
pressure greater than or equal to 85 mmHg or the use of
antihypertensive drugs; hypertriglyceridemia, as serum
triglicerides greater than or equal to 150 mg/dl (1.7 mmol/l),
low HDL cholesterol (HDL-C), as serum HDL-C less
than 40 mg/dl (1.03 mmol/l) in men or less than 50 mg/dl
(1.29 mmol/l) in women, and abdominal obesity as body
mass index greater than or equal to 30 kg/m*. MetS was
defined if the patient had at least three or more of the
components above.

Statistical analysis

Differences in baseline characteristics among groups were
analyzed by s-tests for continuous variables, and % tests
for categorical variables. Survival curves were calculated
with the Kaplan—-Meier method, and differences between
the curves were evaluated with the log-rank statistic. We
assessed the relationship between baseline variables and
composite endpoints of overall and cardiac-related death,
myocardial infarction, and refractory angina requiring

revascularization using a Cox proportional hazards survival
model. Models were stratified by MetS and adjusted for
age, sex, cholesterol levels, DM, race, cigarette smoking,
number of vessel disease, and randomization treatment.
Hazard ratios with 95% confidence intervals (CI)
demonstrate the risk of mortality.

A P value of less than 0.05 was considered significant for
comparisons. Statistical analyses were performed with the
statistical package StatView for Windows ver.5.0 (SAS
Institute Inc., Cary, North Carolina, USA).

Results

Baseline clinical characteristics according to

metabolic syndrome

Of the 611 patients enrolled in the MASS II Trial Study,
we were able to obtain complete information regarding
baseline MetS-defining variables of 589 patients. Of
these, 308 (52%) fulfilled the criteria for MetS and 281
(48%) did not fulfil the criteria for MetS (NmetS). The
clinical and disease characteristics were similar in both
groups, except for higher prevalence of hypertension,
DM, obesity, FPG, and higher LDL cholesterol and
triglycerides, and lower HDL-C levels in MetS patients.
Additionally, more female and fewer smoker patients
were found in the MetS group (Table 1). No difference
among treatment randomization (medical, surgery or
angioplasty) was verified regarding MetS status

Table 1 Cardiovascular risk variables in individuals with coronary
artery disease stratified by metabolic syndrome
NMetS MetS
Characteristics (n=281) (n=308) P value
Demographic profile
Age (years) 59.57 (9.5) 60.07 (8.8) NS

Sex male (%) 76.9 60.6 <0.001
Current smoker (%) 38.8 28.2 0.004
White ethnicity (%) 84.7 85.2 NS
Medical history (%)
Diabetes mellitus 29.3 48.2 <0.001
Hypertension 32.6 88.7 <0.001
Angina pectoris Il or lll 78.3 731 NS
Higher triglycerides 37.6 77.7 <0.001
FPG > 100 mg/dl 42.8 90.5 <0.001
Lower HDL cholesterol 29.7 49.1 <0.001
BMI >30kg/m? 6.8 37.7 <0.001
Laboratory values (mmol/l)
Total cholesterol (mg/dl) (£ SD) 214.25 (45) 233.34 (46) <0.001
LDL cholesterol (mg/dl) (£ SD) 142.93 (42) 152.43(42) 0.008
Angiographic findings (%)
Two-vessel coronary disease 41.4 415 0.51
Three-vessel coronary disease 58.6 58.5
Positive treadmill test 44.7 43.8 NS
Positive scintigraphy 15.8 16.5 NS
Ejection fraction 65.2 (18) 66.1 (11.8) NS
LAD disease 90% 93% NS
Randomization (%)
Medical treatment 50.5 49.5
Percutaneous coronary intervention 50.8 49.2 0.66
Coronary artery bypass grafting 51.9 48.1

Continuous variables presented as mean (standard deviation, SD)
BMI, body mass index; LAD, left artery descendent; MetS, metabolic syndrome;
NMetS, nonmetabolic syndrome; NS, nonsignificant; FPG, fasting plasma glucose.
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(P=0.24), nor its components (P=0.42 for FPG;
P =0.89, for low HDL; P=0.78 for high tryglicerides;
P =0.22 for hypertension; and P = 0.06, for obesity). No
difference in lipid-lowering therapy, antihypertensive,
and aspirin use were observed between groups at baseline
(data not shown).

Cardiovascular endpoints related to

metabolic syndrome

Mortality was significantly associated with MetS in our
analysis considering a 2-year follow-up period (P = 0.016)
(Fig. 1). The probability of death was 89.4% and 94.8% in
MetS and NMetS patients, respectively. This effect was
not seen when analyzing myocardial infarction, or the
necessity of a new revascularization procedure (data not
shown). We observed the incidence of cardiac or overall
mortality of 8.1 and 10.6% in MetS patients compared
with 3.6 and 5.2% in NMetS patients, respectively
(P=0.014 and 0.011).

In a multivariate Cox proportion hazards survival model,
presence of the MetS was associated with an increased
mortality even after adjustment for age, sex, smoking
status, total cholesterol, ethnicity, treatment allocation,
lipid-lowering therapy, and number of diseased vessels
(P=0.021; relative risk =2.5, 95% CI =1.152-5.472).
Interestingly, only MetS and FPG as dependent variables,
were significantly associated with mortality, but none of
MetS’ other components. FPG of more than 5.6 mmol/l
was the major factor responsible for the mortality risk in
the MetS. Of note, DM itself, also caused a significant
1.86-fold increased risk of mortality (Table 2).

Fig. 1
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Table 2 Adjusting risk of overall mortality according to the
presence of metabolic syndrome, each of its component and
diabetes alone, relative to patients with neither metabolic
syndrome or diabetes

Syndrome model HR Cl 95%* P value

Metabolic 25 1.152-5.472 0.02
syndrome

Hypertension 1.6 0.828-3.058 0.16

Impaired glucose 4.2 1.601-18.586 0.007
(100 mg/dl)

High triglycerides 1.7 0.898-3.433 0.10

Low HDL 0.6 0.323-1.327 0.24
cholesterol

Obesity 0.7 0.332-1.705 0.49

DM 1.86 1.080-3.367 0.04

2Estimated from separate Cox proportion hazards models for metabolic syndrome
and for each of its component adjusted for age, sex, smoking status, ethnicity,
total cholesterol number of disease, and treatment allocation.

Cl, confidence interval; DM, diabetes; HR, hazard ratio.

Table 3 Effect of metabolic syndrome on all cause of mortality
in patients with established CAD

Model 12 Model 2°
Variable Hazard ratio P value Hazard ratio P value
Age (years) 1.067 0.001 1.066 0.001
Number of vessel 2.105 0.04 2.125 0.001
disease
MetS 2.307 0.013 2.094 0.34
Diabetes - - 1.508 0.189

CAD, coronary artery disease; MetS, metabolic syndrome.

®Adjusted for age, sex, smoking status, ethnicity, total and LDL cholesterol,
number of disease, and treatment allocation.

bAdjusted for age, sex, smoking status, ethnicity, total and LDL cholesterol,
number of disease, treatment allocation, and diabetes.

Furthermore, to assess the role of DM in the driven
mortality risk of MetS, we analyzed in a multivariate
model, the impact of MetS among DM and non-DM
patients. Surprisingly, the MetS imposed a significant
3.57 increased risk for mortality in non-DM patients, but
not on DM patients (Table 3). Finally, when we adjusted
our overall analysis to the presence of DM, MetS was still
associated with a significant 2.09-fold increased risk for
mortality, but DM was not associated with overall
mortality in this model (Table 4).

Figure 2 clearly illustrates that the presence of the MetS
was associated with incremental risk of mortality even
when one takes DM information into account. Presence
of glucose intolerance, defined as a fasting blood glucose
level between 5.6 and 6.9 mmol/l, but without DM, also
seemed to confer a significant increase in the mortality
risk. The probability of mortality stratified by glucose
intolerance in patients with MetS is 96.3% (absence) and
88.3% (presence), and 98.7% (absence) and 91.8%
(presence) in patients without MetS (P = 0.007).

Finally, when we analyzed comparatively the risk of
mortality among the three therapeutic options received,
there was no statistical difference among MetS patients.
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Table 4 Effect of metabolic syndrome on all cause of mortality in nondiabetic and diabetic patients with established CAD

All patients Nondiabetic patients Diabetic patients
Variable Hazard ratio Cl P value Hazard ratio Cl P value Hazard ratio Cl P value
Age (years) 1.067 1.027-1.109 0.001 1.077 1.017-1.141 0.01 1.019 1.011-1.1128 0.019
Number of 2.105 1.027-4.317 0.042 1.255 0.491-3.209 0.63 4.968 1.435-17.203 0.011
vessel
disease
MetS 2.307 1.189-4.477 0.013 3.565 1.383-9.186 0.008 1.057 0.384-2.906 0.91

CAD, coronary artery disease; Cl, confidence interval; MetS, metabolic syndrome.

Adjusted for age, sex, smoking status, ethnicity, total and LDL cholesterol, number of disease, and treatment allocation.
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We observed a mortality incidence of 11.2, 10.3, and
10.6% in PCI, CABG, and MT; respectively in the MetS
group (P =0.965); as well as 3, 8, and 5.2% in PCI,
CABG, and MT, respectively, in NMetS group
(P=0.269). In a Cox proportional hazards adjusted
survival model (including antilowering lipid therapy
and antihypertensive), considering the impact of MetS
on mortality separately in each of treatment options,
we found a higher risk of the mortality only in the
PCI group (P =0.025; relative risk=5.906, 95%
CI = 1.255-27.782).

Discussion

We found a strong association with MetS and a worse
outcome in a 2-year follow-up period of patients with
stable multivessel CAD. The presence of MetS conferred
a significant 2.5-fold increase in the mortality risk
regardless of age, sex, smoking status, LDL cholesterol,
ethnicity, type of treatment allocated, and number of
vessel disease. A great component of this risk might be
driven by impaired fasting glucose. When we compared

the three therapeutic strategies, we did not observe a
particularly higher mortality among any treatment in
MetS patients.

The survival rate of patients with stable coronary and
preserved left ventricular function is usually good,
regardless of treatment as we and others already had
demonstrated [15,17-20]. The subsets of patients, such
as diabetic patients, however, might have a worse survival
rate as demonstrated by the 7 years of follow-up of bypass
angioplasty revascularization investigation study, even
when these patients were submitted to surgical treat-
ment [21]. Our findings suggest that MetS patients may
have such a worse prognosis in the context of stable
coronary disease and preserved ventricular function.

We have demonstrated that the patients with MetS
presented a 10.6% rate of mortality in 2 years, signifi-
cantly superior to 5.2% seen in patients without MetS.
This effect was not completely dependent on the
presence of DM, because in the Cox proportion hazard
model the presence of MetS was associated with a higher
risk of mortality even when adjusted by the presence
of DM in this subset of patients. Interestingly, the MetS
also conferred higher risk for mortality in non-DM
population. This should be explained because DM is
in itself a well-recognized and strong risk factor for
mortality. MetS did not impose an additional risk on
diabetic patients in this study. This fact highlighted the
importance of the MetS and dysglycemia on mortality risk
assessment in patients with preexisting CAD, once it is
disentangled from its relationship with DM.

Unlike earlier reports that relied on cross-sectional data
to estimate the mortality or CAD risk, our study is one of
the few conducted as a prospectively long-term cardio-
vascular outcome trial in patients with chronic CAD to
assess the risk of major coronary events associated with
the MetS.

Lakka er @/ [22] reported the association of the MetS
using the proposed definitions (NCEP and WHO with
modification) with coronary heart disease (CHD) and
overall mortality. They reported an approximately three
times higher risk of death from CHD over 10 years in
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patients with MetS. Only men free from CVD at baseline
were, however, studied. Our report adds information by
bringing follow-up data on a sample of multivessel CAD
patients.

Girman ¢ @/ [23] analyzed the placebo data from the
Scandinavian Simvastatin Survival Study (4S), using post-
hoc analysis to estimate the long-term relative risk of
major coronary events (fatal and nonfatal myocardial
infarction, sudden cardiac death, and unstable angina)
associated with the MetS. All patients had clinically
established CHD and high LDL cholesterol levels with
5.4 years of follow-up. Placebo-treated patients with
MetS were 1.4 (95% CI = 1.04-1.9) times more likely to
have major coronary events than those without it.

Echahidi ez @/ [24] more recently reported in a retro-
spective analysis that MetS based on NCEP-Adult
Treatment Panel III criteria, is a highly prevalent (46%)
and powerful risk factor for operative mortality in 5304
consecutive patients who underwent an isolated CABG
procedure between 2000 and 2004.

In the literature, there are no data assessing the impact of
MetS on cardiovascular prognosis in context of comparing
therapeutic strategies for stable chronic coronary disease.
Surprisingly, considering the impact of MetS on mortality
separately in each of the treatment options, we found a
higher risk of five-fold of mortality only in the PCI group.
These findings might be related to the fact that
dysglycemia seems to be responsible for most of the
associated risk in this study. Insulin resistance, a key
component of the MetS, is known to impair endothelial
function, proinflammatory [25] and prothrombotic state
that enhanced platelet aggregation, increased thrombosis,
and decreased fibrinolysis [26]. All of these factors
conceivably play a role in worsening the prognosis on
CAD patients with MetS, mainly for those who under-
went PCI. In addition, we cannot rule out other factors
related to the worse prognosis observed in PCI, such as
creatinine levels, as well as the absence of use of coated
stents, and adequate antiplatelets therapy in those
subsets of patients in this study. When we compared
the three therapeutic options, however, there was no

difference in mortality regardless of the presence or not
of MetS.

To our knowledge, this is the first prospective cardiovas-
cular outcome trial reporting the association of the MetS
and mortality in patients with chronic coronary artery
disease. Further studies should look at the impact of
MetS on risk of mortality in PCI strategy.

Clinical implications
These findings highlight the clinical importance of the
MetS as a significant risk factor for CVD and the need of
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applied strategies for controlling this syndrome and its
component conditions. Thus, it might be important that
cardiologists and cardiac interventionists are aware of the
MetS and its associated risk, considering strategies to
minimize morbidity and mortality, including strict control
of risk factors and aggressive preventive therapy.

Conclusion

In summary, MetS conferred an independent higher
mortality risk in patients with stable CAD, mainly driven
by dysglycemia.
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