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Influence of metabolic syndrome on
outcome affer percutaneous coronary

Objective: To study the effect of metabolic syndrome (MetSyn) on cardiovascular outcomes after
percutaneous coronary intervention (PCl) with bare-metal stents (BMS). Background: The constellation
of dyslipidemia, impaired fasting glucose, high blood pressure and abdominal obesity is recognized as
MetSyn. MetSyn increases mortality after coronary artery bypass grafting. The influence of MetSyn on
outcomes after PCl is less well studied. Results: The influence of MetSyn on major adverse cardiac events
(MACE) in PCl patients with BMS was studied. MetSyn factors showed a significant relationship to MACE.
When compared with no MetSyn factors, the adjusted hazard ratio for one and four MetSyn factors was
1.24 (95% Cl: 0.85-1.81) and 1.65 (1.11-2.45), respectively. Cox regression identified MetSyn as a significant
predictor of MACE. Conclusion: MetSyn increases MACE risk in PCl patients with BMS. The risk is worse
with increasing number of MetSyn components. Aggressive treatment of patients with MetSyn after PCI

is warranted.
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Metabolic syndrome (MetSyn) is the term
applied to identify a constellation of factors,
namely dyslipidemia, abdominal obesity, glucose
intolerance and hypertension, recognized many
years ago by Reaven ez al. as insulin resistance
syndrome, syndrome X or the deadly quartet [1].
In 2001, the National Cholesterol Education
Program (adult treatment panel [ATP] III)
defined MetSyn to highlight the importance of
increased risk of cardiovascular disease associ-
ated with MetSyn [2]. According to ATP III,
MetSyn is defined as the presence of any three
of the following five traits:

» Abdominal obesity, defined as a waist circum-
ference in men >102 cm (40 in) and in women
>88 cm (35 in);

= Serum triglycerides 2150 mg/dl (1.7 mmol/l);

= Serum high-density lipoprotein (HDL) cho-
lesterol <40 mg/dl (I mmol/l) in men and
<50mg/dl (1.3 mmol/l) in women;

= Blood pressure >130/85 mmHg;

= Fasting plasma glucose (FPG) 2110 mg/dl
(6.1 mmol/l).

In October 2009, the MetSyn criteria were
updated in a statement from the International
Diabetes Federation, American Heart
Association, National Heart, Lung and Blood
Institute, and others, which included lowering
the threshold for abnormal fasting glucose to
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100 mg/dl and included diabetes in the hyper-
glycemia trait definition, use of drugs for lipid
control or blood pressure control in the dys-
lipidemia and hypertension trait definitions,
respectively and ethnic specific measures of waist
circumference [3].

With the obesity pandemic, the incidence of
MetSyn has greatly increased worldwide and
the prevalence is estimated to be approximately
20% in the adult population in the USA [4-¢].
MetSyn is associated with an increased risk of
cardiovascular disease and can be used to predict
the new onset of diabetes [7-10]. MetSyn is also
associated with worse outcomes after coronary
artery bypass grafting (CABG) [11]. However,
the data with respect to effect of MetSyn on out-
comes after percutaneous coronary interventions
(PCI) have been mixed [12-16]. Due to disparate
findings of various studies, we studied the effect
of MetSyn and its components on outcomes in
a large group of patients who underwent PCI
with bare-metal stents (BMS) at the Cleveland
Clinic (OH, USA) using the Cleveland Clinic

interventional database.

Methods

B Study population

All patients who underwent PCI at the Cleveland
Clinic are followed in a prospective database.
Between January 2000 and November 2002,
6759 patients had PCI at the Cleveland Clinic.

Patients were included for this analysis if they
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Variable

Median age, median range (years)
Male (%)

AMI (%)

Renal insufficiency (%)

Median LVEF, median range (%)
Current smoker (%)
Preprocedural medications
ASA (%)

ACEI (%)

B-blockers (%)

Statins (%)

Procedural medications

GP llib/Illa inhibitors (%)

Stent use (%)

Median preprocedural CRP, median range (mg/dl)
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Group 0 Group 1 Group 2 Group 3 Group 4 p-value’
(n =126) (n=539) (n=798) (n =629) (n =270)

65, 58-74 66, 56-76 64, 56-73 64, 56-73 62, 55-69 0.0002
76.8 76.6 75.2 717 60.1 <0.001
6.4 4.8 3.5 3.0 1.9 0.092
1.6 3.0 4.4 6.8 7.4 0.003
51.6, 45-60 51.6,45-60 51.2,45-60 49.8,45-60 47.9,40-55 0.0001
18.3 17.6 17.9 16.7 12.3 0.339
94.4 94.2 94.0 93.3 92.5 0.701
17.5 25.0 29.3 35.9 37.0 <0.001
23.8 32.8 33.8 335 35.5 0.207
37.3 37.6 399 452 43.0 0.074
84.9 86.3 85.8 88.1 88.8 0.543
84.1 79.7 81.0 80.6 77.4 0.568
2,0-2 1.7, 0-1 1.4, 0-1 1.8, 0-1 1.6, 0-1 0.610

"p-value determined by comparing each individual metabolic syndrome group with group 0.
ACEI: Angiotensin-converting enzyme inhibitor; AMI: Acute myocardial infarction; ASA: Aspirin; CRP: C-reactive protein; GP: Glycoprotein; LVEF: Left ventricular

ejection fraction.
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had complete information about lipids, princi-
pally triglycerides and HDL cholesterol, BMI,
history of elevated blood pressure and history of
diabetes mellitus. Fasting lipid values obtained
within 5 days of the PCI, were extracted from
the laboratory database. We chose to use BMI as
waist circumference was not available and BMI
has been validated as an alternative to measuring
waist circumference in the definition of MetSyn
in previous studies [17]. Fasting glucose was not
routinely measured in all patients who underwent
PCI and so a history of treated diabetes mellitus
was used instead. Complete data regarding all of
the components of MetSyn were only available in
2362 of the 6759 patients and hence they formed
the study cohort. Baseline characteristics, medi-
cation use and procedural variables were col-
lected at the time of procedure. Interventional
procedures were performed as per conventional
standards and as deemed by the interventional
cardiologist. Research coordinators prospectively

collected information about myocardial infarc-
tion (MI), or repeat revascularization at the
time of the procedure and at 1-year follow-up.
Mortality data were obtained from the social
security death index. The institutional review
board approved the use of the interventional reg-
istry and subsequent data analysis. Participants
have provided prior informed consent to be
included in the interventional registry.

B Definitions
For our analysis, the components of MetSyn
were defined as follows:

= Obesity (BMI 230 kg/m?);
= History of treated diabetes;
= History of treated increased blood pressure;

= Low HDL cholesterol <40 mg/dl in men
and <50 mg/dl in women and/or fasting
triglycerides 2150 mg/dl).

Variable Group 0 Group 1 Group 2 Group 3 Group 4
(n =126) (n=539) (n=798) (n=629) (n=270)
BMI >30 kg/m? (n, %) 0 25,4.6 181, 22.7 400, 63.4 270, 100
Hypertension (n, %) 0 267,49.5 626, 78.4 578,919 270, 100
Diabetes mellitus (n, %) 0 27,5 1304, 37.4 329, 50 270, 100
HDL cholesterol (n, %) 0 178, 33 518, 65 483,76.8 235, 87.0
Triglycerides (n, %) 0 135, 25 433,54.4 408, 64.9 204, 75.6

HDL: High-density lipoprotein.
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Influence of metabolic syndrome on outcome after PCI

Variable Group 0 Group 1
(n=126) (n=539)
Death (n, %) 18,14.4 52,97
Ml (n, %) 4,32 19, 3.5
Revascularization (n, %) 18, 12 120, 22.3

Group2 Group3 Group4 p-valuef
(n=798) (n=629) (n=270)

95, 11.9 81, 12.9 50, 18.5 0.009
32,4.0 34,54 14, 5.19 0.456
192, 241 147,23.4 74,274 0.0065

"p-values determined by comparing each individual group with group 0.

MI: Myocardial infarction.

The patients were divided into five groups, from
group zero, which consisted of patients with
none of the components, to group four, which
consisted of patients with all four components
of MetSyn. All components were given equal
importance. For example, if a patient had any
one of the four components, he would be treated
as group one, any two components as group two
and so on. This was performed in order to study
the effect of each of the individual components
as well as the combination of the components on
the outcomes after PCI.

Statistical analysis

Chi-squared tests were used for categorical
variables. Log-rank tests were used to com-
pare event-free survival in patients with one,
two, three and four of the MetSyn compo-
nents to patients with none of the components.
Hazard ratios (HR) (with 95% CI) for major
adverse cardiac events (MACE) were described.
Multivariate analysis was performed using Cox
regression models using MetSyn as a cumula-
tive score after assessing the risk associated with
the increasing risk components and adjusted
for univariate predictors of MACE. All statisti-
cal analyses were performed with STATA 8.2
(College Station, TX, USA) statistical package.
Results were considered statistically significant

if p <0.05.

Results

The baseline characteristics of the 2362 patients
who formed the different MetSyn groups are
shown in Tase 1. Age, gender, left ventricular
ejection fraction (LVEF) and renal insufficiency
were significantly different across the groups.
Medication use was not significantly different
except angiotensin-converting enzyme (ACE)

Variable Group 1 Group 2
Hazard ratio 1.31 1.52
95% ClI 0.92-1.87 1.09-2.16
p-value 0.136 0.015
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inhibitor use. Prior MI, smoking, stent use and
preprocedural C-reactive protein (CRP) were
not significantly different across the various
groups.

Tasie 2 shows the prevalence of the different
MetSyn components in each group. MACE
are summarized in Tasie 3. There were a total
of 296 deaths, 103 MI and 551 revascular-
ization procedures (PCI) over a follow-up of
60 months (median 36 months, interquartile
range 12—47 months) resulting in a total of 950
MACE. The combined end point of death, MI
and revascularization was significantly dif-
ferent across the groups. The adjusted hazard
for the combined end point of death, MI and
revascularization increased by 65% in group
four, with all four of the MetSyn risk factors
(HR: 1.65; 95% CI: 1.11-2.45; p = 0.001). The
unadjusted risk for death, MI and revasculariza-
tion increased in all groups as shown in Taste 4.
Compared with the group with no MetSyn
components, all other groups demonstrated a
significant increase in risk for combined end
point of death, MI and revascularization.

Ficure 1 shows the Kaplan—Meier survival
curves for MACE according to the MetSyn
group. As depicted, the risk is worse with the
increasing number of MetSyn components
(p = 0.0045). Taste 5 shows the univariable pre-
dictors of the combined end point of death, MI
and revascularization. Age, renal insufficiency,
stent placement, history of peripheral arterial
disease, history of prior cerebrovascular acci-
dent or transient ischemic attack and lower
LVEF were found to be significant predictors.
In Cox proportional hazards modeling, adjust-
ing for potential confounders (age, gender, renal
insufficiency, LVEF, stent placement, periph-
eral vascular disease, glycoprotein IIb/IIla

Group 3 Group 4
1.48 1.86
1.04-2.09 1.28-2.69
0.028 0.001
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Figure 1. Kaplan-Meier survival curves for death, myocardial infarction and
revascularization stratified by metabolic syndrome groups over a
follow-up of 60 months (median 36 months, range 12-47 months).

Variable

Age* (IQR)

Female gender

H/o acute Ml

H/o renal insufficiency
H/o CVA/TIA

H/o stent placement
Current smoker

H/o COPD

H/o PVD

LVEF*

Preprocedural CRP*

use, statins, ACE inhibitors and B-blockers),
increasing MetSyn risk factors (i.e., increasing
MetSyn group) was associated with a significant
reduction in event-free survival (Taste 6).

Discussion

Our study suggests that in patients who under-
went PCI during the BMS era at the Cleveland
Clinic from January 2000 until November
2002, there was an incremental risk of death,
MI and revascularization associated with the
presence of risk factors that constitute the
MetSyn. The risk appears to be worse with
increasing number of MetSyn components.
Patient survival was worse as the number of
MetSyn risk factors increased.

Death/Ml/repeat revascularization' p-value
No (%) Yes (%)

64 (55-73) 66 (57-75) 0.0001
27.2 26.5 0.721
3.5 3.9 0.653
3.6 7.3 <0.0001
8.7 13.1 0.001
78.7 83.4 0.006
18.3 14.4 0.01

7.5 1.4 0.001
8.3 11.6 0.005
51+ N 49 + 12 0.003
1.5+27 1.7+£3.6 0.59

*Continuous variables are presented as mean + SD.
*Data presented as percentage of patients (%) with major adverse cardiac events compared with

those who did not.

COPD: Chronic obstructive pulmonary disease; CRP: C-reactive protein, CVA: Cerebrovascular
accident, H/o: History of; IQR: Interquartile range, LVEF: Left ventricular ejection fraction;
MI: Myocardial infarction,; PVD: Peripheral vascular disease; TIA: Transient ischemic attack.
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Presence of MetSyn has been shown to worsen
outcomes following CABG [11], and previous
studies have shown disparate results for risk
of MetSyn with PCI [13-16]. In contrast, more
patients were included in our study with high
rates of stent implantation, although this was
exclusively with BMS. In our study, we found
MetSyn to be predictive of MACE, which
may be due to the inclusion of treated diabetic
patients. As noted previously, most of the adverse
events may have been due to need for repeat
revascularization.

It is well known that diabetes increases the
risk for mortality after PCI [17]. In our analysis,
diabetes mellitus was not studied as a separate
covariate from the other MetSyn components, to
assess for individual risk of either total mortal-
ity or repeat revascularization from the various
components. Also within MetSyn components,
low HDL cholesterol and high fasting glucose
seem to have the best predictive ability for pre-
diction of adverse events [18]. In our cohort,
fasting blood glucose levels were not available
and hence we did not study the effect of this on
MACE. Similarly, the present study is limited to
BMS and may not apply to drug-eluting stents.

In summary, patients with risk factors that
constitute MetSyn, who underwent PCI are at
higher risk for MACE over long-term follow-
up. Identification and aggressive treatment of
patients with MetSyn is needed to mitigate this
increased risk.

Limitations

There are several limitations to our study. This is
an analysis from a single center registry and BMS
were used for PCI. As in observational studies,
our study is limited by the data that were col-
lected and included in the PCI database and
hence there may be unmeasured confounders
that may not have been adjusted for. Due to lack
of complete information regarding the various
MetSyn components, more than two-thirds of
the total patients eligible were excluded from the
analysis. Furthermore, the definition of MetSyn
used in our study is not concordant with ATP IIT
guidelines as we used surrogate measures of BMI
for waist circumference and treated diabetes
mellitus for impaired fasting glucose.

Conclusion

Patients with MetSyn have an increased risk of
adverse outcomes after PCI with BMS. As the
prevalence and incidence of this syndrome is
increasing worldwide, it is imperative that we
identify whether aggressive treatment of patients
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Influence of metabolic syndrome on outcome after PCI

with MetSyn will impact their outcomes after
revascularization.

Future perspective

MetSyn will continue to increase in the next
decade due to worldwide proliferation in rates
of obesity. The rate of coronary artery disease
and subsequent PCI will likely grow and hence
it is important to recognize and treat these
patients aggressively. Our study sheds light on
this important issue, albeit with the use of BMS.
However, the risk exists even with the use of
drug-eluting stents and hence it is imperative
to treat the metabolic abnormalities to mitigate
the complications.

Financial & competing interests disclosure

D Bhatt has received research grants from Amarin,
AstraZeneca, Bristol-Myers Squibb, Eisai, Ethicon,
Medtronic, Sanofi Aventis and The Medicines Company.
DP Chew has served as a consultant for Sanofi-Aventis
(Australia), Eli-Lily (Australia), The Medicines Company
and CSL Biotherapies (Australia). V Nambi has received
research support from NHLBI K-23, research grants from
Gillson Longenbaugh Foundation, Gulf Coast Regional
Foundation, has research collaboration with no financial
support from GE, Medipattern and Tomtec, is a national
monitor for study sponsored by Anthera, is on the virtual

Variable Hazard ratio 95% ClI

MetSyn group 1 1.24 0.85-1.82
MetSyn group 2 1.52 1.06-2.19
MetSyn group 3 1.36 0.94-1.99
MetSyn group 4 1.65 1.11-2.46
Age (per 10 years) 1.06 1.00-11

LVEF 0.99 0.98-0.99
Renal insufficiency 1.59 1.19-2.14

LVEF: Left ventricular ejection fraction; MetSyn: Metabolic syndrome.

advisory board for Roche and is speaker for the AHA. The
authors have no other relevant affiliations or financial
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter
or materials discussed in the manuscript apart from those
disclosed.

No writing assistance was utilized in the production of

this manuscript.

Ethical conduct of research

The authors state that they have obtained appropriate insti-
tutional review board approval or have followed the princi-
ples outlined in the Declaration of Helsinki for all human
or animal experimental investigations. In addition, for
investigations involving human subjects, informed consent

has been obtained from the participants involved.

Metabolic syndrome (MetSyn) is a growing public health problem, due to an increase in obesity worldwide.
MetSyn increases risk for patients undergoing coronary artery bypass grafting.
Our study demonstrates increased risk associated with percutaneous coronary intervention with bare-metal stents in patients with
MetSyn and is independently associated with risk.
It is important to identify and treat patients with MetSyn aggressively to mitigate risk for adverse events after percutaneous coronary

intervention.
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