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Risks for All-Cause Mortality

4

Cardiovascular Disease, and Diabetes
Associated With the Metabolic Syndrome

A summary of the evidence

EArL S. ForD, MD, MPH

OBJECTIVE — In recent years, several major organizations have endorsed the concept of the
metabolic syndrome and developed working definitions for it. How well these definitions predict
the risk for adverse events in people with the metabolic syndrome is only now being learned. The
purpose of this study was to summarize the estimates of relative risk for all-cause mortality,
cardiovascular disease, and diabetes reported from prospective studies in samples from the
general population using definitions of the metabolic syndrome developed by the National
Cholesterol Education Program (NCEP) and World Health Organization (WHO).

RESEARCH DESIGN AND METHODS — The author reviewed prospective studies
from July 1998 through August 2004.

RESULTS — For studies that used the exact NCEP definition of the metabolic syndrome,
random-effects estimates of combined relative risk were 1.27 (95% CI 0.90-1.78) for all-cause
mortality, 1.65 (1.38-1.99) for cardiovascular disease, and 2.99 (1.96—4.57) for diabetes. For
studies that used the most exact WHO definition of the metabolic syndrome, the fixed-effects
estimates of relative risk were 1.37 (1.09-1.74) for all-cause mortality and 1.93 (1.39-2.67) for
cardiovascular disease; the fixed-effects estimate was 2.60 (1.55-4.38) for coronary heart dis-
ease.

CONCLUSIONS — These estimates suggest that the population-attributable fraction for the
metabolic syndrome, as it is currently conceived, is ~6—7% for all-cause mortality, 12—17% for
cardiovascular disease, and 30-52% for diabetes. Further research is needed to establish the use
of the metabolic syndrome in predicting risk for death, cardiovascular disease, and diabetes in
various population subgroups.
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ince the World Health Organization
(WHO) and National Cholesterol
Education Program (NCEP) pro-
duced their working definitions of the
metabolic syndrome (1,2), a great deal of
research has been undertaken to define its
epidemiology. However, uncertainty ex-
ists about the clinical and public health

importance of the metabolic syndrome
(3,4). One way to address this uncertainty
is to examine the nature of adverse events
and the magnitude of the risks associated
with the metabolic syndrome. Chief
among these risks are all-cause mortality,
cardiovascular disease, and diabetes. Al-
though studies using nonstandard defini-

From the Division of Adult and Community Health, National Center for Chronic Disease Prevention and
Health Promotion, Centers for Disease Control and Prevention, Atlanta, Georgia.

Address correspondence and reprint requests to Earl S. Ford, MD, MPH, Centers for Disease Control and
Prevention, 4770 Buford Hwy., MS K66, Atlanta, GA 30341. E-mail: eford@cdc.gov.

Received for publication 7 January 2005 and accepted in revised form 28 March 2005.

Abbreviations: NCEP, National Cholesterol Education Program; WHO, World Health Organization.

A table elsewhere in this issue shows conventional and Systeme International (SI) units and conversion

factors for many substances.
© 2005 by the American Diabetes Association.

The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby
marked “advertisement” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

tions of the metabolic syndrome have
suggested that the risk of premature death
and developing cardiovascular disease or
diabetes is higher among people with the
metabolic syndrome compared with
those who did not have this syndrome,
the risks for these outcomes associated
with the new definitions of the metabolic
syndrome are now emerging. Several
studies have produced such risk estimates
for all-cause mortality, cardiovascular
disease, and diabetes. This report in-
cludes a review of these studies and a
meta-analysis to determine summary es-
timates of risk.

RESEARCH DESIGN AND
METHODS — The term “metabolic
syndrome” was used to perform a search
of PubMed from July 1998, when the
WHO definition was first published,
through the end of February 2005. All
abstracts were reviewed, and articles de-
scribing prospective studies were re-
trieved and evaluated. Only prospective
studies that used either the NCEP defini-
tion, including those that had substituted
BMI for waist circumference, or the WHO
definition, including those with limited
modifications, were included (Table 1).
No attempt was made to locate unpub-
lished studies or contact authors. In the
case of duplicate analyses of the same data-
set, only the first publication was included.

The following data elements were ab-
stracted: lead author’s name, year of pub-
lication, study location, sample size, sex
composition, age of participants, fol-
low-up time, definition of outcomes,
number of events, definition of metabolic
syndrome, relative risk estimate and CI,
and variables used to adjust estimates of
relative risk. For one study, the odds ra-
tio and CI had to be estimated from a fig-
ure (5).

SEs for the estimates of relative risk
were estimated from the Cls. For each
study, a weight was calculated as the in-
verse of the variance (1/SE?). Fixed-
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Figure 1—A: Associations between metabolic syndrome, using the NCEP definition, and all-cause mortality. B: Associations between metabolic
syndrome, using the NCEP definition, and cardiovascular disease. C: Associations between metabolic syndrome, using a modification of the NCEP
definition, and cardiovascular disease. D: Associations between metabolic syndrome, using the original and modified NCEP definitions, and
cardiovascular disease. B, studies used the exact definition. [, used a modified definition. CRP, C-reactive protein; M, men; W, women.

effects estimates of relative risk were
calculated according to the Mantel-
Haenszel method (6). Random-effects es-
timates of relative risk were calculated
using the approach by DerSimonian and
Laird (7). Heterogeneity among studies
was assessed using the Q test (7). Forest
plots were reviewed. The influence of sin-
gle studies on the summary estimates was
also examined (8). Evidence for bias was
assessed by examining funnel plots and
assessing funnel plot asymmetry (9,10).
Analyses were conducted in Stata 8.2
(11). The population-attributable fraction
for adverse events associated with the
metabolic syndrome was calculated from
the following formula: [(P, X (RR-D)]/
{1 + [P, X (RR-1)]}, where P, is the pro-
portion in the population with the meta-
bolic syndrome (21.8%) (12) and RR
represents the summary relative risk ob-
tained from the meta-analysis.

RESULTS — Characteristics of the
studies included in the analyses are
shown in Table 2.

Studies using the NCEP definition of
the metabolic syndrome

All-cause mortality. For three studies
(13-15), the random-effects estimate of
the summary relative estimate was 1.27
(95% CI 0.90-1.78) (Fig. 1A). The P
value for the test of heterogeneity was
0.033. Adding a study (16) that used BMI
instead of waist circumference as a criteria
yielded a random-effects estimate of rela-
tive risk of 1.21 (0.98-1.50) (P value for
heterogeneity = 0.077).
Cardiovascular disease. For seven stud-
ies (eight estimates of relative risk) (13—
15,17-19,21) that used the exact NCEP
definition of the metabolic syndrome, the
random-effects estimate for cardiovascu-
lar disease was 1.65 (95% CI 1.38-1.99)

(P value for heterogeneity = 0.009) (Fig.
1B). One other study (20) reported a rel-
ative risk of 1.5 for participants with the
metabolic syndrome defined according to
NCEP criteria but no confidence limits or
P values.

The authors of four other publica-
tions (16,22-24) modified the NCEP def-
inition by using BMI instead of waist
circumference to define the metabolic
syndrome and produced five estimates of
relative risk for cardiovascular disease.
The random-effects estimate was 1.87
(95% CI 1.21-2.88) (P for heterogeneity
<0.001) (Fig. 1C). Combining 13 esti-
mates from 11 studies using the original
or modified NCEP definition gave a ran-
dom-effects estimate of 1.74 (1.43-2.12)
(P for heterogeneity <0.001) (Fig. 1D).
Forseven studies (13,15,18,19,21,23,24)
with eight estimates of relative risk that
excluded participants with diabetes or
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Figure 2—Associations between metabolic syndrome, using the NCEP definition, and diabetes.

0.509) (28). For coronary heart disease,
the fixed-effects estimate for two studies
(13,20) was 2.60 (1.55—4.38) (P for het-
erogeneity = 0.512).

Diabetes. Three studies reported in two
publications (5,27) examined the associ-
ations between the metabolic syndrome,
as defined by modified WHO criteria, and
the incidence of diabetes. However, for
one (5), it was difficult to obtain risk es-
timates because the results were pre-
sented in a figure. For the other two
studies, the unadjusted fixed-effects esti-
mate was 6.08 (95% C14.76-7.76) (P for
heterogeneity = 0.535).

Bias

No evidence of bias was found for studies
of all-cause mortality or cardiovascular
disease, except for the analysis of the four
studies of cardiovascular disease and the
metabolic syndrome using the WHO def-
inition (intercept: 2.76, P = 0.044; slope:
0.01, P = 0.952). For the four studies of
diabetes incidence, funnel plot asymme-
try was present (intercept: 4.79, P =
0.035; slope: 0.22, P = 0.246).

CONCLUSIONS — One way to
judge the utility of the WHO and NCEP
definitions of the metabolic syndrome is
to examine what outcomes are linked to it
and the strength of these links. The sum of
the evidence to date shows that the met-

abolic syndrome does an unremarkable
job of predicting all-cause mortality (esti-
mated summary relative risk of ~1.2—
1.4) and only a modest job of predicting
cardiovascular disease (estimated sum-
mary relative risk of ~1.7-1.9). How-
ever, it is more strongly associated with
diabetes incidence.

The earliest publications (13,21) re-
ported rather substantial associations be-
tween the metabolic syndrome and
cardiovascular disease. Consequently,
these reports have been cited as proof that
the concept of the metabolic syndrome
was meaningful and thus deserving diag-
nosis and treatment. However, in the case
of the Finnish study, the estimates of rel-
ative risk were based on few events, and
the weight of the study was small com-
pared with later studies (13). The low-to-
moderate summary estimates of relative
risk are perhaps somewhat surprising,
given that the metabolic syndrome in-
cludes several variables that are strong in-
dependent predictors of cardiovascular
disease or diabetes.

The definitions of the metabolic syn-
drome developed by NCEP and WHO in-
clude people with diabetes. Diabetes is
known to be a strong risk factor for car-
diovascular disease. Studies that included
participants with diabetes (2.02) pro-
duced higher summary risk estimates for
cardiovascular disease than studies that
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excluded participants with diabetes
(1.58).

At least three attempts (21,24,27)
have been made to compare the predic-
tive ability for cardiovascular disease of
the metabolic syndrome with the Fra-
mingham Risk Score. In two studies, the
metabolic syndrome was not found to im-
prove the risk prediction beyond that
achieved by the Framingham Risk Score.
In a third study, however, the metabolic
syndrome was a significant predictor of
cardiovascular disease after adjustment
for the Framingham Risk Score (24). In
addition, the Diabetes Prediction Model
was found to be superior to the metabolic
syndrome in predicting risk for diabetes
Q7.

The majority of prospective studies
have presented risks based on the NCEP
definition. The estimates of relative risk
from studies using the WHO definition
are only slightly higher than those from
studies using the NCEP definition. How-
ever, two studies (13,15) using both the
NCEP and modified WHO definitions
produced estimates for all-cause mortal-
ity and cardiovascular disease associated
with the metabolic syndrome. On the ba-
sis of the NCEP definition, the fixed-
effects estimates were 1.50 (95% CI
1.18-1.91) for all-cause mortality and
2.71 (1.91-3.83) for cardiovascular dis-
ease. When the modified WHO definition
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was used, the fixed-effects estimates were
1.37 (1.09-1.74) for all-cause mortality
and 1.85 (1.34-2.55) for cardiovascular
disease.

The mechanisms underlying the met-
abolic syndrome continue to be debated.
Insulin resistance is thought by many to
be the most important mechanism, and
insulin resistance has been shown to pre-
dict cardiovascular disease (29). How-
ever, at least four studies (30-33) have
shown that ~50-70% of people with the
metabolic syndrome have insulin resis-
tance. Chronic activation of the immune
system (34), disorders of the hypothalam-
ic-pituitary-adrenal axis (35), altered glu-
cocorticoid hormone action (36), chronic
stress (37), and genetic factors may also
be involved in the pathogenesis of the
metabolic syndrome (38,39). The poten-
tial contributions of cytokines, hormones,
and other molecules produced by adipo-
cytes in the pathogenesis of the metabolic
syndrome are being investigated.

Whether the adverse impact on
health by the metabolic syndrome is
greater than the sum of its parts remains
unclear (40). One possible explanation
for the low estimates of relative risk is that
people who do not have the metabolic
syndrome but who are obese or have hy-
pertension, dyslipidemia, or hyperglyce-
mia are included in the reference group,
potentially raising the incidence rate in
the reference group and thereby lowering
estimates of relative risk. The definitions
of the thresholds for defining abnormali-
ties may have also factored in the esti-
mates of relative risk. By using generally
“liberal” thresholds, substantial numbers
of people who are defined as having ab-
normalities may have had a relatively low
risk of developing various adverse events.

As currently conceptualized, people
with the metabolic syndrome experience
an increased risk for adverse events that is
not affected by the degree of severity of
the individual components. However, it is
quite likely that a risk gradient for adverse
events occurs among people with the
metabolic syndrome. Consideration
should be given to developing a classifi-
cation scheme for people with the meta-
bolic syndrome that reflects the degree of
abnormalities, analogous to classification
schemes for blood pressure and BMI. The
risks associated with such classes could
then be prospectively evaluated.

Throughout its history, definitions of
the metabolic syndrome have changed

and are likely to evolve further. Already, a
lower glucose threshold to define im-
paired fasting glucose (100 mg/dl) has
been incorporated into the NCEP defini-
tion (40,41). How this change will affect
risk estimates for adverse events remains
to be determined. The WHO definition is
difficult to implement in epidemiologic
studies, as evidenced by the fact that most
studies had to alter it.

Most of the studies that were re-
viewed adjusted their analyses for various
potential confounders, but the degree of
adjustment varied. Adjusting for variables
such as age, smoking status, lipids, or
lipid patterns that are not part of the def-
inition of the metabolic syndrome seems
reasonable. An important consideration
in choosing potential confounders is de-
ciding whether the factors under consid-
eration are part of the etiologic chain. This
can be a challenging decision, however,
because the interrelationships among the
many anthropometric and physiologic
abnormalities are complex. For example,
inadequate physical activity and poor di-
etary habits (especially excess energy in-
take) lead to excess weight and insulin
resistance. In turn, these factors can pro-
duce a variety of abnormalities that are
collectively termed the metabolic syn-
drome. Thus, adjusting for physical activity
and energy intake could be construed as ad-
justing for variables that are part of the
causal chain and are risk factors for the met-
abolic syndrome. Adjusting for variables
such as inflammatory markers that may be
caused by obesity and insulin resistance
may be adjusting for variables that lie in the
causal chain but are sequellae of obesity/
insulin resistance/metabolic syndrome.

The summary of relative risks suggest
that the population-attributable fraction
due to the metabolic syndrome is limited.
Using the NCEP definition of the meta-
bolic syndrome, the population-
attributable fraction is ~6% for all-cause
mortality, 12% for cardiovascular disease,
and 30% for diabetes. Using the WHO
definition, the population-attributable
fraction is 7% for all-cause mortality, 17%
for cardiovascular disease, and 52% for
diabetes. Although these population-
attributable fractions could be important,
they need to be compared with the pop-
ulation-attributable fraction calculated
from the sum of the population-
attributable fractions of each component
or analogous measures. In the case of di-
abetes, the population-attributable frac-

tion for BMI alone has been estimated to
be as high as 70% (42).

The population-attributable fraction
may be larger in certain population sub-
groups. For example, the prevalence of
the metabolic syndrome increases with
age, reaching a prevalence of =40% in
people aged =60 years (12). If estimates
of relative risk in this age-group are simi-
lar to those calculated in this report, some-
thing that still needs to be established, the
population-attributable fraction for cardio-
vascular disease might be ~17%. Similarly,
some evidence suggests that the risk for car-
diovascular disease may be higher among
women than men (15,21), although in
other studies, no such sex-specific differ-
ence has been observed (17,24). If women
are at higher risk, then the population-
attributable fraction among women would
exceed that among men, given that the
prevalence of the syndrome is similar be-
tween the two sexes.

In conclusion, the evidence from
published studies suggests that the ability
of current definitions of the metabolic
syndrome to predict the future risk of all-
cause mortality and cardiovascular dis-
ease in the general population may be
limited. The metabolic syndrome does a
better job of predicting the future risk of
diabetes. Given the attention that the met-
abolic syndrome has received in recent
years, establishing how well the metabolic
syndrome predicts future adverse health
outcomes is a matter of some urgency. To
improve our current understanding of the
prognostic value of the metabolic syn-
drome, more research is needed that spe-
cifically addresses the issue of whether the
metabolic syndrome improves risk pre-
diction for adverse events above that of its
individual components. In addition,
studies in various population subgroups
may be helpful in assessing how well the
metabolic syndrome predicts risk for fu-
ture adverse health events.
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