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Objective: To explore metabolic syndrome as a possible risk factor for development of heart failure (HF).
Design: Community-based cohort study.
Setting: Uppsala, Sweden.
Participants: 2314 50-year-old men free from HF, myocardial infarction and valvular disease at baseline
were enrolled between 1970 and 1974 and were followed up until the age of 70. A modified National
Cholesterol Education Program definition of metabolic syndrome was used with body mass index in the
place of waist circumference.
Main outcome measure: First hospitalisation for HF.
Results: In multivariable Cox proportional hazards models adjusted for established risk factors for HF
(hypertension, diabetes, ECG left ventricular hypertrophy, smoking and body mass index), the presence at
baseline of metabolic syndrome (hazard ratio 1.66, 95% confidence interval (CI) 1.02 to 2.70) was a
predictor of subsequent HF. This relation was even stronger after adjustment for the presence of an acute
myocardial infarction during follow up in addition to the other established risk factors for HF (hazard ratio
1.80, 95% CI 1.11 to 2.91).
Conclusion: Metabolic syndrome was a significant predictor of HF, independent of established risk factors
for HF including an interim myocardial infarction, during two decades of follow up in a community-based
sample of middle-aged men. This implies that metabolic syndrome provides important risk information
beyond that of established risk factors for HF.

H
eart failure (HF) is a major cause of morbidity and
mortality. The predominant causes of HF are hyperten-
sion and coronary heart disease. Other established risk

factors for HF are left ventricular hypertrophy, valvular heart
disease, diabetes, cigarette smoking and obesity.1–3

Some of these established risk factors, such as hyperten-
sion, diabetes, obesity and dyslipidaemia, tend to cluster in
certain people. This is the basis for the so-called metabolic
syndrome, for which insulin resistance has been proposed to
be of key pathogenetic importance.4 5 Metabolic syndrome,
defined by the current National Cholesterol Education
Program (NCEP) Adult Treatment Panel III (ATP III),6 has
been associated with an increased risk for coronary heart
disease in community-based samples,7 8 in primary preven-
tive settings9 and in clinical trial settings.10

Insulin resistance—and its clinical surrogate, metabolic
syndrome—may have direct myocardial effects in addition to
their atherogenic effects, as insulin resistance has been
related to both left ventricular systolic11 and diastolic12

dysfunction, as well as left ventricular remodelling.13–15 In a
previous cross-sectional study based on the NHANES III
(Third National Health and Nutrition Examination Survey)
cohort,16 the presence of HF was significantly associated with
metabolic syndrome. In a recent study, insulin resistance,
measured with the euglycaemic insulin clamp technique, was
shown to be a risk factor for HF, independent of diabetes,
obesity and other established HF risk factors.17 The impact of
metabolic syndrome on incident HF is not known but, given
the current obesity epidemic, this question is of great
importance. Enhancing knowledge about the clinical useful-
ness of metabolic syndrome is a priority, stressed in a recent
joint statement from the American Diabetes Association and
the European Association for the Study of Diabetes.18

We hypothesised that the prevalence of metabolic
syndrome increases the risk of subsequent HF, taking

established HF risk factors, including a myocardial infarction
and hypertension, into account. Thus, our objective was to
analyse metabolic syndrome as a possible predictor of HF in a
community-based sample of middle-aged men free from HF,
prior acute myocardial infarction and valvular disease at
baseline, after adjustment of established risk factors for HF at
baseline and interim myocardial infarction during follow up.

METHODS
Study sample
The study was based on the ULSAM (Uppsala Longitudinal
Study of Adult Men) cohort, which originated as a health
investigation mainly aimed at identifying metabolic risk
factors for cardiovascular disease. All 50-year-old men living
in Uppsala County in 1970–4 were invited to participate. Of
the 2841 invited men, 82% (2322 men) participated in the
investigation.19 In addition to regular repeat examinations,
annual updates on mortality and in-hospital morbidity based
on national registers have been added to the data. The
ULSAM study is described in detail on the internet (http://
www.pubcare.uu.se/ULSAM/). None of the participants had a
diagnosis of HF in the hospital discharge register before
baseline. Seven participants were excluded because of prior
myocardial infarction, and one participant because of
valvular disease at baseline; thus 2314 men were eligible
for the investigation. All participants gave written consent
and the ethics committee of Uppsala University approved the
study.

Abbreviations: ATP III, Adult Treatment Panel III; BMI, body mass index;
ESR, erythrocyte sedimentation rate; HF, heart failure; ICD, International
Classification of Diseases; NCEP, National Cholesterol Education
Program; NHANES III, Third National Health and Nutrition Examination
Survey; ULSAM, Uppsala Longitudinal Study of Adult Men
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Examinations at baseline
Participants at 50 years of age underwent a structured
interview; a questionnaire; blood sampling (after an over-
night fast) for glucose, insulin and lipid determinations; an
ECG; and a physical examination with measurement of
supine blood pressure and anthropometric variables as
described previously.19 Body mass index (BMI) was calcu-
lated as weight (in kg) divided by height (in metres) squared
(kg/m2). Cholesterol and triglyceride concentrations in serum
and high density lipoprotein were assayed by enzymatic
techniques. The erythrocyte sedimentation rate (ESR) was
determined by Westergren’s method. Coding of smoking was
based on interview reports. Supine systolic and diastolic
blood pressures were measured twice in the right arm after a
10 min rest and means were calculated. The presence of
hypertension at baseline was defined as systolic blood
pressure > 140 mm Hg, diastolic blood pressure
> 90 mm Hg or use of hypertension drugs, according to the
current definition.20 In secondary analyses defined a priori,
hypertension at baseline was defined as systolic blood
pressure > 130 mm Hg, diastolic blood pressure
> 85 mm Hg or use of hypertension drugs. The purpose of
the analyses was to examine whether the predictive value of
metabolic syndrome was driven only by the lower blood
pressure cut off used in the NCEP metabolic syndrome
criteria. The presence of diabetes at baseline was defined as
fasting plasma glucose > 7.0 mmol/l or use of oral hypogly-
caemia agents or insulin. ECG left ventricular hypertrophy
was defined as high amplitude R waves according to the
revised Minnesota code21 together with a left ventricular
strain pattern.3 The presence of valvular disease (International
Classification of Diseases (ICD), eighth revision codes 394–396
and 424 or ICD, ninth revision codes 394–397) and prior
myocardial infarction (ICD-8 code 410 or ICD-9 code 410)
was assessed from the hospital discharge register. The
diagnosis of acute myocardial infarction was chosen as a
proxy for coronary heart disease, as the precision of the
myocardial infarction diagnosis in the Swedish hospital
discharge register is high.22

Metabolic syndrome definition
The NCEP ATP III definition of metabolic syndrome6 was
analysed in the present study, with a minor modification for
use in an existing longitudinal cohort (table 1).

As waist circumference was measured in only 479 men at
the examination, the NCEP definition was modified by use of
a BMI cut point instead of the criterion of waist circumfer-
ence . 102 cm. In this subsample, a waist circumference of
102 cm corresponded to a BMI of 29.4 kg/m2 in a linear
regression analysis (regression equation: BMI [kg/
m2] = 0.298 6waist circumference [cm] 2 1.027), which
is similar to BMI cut points used in previous modified NCEP
definitions of metabolic syndrome.8 BMI did not differ
significantly between this subsample (25.2 (SD 3.1) kg/m2)
and the rest of the cohort (25.0 (SD 3.3) kg/m2, p = 0.32).
BMI may be considered a satisfactory substitute for waist
circumference in middle-aged men8 and has been used

instead of waist circumference in modified NCEP criteria in
several previous studies examining cardiovascular
risk.7 8 10 23 24 Further, treatment for hypertension was
included in the definition, which is an approach used in
several previous studies.7–10 24

Follow-up and outcome variables
The participants were followed up until they were 70 years
old, an age chosen a priori to examine the effect of metabolic
syndrome on HF incidence in middle-aged men. The
participants had a median follow up of 20.1 years (range
0.04–21.4 years), contributing to 43367 person years at risk.
One hundred and fifteen men had a hospital discharge
register diagnosis of HF between the entry to the ULSAM
study and the age of 70. As a possible diagnosis of HF, we
considered ICD HF codes 427.00, 427.10, 428.99 (ICD-8) and
428 (ICD-9). The medical records from the relevant hospita-
lisation were reviewed by two physicians (EI and LL), who
classified the cases as definite, questionable or miscoded,
blinded to the baseline data. All HF diagnoses were reviewed,
independently of whether a patient experienced a myocardial
infarction during the same admission. The classification
relied on the definition proposed by the European Society of
Cardiology.25 Thus, for HF to be classified as definite, the
patient had to have symptoms and signs of HF and objective
evidence of cardiac dysfunction at rest. In cases of doubt, the
response to treatment directed towards HF was a useful
check of the diagnosis. The review process has been described
extensively.26 After this validation, 100 patients with definite
HF were included in the present study (that is, 87% of the
participants with an HF diagnosis coded in the hospital
discharge register). None of the participants was lost to
follow up.

Statistical methods
Data are given as mean (SD) and percentages. The prognostic
value of the prevalence of metabolic syndrome for HF
incidence was investigated by Cox proportional hazards
analyses. Proportional hazards assumptions were confirmed
both graphically and by Schoenfeld’s tests. We investigated
three sets of models in a hierarchical fashion: model A,
unadjusted analyses; model B, multivariable-adjusted ana-
lyses of the following baseline covariates: hypertension,
diabetes, ECG left ventricular hypertrophy, smoking and
BMI; and model C, covariates as in model B, with the
addition of interim myocardial infarction during follow up,
modelled as a time-dependent covariate.

The current clinical definition of hypertension20 was used
as a covariate in the primary analyses. As this definition uses
higher cut-off values than the NCEP metabolic syndrome

Table 1 Modified National Cholesterol Education
Program Adult Treatment Pane III6 metabolic syndrome
definition used in the present study

Metabolic syndrome present if >3 of the following criteria fulfilled
l Fasting plasma glucose >6.1 mmol/l (110 mg/dl)
l Blood pressure >130/85 mm Hg or treatment
l Triglycerides >1.7 mmol/l (150 mg/dl)
l High density lipoprotein cholesterol ,1.04 mmol/l (40 mg/dl)
l Body mass index .29.4 kg/m2

Reference limits are given for men only.

Table 2 Baseline characteristics of the cohort

Developed HF
(n = 100)

Did not develop
HF (n = 2214)

Hypertension 66% 42%
Diabetes 11% 5%
ECG left ventricular hypertrophy 4% 2%
Current cigarette smoking 56% 51%
MI during follow up 42% 10%
Body mass index (kg/m2) 27.0 (3.9) 24.9 (3.2)
Serum cholesterol (mmol/l) 7.1 (1.6) 6.9 (1.3)
LDL cholesterol (mmol/l) 5.6 (1.5) 5.3 (1.2)
HDL cholesterol (mmol/l) 1.2 (0.3) 1.4 (0.4)
Serum triglycerides (mmol/l) 2.3 (1.3) 1.9 (1.2)
Fasting plasma glucose (mmol/l) 5.8 (1.2) 5.6 (1.0)
Metabolic syndrome 39% 17%

Values are mean (SD) or percentage.
HDL, high density lipoprotein; HF, heart failure; LDL, low density
lipoprotein; MI, myocardial infarction.
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criterion of hypertension, we also used an alternative
definition of hypertension in secondary analyses, in which
all the above mentioned analyses were repeated. In these
secondary analyses, hypertension at baseline was defined as
systolic blood pressure > 130 mm Hg, diastolic blood pres-
sure > 85 mm Hg or use of hypertension drugs. In further
secondary analyses, we added ESR as a covariate to all
models to investigate whether the effect of metabolic
syndrome was mediated partly by inflammation.
Interaction terms were investigated for metabolic syndrome
and the other covariates. Two-tailed 95% confidence intervals
(CIs) and p values were given, with p , 0.05 regarded as
significant. We used the statistical software package STATA
V. 8.2 (StataCorp, College Station, Texas, USA).

RESULTS
The incidence for HF during the follow-up period was 2.3/
1000 person years at risk (5.3/1000 person years at risk
among those with metabolic syndrome at baseline and 1.7/
1000 person years at risk among those without). Table 2
shows the participant characteristics at baseline.

In an unadjusted Cox proportional hazards analysis, the
presence of metabolic syndrome increased the risk for HF
more than threefold (table 3, model A). Figure 1 presents a
cumulative HF incidence plot for metabolic syndrome. After
adjustment for established risk factors for HF (hypertension,
diabetes, ECG left ventricular hypertrophy, smoking and
BMI), metabolic syndrome remained as a significant pre-
dictor of HF (table 3, model B).

Evidence of myocardial infarction during the follow up was
present in 267 of the participants in the total cohort and in 42
of the 100 patients with HF. Five of the patients with HF
presented in the immediate post-infarct period (within 30
days after the myocardial infarction). After adjustment for
interim myocardial infarction in addition to the established
baseline risk factors for HF, metabolic syndrome remained a
significant predictor of subsequent HF (table 3, model C).

In the secondary analyses based on the alternative
definition of hypertension (systolic blood pressure
> 130 mm Hg, diastolic blood pressure > 85 mm Hg or
drug), the presence of metabolic syndrome was a borderline
significant predictor of HF after adjustment for established
risk factors for HF (model B: hazard ratio 1.61, 95% CI 0.98 to
2.66). When interim myocardial infarction was also adjusted
for in addition to the established baseline risk factors for HF,
the presence of metabolic syndrome was a significant
predictor of HF (model C: hazard ratio 1.74, 95% CI 1.06 to
2.83) in the model based on the alternative definition of
hypertension. In further secondary analyses with ESR added
as a covariate, the association between metabolic syndrome
and HF was still strong and significant (hazard ratio 3.23,
95% CI 2.16 to 4.83 with ESR added to model A). When ESR

was added to the model adjusted for established risk factors
for HF including myocardial infarction during follow up
(model C), metabolic syndrome remained a significant
predictor of HF (hazard ratio 1.73, 95% CI 1.07 to 2.81).
None of the interaction terms was significant.

DISCUSSION
Principal findings
In this community-based cohort study of men free from HF,
myocardial infarction and valvular disease at baseline, we
showed for the first time that the presence of metabolic
syndrome increased the risk of subsequent HF, when
established HF risk factors and interim myocardial infarction
during follow up were taken into account.

Previous studies
In a previous cross-sectional study based on the NHANES III
cohort,16 the presence of HF was significantly associated with
both the NCEP ATP III and World Health Organization
definitions of metabolic syndrome. To our knowledge, there
are no previous longitudinal studies of the predictive value of
metabolic syndrome for the incidence of subsequent HF. In a
recent study of the present cohort, insulin resistance,
measured with the reference standard euglycaemic insulin
clamp technique, was an independent risk factor for HF,
taking diabetes, obesity and other established HF risk factors
into account.17 The cumbersome euglycaemic insulin clamp
technique is unlikely ever to be used for clinical risk
evaluation. The present study, which investigated a clinically
feasible proxy for insulin resistance—that is, metabolic
syndrome—is therefore an important clinical extension of
that previous study and adds knowledge, as it examined a
larger study sample of middle-aged men with a longer follow
up.

Metabolic syndrome is a known predictor of coronary heart
disease,7–9 cardiovascular diseases combined7 9 27 28 and total
mortality.7 9 28 Thus, metabolic syndrome is a strong predictor
of those atherosclerosis-driven end points. In the present
study, we sought to investigate the impact of metabolic
syndrome on non-ischaemic HF, by using the accepted
approach of excluding patients with myocardial infarction
before baseline and adjusting for myocardial infarction
during follow up,29 30 as well as adjusting for established risk
factors for HF, most of which are also risk factors for
ischaemic heart disease.

Possible mechanisms
We speculated that metabolic syndrome may have direct
myocardial effects, apart from its effects on atherosclerosis.
Indeed, in the present study, the presence of metabolic
syndrome predicted HF incidence independently of baseline
and interim myocardial infarction and baseline variables that

Table 3 Heart failure incidence in relation to metabolic syndrome and established risk factors in the total sample (n = 2314)
free from heart failure, myocardial infarction and valvular disease at baseline

Model A Model B Model C

Metabolic syndrome (present v absent) 3.33 (2.23 to 4.98)*** 1.66 (1.02 to 2.70)* 1.80 (1.11 to 2.91)*
Hypertension (present v absent) 2.87 (1.90 to 4.35)*** 2.05 (1.32 to 3.19)*** 2.00 (1.29 to 3.09)**
Diabetes (present v absent) 2.26 (1.21 to 4.24)* 1.36 (0.71 to 2.62) 1.23 (0.63 to 2.40)
ECG LVH (present v absent) 2.83 (1.04 to 7.71)* 1.79 (0.65 to 4.94) 1.15 (0.41 to 3.21)
Current cigarette smoking (present v absent) 1.36 (0.92 to 2.02) 1.50 (1.01 to 2.24)* 1.30 (0.87 to 1.95)
Body mass index (per 1 SD (3.2 kg/m2)) 1.78 (1.51 to 2.09)*** 1.45 (1.20 to 1.76)*** 1.37 (1.12 to 1.66)**
Interim MI (present v absent) 10.63 (7.05 to 16.02)*** NA 8.66 (5.71 to 13.14)***

Data are Cox proportional hazard ratios (95% CI), unadjusted (model A), adjusted for established risk factors for heart failure (hypertension, diabetes, ECG left
ventricular hypertrophy (LVH), smoking and body mass index) at baseline (model B) and adjusted for these established risk factors and interim myocardial
infarction (MI) during follow up (model C).
*p,0.05; **p,0.01; ***p,0.001 (p,0.05 was considered significant).
NA, not applicable.
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are powerful risk factors for atherosclerotic disease.
Metabolic syndrome has numerous plausible direct myocar-
dial effects, which are related to insulin resistance and
accompanying hyperinsulinaemia. Firstly, insulin may func-
tion as a growth factor in the myocardium, a notion
supported by experimental observations of increased myo-
cardial mass and decreased cardiac output in rats with
sustained hyperinsulinaemia.31 Secondly, hyperinsulinaemia
activates the sympathetic nervous system,32 which is a
presumed causal factor for HF.33 Thirdly, insulin resistance
has recently been shown to increase the trophic effects of
angiotensin II on cellular hypertrophy and collagen produc-
tion34 in patients with hypertension, which leads to myo-
cardial hypertrophy and fibrosis,33 both key substrates for HF.
Fourthly, advanced glycosylation end products are produced
at a greatly accelerated pace in insulin-resistant people,
which leads to increased collagen cross linking and myocar-
dial stiffness. A previous study has shown that treating
diabetic dogs with a collagen cross-link breaker, such as
metformin, can improve ventricular function and reverse
myocardial stiffness.35 Moreover, a recent small clinical trial
found decreased left ventricular mass and improved left
ventricular diastolic filling after treatment with a cross-link
breaker.36

Another possible explanation of how metabolic syndrome
may predict HF independently of the established risk factors
is that the cut-off level for blood pressure is lower in the
NCEP definition of metabolic syndrome than in the current
definition of hypertension.20 Blood pressures in the high
normal range (systolic 130–139 mm Hg or diastolic 85–
89 mm Hg) are captured by the NCEP definition. High blood
pressure is the most important risk factor for HF on a
population level,3 and a blood pressure in the high normal
range has previously been shown to increase the risk of
subsequent cardiovascular events.37 To evaluate this possible
explanation of the association between metabolic syndrome
and HF, we performed secondary analyses adjusted for
hypertension defined with the same cut-off levels as in the
NCEP definition of metabolic syndrome. In these analyses,
metabolic syndrome was a borderline significant predictor of
HF, and the hazard ratio was a little lower (1.61, as compared
with 1.66 in the primary model). This indicates that the blood
pressure level explains some, but not all, of the risk for HF
contained in metabolic syndrome. When we adjusted for
interim myocardial infarction during the follow up, metabolic
syndrome was a significant predictor of HF after adjustment
of all established risk factors, including hypertension

according to the alternative definition. The hazard ratio for
metabolic syndrome was higher in the models adjusted for
myocardial infarction during follow up, implying that
myocardial infarction was a negative confounder for the
association between metabolic syndrome and HF. This may
indicate that the hypertension component of metabolic
syndrome is important in the relationship between metabolic
syndrome and HF, especially in people who experience a
myocardial infarction. In people without myocardial infarc-
tion during follow up, other parts of metabolic syndrome
seem to be more important—for example, those reflecting
insulin resistance.

There is substantial evidence of an association between
metabolic syndrome and inflammation,8 23 and inflammation
has been shown to predict HF, both in this cohort38 and by
others.39 To investigate whether the effect of metabolic
syndrome was mediated partly by inflammation, we per-
formed secondary analyses with ESR added to the statistical
models. The results were very similar with and without
inclusion of ESR, indicating that inflammation may not be an
important confounder or mediator of the association between
metabolic syndrome and HF.

Strengths and limitations
The strengths of this study include the large population, the
long follow-up period and the detailed characterisation of the
cohort. Furthermore, all cases of HF were validated, limiting
the inclusion of false positive cases.

As some of the established HF risk factors are included in
the definition of metabolic syndrome, the bar is high for
evidence of an independent effect of metabolic syndrome on
HF incidence. Nevertheless, we chose this approach to mimic
the clinical situation, in which the status of the established
risk factors is presumed to be known. Consequently, robust
statistical methods that can handle some collinearity were
used. The clinical perspective was also the reason for
modelling the established risk factors as dichotomous
variables, as this is how they are handled in clinical decision
making.

This study has some limitations. As we examined only men
of the same age with a similar ethnic background, this study
has an unknown generalisability to women and other age
and ethnic groups. Non-hospitalised patients with milder HF
were not included in our end point, which would tend to bias
the results towards the null hypothesis. Furthermore, as this
study was initiated in the 1970s and the HF diagnosis was
based on a review of medical records, it was not possible to
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distinguish between systolic and diastolic HF, as echocardio-
graphy was not available at the time of diagnosis for many of
the patients. Another limitation of the study is that we used
the presence of an interim myocardial infarction during
follow up as a proxy for coronary heart disease. Even if this is
an established method for examining ‘‘non-ischaemic’’
HF,29 30 it would be assessed better in a more specific way—
for example, by examining all participants with coronary
angiography. However, this is not a feasible option in a large,
population-based epidemiological study. Furthermore, we
believe that the presence of a symptomatic myocardial
infarction is a good proxy for coronary heart disease, as it
includes patients with the most advanced coronary heart
disease.

Conclusions
The presence of metabolic syndrome increased the risk of
subsequent HF, independently of established risk factors for
HF including an interim myocardial infarction, in a commu-
nity-based sample of men through long follow up. This
implies that metabolic syndrome provides important risk
information beyond that of established risk factors for HF.
This increased HF risk may be promoted by insulin resistance
and accompanying hyperinsulinaemia. If our results are
confirmed, the study indicates that metabolic syndrome may
have direct myocardial effects in addition to its proathero-
sclerotic effects. Our findings add to the importance of
identifying patients with metabolic syndrome, especially
given the current obesity epidemic.
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