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Abstract
Aims/hypothesis Recent reviews indicate that the metabolic
syndrome is a risk factor for cardiovascular disease and
mortality, but evidence is scarce in elderly individuals. We
therefore examined the relationship between the metabolic

syndrome and mortality rates among individuals aged 40–
59, 60–74 and 75–89 years. We also examined whether the
syndrome was associated with mortality rates over and
above the Framingham risk score.
Methods We studied prospectively 6,748 men and women
who participated in the Nord-Trøndelag Health Study, Norway,
from 1995 to 1997 (HUNT 2) and defined the metabolic
syndrome by the International Diabetes Federation criteria.
Results During 53,617 person-years of follow-up (mean per
person, 7.9 years), 955 individuals died, of whom 585 died
from cardiovascular disease. Among individuals who were
40–59 years of age at baseline, the presence of the
metabolic syndrome was associated with increased relative
risk of cardiovascular and total mortality (age- and sex-
adjusted hazard ratios 3.97 [95% CI: 2.00–7.88] and
2.06 [1.35–3.13], respectively, equivalent to population-
attributable risks of 20.7 and 14.2%, respectively). The
Framingham risk score accounted for less than one-third of
the effect of metabolic syndrome on mortality rates. After the
age of 60 years, the metabolic syndrome was not associated
with increased mortality rates. We found a significant
interaction between the metabolic syndrome and age on the
relative risk of mortality. Results were confirmed in a sub-
sample without cardiovascular disease at baseline.
Conclusions/interpretation The metabolic syndrome is a
risk factor for mortality, over and above the Framingham
risk score, in middle-aged, but not in elderly individuals.
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Introduction

The metabolic syndrome, defined as abdominal obesity,
dyslipidaemia, hyperglycaemia and hypertension, is described
as a major and increasing public health challenge worldwide
[1]. Two recent reviews and one meta-analysis indicate that
the syndrome is a risk factor for cardiovascular disease (CVD)
incidence and mortality, as well as for total mortality [2–4].
Therefore, recently published guidelines by the International
Diabetes Federation (IDF) [5] and the American Heart
Association/National Heart, Lung and Blood Institute (AHA/
NHLBI) [6] recommend that all individuals found to have
metabolic syndrome should receive long-term follow-up and
full cardiovascular risk assessment.

Since mortality and prevalence of the metabolic syn-
drome are more common among elderly individuals [7], the
strength of their association with increasing age is of
interest. It is therefore a challenge that much of the data on
the association between metabolic syndrome and mortality
comes from samples consisting predominantly of younger
and middle-aged individuals [2–4, 8–15], while few studies
have presented age-stratified analyses. Across the studies
that have addressed this association in older cohorts,
increased mortality risk has not been a consistent finding
[16–26]. We therefore examined the relationship between
metabolic syndrome and both subsequent cardiovascular
and total mortality in individuals who were stratified into
three groups by age (40–59, 60–74 and 75–89 years). We
also examined whether metabolic syndrome was associated
with increased risk of mortality over and above a summary
of conventional cardiovascular risk factors (Framingham
10-year risk score [FRS]) across these age groups.

Methods

Participants The Nord-Trøndelag Health Study (HUNT) is
a prospective, population-based study set up to cover major
health issues like CVD and diabetes [27]. Briefly, all
inhabitants who were 20 years or older in Nord-Trøndelag
County, Norway were invited to a general health study.

Data were obtained from physical tests, blood samples and
from questionnaires covering demographic characteristics,
somatic illnesses, somatic and mental symptoms, medica-
tions, lifestyle and health-related behaviour. Among a total
of 92,205 individuals aged 20–89 years, 65,753 (71.3%)
participated in HUNT 2 (1995–1997) [27], for 63,600 of
whom data on the components of the metabolic syndrome
were available. The size of the HUNT data collection made
it logistically impossible to do all blood sampling after
overnight fasting, but time since last meal was registered.
For the purpose of this study, we included 10,206
participants (16% of the 63,600) in whom the blood
samples were drawn ≥4 h after their last meal. In a prior
study we had shown that this fasting sub-sample did not
differ from non-fasting participants [7]. Of the included
sample, another 3,458 individuals aged 20–39 years were
excluded, since only 15 deaths occurred among them
during follow-up, providing insufficient statistical power
for analysis. This left a total study sample of 6,748
individuals aged 40–89 years at baseline. In secondary
analyses, we excluded 842 individuals reporting angina
pectoris (527 individuals) and/or myocardial infarction
(364) and/or stroke (173) (several individuals reported
more than one condition). This left 5,906 individuals in a
sub-sample without self-reported CVD at baseline.

All participants in the HUNT study gave written
informed consent. The Norwegian Data Inspectorate and
the Regional Committee for Medical Research Ethics
approved the study.

Baseline data We obtained information on use of antihy-
pertensive and diabetes medication, known CVD and
diabetes, and relevant covariates (self-reported physical
activity, cigarette smoking and depression) from question-
naires. Blood pressure and waist circumference were
measured at the screening site [7, 27]. The waist circum-
ference was measured horizontally at the height of the
umbilicus with a steel band to the nearest 1.0 cm with the
participant standing and the arms hanging relaxed. Serum
analyses were performed on venous blood, using an
autoanalyser (Hitachi 911; Mito, Japan). Glucose, total
cholesterol and HDL-cholesterol, and triacylglycerol were
measured by an enzymatic hexokinase method, an enzy-
matic colorimetric cholesterolesterase method and an
enzymatic colorimetric method respectively. Diabetes was
defined as self-reported, known diabetes, i.e. self-reported
in answer to the question ‘Do you or have you had
diabetes?’ Those confirming a diagnosis of diabetes were
re-invited to provide another blood sample in the fasting
state with collection of glucose, C-peptide and antibodies to
glutamic acid decarboxylase. Based on this and on
information on when insulin treatment was initiated, type
1 and type 2 diabetes were diagnosed [7, 27].
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We defined metabolic syndrome according to the IDF
criteria [5], which require central obesity (defined as waist
circumference ≥94 cm for men and ≥80 cm for women in
Europids) plus at least two of four components: serum
triacylglycerol >1.7 mmol/l or specific treatment for this
lipid abnormality; HDL-cholesterol <1.03 mmol/l in men
and <1.29 mmol/l in women or specific treatment for this
lipid abnormality; blood pressure ≥130/≥85 mmHg or
treatment for previously diagnosed hypertension; and
fasting plasma glucose ≥5.6 mmol/l or previously diag-
nosed type 2 diabetes. We had no data on specific treatment
for lipid abnormalities, but such treatment was uncommon
in Norway at that time. Before further analyses, we adjusted
triacylglycerol and glucose levels for participants who had
fasted for 4, 5, 6, 7 or 8 h when sampled, with those
reporting ≥9 h fasting as reference group [7].

Four potentially confounding factors were included in
the multivariate analyses. Low physical activity was
defined as less than 1 h leisure time physical activity per
week and smoking as current cigarette smoking [28]. Total
cholesterol was included as a continuous variable. As
depression is known to increase CVD and all-cause
mortality rates, the Hospital Anxiety and Depression Scale
(HADS) ratings were included with the conventional case-
level for depression (≥8 out of 21 points on the depression
subscale) [29].

Follow-up and outcome measures Baseline examinations
were from August 1995 to June 1997 and follow-up was
concluded on 31 December 2004. We used the Norwegian
National Death Registry and defined the outcomes as death
from CVD (codes I00-I99 in the International Classification
of Diseases, tenth revision, as the underlying or a
contributing cause of death) and death from any cause. In
a supplementary analysis, we narrowed the definition of
death from CVD to include CVD only as the underlying
diagnosis.

Statistical methods Descriptive statistics of included varia-
bles were examined for the three age groups. For each age
group, we used Cox proportional hazard models adjusted
for age (continuous) and sex to examine the association of
metabolic syndrome and its components with the relative
risk of CVD and all-cause mortality. The curves represent-
ing the cumulative survival rates were estimated using the
Kaplan–Meier method. We also examined the association
between metabolic syndrome and mortality rates after
further adjustments for other risk factors (physical activity,
smoking, total cholesterol and depression).

Second, we examined the association between metabolic
syndrome and mortality rates in the sub-sample without
self-reported CVD at baseline. An FRS was calculated for
each person, using the sex-specific prediction formulas

based on conventional cardiovascular risk factors (age,
HDL-cholesterol, total cholesterol, blood pressure and
smoking status), as modified by the AHA/NHLBI [30]. In
separate analyses we examined the additional risk of
metabolic syndrome over and above these factors by
adjusting for the FRS.

Third, in addition to estimates of relative risk (HR) from
Cox models, we calculated the proportion of mortality which
theoretically would be prevented if the metabolic syndrome
could be eliminated, assuming a causal relationship. This
was done by including estimates of population-attributable
risks (PARs), which were calculated from the formula P(E)×
(HR−1)/HR, where P(E) indicates prevalence of exposure
(metabolic syndrome).

We tested for effect modification by age (the three age
groups) by adding the interaction term age by metabolic
syndrome to a Cox model comprising metabolic syndrome,
age and sex to predict CVD and all-cause mortality rates.
Similarly, we tested for interaction between age and each
syndrome component, and then for interaction between
metabolic syndrome and age in the sub-sample without
CVD. Significance for interaction was reported as change
in step χ2 test value. Corresponding analyses of interactions
for sex were performed. As we found no metabolic
syndrome by sex interaction either in the three age groups
or in the entire sample or in the sub-sample without self-
reported CVD (all p>0.33), all results are reported for men
and women together.

In supplementary analyses, we evaluated whether the
metabolic syndrome was associated with increased relative
risk of non-CVD mortality (all other causes of deaths).
Finally, we repeated the multivariate analyses using the
revised (2005) National Cholesterol Education Program,
Adult Treatment Panel III (NCEP) criteria for metabolic
syndrome [6], which define higher cut-offs for waist
circumference (>102 cm in men, >88 cm in women) than
the IDF criteria. Again, we also tested for effect modifica-
tion by age.

A two-sided p value of <0.05 was considered statistically
significant. We used SPSS software (version 14.0; SPSS,
Chicago, IL, USA) for all analyses.

Results

Baseline characteristics of the participants are shown in
Table 1. Prevalence of the metabolic syndrome increased
with age, as did that for its components. During 53,617
person-years (mean follow-up, 7.9 years, maximum
9.5 years), 955 individuals died, of whom 585 died from
CVD. In the sub-sample without self-reported CVD at
baseline, 650 died, 352 from CVD (Table 2).
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Metabolic syndrome and mortality in the total sample In
models adjusted for age (continuous) and sex, the metabolic
syndrome was associated with a fourfold increased relative
risk of CVD mortality and a twofold increased relative risk
of total mortality in participants aged 40–59 years at
baseline (Table 2). After the age of 60 years, the metabolic
syndrome was not significantly associated with higher
relative risk of mortality (all HRs for CVD and all-cause
mortality were within range 1.05–1.12). We found a
significant interaction between metabolic syndrome and
age on the relative risk of CVD and all-cause mortality (p≤
0.006 for interactions). The findings are illustrated in the
Kaplan–Meier estimates of the rates of CVD and all-cause
mortality according to metabolic syndrome (Fig. 1). In the
youngest age group, the estimated PAR for CVD mortality
associated with the metabolic syndrome was 20.7%,
compared with much lower proportions in the older age
groups (3.1 and 4.6%, respectively). However, the PARs in
the older age groups were all derived from non-significant
HRs.

Abdominal obesity was the only component of the
metabolic syndrome that was significantly associated with
increased relative risk of mortality in participants aged 40–

59 years at baseline, with HR 3.18 (95% CI: 1.49–6.81) for
CVD mortality rates and HR 1.71 (1.11–2.63) for total
mortality rates. After the age of 60 years the corresponding
HRs were not significant. All other components were
associated with increased relative risk of mortality in the
expected directions, but findings were not statistically
significant. We also found that relative risk of mortality
tended to decline with increasing age for all components;
the age by component interaction was significant for effect
of abdominal obesity on relative risk of CVD mortality
(p=0.027).

Adjustment for potentially confounding factors in the
multivariate analyses did not substantially change the effect
of metabolic syndrome on the risk of mortality (Table 2).
The syndrome remained an independent risk factor for
CVD and all-cause mortality in participants aged 40 to
59 years at baseline (both p<0.001), but not in participants
aged 60 years and above (all p>0.22).

Metabolic syndrome and mortality in the sub-sample
without self-reported CVD The declining relative risks with
increasing age were confirmed when we restricted the
analyses to the sub-sample without self-reported CVD at

Table 1 Baseline characteristics of the study participants

Characteristics Age groups (years)

40–59 (n=3,789) 60–74 (n=1,973) 75–89 (n=986)

Male sex (%) 50 50 44
Metabolic syndrome (%) 28 47 57
Components of metabolic syndrome
Waist circumference, men (cm) 93 (9) 95 (10) 96 (10)
Waist circumference, women (cm) 82 (12) 87 (12) 88 (11)
Systolic blood pressure (mmHg) 136 (18) 154 (23) 162 (25)
Diastolic blood pressure (mmHg) 84 (11) 87 (13) 87 (14)
Triacylglycerol (mmol/l) 1.50 (1.18) 1.68 (1.03) 1.71 (1.02)
HDL-cholesterol, men (mmol/l) 1.26 (0.34) 1.30 (0.38) 1.24 (0.40)
HDL-cholesterol, women (mmol/l) 1.55 (0.40) 1.52 (0.43) 1.44 (0.41)
Plasma glucose (mmol/l) 5.44 (1.01) 5.79 (1.30) 6.12 (1.75)
Type 2 diabetes (%) 1.1 3.6 6.5
Antihypertensive medication (%) 8.3 27.2 31.9
Other risk factors
Low physical activitya (%) 30 41 64
Current smokinga (%) 37 25 12
Total cholesterol (mmol/l) 6.13 (1.14) 6.66 (1.26) 6.52 (1.31)
Depressiona (%) 11 13 16
CVDb (%) 4 19 31
Framingham risk scorec 12.1 (4.5) 16.6 (3.0) 19.2 (3.4)

Data are mean (SD) or percentage
aSelf-reported. Low physical activity was defined as less than 1 h leisure time activity per week. Depression was assessed by the HADS and
defined as a score of ≥8 out of 21 on the depression subscale. Data on depression were missing in 8.8% of the participants
bSelf-reported angina pectoris, myocardial infarction and/or stroke
cFRS using sex-specific prediction formulas based on age, total cholesterol and HDL-cholesterol, blood pressure and smoking [30] in the sub-
sample without self-reported CVD at baseline (n=5,906)
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baseline (Table 2). Again, metabolic syndrome was a risk
factor for mortality only in the youngest age group, with
HR 6.35 (95% CI: 2.46–16.4) for CVD mortality and HR
2.03 (1.28–3.23) for all-cause mortality. We found a
significant interaction between metabolic syndrome and
age on the relative risk of CVD (p<0.001) and of all-cause

(p=0.013) mortality. After adjusting for FRS, the relative
mortality risks associated with the metabolic syndrome
remained elevated in the youngest age group (Table 2).

Supplementary analyses First, we found no significant
effect of metabolic syndrome on the relative risk of non-

Table 2 CVD and all-cause mortality according to presence or absence of the metabolic syndrome in the total sample and in the sub-sample
without self-reported CVD at baseline

CVD mortality All-cause mortality

Variable 40–59 years 60–74 years 75–89 years 40–59 years 60–74 years 75–89 years

Total sample
(n=6,748)
Deaths during follow-up, n 35 219 331 88 364 503
Metabolic syndrome
Agea- and sex-adjusted HR 3.97 (2.00–7.88) 1.07 (0.82–1.39) 1.12 (0.90–1.40) 2.06 (1.35–3.13) 1.10 (0.90–1.36) 1.05 (0.88–1.25)
PAR (%)b 20.7 3.1 4.6 14.2 4.3 2.1
Multivariable HRc 3.95 (1.96–7.97) 1.09 (0.83–1.43) 1.11 (0.89–1.39) 2.14 (1.40–3.29) 1.14 (0.92–1.41) 1.05 (0.87–1.26)

No self-reported CVD
(n=5,906)
Deaths during follow-up, n 21 142 189 72 264 314
Metabolic syndrome
Agea- and sex-adjusted HR 6.35 (2.46–16.4) 1.15 (0.82–1.61) 0.98 (0.74–1.31) 2.03 (1.28–3.23) 1.15 (0.90–1.47) 0.95 (0.76–1.19)
PAR (%)b 22.6 6.0 <0 13.6 6.0 <0
Framingham adjusted HRd 4.61 (1.74–12.2) 1.07 (0.75–1.51) 1.02 (0.75–1.37) 1.63 (1.01–2.63) 1.09 (0.84–1.41) 1.03 (0.82–1.30)
PAR (%)d 21.0 3.0 1.1 10.3 3.8 1.6

Unless otherwise stated, values are HR (95% CI)
aContinuous within each age group
bAdjusted for age (continuous within each age group) and sex
cAdjusted for age (continuous within each age group), sex, low physical activity, current smoking, total cholesterol and depression
dHR and PAR (%) adjusted for FRS

Fig. 1 Kaplan–Meier estimates
of the rates of CVD (a–c) and
all-cause (d–f) mortality by age
groups 40–59 (a, d), 60–74
(b, e) and 75–89 (c, f) years
according to the metabolic
syndrome. p values are for
presence (continuous lines) vs
absence (dotted lines) of the
metabolic syndrome, estimated
with Cox models adjusted for
age (continuous within each
group) and sex. p<0.001
(a), p=0.64 (b), p=0.31 (c),
p=0.001 (d), p=0.36 (e),
p=0.61 (f) Note: panels have
different scales for cumulative
survival due to differences in
mortality rates
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CVD mortality. In models adjusted for age (continuous
within age groups) and sex, the HRs for non-CVD
mortality were 1.47 (95% CI: 0.84–2.57), 1.05 (0.79–
1.40) and 1.03 (0.80–1.34) in the three age groups,
respectively, but with no significant interaction between
metabolic syndrome and age (p=0.56).

Second, using CVD alone as the underlying cause of
death (excluding cases where CVD was merely a contrib-
uting cause of death), the number of CVD deaths was
reduced from 585 to 470 (29, 172 and 269 CVD deaths in
the three age groups, respectively). In general, we observed
similar results to those obtained using CVD as a contrib-
uting cause of death, with HRs 3.82 (1.82–8.09), 0.99
(0.73–1.34) and 1.20 (0.93–1.53) in the three age groups
respectively, in models adjusted for age (continuous) and
sex.

Third, using the 2005 NCEP criteria for metabolic
syndrome, we found the syndrome was significantly
associated with a twofold increased relative risk of CVD
and all-cause mortality in participants aged 40–59 years,
but not significantly associated with mortality after the age
of 60 years. The lower HRs in the youngest age group
when using the NCEP compared with the IDF criteria were
consistent with no significant interactions between age and
NCEP metabolic syndrome. However, when analyses were
restricted to the sub-sample without self-reported CVD at
baseline, we found a significant interaction between age
and NCEP metabolic syndrome on the risk of CVD
mortality (p=0.039).

Discussion

In this large population-based study of Norwegian adults
followed for up to 9.5 years, we observed that the relative
risk of mortality associated with the metabolic syndrome
was strongly related to age. A substantial higher relative
risk of CVD and all-cause mortality was seen in individuals
aged 40–59 years at baseline, but not in those who were
older. In the youngest age group, the metabolic syndrome
accounted for 20.7% of the risk of CVD death and for
14.2% of all deaths. Findings were similar in men and
women and remained unchanged after further adjustment
for other risk factors (physical activity, smoking, total
cholesterol and depression). Results were largely indepen-
dent of CVD being present at baseline and of the FRS.

The strengths of the present study include: (1) examina-
tion of a large, community-based sample; (2) a relative
large number of events from a reliable national register of
death causes; and (3) a range of data on somatic illnesses,
mental symptoms, medications, lifestyle and health-related
behaviour. The study also has limitations. First, blood
samples were drawn ≥4–9 hours after the last meal, rather

than after overnight fasting as recommended. However, we
adjusted the triacylglycerol and glucose levels before
further analysis [7], a procedure unlikely to have generated
any age-specific difference in associated risks of mortality.
Second, we had no data on incident non-fatal CVD and
type 2 diabetes, which are major aims for risk reduction
when diagnosing the metabolic syndrome [5]. Third,
because nearly all participants were white, generalisation
of these results to other ethnic groups should be done with
caution.

While several studies have suggested that the metabolic
syndrome is a risk factor for CVD events and for all-cause
mortality, much of the data on risk of mortality has come
from populations consisting predominantly of younger or
middle-aged individuals [2–4, 8–15]. Results from studies
in elderly populations are more conflicting, with reports of
no [16, 22, 25] and a slightly increased [17, 23, 26] risk of
total mortality. Similarly, for CVD mortality, one study [16]
found no increased risk, whereas others [17–21, 23, 25]
have reported a slightly increased risk. Some of these
studies also included risk of non-fatal CVD [16, 18, 19, 21,
23], some found increased cardiovascular risk in men only
[20, 25] and one study found increased risk before, but not
after the age of 75 years [21]. One study investigated
mortality risk separately in middle-aged and elderly men in
the same population and found that the syndrome predicted
mortality at the age of 50 years but not consistently at the
age of 70 years [24]. In general, however, there has been a
lack of studies exploring whether the syndrome carries
similar risks across age groups in the same population.

Our results are consistent with previous reports of
increased risk of mortality from the metabolic syndrome
in middle-aged individuals, but extend those findings by
suggesting that there is no increased risk of mortality in
elderly individuals in the same population. Furthermore,
our study extends previous findings by calculating both
HRs and PARs and also by including adjustment for FRS.

The FRS has been considered the reference standard for
primary prevention of CVD events, but a recent review
indicated limited accuracy [31]. To improve prediction,
attempts have been made to add other risk indicators such
as the metabolic syndrome, but so far this indicator has not
been found to improve CVD risk prediction beyond the
level achieved by the FRS [8, 14]. In this study, we found
that the metabolic syndrome was associated with increased
relative risk of mortality over and above the FRS. From
previous reports, and because the metabolic syndrome does
not include established CVD risk factors such as age and
smoking, this finding was not expected a priori. This robust
effect of the metabolic syndrome is most likely to be due to
the independent strong effect of abdominal obesity, which
is not included in the FRS because obesity was thought to
affect risk through other risk factors [32].
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The effect of abdominal obesity may also explain much
of the observed age difference in the relative risk of
mortality associated with the metabolic syndrome. This
would be consistent with previous findings of a general
decline in the obesity–mortality association with increasing
age [33, 34]. Other possible explanations for the age
difference in mortality associated with the metabolic
syndrome might be survival bias, lifestyle intervention
and medical treatment for components of the metabolic
syndrome. Although we lack data on the latter issues, we
have no indications that CVD risk factors have received
more attention among elderly than among younger patients
in routine clinical practice.

The results of our study indicate that the current guide-
lines [5, 6] for management of the metabolic syndrome may
be justified in middle-aged individuals. More work is needed
before such guidelines are warranted in a large proportion of
otherwise healthy elderly individuals.
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