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Influence of age on the prevalence and
components of the metabolic syndrome
and the association with cardiovascular

disease

Marion C Devers,! Stewart Campbell,> David Simmons®*

Objective: The significance of the metabolic
syndrome (MS) is debated. We investigated whether
MS component (by ATPIII and IDF definitions)
clustering and any association between MS and
prevalent cardiovascular disease (CVD) varied with age.
Research design and methods: In all, 1429 adults
(=25 years) from randomly selected households in
rural Victoria, Australia, were assessed for components
of MS and prevalent CVD. The expected prevalence of
MS was calculated following a simple probabilistic
model using the prevalence of each MS component.
Results: The observed prevalence of MS was greater
than expected: 27.0% vs 21.2% (ATPIIl) and 36.0% vs
30.1% (IDF; p<0.0001), based on the prevalence of
individual components. There was significant clustering
of 4 and 5 MS components in participants <65 years
(p<0.0001). CVD was more prevalent in MS
participants, 13.5% (IDF), 14.5% (ATPIII) versus 5.3%
(no MS) p<0.0001. The OR for CVD in MS participants
was greatest in those <45 years OR (95% Cl): IDF 17.5
(1.8 to 172); ATPIII 24.3(2.4 to 241), p<0.001 for
both, and was not significant in those >65 years. The
prevalence of MS (ATPIII) with normal waist
circumference (WC) was less than expected (4.8% vs
7.9%, p<0.002). Low levels of high-density lipoprotein
and high triglyceride were less common in older MS
participants.

Conclusions: ATPIII MS is rare among those with a
normal WC. MS components cluster most markedly
among those aged <65 years, who also experience
substantially greater rates of CVD. Younger patients
with MS may warrant more aggressive CVD
preventative treatment than suggested by the
summation of their individual risk factors.

Clustering of individual components of the
metabolic syndrome (MS)," the association
of MS with cardiovascular disease (CVD),?
and the increasing prevalence of MS with
age8 * are not disputed, but the best defin-
ition, and indeed the overall significance, of
MS remain highly controversial.” ®

Detractors from MS have suggested that its
relevance in terms of CVD risk is no greater

Although the metabolic syndrome is associated
with cardiovascular risk, the significance of this
syndrome over and above its individual compo-
nents is controversial.

In this study, the components of the metabolic
syndrome cluster more than would be expected
by chance, and this clustering is most pro-
nounced in younger adults.

In this study, the cardiovascular disease associ-
ation with the metabolic syndrome is greatest in
young adults and diminishes with increasing
age.

than the contribution of the individual com-
ponents.”'" Others have suggested that MS
contributes significantly to CVD risk after
correcting for risk associated with MS com-
ponents in isolation, and/ or traditional
CVD risk factors not included in the defini-
tions of MS (eg, smoking).12_17 Differences
in the characteristics of populations studied
may account for some of the observed dispar-
ity in studies of MS and CVD, and—in par-
ticular—many,8 13 1823 Hut not all,” 22
studies have suggested MS may have little or
no association with CVD in elderly popula-
tions. The association between MS and CVD
has only rarely been studied across a wide age
range (inclusive of participants below middle
age), although two recent such studies suggest
a significant influence of age™ and gender.*’

To explore this further, we assessed the
impact of age on the prevalence of MS com-
ponents, the clustering of MS components,
and the prevalence of selfreported CVD,
using both the ATPIII?” and IDF?® definition
of MS.

A detailed description of the methodology
for the Crossroads Undiagnosed Disease
Study (CUDS) has been published
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elsewhere.? %° Briefly, this was a household survey con-
ducted between 2000 and 2002, established to compare
the prevalence of various chronic diseases, including
diabetes, in a regional center (Shepparton-Mooroopna,
population 35 828) with the six surrounding ‘Shire capi-
tals’ (populations 2094-10 955) in the Goulburn Valley,
rural Victoria, Australia.

Households were randomly selected from residential
address lists, stratified to provide half from the regional
center and a sixth from each Shire capital. A census of
household residents was completed for all occupants
aged >25years in face-to-face interviews wherever pos-
sible. All usual residents who completed a household
census were invited to participate in the CUDS, includ-
ing completion of further questionnaires, blood sam-
pling, and waist measurement. The overall survey
response rate was 61% and 1454 participants partici-
pated. Of these 1454 participants, 15 participants were
unable to have an ethnic-specific waist cut-off defined,
and were excluded, leaving 1439 participants, in whom
data were incomplete in 10: 9 had missing waist mea-
surements, and 1 had missing blood glucose data,
leaving 1429 participants.

Data were available on the presence of certain lifestyle
factors, for example, alcohol consumption and cigarette
smoking, and for history of treatment for diabetes,
hypertension, and dyslipidemia. Specific classes of drugs
such as statins were not recorded. Height, weight, blood
pressure, plasma lipid, and blood glucose were mea-
sured wusing standard techniques, described else-
where.” *" Those without diabetes had a 75g oral
glucose tolerance test and those with diabetes had
fasting plasma glucose measured. Hypertension was
defined as blood pressure above ATP or IDF criteria
(table 1), or treatment for hypertension. A diagnosis of
pre-existing diabetes was based on a selfreported prior
diagnosis of diabetes and a new diagnosis based on
WHO criteria.

CVD was considered to be present if the participants
gave a self-reported history of any of the following dis-
eases or symptoms: myocardial infarction, angina pec-
toris, coronary artery bypass grafting or percutaneous
coronary intervention, stroke, transient ischemic attack,
arterial thrombosis, peripheral vascular disease, intermit-
tent claudication or heart failure (in the absence of
known valvular heart disease or arrhythmia). The study
was approved by the Goulburn Valley Ethics Committee
and signed individual consent obtained.

The prevalence of each of the individual components
of MS, according to ATPIII and IDF definitions, was
determined within the cohort. The expected prevalence
of MS was determined using a simple probabilistic
model based on the product of the overall population
prevalence of each MS component (see online
supplementary appendix 1). This was performed for

each possible combination of components satisfying the
MS definition (16 possible combinations of components
can satisfy the ATPIII definition, with 11 combinations
for IDF). Comparison of observed and expected preva-
lence was made using the X goodness of fit test. The
sample size was originally determined on the basis of
80% power to detect a difference in prevalence of dia-
betes in regional versus rural centers.”” Comparison of
means was performed using unpaired t test and analysis
of variance for gender and age subgroups, respectively.
The 95% ClIs for proportions were derived by using the
normal approximation of the binomial distribution.”!
The data were divided into age-specific and gender-
specific subgroups. Statistical significance was taken as
being p<0.05. Analyses were performed using SPSS statis-
tical software, V.22 (IBM).

The observed and expected prevalence of MS, by IDF
and ATPIII definitions, and of the MS components, by
age and gender, is shown in table 1. There was a 256%
(95% CI 21% to 28%) absolute increase in the preva-
lence of high waist circumference when defined by IDF
versus ATPIII criteria, and this increase was relatively
constant in the age and gender subgroups. The
observed prevalence of MS was significantly higher than
expected by chance association of the components by
IDF and ATPIII definitions, and in all subgroups except
the >65 years of age subgroup. The extent to which MS
components cluster, determined by the difference in
observed versus expected prevalence, is greatest in those
<45 years of age and diminishes with age (table 1).

The observed prevalence of MS, and of the individual
MS components (except for low levels of high-density
lipoprotein (HDL) cholesterol and high triglyceride)
increased with age. High blood glucose was the compo-
nent that showed the most pronounced increase (sixfold
by ATPIII definition, fourfold by IDF) across the age cat-
egories. Hypertension showed a threefold increase.

The prevalence of self-reported CVD was 7.9% overall,
and increased with age (table 2). MS (both ATPIII and
IDF definitions) was associated with a higher prevalence
of CVD in participants <65 years of age. The degree of
association was higher in women, and markedly declined
with increasing age in men and women, with no statistic-
ally significant difference above the age of 65 years, and
the prevalence being numerically very similar except in
men older than 65 years of age by ATPIII definition.
Diabetes was associated with a higher prevalence of CVD
(males 25.5% vs 10%, OR 3.07 (95% CI 1.57 to 6.03),
p<0.001; females 14.9% vs 5.4%, OR 3.09 (95% CI 1.47
to 6.52), p=0.002). Analysis of age and gender subgroups
did not show a significant association between diabetes
and CVD except in middle-aged women, but numbers
were small. However, the OR for the association between
diabetes and CVD was broadly similar to the OR for MS
and CVD, in each age and gender category, with the
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Frequency of MS components, and the observed versus expected frequency of MS, within age and gender

subgroups
Gender Age (years)
p Value p Value
All participants M F (Mvs F) 25-44 45-64 65+ (age)

Number of participants 1429 628 801 484 566 379
High waist (ATPIII) 47.5% 44.4% 49.8% 0.04 32.4%  53.6% 56.3% <0.0001
High waist (IDF) 72.6% 72.4% 72.7% 0.96 57.6%  77.8% 82.2% <0.0001
High TG 28.8% 35.2% 23.7%  <0.0001 222%  34.4% 28.0% <0.0001
Low HDL 24.0% 22.3% 25.3% 0.22 28.6% 23.1% 18.8% 0.003
High glucose (ATPIII) 14.4% 17.0% 12.4% 0.01 41% 16.2% 24.6% <0.0001
High glucose (IDF) 25.3% 30.7% 21.1%  <0.0001 10.6% 28.0% 39.5% <0.0001
Prior diagnosis of 7.2% 8.7% 5.9% 0.04 1.8% 6.9% 14.4% <0.0001
diabetes
Lipid-lowering therapy 13.0% 13.4% 12.7% 0.72 1.4% 12.9% 28.0% <0.0001
Antihypertensive therapy 24.1% 22.8% 25.1% 0.32 4.1% 23.6% 50.8% <0.0001
High BP 57.5% 66.7% 50.2%  <0.0001 27.8% 60.7% 89.3% <0.0001
Mean LDL cholesterol 3.19 3.20 3.18 0.50 3.07 3.33 3.13  <0.0001
(mmol/L)
MS (ATPIIl) observed 27.0% 30.4% 24.3% 0.01 14.3% 32.1% 35.1% <0.0001
MS (ATPIIl) expected 21.2% 25.3% 18.0% 0.0008 7.8% 26.2% 34.6% <0.0001
p Value (observed vs <0.0001 <0.005 <0.0001 <0.0001 <0.005 NS
expected)
MS (IDF) observed 36.0% 42.4% 31.1%  <0.0001 20.8%  40.9% 47.1% <0.0001
MS (IDF) expected 30.1% 36.5% 251%  <0.0001 12.6%  36.1% 49.2% <0.0001
p Value (observed vs <0.0001 <0.005 <0.0001 <0.0001 0.02 NS

expected)

ATPIII definition of MS requires three or more of these five criteria: waist circumference>102 cm (males), >88 cm (females); hypertension
(systolic BP>130 mm Hg, diastolic BP>85 mm Hg, or treated hypertension); fasting plasma glucose 6.1 mmol/L or a prior diagnosis of
diabetes; HDL<1.03 mmol/L (males), <1.29 mmol/L (females); TG>1.7 mmol/L.

IDF definition of MS requires a high waist circumference using specific gender and ethnicity-related criteria (28), as well as two or more of the
following: fasting plasma glucose>5.6 mmol/L; high TG; low HDL using the same HDL and TG criteria as ATPIII.

BP, blood pressure; F, females; HDL, high-density lipoprotein; LDL, low-density lipoprotein; M, males; MS, metabolic syndrome;

NS, not significant; TG, triglycerides.

exception of middle-aged women with MS by the IDF
criteria, where the OR was much higher (table 2).

Figures 1 and 2 show the observed versus expected fre-
quency for MS by age category when considering partici-
pants with four or five components of MS, or only three
components, respectively. These show that the observed
frequencies of MS with four or five components present
are far greater than expected across all age groups, and
by both definitions, being most pronounced in younger
participants. However, there is only a greater than
increased prevalence of three-component MS in the
youngest age group. In those aged >45 years, MS is sig-
nificantly less prevalent than expected, and in the oldest
age group, this accounts for a lack of greater than
expected prevalence of MS overall. Analysis by gender
subgroup also showed higher than expected prevalence
of MS by both definitions for participants with four or
five MS components for males and females (data not
shown).

The expected versus observed frequency of MS in
those with normal waist circumference (by ATPIII defin-
ition) was: 2.8% vs 2.4% at age 25—44 years, 9.8% vs
3.8% at age 45—64 years, and 12.8% vs 10.8% at age >65
years (statistically significant only for age 45-64 years,

p=0.002). MS therefore occurs less often than expected
in participants with a normal waist, if all age groups are
considered together, but this only becomes significant in
the middle-aged when the age groups are considered
separately. Nonetheless, the observed waist trend is the
same in all three age groups.

The proportion of participants reporting CVD by MS
definition was: IDF 13.5%, ATPIII 14.5%, both IDF and
ATPIII 13.9%, ATPIII only 50%, IDF only 12.3%, and no
MS by either definition 5.3% (p<0.0001 (MS overall vs
no MS), p=NS for MS subgroups). Six participants had
MS by the ATPIII, but not the IDF definition (ie, they
had a normal waist circumference by IDF criteria).
Although they had a high prevalence of CVD, the
number of participants in this subgroup is too small for
meaningful statistical comparison.

The clinical entity of a syndrome is not uniquely defined
but usually involves the simultaneous occurrence of
symptoms, signs, diseases, or laboratory findings more
often than expected by chance, implying a single under-
lying cause, and an association with risks or outcomes
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Frequency of self-reported prevalent cardiovascular disease, by gender, age group, and presence of MS (by ATPIII and IDF definitions), or a diagnosis of new or

pre-existing DM

Females
25-44

Males

64+

45-64

64+

45-64

25-44

Prevalent CVD

Overall

33 (16.1%)
23 (16.9%)
10 (14.5%)

12 (3.9%)

4 (1.8%)
8 (9.1%)

4 (1.4%)
1 (0.4%)
3 (9.1%)

42 (26.6%)
23 (23.5%)
19 (31.7%)

21 (9.5%)

9 (6.1%)
12 (16%)

1 (0.6%)
1(0.7%)
0 (0%)

NA

No MS (ATPIII)
MS (ATPIII)

0.83 (0.37 to 1.87)

0.66

5.33 (1.56 to 18.17)

0.003

24.3 (2.4 to 241)

0.0001

1.51 (0.74 to 3.1)

0.26

2.92 (1.17 to 7.29)

0.017

OR MS vs no MS (95% ClI)

p Value

NA

17 (15.6%)
16 (16.7%)

2 (1.0%)
10 (9.6%)

1 (0.4%)
3 (7.0%)

21 (25.9%)
21 (27.3%)

7 (5.8%)

1 (0.8%)
0 (0%)
NA

No MS (IDF)
MS (IDF)

14 (13.7%)

1.08 (0.51 to 2.28)

0.84

10.59 (2.27 to 49.3)

0.0002

17.48 (1.77 to 172)

0.0009

1.07 (0.53 to 2.17)

0.85

2.57 (1 to 6.63)

0.045

OR MS vs no MS (95% ClI)

p Value
No DM

DM

NA

26 (15.5%)
7 (18.4%)

9 (3.2%)
3 (13.6%)

4 (1.4%)
0 (0%)
NA

32 (24.8%)
10 (34.5%)

17 (8.4%)
4 (20%)

1 (0.6%)
0 (0%)
NA

NA

1.23 (0.49 to 3.09)

0.65

4.8 (1210 19.2)

0.01

1.6 (0.67 to 3.78)

0.29

2.72 (0.82 to 9.06)
0.09

CVD, cardiovascular disease; DM, diabetes mellitus; MS, metabolic syndrome; NA, not applicable.

OR DM vs no DM (95% Cl)

p Value

NA

greater than those of the individual parts of the syn-
drome considered in isolation. The extent to which MS
fulfills some or all of these criteria is hotly debated.

The optimal definition of MS, and indeed which com-
ponents and which cut-offs to include, has been contro-
versial and is reflected in the many definitions of MS in
use over the past 17 years.27 8 3235 Some argue that in
defining MS, we lose rather than gain predictive power
for CVD and mortality if MS does not confer any risk
beyond that of its individual components, because in
defining MS in a dichotomous fashion, requiring the
presence of three or more risk factors, we lose predictive
information from some risk factors entirely and from
others in part.5 7

Some individual reports,S_ and meta-analysesQ
suggest that the value of MS beyond that of its individual
components or traditional risk factors as a predictor of
mortality and CVD is modest at best, in contrast to other
rf:ports.l2_]7 However, as Ford® suggests, a gradient of
risk of adverse outcomes may exist within MS due to
other factors not included in the definition.

Our data demonstrate a prevalence of MS that is
higher in men than in women, that increases with age
and that is more common when defined by IDF rather
than ATPIII criteria. This has been shown in other
populations.g 422 35 Our data showed a similar preva-
lence of MS (ATPII and IDF definitions) according to
gender and age to that of another study in an Australian
population.?’6 By contrast, comparing our data showed a
more marked difference in prevalence by definition,
and also by gender, than a US population, with a slightly
lower prevalence of MS overall.” The individual MS com-
ponents (except for low HDL and high triglyceride)
increased with age, which is again a finding consistent
with other populations.4 26 Sumner et al observed similar
age-specific prevalence in a US population, and also
noted lower HDL, less HBP, and less hyperglycemia in
young participants. That study, however, excluded parti-
cipants with CcvD.*

Despite the increasing prevalence of MS with age, our
study demonstrated that the effect of clustering of MS
components diminished, rather than increased, with
age. The relative difference in observed and expected
MS prevalence was highest in the youngest age group
(almost 100% for the ATPIII definition). This pattern of
clustering, and the different relative contribution of
components with age, suggests that MS in young partici-
pants may be ‘different’ from that in older participants,
with different prognostic and treatment implications.
Whether this age difference is due to competing mortal-
ity and gradual loss (death) of those with more MS com-
ponents or a different etiology is unclear and requires a
prospective study. The leveling off in the rise of MS
prevalence with age, shown in our data and also in those
of another study on the Australian population,®® could
be explainable by a survivor effect—that is, a relatively
earlier death by young participants with MS, causing a
fall in prevalence in old age.

10 34
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An explicit underlying disease process has long been
implied and sought for MS,”” with central obesity and/
or insulin resistance being the most likely candidates,
although these factors have not been able to account for
all the clustering observed in MS populations.” The
lower than expected prevalence of MS (by ATPIII de-
finition) in those with a normal waist would strengthen
the case for central obesity being fundamental to the
definition of MS. Obesity in the young may predispose
to MS to a greater extent than in the elderly,” and may
account for the observed increase in prevalence of MS
in recent years that is disproportionately highest in the
young, particularly females.”

Our data show a striking difference in CVD association
with age. The OR for CVD in MS was much higher in
young participants than in old participants (in whom
the effect of MS was not significant). The association in
women was greater than that in men in those <65 years
of age. The CVD risks of MS* ** % and of diabetes™
have been shown to be greater in women in several
studies. Other studies have suggested this excess risk
may relate to the loss of the cardioprotective effect of

45.00

25-44 45-64 65+

Age group

female gender with MS or type II diabetes.” The lack of
CVD association with MS in older participants is sup-
ported by the findings of Mozaffarian et al® who found
that MS did not better predict cardiovascular risk in
older adults than did hypertension and impaired
glucose tolerance alone, which are the two components
that increase the most in prevalence with age; and
Thomas et al,22 who found that HBP, but not presence
of MS, predicted mortality in the elderly. Others have
also suggested no increased risk,'" '? 21 # or a risk of
lesser magnitude,”® of CVD in older participants with
MS. In studies where increased mortality in older age
associated with MS has been identiﬁed,17 24-26 it has
been shown in women only in two studies®* *> and in
men only in one.*® This recent study (the MORGAM
study),”® using a pooled data set from several European
populations and MS defined using surrogates for waist
circumference and glucose intolerance, found MS was
associated with coronary heart disease and stroke in
men at all ages, but only predicted stroke in older
women. The prevalence of MS in that study was low, par-
ticularly in men, compared with ours, and with those in
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participants with only three 4000

P=0.002
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other Australian studies®® and in US populations,3 3

and may reflect a lower population prevalence when the
cohort had been recruited (1982-1997).

Our study has some strengths and weaknesses.
Strengths were a large prospectively recruited data set,
randomly selected from members of the general popula-
tion who had criteria for MS addressed directly, rather
than inferred from surrogate measurements of BMI or
blood glucose. Weaknesses are the use of prevalent (and
therefore retrospective), self-reported data on CVD,
rather than long-term data with hard end points for
CVD incidence or mortality. Also, we did not specifically
address if the CVD was in excess of that predicted by the
individual MS components in isolation. The use of
prevalence rather than incidence data raises the possibil-
ity of a survivor effect—in other words, the decreasing
association of CVD and MS in age could be due to pre-
mature death from CVD in participants who did not
survive until older age. Long-term treatment or differen-
tial use of lipid-lowering therapy could account, in part,
for the change in HDL and triglycerides, with age. Our
study did not have data on the specific classes of
lipid-lowering agents used. Our data were originally col-
lected some time ago, and the prevalence of MS has
changed in that time. The prevalence of obesity is
rising, with an increase in MS prevalence reported in
the USA between 1909 and 2000.” Recent estimates*” of
the US population comparing 1999-2010 show a reduc-
tion in MS prevalence, and a lower MS prevalence than
we report; however, MS in that study was defined on the
basis of biological parameters rather than treatment,
and the obesity rate and treatment rates (with hypogly-
cemic agents, lipid-lowering agents, and antihyperten-
sives) have all risen in that time. This is unlikely to
diminish the positive findings of our study.

The small number of participants with a normal or
near-normal waist but who satisfy other criteria for MS
(by ATPIII) may be a special subgroup4l deserving
further study—they have a very high prevalence of CVD
(although statistically insignificant), and perhaps have a
different phenotypic expression of underlying disease—
or may have lost earlier obesity secondary to underlying
severe cardiovascular or liver disease.

MS is common in this Australian population, using
both ATPIII and IDF definitions. It occurs more than
we would expect by the chance combination of its com-
ponents, due to clustering in younger participants, and
also in participants with four or more MS components.
However, only younger participants have an increase in
reported prevalent CVD. Whether this is due to older
patients with MS being ‘survivors’ is unclear and
requires a prospective study. Modern CVD risk engines
do not adjust for a clustering of risk factors and rando-
mized controlled trials of prevention of CVD have not
been reported in patients with 4-5 MS components.
We wonder if younger patients with MS, with their

greater absolute risk, would benefit from more aggres-
sive CVD prevention, and recommend urgent post hoc
analyses from existing studies to address this question.
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