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Background-—Understanding the relationship between body mass index (BMI) and vascular disease at older age has become
increasingly important in the many countries where both average age and BMI are rising.

Methods and Results-—In this prospective cohort study, 12 203 men (aged ≥65) were recruited in 1996–1999 from the
general population in Perth, Australia. To limit reverse causality, analyses excluded those with past vascular disease and
the first 4 years of follow-up. During a further 8 (SD3) years of follow-up, there were 1136 first-ever major vascular
events (nonfatal myocardial infarction, nonfatal stroke, or death from any vascular cause). Cox regression (adjusted for
age, education, and smoking) related BMI at recruitment to incidence of major vascular events. At ages 65 to 94, the
lowest risk of major vascular events was at � 22.5 to 25 kg/m2. In the higher BMI range (≥25 kg/m2), 5 kg/m2 higher
BMI was associated with 33% higher risk of major vascular events (hazard ratio, 1.33 [95% confidence interval, 1.18–
1.49]): 24% higher risk of ischemic heart disease (1.24 [1.06–1.46]); 34% higher risk of stroke (1.34 [1.11–1.63]); and
78% higher risk of other vascular death (1.78 [1.32–2.41]). In the lower BMI range, there were fewer events and no
strong evidence of an association (hazard ratio per 5 kg/m2 higher BMI, 0.82 [95% confidence interval, 0.61–1.12]).

Conclusions-—In this population of older men, risk of major vascular events was lowest at � 22.5 to 25 kg/m2. Above this range,
BMI was strongly related to incidence of major vascular events, with each 5 kg/m2 higher BMI associated with �30% higher risk.
( J Am Heart Assoc. 2017;6:e007343. DOI: 10.1161/JAHA.117.007343.)
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B ody mass index (BMI) is a commonly used measure
of general adiposity and an established risk factor

for vascular disease.1–3 Despite this, the association
between BMI and incidence of major vascular events in
older adults has not been well described. Vascular

disease is a major cause of disability and death at older
age, and understanding its relationship with BMI has
become increasingly important to public health, especially
in the many countries where both average age and BMI
are rising.
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The World Health Organization classifies those with BMI
<18.5 kg/m2 as underweight, 18.5 to 24.9 kg/m2 as normal
weight, 25.0 to 29.9 kg/m2 as overweight, and ≥30.0 kg/m2

as obese.4 Large studies of mainly middle-aged adults have
reported a J-shaped association between BMI and major
vascular events with the lowest risk in the normal BMI
range.2,3 The association in older adults (here defined as
≥65 years) is less well established, with some studies
indicating that the optimal BMI range may be higher than
for middle-aged adults, whereas others report a more U-
shaped association with increased risk at the extremes of BMI
only (ie, underweight or very obese).5–7

As a result of these findings, it has been suggested that
different BMI recommendations are required for older adults
at high risk of major vascular events.7,8 There have been few
large, prospective studies, however, that have specifically
addressed this association at older age. We report the
findings from a population-based prospective study of older
men in Western Australia. We aimed to: (1) describe the
shape and strength of association between BMI and major
vascular events in older men; (2) investigate whether the
association varies by type of major vascular event; and (3)
assess whether other lifestyle risk factors (such as smoking,
alcohol intake, and physical activity) are effect modifiers of
the association.

Methods

Study Design and Participants
For this study, 12 203 men aged 65 to 83 years were
recruited from the general population in Perth, Western
Australia, in 1996–1999. These men were originally part of a
larger, randomized trial of ultrasound screening for abdominal
aortic aneurysm, the details of which have been described
elsewhere.9 In brief, 19 352 men were randomly selected
from the electoral roll and invited for screening: 63%
attended. Screened men received a letter for their general
practitioner that reported the diameter of their abdominal
aorta; the letter did not attempt to influence clinical
management, and no further interventions were given as part
of the trial. At screening, men completed a baseline survey
that included questions on sociodemographic factors, life-
style, and medical history. Also, physical measurements were
made, including height (to 0.5 cm), weight (to 0.2 kg), and
systolic blood pressure (SBP; to nearest 2 mm Hg). Partici-
pants were later invited to a resurvey (2001–2004), which
involved a questionnaire and retaking of physical measure-
ments.

Men were monitored following the baseline survey using
the Western Australian Data Linkage System to identify
deaths and inpatient hospital admissions in Western Aus-
tralia.10 The system has records of admissions from 1970
onward, and codes discharge diagnoses and underlying cause
of death to 3 digits using the International Classification of
Diseases (ICD) 9 to 10. The primary outcome was first-ever
major vascular event, defined as ischemic heart disease
(nonfatal myocardial infarction [ICD-10: I21–23] or ischemic
heart disease death [I20–25]), stroke (nonfatal stroke or
stroke death [I60–61, I63–64, H34.1]), or other vascular
death (all vascular deaths [I60–99] except stroke or ischemic
heart disease; see Table S1 for full list of ICD 9–10 codes).

For this report, we excluded those identified at screening
with an enlarged abdominal aorta (≥30 mm in diameter)
because these men were likely to have received medical
intervention subsequently to address their vascular risk
factors (n=875). We also excluded men with a past history
of heart disease (n=3419) or stroke (n=1735) to limit the
effect of reverse causality; these men were identified by self-
reported history at baseline of ischemic heart disease or
stroke, or from discharge diagnoses in the Western Australian
Data Linkage System. We further excluded those with missing
data on key variables (BMI, age, education, and smoking;
n=54). The remaining 7564 men contributed person-years
until first major vascular event (incident cases), death, or the
censoring date (December 31, 2010).

Ethics approval for the study was obtained from the Human
Research Ethic Committee of the University of Western

Clinical Perspective

What Is New?

• Few prospective studies have assessed the relation of body
mass index (BMI) with incidence of vascular disease in older
men (≥65 years).

• At ages 65 to 94 years, the lowest risk of major vascular
events was at an approximate BMI of 22.5 to 24.9 kg/m2.

• Above this range, BMI was strongly related to incidence of
major vascular events, with each 5 kg/m2 higher BMI
associated with around a 30% higher risk; even at ages 85 to
94 years, there was strong evidence of a positive associ-
ation.

• Around 20% of the excess vascular risk at high BMI was
accounted for by the effect of BMI on systolic blood
pressure.

What Are the Clinical Implications?

• This study quantifies the excess risk of major vascular
disease at high BMI in older men.

• It demonstrates that BMI is an important determinant of
vascular risk even at very old age.

• In the higher BMI range (>25 kg/m2), the proportional
differences in vascular risk associated with given difference
in BMI were lower than in studies of younger adults, but the
absolute difference in risk are greater at older age.
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Australia, and all men provided written informed consent to
participate.

Statistical Analysis
BMI was calculated as the weight of each participant in
kilograms divided by the square of their height in meters, as
measured at baseline. The hazard ratios (HRs) for the
associations between BMI and first major vascular event
were calculated using Cox regression models with attained
age as the underlying time variable. In categorical analyses,
BMI was grouped as follows: 14.0 to 22.4, 22.5 to 24.9, 25.0
to 27.4, 27.5 to 29.9, and 30.0 to 48.0 kg/m2. There were
too few events in the BMI range <22.5 or ≥30 kg/m2 to
further divide these groups. Linear associations were pro-
duced per 5 kg/m2 higher BMI for the BMI ranges <25 and
≥25 kg/m2.

The associations were not corrected for regression dilution
bias because measures of BMI at baseline and resurvey were
strongly correlated. Regression dilution bias results from the
inaccuracy (because of technical measurement error or real
temporal variation) with which a single measurement of an
exposure at baseline characterizes an individual’s long-term
average (or “usual”) levels.11 The proportional reduction in the
strength of the association that results from this bias (the
“regression dilution ratio”) can be estimated by comparing
baseline and resurvey values. This study used Rosner’s
regression method to calculate regression dilution ratios,12

the ratio being equal to the slope of the regression line
between baseline and resurvey BMI values, which were
measured, on average, 5.8 years after baseline in 2861 men.

Analyses were adjusted for age at risk, education, and
smoking. Assessment of further confounding were made by
adjustment for physical activity (self-reported duration of
vigorous and nonvigorous recreational activity was combined
into metabolic equivalent-hours of recreational activity per
week), quantity of weekly alcohol intake, region of birth,
marital status, and frequency that salt was added to food.
Residual reverse causality was assessed by progressively
excluding the first 2, 4, and 6 years of follow-up (ie, this was
done to ensure that we did not include participants with pre-
existing disease at baseline that may have affected baseline
BMI). Effect modification was investigated by stratifying on
age at risk, smoking, alcohol intake, recreational physical
activity, and use of blood-pressure–lowering medication. Both
categorical and linear analyses were calculated for BMI versus
each type of major vascular event separately (ischemic heart
disease, stroke, and other vascular death). We assessed the
extent to which the association between BMI and major
vascular events was mediated through blood pressure by
adjusting the overall association for usual SBP (calculated by
dividing the effects of adjustment for baseline SBP by the

regression dilution ratio for SBP, as estimated by Rosner’s
regression method; Table S2).12,13

In analyses using categorized BMI, we calculated 95%
confidence intervals (CIs) about the HRs using the variance of
the log risk,14 which appropriately attributes variance to all
groups, including the reference, to allow CIs to be used to
compare risks in any 2 groups (rather than solely between the
reference group and another group). HRs and 95% CIs are
presented in the figures so that they illustrate the absolute
excess risk at different levels of BMI.2,14 This was achieved by
multiplying HRs by a common factor so that the inverse-
variance weighted average of the HRs matched the annual
incidence of major vascular events in this cohort (Table S3).
The proportionality assumption of the Cox models was tested
using Schoenfeld residuals and was found to be valid for all of
the analyses. Analyses were performed using Stata (v12.0;
StataCorp LP, College Station, TX), and figures were plotted
using R (v3.0; R Foundation for Statistical Computing, Vienna,
Austria).

Role of Funding Sources
The sponsors of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of the
report. All authors had full access to all the data in the study
and had final responsibility for the decision to submit for
publication.

Results
Following exclusions, there were 7654 men (age 65–
84 years) without a past history of cardiovascular disease
at baseline. The mean age and BMI of these men at
recruitment were 73 (SD, 4) years and 26.7 (SD, 3.7) kg/
m2, respectively. Several risk factors were strongly associated
with BMI at baseline (Table 1). In particular, BMI was
negatively associated with education, current smoking, and
recreational physical activity and positively associated with
several factors (some of which may lie on the causal pathway
between BMI and risk of major vascular events), including:
diabetes mellitus, SBP, use of blood-pressure–lowering med-
ication, and use of cholesterol-lowering medication. There was
an approximately linear relation between SBP and BMI: Each
10 kg/m2 higher BMI was associated with �7 mm Hg higher
SBP.

Men were resurveyed, on average, 5.8 (SD, 1) years after
the baseline survey. There were 2861 men included in the
baseline analyses who were resurveyed. BMI values at
baseline and resurvey were much the same: using Rosner’s
regression method, the regression dilution ratio was 0.96,
indicating only a minor regression to the mean over this
period (Table S4).
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At ages 65 to 94 years, there was an approximate J-
shaped association between baseline BMI and incidence of
major vascular events (Table S5 and Figure S1). The
associations became progressively shallower at the extremes
of the BMI range following exclusion of the first 2 and
4 years of follow-up (further exclusions did not change the
strength of these associations). As such, to limit reverse
causality, the main prospective analyses reported below
exclude the first 4 years of follow-up. Following these
exclusions, there were 1136 major vascular events during
a mean follow-up of 8 (SD, 3) years (mean age at event was
81 [SD, 5] years).

Overall, the risk of first major vascular events was lowest
in the BMI range 22.5 to 24.9 kg/m2 (Figure 1; Table 2).
There was strong evidence of a positive association in the
higher BMI range (defined as >25 kg/m2), with each 5 kg/m2

higher BMI associated with an approximate 30% higher risk of
major vascular events (HR, 1.33 [95% CI, 1.18–1.49]). In the
lower BMI range (<25 kg/m2), there were fewer vascular
events (especially in the underweight range [n=8]), and there
was not strong evidence of an association (HR per 5 kg/m2

higher BMI, 0.82 [95% CI, 0.61–1.12]). Analyses were
adjusted for age at risk, education, and smoking, and there
was no evidence that further adjustment for other potential
confounders materially changed the strength of these asso-
ciations (Table S6).

The shape and strength of the association varied some-
what by type of major vascular event (Table 2; Figure 2). The
association with ischemic heart disease was positive and
approximately log-linear throughout the BMI range examined.
The associations with both stroke and other vascular death
were also positive in the higher BMI range; but in the lower
BMI range, there was no evidence of an association with
stroke and an inverse association with other vascular death
(Figure 2).

Comparing the strength of the associations in the higher
BMI range by type of major vascular event, the association
was stronger for other vascular death (HR per 5 kg/m2, 1.78
[95% CI, 1.32–2.41]) than for either ischemic heart disease
(1.24 [1.06–1.46]) or stroke (1.34 [1.11–1.63]). For analyses
by subtype of stroke in this BMI range, there was stronger
evidence of an association for ischemic stroke (HR per 5 kg/
m2, 1.30 [95% CI, 0.99–1.69]; n=197 events) than for
intracerebral hemorrhage (0.90 [0.50–1.61]; n=60;
Table S7). There was no evidence in this higher BMI range
of effect modification of the association for first major
vascular events overall by age at risk (65–74, 75–84, and 85–
94 years), smoking, alcohol intake, physical activity, and use
of blood-pressure–lowering medication (Table 3). Further-
more, there was no evidence that restricting analyses to
men who never smoked regularly (to assess whether the
inverse associations at lower BMI could be attributed to

Table 1. Characteristics of the 7564 Participants, by Tertile of Baseline BMI

Characteristics

Baseline BMI

14 to 25 kg/m2 25 to 28 kg/m2 28 to 48 kg/m2

No. of participants, n 2566 2528 2470

Mean (SD) BMI, kg/m2 22.9 (1.8) 26.6 (0.8) 30.8 (2.5)

Mean (SD) age, y 72.1 (4.5) 71.4 (4.2) 71.3 (4.2)

No education beyond primary school, n (%) 451 (17.6) 502 (19.9) 662 (26.8)

Born in Australia, n (%) 1438 (56.0) 1409 (55.7) 1269 (51.4)

Currently married, n (%) 2019 (78.7) 2095 (82.9) 2001 (81.0)

Current smokers, n (%) 405 (15.8) 236 (9.3) 199 (8.1)

Weekly drinkers, n (%)* 1605 (65.7) 1692 (70.1) 1662 (69.9)

No recreational physical activity, n % 593 (23.1) 559 (22.1) 724 (29.3)

Mean (SD) MET-hours of physical activity per week† 25.9 (28.8) 26.0 (28.9) 20.2 (24.2)

Self-reported diabetes mellitus, n (%) 175 (6.8) 216 (8.5) 350 (14.2)

Mean (SD) systolic blood pressure, mm Hg 155.3 (20.8) 158.3 (20.6) 160.9 (20.2)

Always/almost always adds salt to food, n (%)* 714 (29.2) 737 (30.6) 780 (32.8)

Using blood-pressure–lowering medication, n (%)* 507 (20.8) 603 (25.0) 876 (36.9)

Using cholesterol-lowering medication, n (%)* 196 (8.0) 232 (9.6) 312 (13.1)

BMI indicates body mass index.
*Information on alcohol intake, frequency that salt is added to food, and medication use was not collected in 332 men.
†

MET-hours=metabolic equivalent hours (a measure which combined the duration and intensity of reported recreational physical activity into a single metric).
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smoking) changed the strength of the overall association in
the lower BMI range (Figure S2).

Adjusting for usual SBP (regression dilution ratio, 0.42)
somewhat attenuated the positive association between BMI
and first major vascular events in the higher BMI range
(Figure 3). For men with grade 1 obesity (BMI 30–35 kg/m2),
around 20% of the excess vascular risk from BMI was
accounted for by the effect of BMI on SBP.

Discussion
In this population of older men, the lowest risk of major
vascular events was at an approximate BMI of 22.5 to 25 kg/
m2. There was strong evidence of a positive association in the
higher BMI range, with each 5 kg/m2 higher BMI associated
with around a 30% higher risk of major vascular events. The
estimated strength of this association varied somewhat by
type of major vascular event, but there was no evidence of
effect modification by other lifestyle factors. Around 20% of
the excess vascular risk from BMI in this range was accounted
for by the effect of BMI on SBP.

This study adds to the limited evidence on the association
between BMI and major vascular events at old age. Our
findings are broadly consistent with the results of large meta-
analyses on the association of vascular mortality with BMI,
conducted in mainly middle-aged adults.2,3,15 The Prospective
Studies Collaboration meta-analysis collated individual partic-
ipant information from 57 prospective studies with � 30 000
vascular deaths.2 The risk of vascular mortality by level of BMI
was not reported specifically for older ages in this meta-
analysis, but the shape of the overall association at ages 35 to
79 years (mean, 65 years) between BMI and vascular death
was in keeping with the present study. The apparent optimal
BMI range to minimize vascular death in this meta-analysis
was 20.0 to 22.5 kg/m2 (slightly lower than the present
study, but still within the normal BMI range). There were also
positive associations for all types of vascular event in the
higher BMI range and, in the lower BMI range, a positive
association for ischemic heart disease, no association for
stroke, and a negative association for other vascular death.

The Prospective Studies Collaboration meta-analysis also
reported the strength of the age-specific associations in the
higher BMI range for ischemic heart disease and subtypes of
stroke.1 At ages 75 to 84 years, 5 kg/m2 higher BMI was
associated with 31% (95% CI, 23–39) higher risk of ischemic
heart disease, 23% (16–31) higher risk of ischemic stroke, and
32% (22–44) higher risk of intracerebral hemorrhage. These
are consistent with the present study for ischemic heart

Figure 1. Incidence of major vascular events vs BMI. Hazard
ratios (HR) at ages 65 to 94 years for major vascular events vs BMI
(excluding the first 4 years of follow-up and adjusting for age at
risk, education, and smoking) were multiplied by a common factor
(ie, “floated”) to make the weighted average match the annual
incidence of major vascular events in this cohort. Annual incidence
was the unweighted average of the component 5-year incidence
rates. For each category, area of square is inversely proportional to
the variance of the category-specific log risk, which also determines
the confidence interval. Incidence shown above each square and
numbers of events below. BMI indicates body mass index; CI,
confidence interval.

Table 2. Hazard Ratios for Cause-Specific Incidence of First Major Vascular Events Versus BMI

Baseline BMI, kg/m2 Mean BMI, kg/m2

Ischemic Heart Disease (594
Events) Stroke (396 Events) Other Vascular (146 Events) All (1136 Events)

n Hazard Ratio (95% CI) n Hazard Ratio (95% CI) n Hazard Ratio (95% CI) n Hazard Ratio (95% CI)

14.0 to 22.4 20.8 52 0.87 (0.66–1.15) 37 1.10 (0.79–1.52) 23 1.97 (1.29–2.99) 112 1.07 (0.89–1.29)

22.5 to 24.9 23.8 126 1.00 (0.84–1.19) 74 1.00 (0.80–1.26) 24 1.00 (0.67–1.49) 224 1.00 (0.88–1.14)

25.0 to 27.4 26.2 166 1.03 (0.88–1.19) 98 1.02 (0.84–1.25) 30 1.02 (0.71–1.46) 294 1.03 (0.92–1.15)

27.5 to 29.9 28.5 135 1.08 (0.91–1.28) 95 1.28 (1.05–1.56) 30 1.37 (0.96–1.97) 260 1.18 (1.04–1.33)

30.0 to 48.0 32.4 115 1.21 (1.00–1.45) 92 1.63 (1.33–2.00) 39 2.41 (1.75–3.31) 246 1.47 (1.30–1.67)

BMI indicates body mass index; CI, confidence interval.
Hazard ratios exclude the first 4 years of follow-up and adjust for age at risk, education, and smoking.
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disease and ischemic stroke (there were too few intracerebral
hemorrhage events in the present study for statistical
stability). Another large meta-analysis of cohort studies from
mainly the Asia-Pacific region described associations at ages
75 to 84 years that were also consistent with the present
study for ischemic heart disease and ischemic stroke, but,
unlike the Prospective Studies Collaboration, there was not
strong evidence of an association between BMI and intrac-
erebral hemorrhage.1,3 The association at ages 75 to 84 years
in these meta-analyses are slightly shallower than those
reported in these same meta-analyses at younger ages. For
example, overall (mean age at event, 67 years) in the
Prospective Studies Collaboration, each 5 kg/m2 higher BMI
was associated with 40% higher risk of vascular mortality.
Despite this, the absolute differences in risk are likely to be
greater at older age.

The associations between BMI and occlusive vascular
diseases (ie, ischemic heart disease and ischemic stroke) in
the higher BMI range are considered to be largely causal
and mediated by the known effects of adiposity on blood
pressure, lipids, and diabetes mellitus.16 The reason for the
apparent shallower association with intracerebral hemor-
rhage in some studies is also not fully explained, especially
given that one of the main mechanisms through which
adiposity causes stroke is through its effect on blood
pressure, and the prospective association between blood
pressure and intracerebral hemorrhage is at least as strong
as for ischemic stroke.17 It might, however, be explained by
the relationships between lipid fractions and stroke
subtypes, but these have yet to be quantified reliably for
intracerebral hemorrhage.18 Furthermore, the lack of pos-
itive association at low BMI with some types of vascular

Figure 2. Incidence of cause-specific major vascular events vs BMI. Hazard ratios (HR) at ages 65 to 94 years for the association of BMI with
incidence of (A) ischemic heart disease, (B) stroke, and (C) other vascular disease. Analyses exclude the first 4 years of follow-up and adjust for
age at risk, education, and smoking. HRs were multiplied by a common factor (ie, “floated”) to make the weighted average match the annual
incidence of the type of vascular event in this cohort. Annual incidence was the unweighted average of the component 5-year incidence rates.
Risk is indicated on an additive, rather than a multiplicative, scale. For each category, area of square is inversely proportional to the variance of
the category-specific log risk, which also determines the confidence interval. Incidence shown above each square and numbers of events below.
BMI indicates body mass index; CI, confidence interval.
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event, as shown in the present study, has not been fully
explained.

The key strengths of this study include: the objective
assessment of height and weight used to measure BMI; the
extensive baseline survey which permitted assessment for
confounding by a range of vascular risk factors; and the
resurvey a few years after the baseline survey, which enabled
regression dilution ratios for BMI to be assessed. Further-
more, the Western Australian Data Linkage System allowed
the identification of hospitalizations and death from vascular

disease throughout the State. Case ascertainment within
Western Australia is likely to have been high, and it is
estimated that only a small proportion of events will have
been missed in men admitted to hospital or dying outside
Western Australia.19–21 The data linkage system also allowed
identification of men who had been admitted to hospital in
Western Australia for a cardiovascular event preceding the
baseline survey, supplementing the self-reported history of
cardiovascular events. The exclusion of these men, together
with the first 4 years of follow-up, will have limited the effect
of reverse causality on the associations.

It is a limitation of the study that men were recruited from a
trial of screening for aortic aneurysm, given that it is possible
that men may have taken steps to address their vascular risk
factors following the baseline survey; we excluded those
identified as having an abdominal aortic aneurysm for this
reason. If menwith higher BMI addressed their vascular risk to a
greater extent than those of normal body weight (as might be
expected given that BMI is correlated with other vascular risk
factors), it would have attenuated the associations of major
vascular events with BMI. The study would also have benefited
from more vascular events to increase the precision of the

Table 3. Hazard Ratios for Incidence of First Major Vascular
Events vs BMI in the Range 25 to 48 kg/m2, by Age at Risk
and Baseline Variables

No. of
Events

Mean Age at
Event, Y Hazard Ratio (95% CI)

Age at risk, y

65 to 74 89 73.1 1.38 (1.03–1.85)

75 to 84 515 80.0 1.29 (1.12–1.48)

85 to 94 196 87.9 1.36 (1.06–1.75)

Trend, 3 groups:
v21=0.0 (P=1.0)

Smoked regularly

Never 254 81.5 1.60 (1.30–1.96)

Ever 546 81.0 1.21 (1.05–1.39)

Heterogeneity: v21=4.9
(P=0.18)

Alcohol intake*

<Weekly 241 80.9 1.47 (1.22–1.77)

≥Weekly 521 81.3 1.26 (1.08–1.46)

Heterogeneity: v21=1.6
(P=0.7)

Recreational physical activity, MET-hours per week†

0 243 81.3 1.43 (1.19–1.72)

1 to 24 284 81.2 1.21 (0.99–1.48)

≥25 273 81.1 1.28 (1.03–1.59)

Trend, 3 groups:
v21=0.6 (P=0.9)

Using blood-pressure–lowering medication

No 509 81.0 1.34 (1.15–1.55)

Yes 291 81.4 1.22 (1.02–1.47)

Heterogeneity: v21=0.7
(P=0.4)

Overall 800 81.2 1.33 (1.18–1.49)

BMI indicates body mass index; CI, confidence interval.
Analyses exclude the first 4 years of follow-up and adjust for age at risk, education, and
smoking.
*Information on alcohol intake was not collected in 332 men.
†MET-hours=metabolic equivalent hours (a measure which combines duration and
intensity of physical activity into a single metric).

Figure 3. Incidence of major vascular events vs BMI, before and
after adjustment for usual SBP. Hazard ratios (HR) at ages 65 to
94 years for major vascular events vs BMI, excluding the first
4 years of follow-up and adjusting for age at risk, education, and
smoking, with further adjustment for usual systolic blood
pressure (SBP), where indicated. For each category, area of
square is inversely proportional to the variance of the category-
specific log risk, which also determines the confidence interval.
HRs are shown above or below each square. BMI indicates body
mass index; CI, confidence interval.
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relative risks, particularly when assessing the effect for rare
outcomes, subgroups of interest, or at low BMI (eg, there were
only 8 events in the conventional underweight BMI range
<18.5 kg/m2).22

This was a population-based cohort and therefore more
representative of the general population than many highly
selected cohorts. However, participants who volunteer for
prospective studies are often healthier than the population at
large, but it is unlikely that these participants are fundamen-
tally different with respect to the relationships assessed in the
present study. A recent representative survey of Western
Australian adults reported that around three quarters of men
are overweight or obese, even greater than the two thirds in
the present analyses.22

This study did not assess the effect of central adiposity, or
other measures of adiposity, and this should be addressed in
future research. Furthermore, it was not possible to assess
whether the associations with BMI differ by severity of stroke
(such information was not available in the original data set).
Further work is also required to assess the relation of BMI
with less-common major vascular events, with minor vascular
conditions that do not commonly result in hospitalization, and
with other nonvascular causes of death and disability. The
combined effects of these conditions with major vascular
events will determine the overall apparent ideal BMI range for
older men.23

Randomized, controlled trials have demonstrated the
benefits of weight loss on vascular risk factors, including
blood pressure, lipids, and blood glucose concentrations.16

This study quantifies the excess vascular risk from high BMI
that can be attributable to the effect of BMI on blood
pressure, and it is a limitation of the study that bloods were
not take at baseline to allow similar analyses for blood
glucose or lipid fractions. At an individual level, multiple
intervention strategies are often needed to achieve weight
loss by targeting dietary change and physical activity, but
sometimes pharmacotherapy and surgery are required. Life-
style interventions for weight loss have been found to be
effective in the elderly.24 Population-level approaches to
address overweight and obesity require societal change to
promote healthier food choices, create environments con-
ducive to regular physical activity, and address weight gain
throughout the life course, because it may be easier to avoid
weight gain than to lose weight later in life.25

In this population of older men, the lowest incidence of
major vascular events was at � 22.5 to 25 kg/m2 (ie, within
the normal BMI range). As such, these findings do not support
different recommendations of optimal BMI to address vascu-
lar risk in older than younger adults. In the higher BMI range,
BMI was strongly associated with all types of major vascular
event, with each 5 kg/m2 higher BMI associated with around
a 30% higher risk of major vascular events overall.
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Table S1. Major vascular events endpoints and their ICD-9 and ICD-10 codes 
 

  ICD-9 ICD-10 Note 

     

Ischaemic heart disease    

 Myocardial infarction 410 I21-I23  

 Other ischaemic heart 

disease* 

411-414 I20, I24-I25  

     

Stroke    

 Ischaemic stroke 433-434, 362.3 I63, H34.1 Includes central retinal artery occlusion  

 Intracerebral haemorrhage 431 I61  

 Subarachnoid haemorrhage 430 I60  

 Unspecified stroke 436 I64  

     

Other vascular disease*    

 Aortic aneurysm 441 I71  

 Pulmonary embolism 415 I26  

 Heart failure 428 I50  

 Hypertensive disease 401-405 I10-I15 Includes hypertension, hypertensive heart 

disease and hypertensive renal disease  

 Atherosclerosis & other arterial 

disease  

440, 442-448 I70, I72-I79 Includes peripheral arterial disease, and 

diseases of arterioles/capillaries 

 Inflammatory heart disease 420-424 I30-I41 Includes pericarditis, myocarditis, 

endocarditis 

 Rheumatic heart disease 390-398 I00-I09 Includes acute and chronic rheumatic heart 

disease 

 Other heart disease             

(not IHD) 

416-417,425-

427, 429 

I27-I28, I42-

I49, I51-I52 

Includes pulmonary heart disease, 

cardiomyopathy, dysrhythmia 

 Other cerebrovascular disease 

(not stroke) 

435, 437-438 I62, I65-69 Includes remainder of cerebrovascular 

disease ICD-9/10 subchapters not 

classified as stroke† 

 Other circulatory disease 451-459 I80-I99 Includes venous disease (including 

oesophageal varices) and lymphatic 

disease 

     

All vascular disease 390-459, 362.3 I00-99, H34.1  

     

* Deaths only (where disease was considered the underlying cause) 
† There were no transient ischaemic attack deaths (435 or G45) 
n.b. Baseline exclusions: participants with a baseline history of major heart disease or stroke/TIA with the following ICD-9 
codes: chronic rheumatic heart disease (393-398); hypertensive heart disease (402,404); pulmonary heart disease (415-
416); heart failure (428); ischaemic heart disease (410-414); and stroke/TIA (362.3,430-431,433-436).  
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Table S2. Mean SBP at baseline and resurvey* 
 

Baseline SBP 

quintile 

Number of 

participants at 

baseline 

Mean baseline 

SBP, mmHg 

Mean resurvey  

SBP, mmHg 

       

 Quintile 1  627 131.3  135.2  

 Quintile 2 541 145.8  144.8  

 Quintile 3 584 155.5  147.3  

 Quintile 4 548 166.2  152.3  

 Quintile 5  561 186.4  159.7  

       

*Resurveyed in 2001-2004, on average, 5.8 years after the baseline survey. After excluding 
participants excluded from the main analysis, there were 2861 resurveyed men. 
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Table S3. Number of major vascular events, by pathological type and age at risk (among 7564 participants) 
 

Age at risk, 

years 

Person-

years at 

risk  

Number of events (rate per 1000 person-years) 

Ischaemic heart 

disease Stroke Other vascular* All 

           

 65-74 28775 200 (6.7  )  103 (3.5)  13 (0.3)  316 (10.6)  

 75-84 44279 472 (10.9)  362 (8.5)  102 (2.6)  936 (22.0)  

 85-94 6615 161 (28.0)  86 (14.0)  58 (11.1)  305 (53.1)  

               

All ages 79669 833 (15.2)  551 (8.7)  173 (4.7)  1557 (28.6)  

           

Rates age-standardised by taking the unweighted average of the component five-year incidence rates. 
* Other vascular deaths: 18 aortic aneurysm; 5 pulmonary embolism; 17 heart failure; 30 hypertensive disease; 15 atherosclerosis 
and other arterial disease; 20 inflammatory heart disease; 1 rheumatic heart disease; 39 other heart disease (not IHD); 21 other 
cerebrovascular disease (not stroke); 7 other circulatory disease. 
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Table S4. Baseline and resurvey BMI, by BMI baseline groups (among 2861 
resurveyed participants)* 

 

 Number of 

participants 

Mean BMI (SD) at 

baseline, kg/m2 

Mean BMI (SD) at 

resurvey, kg/m2 

       

BMI, by quintile at 

baseline 

     

 Quintile 1  582 22.4 (1.4) 22.3 (2.2) 

 Quintile 2 585 24.8 (0.5) 24.7 (1.4) 

 Quintile 3 572 26.5 (0.5) 26.2 (1.4) 

 Quintile 4 558 28.1 (0.5) 28.0 (1.6) 

 Quintile 5  564 31.5 (2.2) 31.1 (3.1) 

       

BMI, by baseline 

group, kg/m2 

     

 14.0-22.4  237 21.0 (1.2) 20.9 (1.7) 

 22.5-24.9 684 23.9 (0.7) 23.8 (1.8) 

 25.0-27.4 881 26.2 (0.7) 26.0 (1.5) 

 27.5-29.9 636 28.5 (0.7) 28.4 (1.9) 

 30.0-48.0 423 32.1 (2.2) 31.7 (3.1) 

       

       

*Resurveyed in 2001-2004, on average, 5.8 years after the baseline survey. 
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Table S5. Hazard ratios for incidence of major vascular events versus BMI, by period of follow-up excluded 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hazard ratios adjusted for age at risk, education and smoking. 

Baseline BMI, 

kg/m2 

Hazard ratio (95% CI), by period of follow-up excluded 

No years excluded                                      

(7564 men, 1557 events) 

2 years excluded                                                                    

(7350 men, 1344 events) 

4 years excluded                                                                   

(7014 men, 1136 events) 

 n Hazard ratio (95% CI)  n Hazard ratio (95% CI)  n Hazard ratio  (95% CI) 

        

 14.0-22.4  163 1.15 (0.99-1.35) 137 1.11 (0.94-1.32) 112 1.07 (0.89-1.29) 

 22.5-24.9 300 1.00 (0.89-1.12) 262 1.00 (0.89-1.13) 224 1.00 (0.88-1.14) 

 25.0-27.4 393 1.03 (0.93-1.14) 341 1.02 (0.92-1.14) 294 1.03 (0.92-1.15) 

 27.5-29.9 362 1.26 (1.13-1.39) 306 1.20 (1.07-1.35) 260 1.18 (1.04-1.33) 

 30.0-48.0 339 1.56 (1.40-1.73) 298 1.55 (1.38-1.73) 246 1.47 (1.30-1.67) 
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Table S6. Incidence of major vascular events versus BMI, with progressive adjustment for potential confounders 
(excluding the first 4 years of follow-up) 

 

Baseline 

BMI, kg/m2 

Number of 

events 

Adjusted for age, 

education and smoking 

Adjusted for age, education, 

smoking and other factors* 

Adjusted for age, education, 

smoking, physical activity† 

and other factors* 

Hazard ratio (95% CI) Hazard ratio (95% CI) Hazard ratio (95% CI) 

     

 14.0-22.4  112 1.07 (0.89-1.29) 1.05 (0.87-1.27) 1.05 (0.87-1.27) 

 22.5-24.9 224 1.00 (0.88-1.14) 1.00 (0.88-1.14) 1.00 (0.88-1.14) 

 25.0-27.4 294 1.03 (0.92-1.15) 1.04 (0.93-1.17) 1.04 (0.93-1.17) 

 27.5-29.9 260 1.18 (1.04-1.33) 1.20 (1.07-1.36) 1.19 (1.06-1.35) 

 30.0-48.0 246 1.47 (1.30-1.67) 1.47 (1.29-1.67) 1.44 (1.26-1.63) 

      

* Plus place of birth, marital status, frequency salt is added to food and quantity of weekly alcohol intake.  
†5 groups by metabolic equivalent hours of recreational [vigorous and non-vigorous] activity per week 
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Table S7. Hazard ratios for incidence of stroke subtypes versus BMI (excluding the first 4 years of follow-up) 
 

Hazard ratios adjust for age at risk, education and smoking.  
*7 events were subarachnoid haemorrhage and 132 events were of unknown subtype. 

Baseline BMI, 

kg/m2 

Mean BMI, 

kg/m2 

Ischaemic stroke                

(n=197) 

Intracerebral haemorrhage                           

(n=60) 

Other/unknown               

(n=139*)  

 n  Hazard ratio (95% CI)  n Hazard ratio (95% CI)  n Hazard ratio  (95% CI) 

         

 14.0-22.4  20.8 14 0.94 (0.55-1.60) 4 0.65 (0.24-1.74) 19 1.51 (0.96-2.38) 

 22.5-24.9 23.8 33 1.00 (0.71-1.41) 14 1.00 (0.59-1.69) 27 1.00 (0.69-1.46) 

 25.0-27.4 26.2 51 1.17 (0.89-1.54) 16 0.88 (0.54-1.44) 31 0.91 (0.64-1.29) 

 27.5-29.9 28.5 50 1.45 (1.10-1.92) 17 1.22 (0.76-1.96) 28 1.09 (0.75-1.58) 

 30.0-48.0 32.4 49 1.83 (1.38-2.43) 9 0.86 (0.45-1.66) 34 1.79 (1.27-2.51) 
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Figure S1. Incidence of major vascular events versus BMI, without exclusion of 
the first 4 years of follow-up  

 
Hazard ratios adjust for age at risk, education and smoking.  Conventions as per Figure 1. 
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Figure S2. Incidence of major vascular events versus BMI in never smokers only 
(excluding the first 4 years of follow-up)  
 
Hazard ratios adjust for age at risk, education and smoking.  Conventions as per Figure 1. 
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