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Aims To assess joint associations of physical activity and different indicators of obes-
ity (body mass index, waist circumference, and waist-to-hip ratio) with the risk of car-
diovascular disease (CVD).
Methods and results The study comprised 18,892 Finnish men and women aged 25–74
years without history of coronary heart disease, stroke, or heart failure at baseline.
Physical activity, different indicators of obesity, education, smoking, blood pressure,
total and high-density lipoprotein cholesterol and history of diabetes were measured
at baseline. An incident CVD event was defined as the first stroke or coronary heart
disease event or CVD death based on national hospital discharge and mortality regis-
ter data. The median follow-up time was 9.8 years. Physical activity had a strong,
independent, and inverse association with CVD risk in both genders. All obesity indi-
cators had a significant direct association with CVD risk after adjustment for age,
smoking, education and physical activity. Further adjustment for the obesity-related
risk factors weakened the associations and they remained statistically significant in
men only. Physical activity and the obesity indicators both predicted CVD risk in
men, but in women the joint effect was inconsistent.
Conclusion Both regular physical activity and normal weight can reduce the risk of
CVD. Physical inactivity seems to have an independent effect on CVD risk, whereas
obesity increases the risk partly through the modification of other risk factors.

�c 2004 Published by Elsevier Ltd on behalf of The European Society of Cardiology.
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Introduction

Sedentary lifestyle and obesity are important lifestyle-re-
lated public health problems in the world.1–3 Physical
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inactivity and excess body mass are not only associated
with a number of health-related risk factors, but they also
seem to be independent risk factors for cardiovascular
disease (CVD), type 2 diabetes, and several types of can-
cers.1–12 The prevalence of inactivity and obesity, and
their negative health consequences are rapidly increasing
in both developed and developing countries.1,2,13

Some prospective studies examining the relation be-
tween body weight and CVD mortality have reported
varying findings, including a J-shaped,14,15 direct associ-
ation,9,16–18 or no association.19 Body mass index (BMI) is
commonly used to estimate the association of body fatti-
ness and CVD risk in clinical practice and epidemiological
studies, but the principal limitation of BMI is that it does
not distinguish fat mass from lean body mass.2 Abdominal
obesity measured by waist circumference or waist-to-hip
ratio (WHR) is an important potential risk factor for
chronic diseases.2,3,20–23

Two recent reviews have evaluated the relation be-
tween physical activity and CVD/cancer incidence and
mortality.6,7 They conclude that individuals who report
regular physical activity are less likely than sedentary
individuals to die from coronary heart disease, stroke,
CVD, certain cancers and all causes. Several studies have
assessed the independent and combined effects of fatti-
ness and physical fitness on mortality.17,19,24 Moderate
or high level of cardiorespiratory fitnessmay be protective
against the excess mortality among overweight and obese
individuals. However, very few studies have assessed the
joint associations of physical activity and different indica-
tors of obesity with CVD risk, especially among women.5,8

The aim of this study was to examine both single and
joint associations of physical activity, and three indica-
tors of obesity (BMI, waist circumference, and WHR),
with the risk of CVD in a large population-based cohort
of middle aged and elderly men and women, and further
to what extent the risk is modified by other behavioural
and biological CVD risk factors.
95 by guest on 21 August 2022
Methods

Subjects

Three independent cross-sectional population surveys were car-
ried out in Kuopio and North Karelia provinces in eastern Finland
and in the Turku-Loimaa region in southwestern Finland in 1987,
1992, and 1997.25 The survey was expanded to the Helsinki cap-
ital area in 1992 and northern province of Oulu in 1997. All sur-
veys were conducted using the same methodology according to
the WHO MONICA survey protocol.26 The subjects included were
25–64 years of age, and in 1997 the age group of 65–74 years
was also included. An independent population-based random
sample, stratified by area, gender and 10-year age group, was
taken every survey year according to the WHO MONICA proto-
col.26 Subjects who participated in more than one survey were
included only in their first survey cohort. The total sample size
of the three surveys was 20,547. The participation rate varied
by year from 74% to 88%.25 The final sample comprised 8928
men and 9964 women after excluding subjects previously diag-
nosed with coronary heart disease (CHD) (n = 672), stroke
(n = 390) and heart failure (n = 408) at baseline, and subjects
with incomplete data on any required factors (n = 185). These
surveys were conducted according to the ethical rules of the Na-
tional Public Health Institute and the investigations were carried
out in accordance with the Declaration of Helsinki.

Baseline measurements

A self-administered questionnaire was mailed to the participants
in advance. It included questions about smoking, socioeconomic
factors, physical activity, and medical history. Education level,
measured as the total number of school years, was divided into
birth cohort specific tertiles. The participants were classified as
never, past, and current smokers.

Physical activity included occupational and leisure-time
physical activity. A detailed description of the questions has
been presented elsewhere,10–12,27,28 and these questions were
similar to those used and validated in the ‘Seven Countries
Study’.29 The subjects reported their occupational physical
activity according to the following three categories: (i) light
was physically very easy, sitting office work, e.g., secretary;
(ii) moderate was work including standing and walking, e.g.
store assistant; and (iii) active was work including walking and
lifting, or heavy manual labour, e.g. industrial work, farm work.
Self-reported leisure-time physical activity was classified into
three categories: (i) low was defined as almost completely inac-
tive, e.g. reading, watching TV, or doing some minor physical
activity but not of moderate or high level; (ii) moderate was
doing some physical activity more than four hours a week, e.g.
walking, cycling, etc; and (iii) high was performing vigorous
physical activity more than three hours a week, e.g. running,
jogging, skiing, or regular exercise in competitive sports several
times a week. Occupational and leisure-time physical activity
were merged and regrouped into three categories: (i) low was
defined as subjects who reported light levels of both occupa-
tional and leisure-time physical activity; (ii) moderate was de-
fined as subjects who reported moderate or high level of
either occupational or leisure-time physical activity; and (iii)
high was defined as subjects who reported a moderate or high
level of both occupational and leisure-time physical activity.

At the study site, specially trained research nurses measured
the height, weight, waist and hip circumferences, as well as
blood pressure using a standardised protocol.26 Height and
weight were measured without shoes and with light clothing.
BMI was calculated as weight in kilograms divided by the square
of the height in metres. Waist circumference was measured mid-
way between the lower rib margin and iliac crest. Hip circumfer-
ence was measured at the level of widest circumference over the
greater trochanters. WHR was calculated as waist circumference
divided by hip circumference. The subjects were classified in
four BMI categories: <20 (lean), 20–24.9 (reference group),
25–29.9 (overweight) andP30 kg/m2 (obese). Sex-specific quar-
tiles of waist circumference and WHR were used in the analyses.

Blood pressure wasmeasured from the right arm of the partic-
ipant who was seated for five minutes before the measurement.
After blood pressure measurement, a venous blood specimen was
taken. Total and high-density lipoprotein (HDL) cholesterol levels
were determined from fresh serum samples by using an enzy-
matic method (CHOD-PAP, Boehringer MANNHEIM, Mannheim,
Germany). All samples were analysed in the same laboratory.

Follow-up

Follow-up information was based on the Finnish hospital dis-
charge register for non-fatal outcomes (hospitalised myocardial
infarction and stroke) and the mortality register by the Statis-
tics Finland for fatal outcomes (cardiovascular death). These
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registers were linked to the risk factor surveys using social secu-
rity numbers assigned to every citizen of Finland. Combined non-
fatal (myocardial infarction and stroke) and fatal (CVD) cases
were defined as CVD incidence in the analysis. Follow-up data
were available through 31 December 2001. Eighth, Ninth and
Tenth Revisions of the International Classification of Diseases
(ICD) were used to identify non-fatal myocardial infarction
(410–411 and I21–I22, I24) and stroke (430–438 and I60–I66)
cases, and fatal CVD (390–459 and I00–I99) cases.

Statistical analyses

SPSS for Windows 11.5 was used for statistical analysis. Differ-
ences in risk factors at different levels of physical activity were
tested using analysis of variance or logistic regression after
adjustment for age and study year. The Cox proportional hazards
model was used to estimate the single or joint effect of different
levels of physical activity, BMI, waist circumference, and WHR on
the risk of CVD. The proportional hazards assumption in the Cox
model was assessed with graphical methods, and with models
including time-by-covariate interactions.30 In general, all propor-
tionality assumptions were appropriate. Dummy variables for BMI
(<30 versus P30 kg/m2), waist circumference, and WHR (quar-
tiles of 1–3 versus the highest quartile), inactivity (low level of
physical activity) versus activity (moderate or high level of phys-
ical activity) were used in the analyses of joint association. The
analyses were first carried out adjusting for age and study year,
and then further for systolic blood pressure, total and HDL choles-
terol, education, smoking, and diabetes at baseline. To avoid the
potential bias of our results fromearlymortality in the lowactivity
group, additional analyseswerecarriedout excluding the subjects
who died during the first two years of follow-up. Chi-squared log-
likelihood ratio test was used to compare relative abilities of the
different physical activity and obesitymeasures on the CVD risk. A
p-value less than 0.05 was considered as statistically significant.
Exact p-values and confidence intervals are given in tables.
5/24/2212/576395
Results

During a median follow-up of 9.8 years (4.9 and 14.8
years for the 25th and the 75th quartiles, respectively),
Table 1 Baseline characteristics according to physical activity lev

Physical activity (m

Low Moderate

Numbers of participants 999 4245
Age (year) 47.9 48.0
Body mass index 27.3 26.6
Hip circumference (cm) 103 102
Waist circumference (cm) 96 93
Waist-to-hip ratio 0.93 0.92
Diastolic blood pressure (mm Hg) 86 85
Systolic blood pressure (mm Hg) 139 140
Total cholesterol (mmol/l) 5.8 5.7
High density lipoprotein cholesterol (mmol/l) 1.2 1.3
Education (year) 11.3 11.3
Current smoking (%) 44.6 33.5
Obesity (%)a 26.7 17.9
The highest quartile of waist circumference (%) 37.8 26.4
The highest quartile of waist-to-hip ratio (%) 37.1 26.5

Adjusted for age and study years; values represent mean or percentage.
a Obesity was defined as body mass index P30.
523 men and 295 women had an incident CVD event, of
whom 400 were coded as CHD, 372 as stroke, and 46 as
other CVD deaths. General characteristics of the study
population at baseline are given in Table 1. In general,
physically active men and women were younger, had sig-
nificantly lower BMI, waist and hip circumference, WHR,
diastolic blood pressure, lower prevalence of smoking
and obesity, and higher HDL cholesterol.

The age- and study year-adjusted hazard ratios of CVD
associated with light, moderate, and high physical activ-
ity were 1.0, 0.57, and 0.52 (p < 0.001 for trend) in men,
and 1.0, 0.62, and 0.51 (p < 0.001 for trend) in women,
respectively (Table 2). After a further adjustment for
education, smoking, systolic blood pressure, total and
HDL cholesterol, diabetes and BMI, the hazard ratios
were 1.0, 0.72, and 0.68 (p = 0.007 for trend) in men,
and 1.0, 0.73, and 0.64 (p = 0.02 for trend) in women,
respectively. These inverse associations did not appre-
ciably change (data not shown) after additionally exclud-
ing the subjects who died during the first two years of
follow-up. The combined measure of occupational and
leisure-time physical activity was a better predictor for
CVD than either occupational activity or leisure-time
physical activity alone (data not shown).

BMI had a significant direct association with the CVD
risk among both men and women after adjustment for
age and study year, even though a slightly increased risk
was found among the leanest subjects (Table 3). Com-
pared with normal weight subjects (reference group:
BMI 20–24.9), the hazard ratios of CVD among lean, over-
weight, and obese subjects were 1.10, 1.36, and 2.08
(p < 0.001 for trend) in men, and 1.24, 1.23, and 2.04
(p < 0.001) in women, respectively. Adjustment for edu-
cation, smoking, and physical activity strengthened the
associations slightly. After further adjustment for sys-
tolic blood pressure, HDL and total cholesterol, and dia-
betes, the association was still significant among men
(p = 0.006 for trend) but became marginally significant
among women (p = 0.06 for trend). When BMI was exam-
els among the Finnish population by sex

en) p-Value Physical activity (women) p-Value

High Low Moderate High

3684 1397 4763 3804
42.9 <0.001 46.7 46.4 43.3 <0.001
26.6 <0.001 27.0 25.9 25.7 <0.001

101 <0.001 103 101 101 <0.001
93 <0.001 83 80 79 <0.001
0.91 <0.001 0.80 0.79 0.79 <0.001

85 0.03 81 80 80 0.06
139 0.1 134 134 133 0.4

5.7 0.002 5.6 5.6 5.6 0.4
1.3 <0.001 1.5 1.6 1.6 <0.001

10.3 <0.001 11.3 11.3 11.2 0.04
34.3 <0.001 25.4 20.3 19.6 <0.001
14.1 <0.001 28.5 18.8 13.8 <0.001
18.3 <0.001 37.3 26.0 19.8 <0.001
19.1 <0.001 33.7 25.7 20.9 <0.001
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Table 3 Hazard ratios for risk of cardiovascular disease according to different levels of body mass index, waist circumference, and
waist-to-hip ratio by sexa

Numbers of
events

Person–years Hazard ratios (95% CI)

Men Women

Men Women Men Women Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Body mass index
<20 4 6 1336 5569 1.10

(0.40–2.98)
0.88
(0.32–2.40)

1.18
(0.43–1.61)

1.24
(0.54–2.87)

1.11
(0.48–2.56)

1.20
(0.52–2.79)

20–24.9 98 68 27,429 40,526 1.00 1.00 1.00 1.00 1.00 1.00
25–29.9 262 104 36,812 29,369 1.36

(1.08–1.72)
1.48
(1.17–1.87)

1.27
(1.00–1.61)

1.23
(0.90–1.68)

1.26
(0.92–1.72)

1.09
(0.79–1.50)

P30 159 117 12,972 16,350 2.08
(1.61–2.67)

2.12
(1.64–2.74)

1.60
(1.23–2.09)

2.04
(1.50–2.78)

1.99
(1.45–2.73)

1.49
(1.07–2.08)

p for trend <0.001 <0.001 0.006 <0.001 <0.001 0.06

Waist circumference
Quartile 1 66 25 21,252 22,913 1.00 1.00 1.00 1.00 1.00 1.00
Quartile 2 101 62 19,982 24,786 1.15

(0.84–1.57)
1.18
(0.86–1.60)

1.02
(0.75–1.40)

1.41
(0.88–2.25)

1.44
(0.90–2.31)

1.40
(0.87–2.23)

Quartile 3 143 72 19,595 22,107 1.37
(1.02–1.84)

1.43
(1.06–1.92)

1.18
(0.87–1.59)

1.37
(0.86–2.19)

1.41
(0.88–2.24)

1.17
(0.73–1.88)

Quartile 4 213 136 17,719 22,009 1.97
(1.49–2.62)

1.99
(1.50–2.64)

1.48
(1.10–1.98)

2.18
(1.40–3.39)

2.10
(1.35–3.28)

1.50
(0.95–2.39)

p for trend <0.001 <0.001 0.008 <0.001 0.001 0.2

Waist-to-hip ratio
Quartile 1 53 43 21,059 25,232 1.00 1.00 1.00 1.00 1.00 1.00
Quartile 2 92 57 21,029 24,031 1.19

(0.85–1.68)
1.17
(0.83–1.64)

1.02
(0.72–1.43)

1.09
(0.73–1.63)

1.07
(0.72–1.59)

1.02
(0.68–1.52)

Quartile 3 159 80 19,762 21,214 1.78
(1.30–2.44)

1.72
(1.26–2.36)

1.43
(1.03–1.96)

1.27
(0.87–1.86)

1.21
(0.83–1.77)

1.00
(0.68–1.47)

Quartile 4 219 115 16,699 21,337 2.62
(1.92–3.57)

2.46
(1.80–3.36)

1.83
(1.33–2.52)

1.60
(1.11–2.29)

1.44
(1.00–2.08)

1.01
(0.68–1.48)

p for trend <0.001 <0.001 <0.001 0.03 0.1 1.0

a Model 1, adjusted for age and study year; model 2, adjusted for age, study year, education, smoking, and physical activity; model 3,
adjusted for age, study year, education, smoking, systolic blood pressure, total and HDL cholesterol, diabetes at baseline, and
physical activity.

Table 2 Hazard ratios for risk of cardiovascular disease according to different levels of physical activity by sexa

Physical
activity

Numbers of events Person–years Hazard ratios (95% CI)

Men Women

Men Women Men Women Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Low 105 77 8235 12,686 1.00 1.00 1.00 1.00 1.00
Moderate 268 145 35,695 43,017 0.57

(0.46–0.72)
0.69
(0.55–0.87)

0.72
(0.57–0.91)

0.62
(0.47–0.81)

0.69
(0.52–0.91)

0.73
(0.55–0.97)

High 150 73 34,618 36,111 0.52
(0.40–0.67)

0.64
(0.50–0.84)

0.68
(0.52–0.88)

0.51
(0.37–0.71)

0.60
(0.43–0.83)

0.64
(0.45–0.89)

p for trend <0.001 0.002 0.007 <0.001 0.006 0.02

a Model 1, adjusted for age and study year; model 2, adjusted for age, study year, education, smoking, and body mass index (in the continuous
form); model 3, adjusted for age, study year, education, smoking, systolic blood pressure, total and HDL cholesterol, diabetes at baseline, and body
mass index (in the continuous form).
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ined as a continuous variable, the age- and study year-
adjusted hazard ratios of CVD were 1.07 (95% CI 1.05–
1.09) in men and 1.06 (95% CI 1.03–1.08) in women for
each one-unit increase. Adjustment for education, smok-
ing, and physical activity did not change the hazard ra-
tios markedly. After further adjustment for systolic
blood pressure, HDL and total cholesterol, and diabetes,
these associations remained significant (p = 0.007 in men
and p = 0.016 in women).
The age- and study year-adjusted hazard ratios of CVD
across quartiles of waist circumference were 1.0, 1.15,
1.37, and 1.97 (p < 0.001 for trend) in men, and 1.0,
1.41, 1.37, and 2.18 (p < 0.001 for trend) in women,
respectively (Table 3). Similarly, the age- and study
year-adjusted hazard ratios of CVD across quartiles of
WHR were 1.0, 1.19, 1.78, and 2.62 (p < 0.001 for trend)
in men, and 1.0, 1.09, 1.27, and 1.60 (p = 0.03 for trend)
in women, respectively. Adjustment for education,
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smoking, and physical activity did not change the hazard
ratios markedly. After further adjustment for systolic
blood pressure, HDL and total cholesterol, and diabetes,
these direct associations were still significant among
men but not among women. In both genders, and in wo-
men particularly, the effect of obesity on CVD risk was
partly mediated through systolic blood pressure, HDL
and total cholesterol, and diabetes. Exclusion of the sub-
jects who died during the first two years of follow-up did
not affect the associations between the obesity indica-
tors and the risk of CVD markedly. When different mea-
sures of obesity were compared, WHR in men and BMI
in women were slightly better predictors of CVD than
others (data not shown). The age- and study year-ad-
justed hazard ratios of CVD in men were 1.025 (95% CI
1.02–1.03) for each 1-cm increase in waist circumfer-
ence (as a continuous variable), and 1.60 (95% CI 1.44–
1.79) for each 0.1-unit increase in WHR (as a continuous
variable). In women, the corresponding hazard ratios
were 1.02 (95% CI 1.01–1.03) and 1.36 (95% CI 1.14–
1.61), respectively. Adjustment for education, smoking,
and physical activity did not change the hazard ratios
markedly but after further adjustment for systolic blood
pressure, HDL and total cholesterol, and diabetes, these
associations became non-significant.

Fig. 1 shows the joint association of physical activity,
BMI, waist circumference, and WHR with CVD risk. In
these analyses, the subjects were classified into four cat-
egories: both active and non-obese (the reference
group), active but obese, inactive but non-obese, both
inactive and obese. Obesity was defined either as
BMI P 30 or the highest quartile of waist circumference
or WHR. Among men, physical inactivity or obesity alone
increased the risk of CVD by 20–40%, and the combina-
tion of physical inactivity and obesity doubled the risk
in comparison with the reference group. Among women,
BMI P 30 or physical inactivity alone increased the risk of
CVD by 56% and 70%, respectively, and those women who
had both high BMI and were inactive had a double risk
compared to the reference group. The joint associations
of physical inactivity and waist circumference, and par-
ticularly WHR, were inconsistent.
 on 21 August 2022
Discussion

The results of the present large population-based pro-
spective study demonstrate that both physical activity
and general and abdominal obesity predict the risk of
CVD among middle-aged men and women. Physical activ-
ity has a strong protective effect on CVD risk and this
association attenuated only slightly after the adjustment
for other CVD risk factors. Whereas obesity increases the
risk mainly through other risk factors, particularly among
women. Exclusion of the subjects who died during the
first two years of follow-up did not affect the results
markedly.

Most studies,4,9,14–18 but not all,19 have indicated that
overall obesity assessed by BMI is associated with in-
creased risk of CHD or CVD incidence, and CHD or CVD
mortality. Abdominal obesity, assessed by WHR or waist
circumference, has been found to be a better predictor
of total, CHD, and CVD mortality than BMI in some popu-
lation groups,20,21 but the prospective data of the effects
of abdominal obesity on the CVD incidence are still
scant. Some studies indicated higher death rates in the
subjects with abdominal obesity who had an underweight
(a low BMI and high WHR) than in those without abdom-
inal obesity who were overall obese (a high BMI and
low WHR).20,21 Several studies found that both overall
obesity and abdominal obesity were associated with the
risk of CHD in both men and women.22,23 In the present
study, we found that BMI rather than waist circumfer-
ence or WHR predicted CVD risk, especially in women.

A recent review on guidelines for healthy weight by
Willett et al.2 pointed out three potential methodologi-
cal problems that can distort the association between
obesity and health outcomes. The most serious problem
is called reverse causation, another major concern is
the failure to control for smoking, and the third problem
is the inappropriate control for other risk factors. In the
present study, we excluded the subjects with a history of
CHD, stroke, and heart failure at baseline. We analysed
the data also after exclusion of the early events, which
did not change the results. In the analyses, smoking sta-
tus was considered as a confounding factor in the inter-
mediate model, and the physiological effects of excess
fattiness (blood pressure, diabetes, and total and HDL
cholesterol) were considered as mediating factors and in-
cluded in the final model.

Our results are consistent with the findings of a num-
ber of prospective studies about the strong inverse asso-
ciation of physical activity, physical fitness with
incidence of CHD, stroke, and CVD.5–8 In general, these
studies have reached a similar conclusion that the pro-
tective effect of physical activity is found in different
population groups and is usually stronger in women than
in men.6 Walking also reduced the incidence of CHD
among men and women.5,8 However, occupational phys-
ical activity has been largely ignored in these surveys.
This may cause greater errors in estimates of overall
physical activity particularly in women and persons from
lower socioeconomic groups.3 National Institutes of
Health Consensus Development Conference on Physical
Activity and Cardiovascular Health concluded that inter-
mittent or shorter bouts of activity (at least 10 min),
including occupational, non-occupational, or tasks of
daily living, also have similar cardiovascular and health
benefits if performed at a level of moderate intensity
(such as brisk walking, cycling, swimming, home repair,
and yard work) with an accumulated duration of at least
30 min/day.31 In our analyses, we included occupational
physical activity as a component in the total physical
activity.

A few prospective studies have evaluated the joint
associations of physical activity, physical fitness, and
body weight with CVD mortality, and the data are espe-
cially scarce among women. The Aerobic Center Longitu-
dinal Study found that low cardiorespiratory fitness was a
strong and independent predictor of CVD mortality
among men, independent of body composition and other
CVD risk factors.17 Furthermore, they also indicated that
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Fig. 1 Hazard ratios for CVD incidence according to levels of physical activity (low versus moderate or high), body mass index (<30 versus P30), waist
circumference and WHR (quartiles 1–3 versus quartile 4). Adjusted for age, study year, systolic blood pressure, total and high density lipoprotein
cholesterol, education, smoking, and diabetes at baseline. *p < 0.05 vs. reference group.
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overweight or obese men with moderate to high levels of
cardiorespiratory fitness had a significantly lower risk of
CVD mortality than normal-weight or overweight men
with a low level of cardiorespiratory fitness.17 The Lipid
Research Clinics Study also assessed the effect of fitness
and fattiness on longevity using data from 2506 men and
2860 women of mean age 46 years.24 There was an in-
creased risk of CVD mortality in men and women who
were classified as fit-fat, unfit-unfat, and unfit-fat com-
pared with people classified as fit-unfat. The result from
the Nurses’ Health Study and the Health Professionals’
Follow-up Study found a strong, graded inverse association
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between physical activity and the risk of CHD, and this
association was present in non-obese (BMI 629 kg/m2)
and obese (BMI > 29 kg/m2) nurses, and in healthy weight
(BMI < 25 kg/m2), and overweight (25–29.9 kg/m2)
men.5,8 The analysis from the first National Health and
Nutrition Examination Survey assessed the CVD mortality
rates among subjects with different levels of physical
activity and BMI.9 CVD mortality rates were the highest
among those with both the least physical activity and
obesity. On the other hand, the lowest CVD mortality
rates were found among those with more exercise and
normal weight.9

Our finding also supports the hypothesis that the ade-
quate level of either occupational or leisure time physi-
cal activity, or both, can protect against the premature
CVD in overweight and obese individuals. Weight reduc-
tion in obese people reduces the risk of death and
CVD,2 but it is well known that reducing weight is very
difficult and, even at best, only a limited weight reduc-
tion may be achieved.32 Therefore, it is also important
to identify other ways to reduce the mortality and mor-
bidity risks. It seems that increased physical activity is
useful in this respect.

There are several strengths and limitations in our
study. First, our study is population-based comprising a
large number of both men and women from a homoge-
neous population. The median follow-up, 9.8 years,
was sufficiently long during which a large number of
CVD endpoint events were ascertained without losses of
follow-up. Second, occupational physical activity was
also included in the total physical activity. Third, we
had data on standardised measurement of three differ-
ent indicators of obesity, and a large number of other
obesity-related risk factors, which may modify the asso-
ciation of obesity with the CVD risk. A limitation of our
study was the self-report of physical activity. Using a
questionnaire to assess habitual physical activity is crude
and imprecise. Misclassification, particularly over-
reporting of the amount of physical activity leads to an
underestimation of effects of physical activity on CVD
risk. It has been shown that measured physical fitness
predicts mortality slightly better than self-reported
physical activity.33 Residual confounding may also have
affected our results to some extent. Leisure-time physi-
cal activity has a direct, and physical activity at work has
an inverse, association with socio-economic status. Even
though the analyses were adjusted for education,
unmeasured components of socio-economic status may
strengthen the protective effect of leisure-time activity
and weaken the protective effect of occupational activ-
ity. Moreover, several risk factors, such as triglycerides
and apolipoprotein B, are not available for the present
analysis. These factors, however, are most probably
mediators (such as blood pressure, cholesterol, and dia-
betes) in the obesity and physical activity-related CVD
risk, and therefore, including them in the analyses should
not have influenced the interpretation of the role of
obesity and sedentary lifestyle on CVD risk.

In conclusion, our study confirmed that both physical
inactivity and obesity are important risk factors for CVD.
Physical inactivity had a strong and consistent indepen-
dent association with the CVD risk. The risk of CVD asso-
ciated with obesity was partly mediated through other
risk factors, such as blood pressure, blood lipid, and dia-
betes, in women particularly. All obesity indicators pre-
dicted the risk of CVD in men, but in women only BMI
had an independent association after adjustment for
the obesity-related risk factors.
Acknowledgement

This study was supported by grants from the Finnish
Academy (Grants 46558, 53585, 204274, and 205657).
References

1. Pate RR, Pratt M, Blair SN et al. Physical activity and public health. A
recommendation from the Centers for Disease Control and Preven-
tion and the American College of Sports Medicine. JAMA
1995;273:402–7.

2. Willett WC, Dietz WH, Colditz GA. Guidelines for healthy weight. N
Engl J Med 1999;341:427–34.

3. Dubbert PM, Carithers T, Sumner AE et al. Obesity, physical
inactivity, and risk for cardiovascular disease. Am J Med Sci
2002;324:116–26.

4. Jousilahti P, Tuomilehto J, Vartiainen E et al. Body weight, cardio-
vascular risk factors, and coronary mortality. 15-year follow-up of
middle-aged men and women in eastern Finland. Circulation
1996;93:1372–9.

5. Manson JE, Hu FB, Rich-Edwards JW et al. A prospective study of
walking as compared with vigorous exercise in the prevention of
coronary heart disease in women. N Engl J Med 1999;341:650–8.

6. Blair SN, Cheng Y, Holder JS. Is physical activity or physical fitness
more important in defining health benefits?. Med Sci Sports Exerc
2001;33:S379–99.

7. Wannamethee SG, Shaper AG. Physical activity in the prevention of
cardiovascular disease: an epidemiological perspective. Sports Med
2001;31:101–14.

8. Tanasescu M, Leitzmann MF, Rimm EB et al. Exercise type and
intensity in relation to coronary heart disease in men. JAMA
2002;288:1994–2000.

9. Fang J, Wylie-Rosett J, Cohen HW et al. Exercise, body mass index,
caloric intake, and cardiovascular mortality. Am J Prev Med
2003;25:283–9.

10. Hu G, Qiao Q, Silventoinen K et al. Occupational, commuting, and
leisure-time physical activity in relation to risk for type 2 diabetes
in middle-aged Finnish men and women. Diabetologia 2003;46:
322–9.

11. Hu G, Barengo NC, Tuomilehto J et al. Relationship of physical
activity and body mass index to the risk of hypertension: a
prospective study in finland. Hypertension 2004;43:25–30.

12. Hu G, Lindstrom J, Valle TT et al. Physical activity, body mass index,
and risk of type 2 diabetes in patients with normal or impaired
glucose regulation. Arch Intern Med 2004;164:892–6.

13. World Health Organisation. Preventing and managing the global
epidemic. WHO technical report series 894. Geneva: World Health
Organization; 2000.

14. Calle EE, Thun MJ, Petrelli JM et al. Body-mass index and mortality
in a prospective cohort of US adults. N Engl J Med 1999;341:
1097–105.

15. Meyer HE, Sogaard AJ, Tverdal A et al. Body mass index and
mortality: the influence of physical activity and smoking. Med Sci
Sports Exerc 2002;34:1065–70.

16. Manson JE, Willett WC, Stampfer MJ et al. Body weight and mortality
among women. N Engl J Med 1995;333:677–85.

17. Wei M, Kampert JB, Barlow CE et al. Relationship between low
cardiorespiratory fitness and mortality in normal-weight, over-
weight, and obese men. JAMA 1999;282:1547–53.



Cardiovascular disease among middle-aged Finnish men and women 2219

D
ow

nloaded from
 https
18. Wilson PW, D’Agostino RB, Sullivan L et al. Overweight and obesity
as determinants of cardiovascular risk: the Framingham experience.
Arch Intern Med 2002;162:1867–72.

19. Haapanen-Niemi N, Miilunpalo S, Pasanen M et al. Body mass index,
physical inactivity and low level of physical fitness as determinants of
all-cause and cardiovascular disease mortality – 16 years follow-up
of middle-aged and elderly men and women. Int J Obes Relat Metab
Disord 2000;24:1465–74.

20. Larsson B, Svardsudd K, Welin L et al. Abdominal adipose tissue
distribution, obesity, and risk of cardiovascular disease and death: 13
year follow up of participants in the study of men born in 1913. Br
Med J 1984;288:1401–4.

21. Folsom AR, Kaye SA, Sellers TA et al. Body fat distribution and 5-year
risk of death in older women. JAMA 1993;269:483–7.

22. Rimm EB, Stampfer MJ, Giovannucci E et al. Body size and fat
distribution as predictors of coronary heart disease among middle-
aged and older US men. Am J Epidemiol 1995;141:1117–27.

23. Rexrode KM, Carey VJ, Hennekens CH et al. Abdominal adiposity and
coronary heart disease in women. JAMA 1998;280:1843–8.

24. Stevens J, Cai J, Evenson KR et al. Fitness and fatness as predictors
of mortality from all causes and from cardiovascular disease in men
and women in the lipid research clinics study. Am J Epidemiol
2002;156:832–41.

25. Vartiainen E, Jousilahti P, Alfthan G et al. Cardiovascular risk factor
changes in Finland, 1972–1997. Int J Epidemiol 2000;29:49–56.
26. Pajak A, Kuulasmaa K, Tuomilehto J et al. Geographical variation in
the major risk factors of coronary heart disease in men and women
aged 35–64 years. The WHO MONICA Project. World Health Stat Q
1988;41:115–40.

27. Hu G, Eriksson J, Barengo NC et al. Occupational, commuting, and
leisure-time physical activity in relation to total and cardiovascular
mortality among Finnish subjects with type 2 diabetes. Circulation
2004;110:666–73.

28. Tuomilehto J, Hu G, Bidel S et al. Coffee consumption and risk of
type 2 diabetes mellitus among middle-aged finnish men and women.
JAMA 2004;291:1213–9.

29. Keys A. Seven countries: a multivariate analysis of death and
coronary heart disease. Cambridge, MA: Harvard University Press;
1980.

30. Cox DR. Regression models and life tables (with discussion). J Roy
Statist Soc B 1972;34:187–220.

31. NIH consensus development panel on physical activity and cardio-
vascular health. physical activity and cardiovascular health. NIH
consensus development panel on physical activity and cardiovascular
health. JAMA 1996;276:241–6.

32. Fogelholm M, Kukkonen-Harjula K. Does physical activity prevent
weight gain–a systematic review. Obes Rev 2000;1:95–111.

33. Wei M, Gibbons LW, Kampert JB et al. Low cardiorespiratory fitness
and physical inactivity as predictors of mortality in men with type 2
diabetes. Ann Intern Med 2000;132:605–11.
://academ
ic.oup.com

/eurheartj/article/25/24/2212/576395 by guest on 21 August 2022


	Joint effects of physical activity, body mass  index, waist circumference and waist-to-hip  ratio with the risk of cardiovascular disease  among middle-aged Finnish men and women
	Introduction
	Methods
	Subjects
	Baseline measurements
	Follow-up
	Statistical analyses

	Results
	Discussion
	Acknowledgement
	References


