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Abstract

The role of physical activity in preventing CVD has been highlighted by Professor Jerry Morris in the 1950’s. We report
outcome of a 15-year prospective study with the aim to identify whether physical activity showed cardiovascular benefit
independent of common risk factors and of central obesity. Baseline data of 8662 subjects, with no previous history of heart
disease, diabetes or stroke, were obtained from an age- and gender- stratified sample of adults in Australian capital cities
and were linked with the National Death Index to determine the causes of death of 610 subjects who had died to 31
December 2004. The study consisted of 4175 males (age 42.3613.1 years) and 4487 females (age 42.8613.2 years). Fasting
serum lipid levels, systolic and diastolic blood pressure and smoking habits at baseline were recorded. The Framingham Risk
Scores of 15-year mortality due to CHD and CVD were calculated using established equations. Subjects were also asked if
they engaged in vigorous exercise, less vigorous exercise or walk for recreation and exercise in the past 2 weeks. Subjects in
the high recreational physical activity category were 0.16 (0.06–0.43; p,0.001) and 0.12 (0.03–0.48; p= 0.003) times as likely
as subjects in the low category for CVD and CHD mortality respectively. After adjusting for both the Framingham Risk Score
and central obesity (Waist circumference to Hip circumference Ratio), those in the high recreational physical activity group
were 0.35 (0.13–0.98) times less likely compared to the low category for CVD mortality. Recreational physical activity
independently predicted reduced cardiovascular mortality over fifteen years. A public health focus on increased physical
activity and preventing obesity is required to reduce the risk of CVD and CHD.
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Introduction

The role of physical activity in preventing cardiovascular disease

(CVD) has been highlighted by Professor Jerry Morris in the

1950’s, where he reported markedly different cardiac death rates

in the active conductors of London’s double decker buses

compared to their companion bus drivers who are sedentary [1].

He showed that the bus drivers had significantly larger belt sizes,

but was unable to distinguish the independent roles of central

obesity (waist circumference) versus physical activity. Professor

Morris went on to show in a large sample of the postal service that

exercise in the course of work was highly protective in a dose-

response manner. Also in executives with little opportunity to be

active in working hours, those reporting vigorous recreational

physical activity had lower rates of CVD [2]. Many observational

studies have since confirmed the hypothesis that physical activity

promotes cardiovascular health. But after the landmark Framing-

ham studies [3] which reported strong associations between

elevated cholesterol levels and hypertension with coronary heart

disease (CHD), the epidemiology of cardiovascular disease has

consisted largely of measuring modifiable risk factors for which

drug therapy is the primary intervention.

Here we report the outcome of a 15-year prospective

observation of a population sample whose baseline measures were

the conventional cardiovascular disease risk factors, with definitive

measures of obesity plus a questionnaire of physical activity at

work, home and in leisure. Our aim was to identify whether

recreational physical activity showed cardiovascular benefit

independent of common risk factors and of central obesity.

Methods

Ethics Statement
Ethical clearance for the National Heart Foundation (NHF)

1989 survey was provided by the Australian Institute of Health

Interim Ethics Committee, after consultation with the Common-

wealth Privacy Commissioner. Participation was entirely volun-

tary. Those who participated signed an informed consent form

attached to the front page of the questionnaire, stating the

conditions of participation [4]. The linkage and analysis of the

NHF survey data with the National Death Index were approved

by the current Ethics Committee of the Australian Institute of

Health and Welfare, and complies with the Declaration of

Helsinki.

Baseline data of 8662 subjects, with no previous history of heart

disease, diabetes or stroke, were obtained from an age- and

gender- stratified sample of adults in Australian capital cities [4]

and were linked with the National Death Index to determine the

causes of death of 610 subjects who had died to 31 December

2004. The study sample consisted of 4175 males (age 42.3613.1
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years) and 4487 females (age 42.8613.2 years). Of the 346 males

who died from all causes, 88 were from cardiovascular disease and

64 were from coronary heart disease. For females, 264 died from

all causes and it consisted of 38 from cardiovascular disease and 21

from coronary heart disease. Coding for the causes of death was

according to the 10th revision of the International Classification of

Diseases (ICD-10): Codes I 00.0 to I 99.9 for CVD deaths and

codes I 20.0 to I 25.9 for CHD deaths [5]. Our study determined

causes of death using death certificate data. In Australia,

identifying causes of death using death certificate data has been

shown to have both high sensitivity and positive predictive value,

being 88.9% and 96% respectively [6].

Fasting serum lipid levels, systolic and diastolic blood pressure

and smoking habits at baseline were recorded [7]. The Framing-

ham risk scores (FRS) of 15-year mortality due to CHD and CVD

were calculated using the equations in Anderson’s paper [8] which

predict the risk of death due to CHD and CVD for subjects free of

heart disease, diabetes or stroke, after accounting for age, gender,

systolic blood pressure, total cholesterol, high-density lipoprotein

cholesterol, and cigarette smoking. Central obesity was assessed by

waist circumference to hip circumference ratio (WHR) using

standardized methods [9], and was assessed using two observers.

In the baseline survey, subjects were asked about recreation,

sport or health-fitness in the past two weeks. They indicated if they

engaged in vigorous exercise (exercise which made them breath

harder or puff or pant), if they engaged in less vigorous exercise

not causing them to breath harder or if they walked for recreation

or exercise [4]. This included a statement of how many sessions or

times in the past two weeks plus an estimate of total time spent.

Similar questions on vigorous tasks at work or around the house

were asked.

The questions on physical exercise were combined to create a

composite recreational physical activity score, ranging from 0

(subjects who did not engage in vigorous exercise, less vigorous

exercise and walking in the previous 2 weeks) to 7 (subjects who

engaged in all forms of exercise in the previous 2 weeks). Scores 0–

3 were classified as being in the low category of the composite

variable, 4–5 as being in the medium category and scores from 6–

7 were classified in high category (Table 1).

Fifteen year mortality data on cardiovascular disease and

coronary heart disease from the NHF cohort was analysed using

multivariable logistic regression to assess the contribution of

physical activity variables, with and without adjusting for CVD-

related covariates. Covariates considered in the analyses include

the Framingham risk score variables (age, gender, smoking status,

systolic blood pressure and total cholesterol to high density

lipoprotein cholesterol ratio) and central obesity as assessed by

WHR. The effects of physical exercise, Framingham risk score and

central obesity were expressed as odds-ratio and associated 95%

confidence intervals for CVD and CHD mortality.

P-values less than 0.05 were considered to be statistically

significant, and were two-sided. Data was analysed using IBM

SPSS Statistics Version 20.

Results

Baseline characteristics for the 8662 subjects who were free of

baseline history of heart disease, diabetes or stroke in 1989 were

presented in Table 2. The sample consisted of 4175 males (age

42.3613.1 years) and 4487 females (age 42.8613.2 years). During

the 15-year mortality follow-up, there were 126 deaths due to

cardiovascular disease and 85 deaths due to coronary heart

disease. Framingham predicted risk scores were higher in subjects

who died from cardiovascular disease and coronary heart disease

as compared to survivors. Survivors also had lower waist to hip

ratio and were more physically active as indicated by the

individual questions on vigorous exercise, less vigorous exercise

and engagement in vigorous tasks in the previous 2 weeks. A

higher proportion of survivors were engaged in medium to high

categories as determined from the composite recreational physical

activity variable.

The association between actual cardiovascular disease mortality

and increasing levels of recreational physical activity score were

shown in Figure 1. This graph showed a significant negative

association between the two variables without adjustment for

covariates, indicating lower cardiovascular disease mortality for

those subjects who were engaged in higher recreational physical

activity.

Table 3 summarised the unadjusted odds-ratio and associated

95% confidence intervals for each physical exercise variable in the

baseline survey, and for the composite recreational physical

activity categories. Vigorous exercise and less vigorous exercise

were associated with a lower risk for cardiovascular and coronary

heart disease mortality, without adjustment for covariates. For the

composite variable, there was a significant trend towards lower risk

of cardiovascular disease and coronary heart disease mortality for

the higher categories for recreational physical activity.

The characteristics of the cohort of 8662 subjects were also

presented by the Low, Medium and High recreational physical

Table 1. Scoring and categorisation of composite recreational physical activity variable from subjects’ responses to physical
activity questions.*

Recreational physical
activity category

Engaged in vigorous
exercise*

Engaged in less
vigorous exercise*

Walking for recreation
or exercise*

Recreational physical activity
score

High Yes Yes Yes 7

Yes Yes No 6

Medium Yes No Yes 5

Yes No No 4

Low No Yes Yes 3

No Yes No 2

No No Yes 1

No No No 0

*In the previous 2 weeks.
doi:10.1371/journal.pone.0083435.t001
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activity categories in Table 4. Subjects in high and medium

recreational physical activity categories had lower values on

variables associated with cardiovascular and coronary heart

disease risk, and with the respective Framingham risk score

compared to subjects in the low recreational physical activity

category.

The effects of recreational physical activity on CVD and CHD

mortality was presented as odds-ratio and associated 95%

confidence intervals, with and without adjustment for Framing-

ham risk score (which was computed from age, gender, smoking

status, systolic blood pressure and total cholesterol to high density

lipoprotein cholesterol ratio), and with adjustment for central

obesity (WHR) (Table 5). Without adjustment, subjects in the

medium recreational physical activity category were about half as

likely as subjects in the low exercise category for CVD and CHD

mortality (p,0.05). Subjects in the high recreational physical

activity category were 0.16 (0.06–0.43; p,0.001) and 0.12 (0.03–

0.48; p=0.003) times as likely as subjects in the low recreational

physical activity category for CVD and CHD mortality respec-

tively. The independent effects of high recreational physical

activity on CVD and CHD mortality were significant (p,0.05)

even after adjusting for the Framingham risk score. After adjusting

for both the Framingham risk score and central obesity (WHR),

those in the high recreational physical activity group were 0.35

(0.13–0.98) times less likely compared to the low recreational

physical activity for CVD mortality (p,0.05). In relation to CHD

mortality, the effects of recreational physical activity, high versus

low, was not significant (p=0.066), possibly due to the lack of

statistical power associated with the lower number of subjects with

CHD mortality. The independent effects of high recreational

physical activity therefore generally persisted after adjustment for

covariates associated with higher risk, Framingham risk score

variables and central obesity. This confirms that recreational

physical activity is an independent predictor of cardiovascular and

coronary heart disease mortality.

Discussion

In this population study, a questionnaire identifying recent

recreational physical activity predicted cardiovascular mortality

over fifteen years. The questionnaire was designed to achieve

recall over a limited time span, and the assumption is that this

provides an indication of long-term behaviors. Incidental physical

activity was not included. Fitness is known to benefit cardiovas-

cular outcomes, and has been attributed to its influence on

intermediate factors such as blood pressure, lipids and obesity [10]

but there is little evidence for an independent effect, after

adjustment for covariates.

Our data suggests a gradient of risk protection from the low to

high levels of recreational physical activity. In this study,

recreational physical activity has been shown to be an important

significant independent predictor of cardiovascular mortality after

adjusting for all other intermediate Framingham risk factors and a

measure of central obesity. Although adjustment for covariates

weakens the relationship between recreational physical activity

and subsequent cardiovascular mortality, the predictive ability

remains statistically significant. This process of adjustment for

covariates provides a conservative estimate of the effect of

recreational physical activity and it emphasizes the importance

Table 2. Characteristics of the cohort of 8662 subjects without angina, diabetes and stroke at baseline.

CVD Deaths CHD Deaths Survivors Total Cohort

Count 126 85 8052 8662

Male (%) 69.8 75.3 47.6 48.2

Age (years) 59.869.9 59.669.6 41.5612.6 42.6613.1

Body Mass Index (kg/m2) 26.764.0 26.863.4 25.264.2 25.364.2

Waist to Hip ratio 0.960.1 0.960.1 0.860.1 0.860.1

Current smoker (%) 34.9 40.0 23.9 24.5

Systolic Blood Pressure (mmHg) 142.0622.0 142.2620.9 124.1616.9 125.2617.7

Diastolic Blood Pressure (mmHg) 86.0612.4 85.2611.6 77.9611.0 78.3611.1

Total Cholesterol (mmol/L) 6.061.1 6.161.2 5.561.1 5.561.1

High Density Lipoprotein (mmol/L) 1.260.4 1.260.4 1.360.4 1.360.4

Total Cholesterol to HDL ratio 5.361.8 5.561.9 4.461.5 4.461.5

Framingham Predicted Risk for Cardiovascular
Disease death (%)

15.1611.3 15.8611.3 2.965.0 3.565.9

Framingham Predicted Risk for Coronary Heart
Disease death (%)

10.568.0 11.268.1 1.963.8 2.364.4

Engaged in vigorous exercise in previous 2 weeks (%) 13.5 12.9 33.4 32.2

Engaged in less vigorous exercise in previous 2 weeks (%) 22.2 20.0 31.8 31.0

Walked for recreation or exercise in previous 2 weeks (%) 58.7 62.4 56.1 55.9

Engaged in vigorous tasks in previous 2 weeks (%) 31.0 34.1 40.5 39.9

Recreational physical activity category

Low (%) 86.5 87.1 66.6 67.8

Medium (%) 10.3 10.6 17.3 16.8

High (%) 3.2 2.4 16.1 15.4

doi:10.1371/journal.pone.0083435.t002
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of the protective effect of physical activity on the reduction of risk

of cardiovascular mortality, independent of intermediary factors.

When measures of central obesity were included in the logistic

regression, body mass index (BMI) did not contribute to risk, but

measures of central obesity and specifically the waist to hip ratio

had an independent and highly significant contribution to CVD

and CHD deaths. Elsewhere we have shown that waist circum-

ference (WC) and more importantly waist to hip ratio predict

cardiovascular disease much more effectively than BMI [11] and

can predict total mortality [12]. One other prospective study [13]

showed that obesity and physical activity predict cardiovascular

risk after ten years in a Finnish population sample. Our study is

unique in taking into account the measured risk factors and

showing independence from them.

More extensively studied cohorts using repeated and detailed

measures of exercise confirm a direct graded benefit for increased

physical activity. These include the College Alumni Study [14]

and the Nurses’ Health Study [15]. There is incontrovertible

evidence for a dose response relationship of physical activity in

preventing cardiovascular disease, stroke, and hypertension in a

comprehensive systematic review (47 reports) but interaction with

other factors and possible confounders was not assessed [16]. Thus

in the primary prevention of cardiovascular disease, there is a risk

reduction of 33%, but can be more than 50% if objective measures

of exercise are reported. The level of evidence grade 2A is based

Figure 1. Actual cardiovascular disease mortality by recreational physical activity score.
doi:10.1371/journal.pone.0083435.g001

Table 3. Odds-ratios* and associated 95% confidence intervals for CVD and CHD mortality.

CVD Deaths* CHD Deaths*

Vigorous exercise 0.32 (0.19–0.54) (p,0.001) 0.31 (0.16–0.59) (p,0.001)

Less Vigorous exercise 0.63 (0.42–0.97) (p = 0.034) 0.55 (0.33–0.95) (p = 0.030)

Walked for exercise 1.12 (0.79–1.61) (p = 0.520) 1.31 (0.84–2.04) (p = 0.230)

Vigorous tasks 0.67 (0.46–0.98) (p = 0.040) 0.78 (0.50–1.22) (p = 0.275)

Recreational physical activity category:

Medium vs. Low 0.48 (0.27–0.85) (p = 0.012) 0.49 (0.24–0.98) (p = 0.043)

High vs. Low 0.16 (0.06–0.43) (p,0.001) 0.12 (0.03–0.48) (p = 0.003)

*Unadjusted analyses. Statistically significant (p,0.05) odds-ratio of less than 1 suggests protective effect.
doi:10.1371/journal.pone.0083435.t003
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Table 4. Characteristics of subjects in each of the 3 recreational physical activity categories.

Recreational physical activity categories

Low Medium High

Count 5870 1454 1331

CVD death (%) 1.9 0.9 0.3

CHD death (%) 1.3 0.6 0.2

Male (%) 45.0 54.5 55.4

Age (years) 45.5612.9 37.0611.5 35.9611.1

Body Mass Index (kg/m2) 25.664.5 24.863.6 24.463.4

Waist to Hip ratio 0.8360.10 0.8260.09 0.8160.08

Current smoker (%) 26.0 22.9 19.5

Systolic Blood Pressure (mmHg) 126.7618.6 122.4615.5 121.4614.4

Diastolic Blood Pressure (mmHg) 79.1611.2 76.8610.8 76.1610.7

Total Cholesterol (mmol/L) 5.661.1 5.361.0 5.261.0

High Density Lipoprotein (mmol/L) 1.360.4 1.360.4 1.460.4

Total Cholesterol to HDL ratio 4.561.6 4.261.4 4.161.4

Framingham Predicted Risk for Cardiovascular Disease death (%) 4.366.6 1.963.7 1.663.1

Framingham Predicted Risk for Coronary Heart Disease death (%) 2.964.9 1.162.8 0.962.4

Engaged in vigorous exercise in previous 2 weeks (%) 0.0 100.0 100.0

Engaged in less vigorous exercise in previous 2 weeks (%) 23.0 0.0 100.0

Walked for recreation or exercise in previous 2 weeks (%) 54.0 50.3 70.4

Engaged in vigorous tasks in previous 2 weeks (%) 36.7 42.9 50.4

doi:10.1371/journal.pone.0083435.t004

Table 5. Framingham Risk Score and obesity adjusted odds ratios for CVD and CHD mortality.

Without adjustment
Adjusted for Framingham risk
score

Adjusted for Framingham risk
score and central obesity

CVD Deaths

Framingham risk score 3.39 (0–3.96) 2.94 (2.47–3.50)

(per 10% increase) (p,0.001) (p,0.001)

Waist to Hip ratio 1.50 (1.18–1.90)

(per 0.1 increase) (p = 0.001)

Recreational physical activity categories:

Medium vs. Low 0.48 (0.27–0.85) 0.81 (0.44–1.51) 0.85 (0.45–1.58)

(p = 0.012) (p = 0.513) (p = 0.605)

High vs. Low 0.16 (0.06–0.43) 0.33 (0.12–0.91) 0.35 (0.13–0.98)

(p,0.001) (p = 0.033) (p = 0.046)

CHD Deaths

Framingham risk score 5.03 (3.96–6.39) 3.98 (3.02–5.26)

(per 10% increase) (p,0.001) (p,0.001)

Waist to Hip ratio 1.60 (1.20–2.15)

(per 0.1 increase) (p = 0.002)

Recreational physical activity categories:

Medium vs. Low 0.49 (0.24–0.98) 0.88 (0.43–1.81) 0.94 (0.45–1.92)

(p = 0.043) (p = 0.733) (p = 0.856)

High vs. Low 0.12 (0.03–0.48) 0.24 (0.06–0.99) 0.26 (0.06–1.09)

(p = 0.003) (p = 0.049) (p = 0.066)

Predictive effect is presented as odds-ratio and associated 95% confidence intervals, before and after adjustment for covariates.
doi:10.1371/journal.pone.0083435.t005
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on observational studies with overwhelming data, or randomized

controlled trials with important limitations, and supports recom-

mendations that apply to most individuals in most settings.

Similarly for stroke, the average risk reduction is 31% but this can

be as high as 68% with direct measures of fitness, and for

hypertension the average risk reduction is 32%, but can be as high

as 63% when maximal cardiovascular performance is evaluated.

A recent comprehensive meta-analysis of cohort studies

examining the all-cause mortality in general adult populations

across many categories of physical activity has been reported

recently [17]. Of 80 studies, the median follow-up was 10 years,

with the majority (88%) using a single baseline assessment and half

(54%) used a brief questionnaire. No associated risk factors were

studied but an incremental reduction in death rates was found with

increasing physical activity, and was greater in women than in

men. Risk reduction per unit of time increase was largest for

vigorous exercise. In the CARDIA study, healthy life style, that

includes moderate to vigorous physical activity, in young adults

translated to a low cardiovascular disease risk profile in middle

age, after 20 years [18].

The promotion of increased physical activity is clearly a

powerful vehicle for prevention of cardiovascular disease and

premature mortality. Every adult without major disease should

benefit from increased physical activity, with the greatest health

benefits associated with high levels of exertion. Our study confirms

the independent role of recreational physical activity in predicting

and reducing cardiovascular deaths, even after the common

association with conventional risk factors and obesity has been

accounted for. These findings support public health endeavor to

promote exercise over and above the treatment of conventional

risk factors.

Our study has limitations in that there is only one set of baseline

measurements although some important measures were assessed

twice, to assess measurement error. Our questionnaire on physical

activity is not as useful as an objective measure, especially when

comparing medium to low levels of physical activity. The end

points of the study, deaths due to coronary heart disease and

cardiovascular disease, have been established from death certifi-

cates and no incidence data is available. The assessment of

recreational physical activity recall was over a limited time span,

and we made the assumption that this provides an indication of

long-term lifestyle behaviors. Another important limitation of this

study is that the effect of physical activity cannot be assessed in

combination or interaction with other risk factors, due to

insufficient sample size related to cardiovascular disease outcomes

for each combination of factors.

Conclusions

This study supports the concept of a public health focus on

increased recreational physical activity and preventing obesity

which will have major benefits in reducing the risk of cardiovas-

cular disease and coronary heart disease. This will translate to a

reduction in the substantial cost burden of multiple drug therapy

in the treatment of hypertension and dyslipidaemia. Such a public

health focus could shift preventive policies from drug based

interventions to that of behavioral, social and environmental

programs.
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