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ABSTRACT

Background: In asymptomatic populations, physical-activity isinversely associated with the
risk of cardiovascular death, but it is not known if physical activity compensates for adverse
effects of multiple cardiovascular risk factors.

The aim of this study wasto assessif the positive association of a clustering of cardiovascular
risk factors (CRF) with CVD mortality could be weakened by exercise training.

M ethods: We followed 53542 individuals who were free from known cardiovascular disease,
among which 3751 had CRF, from baseline between 1984 and 1986 until the date of death
from any cause, or until the end of follow-up December, 31% 2004. We used the Cox
proportional hazards model to estimate hazard ratios (HR) of cardiovascular death.

Results: The HR of death from CVD among people with CRF was 1.38 (95% Cl, 1.28-1.48)
compared to those without CRF. The association was stronger among women than in men. In
people with CRF, cardiovascular mortality was inversely related to physical activity: risk was
24% lower (HR, 0.76, 95% ClI, 0.61-0.95) in the physically active compared to the inactive
group. Compared to inactive people without CRF, people with CRF who reported no activity
had 41% higher risk of cardiovascular death (HR, 1.41, 95% ClI, 1.16-1.70).

Conclusion: These data show that individuals with CRF are at greater risk of premature
cardiovascular death compared to people without CRF, and that the risk of people with CRF
who were physically active appears to be comparable to that of inactive individuals without

CRF.



INTRODUCTION
Combining several factors associated with cardiovascular disease (CVD) gives a more
powerful predictor of premature CVD death than assessing separate effects of each factor [1].
This approach is particularly useful, since clustering of cardiovascular risk factors (CRF),
including high blood pressure, high cholesterol, low cardiorespiratory fithess, impaired
endothelial function, obesity and a high level of blood glucose, is prevalent in at least 25% of
the US adult population [1, 2].

Physical activity has been inversely associated with incidence and mortality from
CVD in severa studies [3-7]. Whereas some studies suggest that a moderate amount of
exercise is sufficient to reduce the risk of CVD [3, 5, 7], others have found a gradually
decreased risk with increased training volume [6]. Previous studies have also suggested that
physical activity may, at least in part, counteract the adverse effects of obesity and high blood
pressure on CVD risk and mortality [8]. However, it is not known if physical activity also
compensates for the adverse effect of multiple cardiovascular risk factors. One study reported
that men with CRF had atwo-fold higher risk of death from CVD compared with healthy men
[9], but that in men with CRF who exercised regularly, there was no increase in risk.

Thus, the aim of this prospective study was to determine whether the positive
association of a clustering of cardiovascular risk factors with CVD mortality could be weaker

among people who engage in exercise training.



MATERIAL AND METHODS
Study population
In Nord Trgndelag County in Norway, the total adult population aged 20 years and older was
invited to participate in the Nord Trgndelag Health Study (HUNT) in 1984-1986. Of 85 100
individuals who were €eligible to participate, 74 994 (88.1%) accepted the invitation. They filled
in the questionnaire that was included with the invitation, and attended a clinical examination.
At the clinical examination, the participants received a second questionnaire that was to befilled
in and returned from home in a pre-stamped envelope. The study has been described in detail
elsewhere [10]. Briefly, information was collected on a range of health and lifestyle-related
topics, such as physical activity, diabetes, smoking status, alcohol consumption, educational
attainment, and marital status. The clinical examination included standardized measurements of
blood pressure, body height, and body weight. Among participants aged 40 year or older, blood
glucose was measured non-fasting from capillary whole blood (Reflochech Glucose test strips
and reflectance photometer, Boehringer Mannheim GmbH, Mannheim, Germany) [11].
The study was approved by the regional ethical committee in Trondheim, Norway.

In this study, we excluded 14 432 participants due to incomplete information on physical
activity, and 2909 participants with incomplete data from the clinical examination. We also
excluded 4114 subjects with known CVD at baseline, leaving 53 542 participants available for

analysis.

Clustering of cardiovascular risk factors

The data collection in the present study was performed 2-4 years before the condition of
metabolic syndrome was described, and we therefore used a modified definition that we termed
“Clustering of cardiovascular risk factors’ (CRF) to make sure that most individuals with the

metabolic syndrome became included in the analysis. CRF was defined as a combination of the



most used criteria for the metabolic syndrome [12-14]; a non-fasting glucose >6.0 mmol/L [15],
systolic blood pressure >130mmHg and/or diastolic blood pressure >85mmHg [13], and BMI

>25 kg/m?.

Physical activity

At baseline, the participants were asked to complete a questionnaire that included frequency,
duration, and intensity of recreational physical activity in a week (that is, walking, skiing,
swimming, or other sports). The frequency question allowed five response options (0, <1, 1,
2-3, and >4 times; coded 1-5), and participants who reported exercising at least once a week
were also asked about the average duration (<15, 15-30, 31-60, and >60 minutes; coded 1-4)
and intensity (light, moderate, and vigorous; coded 1-3) of the activity. Among people who
exercised once a week or more, we constructed a summary score of frequency, duration, and
intensity. The score summarized each participant’s responses to give equal weight to each
measure according to the following equation: 1/5 x Frequency + 1/4 x Duration +1/3 x
Intensity. This approach gave a maximum score of 1.0 for each of the three components of the
summary score. The median score value was 2.02 for men and 1.83 for women (range, 1.18-
3.00). A summary score below the median was classified as low activity, whereas a score at

the median or above was classified as high activity.

Endpoints and follow-up

The mandatory reporting of deaths by physicians and public health officers to the national
Cause of Death Registry in Norway constitutes the basis for the coding of the underlying
cause of death. Mortality follow-up to the Cause of Death Registry is virtually complete [16],
and the primary endpoint in this study was death caused by cardiovascular disease

[International Classification of Disease (ICD) 9: 390-459; ICD 10: |1 00— 99] with specific



emphasis given to deaths from ischemic heart disease (ICD 9: 410-414; ICD 10: | 20 25)
and stroke (ICD 9: 430-438; ICD 10: | 60— 69). Each participant contributed person years
from the date of the clinical examination, until the date of death from any cause, or until the
end of follow-up December 31% 2004, whichever came first. Attendance was voluntary and
each participant signed a written consent. The mortality follow-up of the HUNT cohort was
approved by the regional committee for ethics in medial research, and by the Norwegian Data

Inspectorate.

Statistical analyses

We used the Cox proportional hazards model to estimate hazard ratios (HR) of death from
cardiovascular causes (ischemic heart disease and stroke) among people with CRF compared to
people without CRF. Among participants with CRF we also estimated hazard ratios for different
categories of physical activity compared to the group with no activity. In a separate analysis, we
assessed the combined effect of CRF and physical activity on cardiovascular death. Precision of
the estimates was assessed by 95% confidence intervals (Cl). Our basic models were adjusted
for age (using attained age as the time variable) and sex, and in additiona multivariable
analyses we adjusted for smoking status (never, former, current, and unknown), marital status
(married, unmarried, widowed, divorced/separated), and education (< 10, 10-12, > 13 years, and
unknown). We also assessed the modifying effect of age and sex using a likelihood ratio test.
All statistical tests were two-sided, and all statistical analyses were performed using Stata for

Windows (Version 10.0 StataCorp LP, 1985-2007).



RESULTS

Baseline characteristics of the study population are presented in Table 1. At baseline (1984-86),
3751 (8%) individuals had a clustering of risk factors (CRF) for cardiovascular disease. During
18 years of follow-up (more than 945 000 person years), a total of 4958 participants (4109
without CRF [8.3%] and 849 with CRF [22.6%]) had died from cardiovascular disease. Of

these, 2971 deaths were caused by ischemic heart disease and 1678 by stroke.



TABLE 1. Characteristics of study population

Variable Without CRF With CRF
No. of participants 49791 3751
Male/Female 23800/25991 2205/1546
No. of Person-years 891426.17 54324.42
No. of deaths caused by CVD 4109 849

No. of deaths caused by IHD 2424 547

No. of deaths caused by stroke 1388 290

No. of Deaths caused by other cardiovascular 297 12
causes/unspecified

Age at study entry (years), 47.0 (17.1) 63.6 (11.4)
Age at overall death (years), 779 (12.1) 80.0 (9.3)
Age at death from CVD (years), 79.7 (10.4) 79.9 (9.1)
Age at death from IHD (years), 77.6 (10.6) 78.7 (9.2)
Age at death from stroke (years), 815 (9.4) 82.3(7.9)

Follow up period, median (range)
Systolic blood pressure (mmHg)
Diagtolic blood pressure (mmHg)

Blood pressure medication (% current)
Weight (kg) (SD)

Body mass index (kg/m?), mean (SD)
Non-fasting blood glucose (=6mmol/L)
Diabetes (%)

Maritial status (% married)

Educationd level (% college/university)

Smoking status (% current)

19.7 (0.0-20.9)
134.4(22.1)
83.2 (11.6)
6.9

715 (12.6)
24.8 (3.8)
3372

0.9

68.9

451

338

17.5 (0.0-20.9)
155.3 (22.4)
909 (11.1)
223

81.8 (11.3)
29.0 (35)
3751

18

714

19.3

20.8

Data are presented as mean (SD). CRF; cardiovascular risk factors, CVD; cardiovascular disease,

IHD; Ischemic heart disease



CRF and cardiovascular mortality

Compared to people without CRF, people with CRF had 38 percent higher mortality rate from
CVD (hazard ratio (HR), 1.38, 95% ClI, 1.28-1.48). Interaction tests showed that this association
was dependent on age (p-values of interaction, <0.001 for CVD and IHD, <0.03 for stroke); and
therefore, the age-specific associations of CRF with CVD mortality are given in Table 2.
Among people with CRF who were younger than 60 years at baseline, the risk of dying from
CVD was 55 percent (HR 1.55, 95% ClI, 1.28-2.21) higher compared to people without CRF. In
older age groups this association was weaker; among people 60-79 years, the analogous HR was
1.36 (95% ClI, 1.25-1.48), and for people 80 years and older, the HR was 1.26 (95% CI 0.98-

1.56).

The association of CRF with cardiovascular death also differed by sex (p-values for interaction,
<0.001 for CVD and IHD, and <0.02 for stroke). Thus, in age groups younger than 60 years, the
HR of death from CVD associated with CRF was 1.35 (95%, 1.08-1.69) among men and 2.66
(95% Cl, 1.83-3.87) in women. The associations showed similar strengths for IHD and stroke,
but the consistently stronger associations in women diminished with increasing age (data not

shown).



Table 2. Mortality from cardiovascular disease (CVD), ischemic heart disease (IHD) and stroke associated with clustering of cardiovascular risk

factors’, stratified by age

CVvD IHD Stroke
No.of No. of No. of No. of
Variable personyears deaths HR® HR®(95% Cl) deaths HR® HRC(95% Cl) deaths HR® HR®(95% Cl)
Age <60 years
Metabolic clustering
No 709 736 786 1.00 1.00 (Reference) 510 1.00 1.00 (Reference) 163 1.00 1.00 (Reference)
Yes 24730 124 1.82 1.55(1.28-2.21) 81 190 1.56(1.23-1.98) 25 179 1.74(1.13-2.67)
Age 60-79 years
Metabolic clustering
No 185 190 3057 1.00 1.00 (Reference) 1712 1.00 1.00 (Reference) 1073 1.00 1.00 (Reference)
Yes 28777 661 1.38 1.36(1.25-1.48) 415 155 1.49(1.34-1.66) 219 130 1.29(1.12-1.50)
Age >80 years
Metabolic clustering
No 10788 399 1.00 1.00 (Reference) 267 1.00 1.00 (Reference) 213 1.00 1.00 (Reference)
Yes 2 009 88 126 1.24(0.98-1.56) 68 141 1.38(1.05-1.80) 56 147 1.40(1.04-1.89)

®Clustering defined as systolic blood pressure >130 mmHg, diastolic blood pressure >85 mmHg, non-fasting blood glucose >6, and body mass

index >25 kg/m?
®Adjusted for age

‘Adjusted for age, sex, smoking status (never, former, current, unknown), marital status (married, unmarried, widow(er), divorced/separated,

unknown), education (<9, 10-12, >13 years)
Cl = confidence interval, HR = hazard ratio
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Physical activity and cardiovascular mortality

In people with CRF (Table 3), there was a reduction in the risk of cardiovascular death with
increased training volumes (p-trend, 0.002 for CVD, 0.06 for IHD, and 0.006 for stroke), and
the associations did not substantially differ by sex. In the most physically active people with
CREF, the reduction was 24 percent (HR, 0.76, 95% CI, 0.61-0.95) compared to the inactive
group with CRF. The specific results for IHD and stroke were similar to those for CVD.

11



Table 3. Mortality from cardiovascular disease (CVD), ischemic heart disease (IHD) and stroke among people with clustering® of cardiovascular
risk factors, associations with leisure-time physical activity

CVvD IHD Stroke
No.of No. of No. of No. of
Physical activity personyears deaths HR® HR®(95% Cl) deaths HR® HRC(95% Cl) deaths HR® HR®(95% Cl)
Summary score’
No activity 9906 210 1.00 1.00 (Reference) 136 1.00 1.00 (Reference) 20 1.00 1.00 (Reference)
Low 14 418 212 1.15 1.09 (0.89-1.32) 125 0.98 0.93(0.72-1.19) 63 0.88 0.91 (0.65-1.27)
Medium 18 199 288 0.89 0.86(0.71-1.02) 195 0.92 0.88(0.71-1.10) 81 0.61 0.61 (0.45-0.83)
High 11008 130 0.80 0.76 (0.61-0.95) 88 0.79 0.77 (0.59-1.02) 47 0.72 0.73(0.51-1.05)
P-trend 0.002 0.06 0.006

®Clustering defined as systolic blood pressure >130 mmHg, diastolic blood pressure >85 mmHg, non-fasting blood glucose >6, and body mass

index >25 kg/m?
®Adjusted for age

‘Adjusted for age, sex, smoking status (never, former, current, unknown), marital status (married, unmarried, widow(er), divorced/separated,
unknown), education (<9, 10-12, >13 years)

Summary score of recreational physical activity combining information on frequency, duration, and intensity

Cl = confidence interval, HR = hazard ratio

12



Combined effect of physical activity and CRF on cardiovascular mortality

In a separate analysis, we assessed the combined effect of physical activity and CRF with IHD
mortality (Table 4). Compared to people in the reference group of no physical activity and no
CREF, the combination of no activity and CRF yielded a HR of 1.41 (95% ClI, 1.16-1.70), in
contrast to the combination of high physical activity without CRF that yielded a HR of 0.81
(95% Cl, 0.72-0.92). In comparison, the HR associated with the combination of high physical
activity and CRF was 1.03 (95% ClI, 0.82-1.29).

The results related to stroke mortality were fairly similar to those for ischemic heart
disease (Table 5). Compared to people in the reference group of no physical activity and no
CREF, the combination of no activity and CRF yielded a HR of 1.46 (95% ClI, 1.16-1.85), in
contrast to the combination of high physical activity without CRF that yielded a HR of 0.71
(95% ClI, 0.60-0.84). In comparison, the HR associated with the combination of high physical

activity and CRF was 1.05 (95% ClI, 0.77-1.43).
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Table 4. Combined effect of clustering of cardiovascular risk factors® and physical activity on

mortality from ischemic heart disease

Clustering of cardiovascular risk factors

Variable No Yes
No activity

No. of deaths 532 136

No. person years 103 201 9906

Adjusted” hazard ratio (95% Cl) 1.00 (Reference) 1.41 (1.16-1.70)
Less than once per week

No. of deaths 500 125

No. person years 257 753 14 418

Adjusted” hazard ratio (95% ClI) 0.81 (0.72-0.92) 1.28 (1.05-1.56)
Low summary score® (<median)

No. of deaths 850 195

No. person years 257 523 18199

Adjusted” hazard ratio (95% ClI) 0.80 (0.72-0.89) 1.20 (1.02-1.42)
High summary score® (>median)

No. of deaths 499 88

No. person years 263 930 11 008

Adjusted” hazard ratio (95% Cl)

0.70 (0.61-0.79)

1.03 (0.82-1.29)

®Clustering defined as systolic blood pressure >130 mmHg, diastolic blood pressure >85

mmHg, non-fasting blood glucose >6, and body mass index >25 kg/m?

bAdjusted for age, sex, smoking status (never, former, current, unknown), marital status
(married, unmarried, widow(er), divorced/separated, unknown), education (<9, 10-12, >13

years)

‘Summary score of recreational physical activity combining information on frequency,

duration, and intensity
Cl = confidence interval
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Table 5. Combined effect of clustering of cardiovascular risk factors® and physical activity on

mortality from stroke

Clustering of cardiovascular risk factors

Variable No Yes
No activity

No. of deaths 316 90

No. person years 103201 9906

Adjusted” hazard ratio (95% Cl) 1.00 (Reference) 1.46 (1.16-1.85)
Less than once per week

No. of deaths 287 63

No. person years 257 753 14 418

Adjusted” hazard ratio (95% ClI) 0.96 (0.82-1.13) 1.30(0.99-1.71)
Low summary score® (<median)

No. of deaths 471 81

No. person years 257 523 18199

Adjusted” hazard ratio (95% ClI) 0.80 (0.69-0.92) 0.88 (0.69-1.12)
High summary score® (>median)

No. of deaths 274 47

No. person years 263 930 11 008

Adjusted” hazard ratio (95% Cl)

0.71 (0.60-0.84)

1.05 (0.77-1.43)

®Clustering defined as systolic blood pressure >130 mmHg, diastolic blood pressure >85

mmHg, non-fasting blood glucose >6, and body mass index >25 kg/m’

bAdjusted for age, sex, smoking status (never, former, current, unknown), marital status
(married, unmarried, widow(er), divorced/separated, unknown), education (<9, 10-12, >13

years)

‘Summary score of recreational physical activity combining information on frequency,

duration, and intensity
Cl = confidence interval

15



DISCUSS ON

In this large population study we found a positive association of a clustering of cardiovascular
risk factors (CRF) with the risk of premature cardiovascular death. However, people with CRF
who engaged in physical exercise, were at lower risk compared to the inactive group, and their
risk was reduced with increasing amount of exercise. In people without CRF, there was also a
reduction in risk with increasing level of physical activity.

The higher relative risk of premature cardiovascular mortality associated with CRF isin
line with results of previous studies [17, 18]. In addition, we found that the association of CRF
with cardiovascular mortality became weaker with increasing age. Whereas there was a strong
positive association with CRF in age groups younger than 60 years at baseline, both in men and
women, the strength of the association declined with age. The reason for this is not fully
understood, but one possibility could be selective survival, and that people with low tolerance
for CRF tend to die before reaching old age. Another possibility could be effects related to
different birth cohorts, i.e. different conditions or lifestyles associated with the time of growing
up [19]. Interestingly, Vatten et al [20] found a similar age-dependent tendency related to
obesity and cardiovascular mortality, with a strong positive association before the age of 60,
followed by a decline of the association with age. Possibly, genomic data combined with
observational data from epidemiological studies could help us better understand the weakening
of the association with increasing age.

Even though clustering of cardiovascular risk factors is more prevalent in men than in
women [21], the association of CRF with mortality was substantially stronger in women.
Although data on CRF and mortality from CVD in unselected populations are sparse, severd
studies have reported greater risk among women than in men with diabetes [22, 23]. This has
been interpreted as a sex-specific of diabetes, inducing a more unfavourable cardiovascular risk

profile among women, including higher blood pressure, obesity and dyslipidemia[22]. Another

16



possibility could be that physicians management of diabetes and coronary heart disease in

women is less aggressive than in men, despite greater cardiac disability in women [24].

The importance of physical activity status in predicting long term mortality has mainly been
reported in studies of asymptomatic populations such as those of the Framingham study [25],
the Aerabic centre longitudinal study [9], the Lipid research clinical trials [26], the HUNT-
study in Norway [7], and in the Harvard alumni study [27]. Our population was unique in
allowing us to assess subjects both with and without CRF. In individuals with CRF physical
inactivity was associated with higher risk of cardiovascular death and, specificaly, with
deaths from ischemic heart disease and stroke, compared to inactive persons without CRF.
The association displayed a gradual pattern, with increased protection with increased level of
physical activity. However, the main difference in cardiovascular mortality among those with
CRF was between those who reported a moderate to high level of activity and those reporting
very low or no activity. We used the previously described activity index [20, 28] to categorize
level of activity. A high level of physical activity in these data was indicated by a frequency
of more than once per week, usual duration of more than 30 minutes, and moderate to
vigorous degree of intensity. We also assessed the effect of physical activity related to deaths
from ischemic heart disease and stroke among people with and without CRF. In people with
CRF with a high summary score for physical activity the risk of dying from ischemic heart
disease was comparable to the risk of healthy inactive individuals without CRF. These

observations are in line with previous studies [4, 29].

The literature is not clear on whether physical activity is associated with reduced risk of stroke,

and especially if physical activity could weaken the risk of stroke among people with CRF. One

meta-analysis showed that moderate to high level of physical activity was associated with

17



reduced risk for both ischemic and haemorrhagic stroke, compared to low level of activity [30].
Our results show that among people with CRF, all levels of activity were associated with
reduced risk of dying from stroke, and that the level of risk was similar to that of healthy
inactive individuals without CRF. These results are in line with previous studies of obese
individuals [20] and healthy subjects [7]. Stroke is the third leading cause of death and long-
term disability in western countries, and more than half a million US adults suffer from stroke
each year [31], in which 25% are fata [32]. Effective treatment is limited and survivors require
lengthy rehabilitation and care. Primary prevention is therefore imperative to reduce the burden
of stroke and the current study suggests that physical activity protects against premature death

dueto strokein individuals with CRF.

Among people without CRF our results confirm those of previous studies in showing that
physical fitnessis a strong predictor for good cardiovascular health, and that even alow level of
physical activity is protective against cardiovascular mortality, although there was a tendency

that higher training volumes were related to even greater cardiac protection [20, 33].

There exist no consensus of what is the best regimen of physical activity to achieve optimal
protection against premature cardiovascular disease and death in risk populations. However,
although recent studies demonstrates that moderate intensity exercise 2-3 times a week gives
favourable effects in reversing and protecting against cardiovascular risk factors, aerobic
interval exerciseat higher intensities (but isocaloric programs) gave substantial larger effects

[34, 35]. Limitations to these studies are small sample size and ther results needs to be

confirmed in large sample clinical trails.
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LIMITATIONSAND STRENGTH OF THE STUDY

Physical activity and other predictors of mortality were assessed before follow-up, but
assessment took place only once, and updated information throughout the follow-up period
would have been valuable. Individual changes in physical activity and other predictors of
disease could thus not be taken into account in the analysis. However, our data indicate that self
reported physical activity at the beginning of a study is associated with sufficient continued
activity to reduce risk against cardiovascular mortality. Furthermore, we cannot exclude the
possibility that the reported physical activity may be a marker of other health-related behaviours
that were not measured, and therefore could not be adjusted for in the statistical analysis.
Whether self-reported level of physical activity is valid and reproducible is always a concern,
but a recent validation study showed that the questionnaire used in the present study was
reproducible and provided a good reflection of leisure time physical activity for men [36]. This
study also found a significant correlation between self-reported physical activity and V Ogzmax
[36]. There exists severa definitions of the metabolic syndrome, and the most commonly used
are the definitions of the World Health Organization [14], National Cholesterol Education
Program [12] and the one from the International Diabetes Federation [13]. These definitions
summarize metabolic clustering, and although the definitions diverge in some components, they
are still quite similar. It is a weakness of the combined definition of CRF used in this study that
it has not been formally validated. On the other hand, it is a strength that by using this definition

most people with the metabolic syndrome will be included in the CRF group.

CONCLUSION
This study shows that individuals with CRF are at greater risk of premature cardiovascular
death compared to people without CRF. It also shows that the level of physical activity may be

of importance to achieve exercise-induced protection against premature cardiovascular mortality
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in individuals with CRF. Thus, the risk of people with CRF who achieved the highest activity

score appear to be comparable to that of inactive individuals without CRF.

"WHAT THISPAPER ADDS"

What isalready known on this subject?

The importance of physical activity status in predicting long term mortality has mainly been
reported in studies of asymptomatic populations such as those of the Framingham study and
the Aerobic centre longitudinal study. Our population was unique in allowing us to assess
subjects both with and without CRF-.

What does this study add?

Our large and prospective study show that individuals with CRF are at greater risk of
premature cardiovascular death compared to people without CRF, and that the risk of people
with CRF who were physically active appears to be comparable to that of inactive individuals
without CRF.

20
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