CLINICAL RESEARCH STUDY

THE AMERICAN

JOURNAL of
MEDICINE o

@ CrossMark

Protective Effect of Regular Physical Activity
on Depression After Myocardial Infarction:
The HUNT Study

Linda Ernstsen, RN, PhD,*” Vegar Rangul, PhD,“" Javaid Nauman, PhD," Bjarne M. Nes, PhD,” Havard Dalen, MD, PhD,*f
Steinar Krokstad, MD, PhD,*¢ Carl J. Lavie, MD, PhD," Steven N. Blair, PED," Ulrik Wislgff, PhD"

“Department of Nursing Science, Faculty of Health and Social Science, Sor-Trondelag University College, Trondheim, Norway; ’K.G.
Jebsen Center of Exercise in Medicine, Department Circulation and Medical Imaging, Faculty of Medicine, Norwegian University of Science
and Technology, Trondheim, Norway; “Faculty of Health Science, Nord-Trgndelag University College, Levanger, Norway; “HUNT Research
Centre, Department of Public Health and General Practice, Faculty of Medicine and °MI Lab & Department of Circulation & Medical
Imaging, Norwegian University of Science and Technology, Trondheim, Norway; 'Levanger Hospital and Psychiatric Department,
Levanger Hospital, Health Trust Nord-Trgndelag, Levanger, Norway; "Department of Cardiovascular Diseases, John Ochsner Heart and
Vascular Institute, Ochsner Clinical School—The University of Queensland School of Medicine, New Orleans, La; 'Department of Exercise
Science, University of South Carolina, Columbia, SC.

ABSTRACT

PURPOSE: To study if physical activity within the recommended level over time was associated with risk of
developing depression after the first myocardial infarction in older adults.

METHODS: Men (n = 143) and women (n = 46) who had reached the age of 60 years in 2006-2008 who
participated in the Nord-Trgndelag Health Study (HUNTI1, 1984-1986; HUNT2, 1995-1997; HUNT3,
2006-2008) without any mental illness or cardiovascular disease at baseline in HUNT2 and who experi-
enced their first myocardial infarction before HUNT3 were included. Based on the patterns of physical
activity from HUNT1 to HUNT?2, the sample was divided into 4 groups: persistently inactive, from active to
inactive, from inactive to active, and persistently active. The primary outcome, post-myocardial infarction
depression symptoms, was measured with the Hospital, Anxiety and Depression Scale in HUNT3.
RESULTS: In HUNTS3, 11% of participants had depression. After multivariable adjustment, those who were
persistently active had significantly lower odds of being depressed (odds ratio 0.28; 95% confidence interval,
0.08-0.98) compared with those who were persistently inactive. Additionally, a significant test for trend (P = .033)
of lowering odds of depression was observed across all 4 categories of physical activity patterns at baseline.
CONCLUSIONS: In this small sample of initially healthy adults, we observed a long-term protective effect of
regular physical activity on the development of depression following myocardial infarction.
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Physical inactivity is the fourth leading cause of death
worldwide," and several epidemiological studies support
a reciprocal relationship between physical activity and

. -5
depression.”” Results from a meta-analyses and sys-
tematic review on physical exercise intervention in
depressive disorders suggest that physical exercise as
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treatment for depression has a moderate to large
effect.”*

Depression is an independent risk factor for incident car-
diovascular disease,” and patients with established cardiovas-
cular disease including heart failure and, particularly, coronary
heart disease, who are moderately or severely depressed have
markedly higher risk of dying
compared with those who are not
depressed.g’12 So far, no medical
treatment of depression in patients
with cardiovascular disease has
improved cardiac outcomes, 13 other
than, possibly, formal exercise
training programs.'”'*'”  Recent
results suggest that almost 4 million
coronary heart disease disability-
adjusted life years can be attributed
to major depression in 2010: 3.5
million years of life lost and

depression.

CLINICAL SIGNIFICANCE

¢ Regular physical activity (PA) is associ-
ated with lower risk of post-myocardial
infarction (MI) depression.

e MI patients with long-standing low PA
require close attention to prevent

e MI patients with low PA may particularly
benefit from exercise training programs.

when participating in HUNT3, and they had been hospi-
talized with their first myocardial infarction after baseline in
HUNT?2. Change in physical activity level from HUNT1 to
HUNT2 was the independent variable at baseline in
HUNT?2. Depressive symptoms measured 10 years later in
HUNTS3 were the independent variable. Of the 529 partici-
pants experiencing their initial
myocardial infarction after base-
line and who had participated in
all 3 surveys (1984-2008), we
excluded individuals with missing
information on physical activity
level in HUNT1 (n = 78) and
HUNT2 (n = 56), with prevalent
depression and anxiety (n = 83), a
history of stroke (n = 5) and
cancer (n = 6), or missing data on
any of the confounders (n = 80) at
baseline in HUNT2. We also

250,000 years of life lived with a

disability.'® In the face of shifting

demographics with an ageing population, cardiovascular dis-
ease and mental health both hold enormous public health
importance. The benefits of physical activity in cardiovascular
disease prevention in healthy populations are well estab-
lished,'”'® and recent results suggest that patients who are
regularly active after myocardial infarction have half the risk of
dying compared with inactive patients.'” Additionally, studies
of cardiac rehabilitation and exercise training following major
coronary heart disease events have reported marked benefits of
this therapy to reduce psychological stress, including depres-
sion,‘“o and depression-related and stress-related increased
monality.4.l(),]4,15‘2()

Altogether, the present literature suggests that there
might be a causal relationship between physical activity and
depression, both in healthy individuals and in patients with
cardiovascular disease.*'*?° However, we have not been
able to find any prospective studies that have assessed the
association of long-term exposure of physical activity in
apparently healthy individuals before incident myocardial
infarction and the risk of developing post-myocardial
infarction depression. The aim of the current study is
therefore to explore whether different behavioral patterns of
leisure-time physical activity level in adulthood are associ-
ated with the presence of depressive symptoms following
first-time myocardial infarction.

METHODS

Study Population

The Nord-Trgndelag Health Study (HUNT) is a Norwegian
population-based general health study conducted in 1984-
1986 (HUNT1),”' 1995-1997 (HUNT2),”> and 2006-2008
(HUNT3).”* Data were collected from questionnaires, blood
samples, and clinical measurements. All participants
included in the present study had reached the age of 60 years

excluded those with missing data

on depressive symptoms at
HUNT3 (n = 32). The final analysis included 189 in-
dividuals (ages 48-85 years; 24% women and 76% men).

Baseline Data

Disease history/health status at baseline (HUNT2) was
measured by asking for diabetes, any limiting long-standing
illness, regular use of any medication the last year, any use
of sedatives the last month, and measuring hypertension,
hyperlipidemia (defined as total serum cholesterol >5.0
mmol/L), and body mass index (weight [kg]/height [mz]).
Information about diabetes mellitus was collected with the
question: “Do you have or have you had diabetes?” (yes/
no). Any limiting long-standing illness was monitored by
asking “Do you suffer from any long-standing somatic or
psychiatric illness, disease, or disability?” (yes/no). Health
behavior was measured by smoking (current smoker, former
smoker, and never smoker) and alcohol consumption over a
2-week period (abstainers, O drinks, 1 <5 drinks, and >6
drinks). The diagnosis of hypertension was defined as sys-
tolic blood pressure >140 mm Hg or diastolic blood pres-
sure >90 mm Hg, or as self-report of current use of
antihypertensive medication. Socioeconomic status was
measured as educational level.

Physical Activity Level

On the basis of the international guidelines recommending
that adults participate in daily physical activity,”* both ques-
tionnaires were dichotomized into “active” or “inactive”
depending on whether physical activity level was >150 min/
week or <150 min/week, respectively (see Appendix, avail-
able online). Physical activity was assessed by different
questions in HUNT1 and HUNT2. The summary indices used
to compute the cut-off values for meeting the recommended
level of physical activity level are based on the work of Kurtze
et al”>*° on the validation of self-reported physical activity in
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HUNT1 and HUNT2. Those who were active at both time
points were “persistently active,” those who decreased from
active and became inactive were “decreasing.” Those who
moved from being inactive to active were classified as
“increasing,” and those who were inactive at both time points
were “persistently inactive.”

Depressive Symptoms

Symptoms of anxiety and depression were assessed using the
Hospital Anxiety and Depression Scale (HADS).”’ The psy-
chometric properties of the Norwegian translation of HADS
were found to be excellent in the Nord-Trgndelag Health
Study.”® The scale consists of 7 items that cover anxiety
symptoms (HADS-A) and 7 items covering depressive
symptoms (HADS-D) on a 4-point Likert scale. No somatic
items are included. An optimal balance between sensitivity and
specificity seems to be achieved when a case is defined by a
score of 8 or more on both HADS-A and HADS-D.?’ Those
who filled in 5 or 6 items were also included in the study, and
their scores were based on the sum of completed items multi-
plied by 7/5 or 7/6, respectively. Of note, for simplicity, we use
the term depression to present the respective symptoms and not
clinical diagnoses of mental health.

Data Analyses

Differences in baseline data among the 4 groups of change
in physical activity level from HUNT1 (1984-1986) to
HUNT?2 (1995-1997) were assessed by one-way analysis of
variance for continuous variables. Pearson chi-squared sta-
tistic was used for categorical variables, and Fischer’s exact
test was used in cases were expected values of categorical
variables were <5. For continuous variables where Shapiro-
Wilk test and Q—Q-plots indicated that the normal
distribution was violated, we used the nonparametric
Kruskal—Wallis one-way analysis of variance. Further, to
assess any trend in the response variable by pattern on
physical activity level, we used the nonparametric
Jonckheere-Terpstra test. Due to the small sample size, we
restricted our multivariable adjustments to 4 confounders
that are related to both physical activity level and depressive
symptoms: age, sex, systolic blood pressure, and any
limiting long-standing illness. Logistic regression models
computed the odds of elevated depression post myocardial
infarction (HADS-D >8), with odds ratios (ORs) and 95%
confidence intervals (CIs) in 4 different models.

Tests of linear trend were conducted by entering the 4-
category physical activity pattern variable as the indepen-
dent variable into the regression model as an ordinal term.
To assess if sex and age modified the association, we
computed 2 interaction terms (physical activity pattern*sex,
and physical activity pattern*age), which were analyzed
separately in a fully adjusted model. We assessed analyses
with multiple imputation of missing data, however, as the
results did not support a better model fit, we report the re-
sults from the sample with complete cases. Data were

analyzed using the Statistical Package for the Social Sci-
ences, version 20 for Windows (SPSS Inc, Chicago, IL), and
all tests were 2-sided.

RESULTS

Baseline descriptive data are presented in Table 1. Of the
189 participants included, 46 (24%) were women. In
general, the majority of covariates did not differ
significantly between the categories of physical activity
pattern, except for smoking (P = .049), with most
smokers among those being persistently inactive (41.3%).
The Kruskal-Wallis H test showed that there was a statis-
tically significant difference between at least 2 of the groups
in systolic blood pressure, ')(2 (3) =7.92, P = .048, and time
since myocardial infarction, X2 (3) = 8.98, P = .030. The
Jonckheere-Terpstra test for systolic blood pressure was
significant (P = .035), and Kendall’s Tau_b indicated that
there was a decreasing trend in systolic blood pressure by
increasing level of pattern of physical inactivity.

When the outcome post-myocardial infarction depression
was measured in HUNT3, the mean years since first
myocardial infarction for the total sample was 5.3 (SD =
3.2). The prevalence of high depressive symptoms (HADS-
D >8) in HUNT3 was 7.5% (n = 5) among those who were
persistently active, 9.1% (n = 4) among those who changed
from being inactive to being active, 12.5% (n = 4) in those
who changed from being active to inactive, and with the
highest occurrence of 17.4% (n = 8) among those who
maintained being persistently inactive (Figure), but Fisher’s
exact test indicated that these differences were not
statistically significant (P = .098).

In the multivariable analyses (Table 2), the category
“persistently inactive” was set as the reference group. In
the first model, with adjustment only for age and sex, the
likelihood of being depressed post myocardial infarction
was not significant for any groups. Adding systolic blood
pressure to the first model made no significant difference.
After additional adjustment for body mass index, those
being persistently active showed a reduced likelihood (OR
0.28; 95% CI, 0.08-0.98) of having depressive symptoms
after first myocardial infarction compared with those who
were persistently inactive. The inclusion of any limiting
longstanding in Model 4 made no contribution to the
association between physical activity pattern and post-
myocardial infarction depression. The linear test for trend
(P = .033) was significant, indicating a benefit of physical
activity in midlife on the likelihood of developing depres-
sive symptoms post myocardial infarction.

Additional adjustments for hypertension, total choles-
terol, diabetes, medication use, smoking habits, alcohol
consumption, education, marital status, and time since first
myocardial infarction gave almost the same results as in
Model 4 (Table 2), indicating that those who were
persistently active had significantly lower odds of post-
myocardial infarction depression (OR 0.22; 95% CI, 0.05-
0.88) compared with those who were persistently inactive
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Table 1 Unadjusted Baseline Characteristics by Patterns of Physical Activity Habits From HUNT1 (1984-1986) to HUNT2 (1995-1997),
n =189

Categories of Change in Physical Activity Habits From 1984-1986 to 1995-1997

Stable Active From Inactive to From Active to Stable Inactive

(n = 67) Active (n = 44) Inactive (n = 32) (n = 46) P-Value
Age, y (SD) 62.3 (7.4) 62.4 (7.4) 60 0 (8.3) 61.1 (7.2) 44T
Women 16 (23.9) 6 (13.6) 0 (31.3) 14 (30.4) 212
High total cholesterol* 63 (94.0) 42 (95.5) 9 (90.6) 43 (93.5) .861
Hypertensiont 55 (82.1) 35 (79.5) 9 (59.4) 32 (69.6) .069
Systolic blood pressuret (mean, SD) 153 (20.5) 150 (19.8) 141 (18.8) 148 (20.5) .0488
Body mass index|| (mean, SD) 26.4 (2.5) 27.4 (3.2) 27.5 (3.6) 27.3 (3.8) .201
Diabetes 3 (4.5) 0 (0) 0 (0) 0 (0) .281q
Any limiting long-standing illness 20 (29.9) 13 (29.5) 2 (37.5) 19 (41.3) 544
Regularly use of prescribed drugs 34 (50.7) 18 (40.9) 8 (56.3) 22 (47.2) .593
the last year
Use of sedatives last month 10 (14.9) 4 (9.1) 3(9.4) 6 (13.0) .802
Current smoking 20 (29.9) 12 (27.3) 4 (12.5) 19 (41.3) .049q
Alcohol intake >6 per 2 wk 7 (10.4) 6 (13.6) 3 (9.4) 4 (8.7) .897q
Primary education 21 (31.3) 18 (40.9) 6 (18.8) 16 (34.8) .227
Years since first MI (mean, SD) 5.6 (3.2) 4.4 (3.0) 4.5 (3.2) 6.1 (3.2) .0308

Data are presented as mean (SD) and numbers (%) if not otherwise stated.

HUNT = Nord-Trgndelag Health Study; MI = myocardial infarction.
*Total cholesterol >5.0 mmol/L.

tSystolic blood pressure >140 mm Hg or diastolic blood pressure >90 mm Hg or as self-report of current use of antihypertensive medication.

tmm Hg.

§Kruskal—Wallis test.

| Weight (kg)/height (m)?.
(Fisher's exact test.

(data not shown). There was no significant interaction be-
tween age and pattern of physical activity (P = .933) and
between sex and pattern of physical activity (P = .950).

DISCUSSION

The main finding of this study was that maintaining a rec-
ommended level of physical activity in adulthood into older
age was significantly associated with lower odds of having
depressive symptoms after first incident myocardial infarc-
tion. To our knowledge, this is the first study accounting for
a protective effect of stable physical activity on post-

engaging in physical activity at either baseline or follow-up.
In agreement with our findings, change in physical exercise
level (initiating or discontinuing physical exercise between
baseline and follow-up) in the Maastricht Aging Study was
not significantly associated with depressive symptoms at
follow-up.”” In a systematic review, 25 of the 30 prospective
studies from nonclinical community samples found a signif-
icant inverse relationship between baseline physical activity
level and follow-up depression.” The recent Aerobics Center
Longitudinal Study,”” in which 4802 adults were followed for

myocardial infarction depression.
Although we have not been able to find similar studies on % 20+
the association between pattern of physical activity and post- 2 B Persistently inactive
myocardial infarction depression, some studies support our S 5] Decreasing activity
finding of a protective effect for people meeting the recom- = r:::f;?'ya Zi;tﬁ
mended level of physical activity on the development of Z10-
depressive symptoms after myocardial infarction in the gen- g
eral population. Longitudinal results from the Maastricht 5 %
Aging Study found that 1169 healthy adults who reported =
more than 30 minutes per day of physical activity on average B ' ' '
at baseline had a 48% lower risk of being depressed at follow-
up than respondents who reported not engaging in physical Figure Distribution of post-MI depression at HUNT3 by

activity at baseline (relative risk 0.52; 95% CI, 0.29-0.92).
Furthermore, respondents who reported engaging in physical
activity at both baseline and follow-up were at 44% lower risk
of subsequent depression than those who reported not

categories of physical activity pattern from HUNT1 to HUNT?2.
MI = myocardial infarction; HUNT = Nord-Trgndelag Health
Study.
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Table 2

0dds Ratios (OR) and 95% Confidence Intervals (CI) of Depressive Symptoms (HADS-D >8) Measured in HUNT3 (2006-2008)

After First Myocardial Infarction (MI) by Changes in Physical Activity Patterns From HUNT1 (1984-1986) and HUNT2 (1995-1997) Before

First MI, with Sequential Adjustment

Model 1 Model 2 Model 3 Model 4
Categories of Physical Activity Pattern OR 95% (I OR 95% (I OR 95% (I OR 95% (I
Persistently inactive (n = 46) 1.00 Reference 1.00 Reference 1.00 Reference 1.00 Reference
Decreasing activity level (n = 32) 0.71 0.19-2.61 0.79 0.21-2.98 0.82 0.21-3.10 0.82 0.21-3.10
Increasing activity level (n = 44) 0.41 0.11-1.49 0.40 0.11-1.46 0.38 0.10-1.41 0.37 0.10-1.42
Persistently active (n = 67) 0.35 0.11-1.17 0.32 0.10-1.09 0.28 0.08-0.98* 0.28 0.08-0.98*
Test for trend P = .067 P = .048* P = .032* P = .033*

Model 1: adjusted for age and sex.

Model 2: adjusted for Model 1 + systolic blood pressure.

Model 3: adjusted for Model 2 + body mass index.

Model 4: adjusted for Model 3 + any limiting long-standing illness.

HADS = Hospital, Anxiety and Depression scale; HUNT = Nord-Trgndelag Health Study.

*P <.05.

9 years, found that the association between sedentary be-
haviors and depressive symptoms was statistically significant
only among those not meeting the recommended level of
physical activity. These findings add support for a long-term
association between level of physical activity and develop-
ment of depressive symptoms.

Still, the course of depressive symptoms after myocardial
infarction is influenced by time since incident myocardial
infarction. In a prospective study from HUNT,” the authors
found that women had a high initial risk for both anxiety and
depression, with a decrease after 2 years post myocardial
infarction, while there were no such risks for men; but more
surprisingly, that the risk for depression in men increased after
2 years post myocardial infarction. In a recent study, the
mental progress of 288 patients hospitalized with myocardial
infarction was monitored using self-reports after 3, 6, 12, and
18 months.” The authors found that 13.6% of myocardial
infarction patients reported high levels of depression at
baseline, but after 3-18 months, these patients were not more
depressed than the Norwegian reference population. Addi-
tionally, prospective results from the HUNT Study found that
the level of depressive symptoms at HUNT2 was a significant
and independent predictor of myocardial infarction at
HUNT3; but having a myocardial infarction had only a
marginal effect on depressive symptoms at HUNT3, and time
since myocardial infarction was not a significant predictor of
post-myocardial infarction depression.”® Thus, our finding
that 11% of the total sample was depressed after myocardial
infarction may not be related to the former experience of
myocardial infarction.

Nevertheless, twin studies suggest that approximately 40%
of the attributable risk of depression can be explained by ge-
netic variation,”* and that the heritability of exercise in the adult
generation is estimated at 42%.” Thus, it is plausible that our
findings of a protective effect from stable physical activity level
on post-myocardial infarction depression is influenced by
nonenvironmental factors, or by genetic dispositions in com-
bination with the exposure to specific environments.

The detail of a dose—response relationship on the inverse
association between level of physical activity and depressive
symptoms is not yet clear, and future longitudinal studies
of the trajectories of physical activity before myocardial
infarction and post-myocardial infarction depression are
needed to confirm our results. However, data from formal
cardiac rehabilitation and exercise training programs after
myocardial infarction and other major coronary heart disease
events is supportive, showing that these programs substan-
tially reduce the prevalence of depression and other psy-
chological stress, generally by >50%,"'"'*'7¢ and reduce
depression-related increased mortality by over 30%.*'>*" In
fact, Blumenthal et al’’ found an intervention of 4 months of
aerobic exercise (3 times/week) in patients with coronary
heart disease just as effective as antidepressant medication;
and further, that improvements in cardiovascular biomarkers
were present only among those who exercised.

Strengths and Limitations of the Study

The main strengths of our study were the prospective design,
with a long and highly reliable follow-up period, the use of
myocardial infarction from hospital data, and the extensive
data on psychosocial, behavioral, and biomedical factors.
However, several important limitations of our study should be
noted. There is a methodological challenge, because physical
activity is measured differently in the HUNT1 and HUNT2
surveys, and physical activity was measured with self-report,
rather than objective measures. But the physical activity
questions have shown high reliability and acceptable val-
idity,” and the dichotomization as active and inactive pro-
vides good information on physical activity.

Further, the small sample size was reflected through
overlapping 95% ClIs, as well as particularly wide CIs within
each category of physical activity pattern in the multivariable
analyses. Thus, one should be cautious when drawing con-
clusions based on the estimates in our study.

Even with adjustment for time since myocardial infarc-
tion, it is possible that exposure to reinfarction, diagnosed
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heart failure, other stressful life events (eg, losing one’s
spouse or close friends as a natural consequence of ageing),
or number of chronic diseases after baseline may have
influenced our results. However, results from a randomized
controlled study on exercise capacity and everyday activity
in older heart failure patients found no evidence that the
severity of left ventricular systolic dysfunction predicted
exercise capacity, but that psychosocial factors such as
depressive symptoms contribute to the variance in physical
exercise.””

Old age and mental health problems are strongly related
to nonparticipation in population-based studies, which were
confirmed in 2 nonresponder studies from HUNT 2.°* If a
significant number of those who could have been included
did not participate in HUNT3 due to poor mental health, our
sample is artificially small, with possible underestimation of
any associations.

CONCLUSIONS

In a small sample of initially healthy individuals partici-
pating in 3 health surveys with 10-year intervals, we found
that persistent patterns of physical activity level before being
diagnosed with their first myocardial infarction significantly
decreased the odds of post-myocardial infarction depression,
which further supports the promotion of physical activity
throughout the health care system. Despite the methodo-
logical limitations of the study, we believe that the results
add important aspects to the existing literature concerning
the long-term protective effect of regular physical activity
on the development of depressive symptoms post myocar-
dial infarction that merit further investigation.
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APPENDIX

Indices of the Computation of Moderate to Vigorous

Physical Activity Level (MVPA) Based on the Questions on

Leisure Time Physical Activity in HUNT1 and HUNT2.
The cut of a MVPA meeting the recommended level of

weekly physical activity was set to a sum score >2.5 in
HUNTI and HUNT?2. See also references.””*

Recodes in HUNT1
By exercise we mean going for walks, skiing, swimming,
and working out/sports

How Often Do You Exercise? (on the Average)  Values  Scores

Never 1 0

Less than once a wk 2 0.5
Once a wk 3 1

2-3 times a wk 4 2.5
Nearly every d 5 5

If You Exercise as Often as Once or Several

Times a Week: How Hard Do You Exercise? Values  Scores
Take it easy, I don’t get out of breath or break 1 1

a sweat

I push myself until I'm out of breath and break 2 2

into a sweat

I practically exhaust myself 3 3

For How Long Do You Exercise Each Time? Values  Scores
Less than 15 min 1 0.10
15-29 min 2 0.38
30 min-1 h 3 0.75
More than 1 h 4 1

Recodes in HUNT2
How has your leisure-time physical activity been the last
year?

Imagine an average week through the year. The distance
to and from work is considered as leisure time.

Low Physical Activity, Hours per Week? (Not

Out of Breath/Sweat) Values  Scores
None 1 0
Less than 1 h 2 0.5
1-2h 3 1.5

3 h or more 4 3
Vigorous Physical Activity, Hours per Week?

(Out of Breath/Sweat) Values  Scores
None 1 0

Less than 1 h 2 1

1-2 h 3 3

3 h or more 4 6
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