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Table 2 Multivariate relative risk (RR) and 95% confidence intervals (Cls) of colorectal, colon, and rectal cancer incidence according to

time spent
Time spent walking per day (h) Time spent walking per day (h)
<0.5 0.5-1 1< P for trend <0.5 0.5-1 1< P for trend

Men Women
Colorectal cancer Colorectal cancer

Person-years 45671 34946 67970 Person-years 46261 38843 72107

No. of cases 55 51 60 No. of cases 23 29 42

(n=166) (n=94)

Age-adjusted RR 1.00 1.09 (0.74-1.60) 0.61 (0.42-0.88) 0.004 Age-adjusted RR 1.00 1.82(0.77-2.29) 1.01 (0.61-1.69) 0.89

Multivariate RR? 1.00 1.06 (0.72-1.57) 0.57 (0.38-0.83) 0.003 Multivariate RRI? 1.00 1.32 (0.76-2.30) 1.02 (0.60-1.75) 0.91

Multivariate RR2° 1.00 1.02 (0.67-1.56) 0.56 (0.37-0.85) 0.005 Multivariate RR2° 1.00 1.47 (0.80-2.75) 1.04 (0.56~1.95) 0.88
Colon cancer Colon cancer

No. of cases 40 30 31 No. of cases 10 15 25

(n=101) (n=50)

Age-adjusted RR 1.00 0.87 (0.54-1.40) 0.42 (0.26-0.68) <0.001 Age-adjusted RR 1.00 153 (0.69-3.41) 1.35 (0.65-2.81) 052

Multivariate RRI? 1.00 0.81 (0.50-1.32) 0.38 (0.23-0.64) <0.001 Multivariate RRI? 1.00 1.78 (0.77-4.10) 1.33 (0.60-2.94) 0.63

Multivariate RR2° 1.00 0.72 (0.43-1.21) 0.38 (0.22-0.64) <0.001 Multivariate RR2° 1.00 2.68 (0.94-7.68) 1.79 (0.64-4.96) 0.42
Rectal cancer Rectal cancer

No. of cases 15 21 29 No. of cases 13 14 17

(n=65) (n=44)

Age-adjusted RR 1.00 1.68 (0.86-3.26) 1.11 (0.59-2.08) 0.94 Age-adjusted RR 1.00 1.17 (0.55-2.49) 0.75 (0.36-1.55) 0.38

Multivariate RRI? 1.00 1.75 (0.88-3.50) 1.07 (0.55-2.06) 0.94 Multivariate RRI? 1.00 1.18 (0.54-2.58) 0.82 (0.39-1.71) 0.55

Multivariate RR2P 1.00 2.12 (0.96-4.66) 1.21 (0.56-2.61) 0.86 Multivariate RR2° 1.00 1.28 (0.93-2.73) 0.71 {0.31~1.61) 0.35

*Multivariate RRI has been adjusted for age (in years), cigarettes smoking (never, past, and currently smoking 1-19 cigarettes per day, or currently smoking 20 or more
cigarettes per day), alcohol consumption (never, past, or current), body mass index in kg/m? (18.4 or lower, 18.5 to 24.9, or 25.0 or more), family history of colorectal
cancer (presence or absence), education (in school less than 15, or 16 years or older), sports or exercise (almost never, 1-2 h/week, 3~4 h/week, 5 h or more per week),
and consumption frequencies of meat, green or yellow vegetables and oranges (1-2 times per month or less often, 1-2 times per week, 3—4 times per week, almost
daily). For women, we also included menopausal status (before menopause, after menopause).

PMultivariate RR2 are from a multivariable model that excluded colorectal cancer cases diagnosed with the first 2 years of follow-up. Values in parentheses are 95%

confidence intervals.

analyses according to covariates included in the multi-
variate model.

Discussion

In the present study with a population-based, prospective
cohort in a rural northern area of Japan, we found a
significant, inverse, dose-response association between
time spent walking per day and the risk of colon cancer in
men. No such association was observed in women. The
comprehensive review by the World Cancer Research
Fund in 1997 suggested an association between the
physical activity and the risk of colorectal cancer (World
Cancer Research Fund/American Institute for Cancer
Research, 1997). These associations are demonstrated for
both men and women, with a somewhat stronger dose—
response relationship for men than for women (Macfar-
lane and Lowenfels, 1994; Thune and Furberg, 2001).
The relationship between physical activity and rectal
cancer is unclear. Our result is consistent with the results
of these previous studies involving vigorous physical
activity except the result of women.

In the present study, we found a significant inverse
association between time spent walking and risk of
colorectal cancer incidence in men but not in women.
This sex difference might be attributed to the difference
in incidence rate of colorectal cancer (166 cases in men,
94 cases in women). We might have limited statistical
power to examine colorectal cancer risk in relation to time

spent walking in women. In addition, the lack of
reduction of risk in women may be partly explained by
our inability to assess the pace of walking. As it is well
known that walking pace is higher among middle-aged
men than among middle-aged women (Himann e «/,
1988), the impact of time spent walking on the incidence
rate of colorectal cancer in women might be weaker than
in men.

While the mechanisms by which physical activity may
affect colon cancer risk are not clear, several hypotheses
have been proposed (Quadrilatero and Hoffman-Goetz,
2003). Physical activity may shorten the fecal transit time
and thereby reduce the period of contact between
carcinogens and mucosal cells. A second possible
mechanism is that low physical activity and central
adiposity are both associated with insulin resistance and
the hyperinsulinemic state and may affect colon cancer
risk through growth factors (Giovannucci, 1995; Colditz
et al., 1997). It is possible that activity exerts its protec-
tive effect through reduced insulin levels. Another
possible mechanism is the effect of prostaglandins on
colon cell proliferation. Physical activity produces an
increase in prostaglandin F2a, which inhibits colonic cell
proliferation, and increases intestinal motility. In con-
trast, prostaglandin E2 increases the rate of colonic
cell proliferation and decreases colonic motility.
Physical activity may increase prostaglandin F2a, but
not prostaglandin E2 (Colditz e a/., 1997). A reduction in
bowel transit time because of physical activity may
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account for the observed effect on colon cancer and the
absence of a relationship between physical activity and
rectal cancer.

The present study had several methodological advantages
over previous studies on the relationship between
physical activity and the risk of colorectal cancer. First,
the present study was based upon the prospective
observation of a large sample size, which included
20519 men and 21469 women, of whom 166 men and
94 women were diagnosed with colorectal cancer. Second,
the identification of incident cases of colorectal cancer by
computerized record linkage with the Miyagi Prefectural
Cancer Registry resulted in very high case ascertainment.
Third, we used a self-administered questionnaire on
walking, with a high validity and reproducibility (Tsubono
et al., 2002).

"To date, most studies of the risk in colorectal cancer in
relation to physical -activity have measured physical
activity in two ways: by occupation and by leisure-time
activities (Vainio ez ¢/, 2002). In Japan, daily walking is
recommended as one way of maintaining physical activity,
and guidelines that include the number of steps per day
have been proposed by policy-makers (Ministry of
Health, Labour and Welfare, Japan, 2000). Walking is a
physical activity that is part of national and local culture
in Japan. Using a validated, single-item, self-administered
questionnaire on walking (Tsubono e« 4/, 2002), we
showed that longer time spent walking was associated
with lower risk of the colon cancer in Japanese men. Our
findings differ from those of the previous two studies
(Wannamethee ¢ a/., 2001; Chao e /., 2004). Chao e &.
(2004) reported no clear decrease in the risk of colon
cancer with increasing hours per week of walking, but
their participants reported engaging in recreational
physical activities more intense than walking, which
might have made it difficult to assess the effect of
walking alone. Wannamethee ez @/. (2001) reported a non-
significant, 25% lower risk of colorectal cancer associated
with walking for more than 40 min/day, but their study
was relatively small for a prospective design; it included
7588 men, of whom 135 were diagnosed as colorectal
cancer. Thus, too few men engaged in walking for any
firm conclusion to be drawn.

Our study has some potential limitations. First, the self-
administered questionnaire used in our prospective
studies included only the average duration of walking
per day. We did not ask about other variables related to
walking such as walking pace and various ways of walking
(e.g. inside or outside, at work or at leisure time). This is
because we did not originally intend to calculate total
energy expenditure, or quantify the levels of walking
according to different ways of walking, on the basis of our
questionnaire (Fukao ez @/, 1995). When we examined the
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relationship between the duration of the walk and the
risk of colon cancer, we adjusted the data for leisure-time
physical activity in addition to other confounders.
Therefore, the relationship between the duration of the
walk and the risk of colon cancer was independent of
leisure-time physical activity. Second, we could not
examine any changes in the walking time of the
participants after the baseline survey. While more work
to ascertain any changes in the walking time of the
participants during follow-up would be needed, non-
differential misclassification in our assessment of time
spent walking could distort risk estimates toward the
null. Third, the one-time assessment of physical activity
as indicated by walking may not be equivalent to the
quantitative measurement of physical activity. It is
encouraging to see, however, these associations apparent
even with one-time recording of time spent walking.
Fourth, in our study, during the 7 years of follow-up, there
were 109 cases of rectal cancer. Therefore, our study may
not have had sufficient statistical power to detect small
changes in the risk of rectal cancer by sex.

In Japan, the mortality and incidence rates of colorectal
cancers have been increasing rapidly. In addition, the
incidence of colon cancer also appears to be on the rise in
Asian countries (Parkin ¢ 4/, 2002). Most prospective
cohort studies of physical activity and colorectal cancer
risk have been conducted in western populations, and
little information has been available on the association in
Asian countries (Haenszel e 2/, 1973; Whittemore ¢f @/,
1990; Kato ez @/, 1990a; Kato ef @/, 1990b; Chow ef al.,
1993; Inoue e al., 1995; Kotake ez a/,, 1995; Tang et af.,
1999). Our study provides important new evidence to
redress this imbalance.

In conclusion, this population-based, prospective cohort
study in rural Japan showed that time spent walking per
day was associated with a lower risk of colon, but not
rectal cancer, in men. No apparent association with colon
or rectal cancer was observed in women.
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Physical activity and stroke in British middle aged men

Goya Wannamethee, A G Shaper

Abstract

Objectives—To assess the relation between
physical activity and stroke and to determine the
overall benefit of physical activity for all major
cardiovascular events.

Design—Prospective study of a cohort of men
followed up for 9-5 years.

Setting—General practices in 24 towns in England,
Wales, and Scotland (British regional heart study).

Subjects—7735 men aged 40-59 at screening,
selected at random from one general practice in each
of 24 towns.

Main outcome measures—Fatal and non-fatal
strokes and heart attacks.

Results—128 major strokes (fatal and non-fatal)
occurred. Physical activity was inversely associated
with risk of stroke independent of coronary risk
factors, heavy drinking, and pre-existing ischaemic
heart disease or stroke (relative risk 1-0 for inactivity,
0-6 moderate activity, and 0-3 vigorous activity; test
for trend p=0-008). The association remained after
excluding men reporting regular sporting (vigorous)
activity. However, vigorous physical activity was
associated with a marginally significant increased
risk of heart attack compared with moderate or
moderately vigorous activity in men with no pre-
existing ischaemic heart disease or stroke (relative
risk 1-6; 95% confidence interval 0-96 to 2-8). In men
with symptomatic ischaemic heart disease or stroke
those doing moderately vigorous or vigorous activity
had a risk of heart attack slightly higher than that in
inactive men (relative risk=1-6; 0-8 to 3-3).

Conclusions—Moderate physical activity signifi-
cantly reduces the risk of stroke and heart attacks in
men both with and without pre-existing ischaemic
heart disease. More vigorous activity did not confer
any further protection. Moderate activity, such
as frequent walking and recreational activity or
weekly sporting activity, should be encouraged with-
out restriction.

Introduction

Physical activity is recognised to be beneficial for
ischaemic heart disease and for mortality from cardio-
vascular disease in general.! We recently showed that
moderate and moderately vigorous physical activity,
even in the absence of sporting (vigorous) activity, is
sufficient to produce a beneficial effect on ischaemic
heart disease in middle aged British men.? The benefits
of physical activity with respect to stroke are far less
certain. The few studies that have examined this
relationship specifically have mainly shown physical
inactivity to be associated with an increased risk of
stroke.*” But how much physical activity is required to
obtain benefit for stroke is unclear.

This paper examines the relation between physical
activity and the risk of stroke in 7735 middle aged
British men drawn from general practices in 24 British

7 MARCH 1992
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towns and representative of the socioeconomic distri-
bution of middle aged men in Great Britain. We
assessed the relation in men with and without evidence
of ischaemic heart disease at initial screening. In
addition we examined the relation between physical
activity and total cardiovascular events (stroke and
heart attack) to determine the levels of physical acti-
vity associated with maximum benefit and minimum
risk.

Subjects and methods

The British regional heart study is a large prospec-
tive study of cardiovascular disease comprising 7735
men aged 40-59 selected from the age-sex registers
of one group general practice in each of 24 towns
in England, Wales, and Scotland. The criteria for
selecting the town, the general practice, and the
subjects as well as the methods of data collection have
been reported.* Research nurses administered to each
man a standard questionnaire that included questions
on smoking habits, alcohol intake, physical activity,
and medical history. Several physical measurements
were made, and blood samples were taken for measur-
ing biochemical and haematological variables. Details
of smoking habits, alcohol intake, social class,
blood pressure, and physical measurements have been
reported.’

PRE-EXISTING ISCHAEMIC HEART DISEASE OR STROKE

The men were asked whether a doctor had ever told
them that they had had angina or a myocardial infarc-
tion (heart attack, coronary thrombosis), a stroke, or
several other disorders. The World Health Organisa-
tion (Rose) chest pain questionnaire for angina or
possible myocardial infarction was administered to all
men at the initial examination,’ and a three-orthogonal
lead electrocardiogram was recorded at rest and
analysed by computer in the department of medical
cardiology, Glasgow Royal Infirmary.

The men were separated into three groups according
to the degree of evidence of ischaemic heart disease
present at screening. (1) No evidence of ischaemic
heart disease on WHO (Rose) chest pain questionnaire
or electrocardiogram and no recall of a doctor
diagnosing ischaemic heart disease (n=5767). (2)
Asymptomatic ischaemic heart disease: those with
electrocardiographic evidence of definite or possible
myocardial ischaemia or myocardial infarction and
who did not report any chest pain on WHO question-
naire or have recall of a doctor diagnosing ischaemic
heart disease (n=777). (3) Symptomatic ischaemic
heart disease: those with angina or a possible myo-
cardial infarction on WHO chest pain questionnaire or
who remembered a doctor diagnosing angina or heart
attack (n=1165).

In some of the analyses those with recall of stroke
(n=40) have also been included in the symptomatic
group (see figure). In the subsequent analyses men in
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Adjusted relative risk

o—o Symptomatic
o—0 Asymptomatic

o—o None
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18

9

Inactive

Occasional

Light
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2 44 12 25
2 &5
38 84 8 19 46
114 132 97 0
32 27 42 34
L T T T
S 8¢~ 2555 8§ 2 - 2 &5 s
S £ w Bioo s 8 3 8o o
> S s 635 - 8 s 8% >
o = ] =
Symptomatic n= 180 406 270 150 117 42
Asymptomatic n= 67 240 184 123 114 43
None n= 433 1639 1307 932 889 428

Adjusted relative risk of stroke and heart attack separately and both events combined in men with
symptomatic ischaemic heart disease, asymptomatic ischaemic heart disease, and no evidence of heart disease
according to physical activity. Relative risk is adjusted for age, social class, smoking, body mass index, and
heavy drinking. Numbers of events are indicated on the figure

groups 2 and 3 were regarded as having pre-existing
ischaemic heart disease or stroke.

PHYSICAL ACTIVITY

At screening the men were asked to indicate their
usual pattern of physical activity under the headings of
regular walking or cycling, recreational activity, and
sporting (vigorous) activity. Regular walking and
cycling related to weekday journeys, which included
those to and from work. Recreational activity included
gardening, walking for pleasure, and do it yourself
jobs. Sporting activity included running, golf, swim-
ming, tennis, sailing, and digging. A physical activity
(exercise) score was derived for each man based on
frequency and type (intensity) of the physical activity.
Scores were assigned for each type of activity and
duration based on the intensity and energy demands of
the activities reported. This was based on the recom-
mendations of a National Heart, Lung, and Blood
Institute workshop and the Minnesota intensity
codes." Full details of the derivation of the score have
been described.? The total score is a measure of how
much physical activity has been carried out or energy
expended.

The men were grouped into six broad categories
based on their total score. The categories were inactive
(score 0-2; n=686); occasional activity (score 3-5;
n=2345)—regular walking or recreational activity
only; light activity (score 6-8; n=1761)—more frequent
recreational activities or sporting exercise less than
once a week; moderate activity (score 9-12; n=1205)
—cycling or very frequent recreational activities or
sporting activity once a week; moderately vigorous
activity (score 13-20; n=1120)—sporting activity at
least once a week or frequent cycling plus frequent
recreational activities or walking or frequent sporting
activity only; vigorous activity (score =21; n=513)—

TABLE I—Age adjusted rates of stroke according 1o physical activity

very frequent sporting exercise or frequent sporting
exercise plus other recreational activities. The physical
activity score has been validated by using heart rate and
lung function in men with no evidence of ischaemic
heart disease.’

FOLLOW UP

All men, whether or not they had evidence of
ischaemic heart disease or stroke at initial examination,
were followed up for mortality from all causes and
morbidity from cardiovascular causes for 9-5 years.?
Information on death was collected through the estab-
lished “tagging” procedures provided by the NHS
registers in Southport (England and Wales) and Edin-
burgh (Scotland). Non-fatal strokes were those which
produced a neurological deficit that was present for
more than 24 hours. Fatal episodes were those coded
on the death certificate as ICD (ninth revision)
430-438. A non-fatal myocardial infarction was diag-
nosed according to WHO criteria.” Fatal events were
defined as deaths in which ischaemic heart disease
(ICD 410-414) was the underlying cause. The ascer-
tainment of non-fatal events (heart attack, stroke) was
based on continuous reporting by general practitioners,
reinforced by a regular series of reviews of all patient
records at one and a half, three, five, six and a half,
eight, and nine and a half years.

STATISTICAL METHODS

Multiple logistic regression was used to obtain the
rates adjusted for age and the relative risks adjusted for
age, smoking, body mass index, social class, heavy
drinking, and systolic blood pressure. Age, body mass
index, and systolic blood pressure were fitted as
continuous variables, physical activity as five dummy
variables, smoking as four dummy variables (never
smoked, former smoker, light smoker, moderate
smoker, and heavy smoker), social class as two dummy
variables (manual, non-manual, and armed forces).
Tests for trend were assessed by assigning quantitative
values 1-6 for the six groups of physical activity and
fitting physical activity as a continuous variable rather
than as five dummy variables. The physical activity
index was consistently used on a group basis and not as
a continuous score for individuals.

Results

Within the 9-5 year follow up there were 128 major
stroke events, of which 33 were fatal and 95 non-fatal,
and 612 major heart attacks, of which 293 were fatal
and 319 non-fatal. The physical activity score was
available for 7630 men. Data on physical activity were
not provided by 10 men who had a heart attack.

PHYSICAL ACTIVITY AND STROKE

Table I shows the age adjusted rates/1000 men/year
for stroke in all men. Relative risks adjusted for age are
also shown. There was a strong inverse association
between physical activity and risk of stroke even after
adjusting for age (p<<0-0001). In a recent report from

Men with no Men with
Allmen ischaemic heart disease or stroke ischaemic heart disease or stroke
Rate/1000/
year .
(relative Rate/1000/ Rate/1000/
Physical activity Noof men Naofstrokes  risk) No of men No of strokes year Noof men No of strokes year
Inactive 686 21 3-1(1-0) 439 9 22 247 12 47
Occasional 2345 52 2:3(0:7) 1699 26 1-6 646 26 42
Light 1761 29 1-7(0-5) 1307 15 12 454 14 33
Moderate 1205 15 1-4(0-4) 932 10 12 273 5 2:1
Moderately vigorous 1120 9 1-0(0-3) 889 7 0-9 231 2 1-2
Vigorous 513 2 0-5(0-2) 428 1 03 85 1 14
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the British regional heart study, physical activity was
shown to be strongly (inversely) associated with social
class, smoking, heavy drinking, body weight, and
blood pressure,’ factors known to be associated with
the risk of stroke. Since blood pressure may be a
mediating factor we examined the relation between
physical activity and stroke adjusting first for age,
social class, smoking, heavy drinking, and body mass
index (table IT). Even after adjustment for these factors
there was a significant inverse association between
physical activity and risk of stroke (p=0-001). Further
adjustment for systolic blood pressure reduced the
trend only slightly, and the association remained
significant (p=0-003). Moderate and moderately
vigorous levels of activity were associated with a 50%
reduction in the risk of stroke, and the benefit from
vigorous activity was even greater. Since the presence
and severity of ischaemic heart disease is strongly
associated with physical activity, we also adjusted for
prevalence of pre-existing ischaemic heart disease or
stroke. This further adjustment made little difference
to the strong association seen and the trend remained
significant (p=0-008) (table II).

PHYSICAL ACTIVITY AND PRE-EXISTING ISCHAEMIC
HEART DISEASE OR STROKE

Table I shows the age adjusted rates for men
with and without evidence of ischaemic heart disease
or stroke. There was a significant inverse relation
between physical activity and stroke in men with and
without evidence of ischaemic heart disease or stroke
(p=0-01 and p=0-007 respectively). Table II shows
the relative risk of stroke in these two groups adjusted
for age, social class, smoking, heavy drinking, and
body mass index and then in addition for systolic blood
pressure. After the initial adjustment the relation was
similar in the two groups, although the trend was more
consistent in those with ischaemic heart disease or
stroke. The most vigorously active men in both groups
showed more than a 60% reduction in risk of stroke.
Moderate levels of physical activity were associated
with a 40% reduction in those without evidence of
ischaemic heart disease and a 50% reduction in those
with evidence. A test for trend gave significant results
in those with ischaemic heart disease or stroke
(b=—0-26, p=0-02) and marginally significant results

TABLE 11— Relative risk (95% confidence interval) of stroke in all men and in men with and without evidence
of ischaemic heart disease

All men
(n=7630 (128 strokes))

Men with evidence of
ischaemic heart discase
(n=1936 (60 strokes))

Men with no evidence of
ischaemnic heart disease
(n=5694 (68 strokes))

Physical activity A B C A B A B
Inactive 10 1-0 1-0 1-0 1-0 10 10
Occasional 0-8(0-5t01-4) 0-8 0-8 0:8(04t01-7) 0-8 1-0(0-4101-8) 09
Light 0:6(0-3t01-1) 0-6 06 06(0-2t01-3) 06 07(0:3101-7) 07
Moderate 0-5(0-3t0 1-0) 05 0-6 06021015y 07 0-5(0-21014) 05
Moderately vigorous (-4 (0-2to0 1-0) 05 0-5 06(021016) 07 0-3(0-1t01-5) 03
Vigorous 0-2(0'1t009) 02 0-3 0-2(00t01-5) 02 0-3(0-11030) 04
Test for trend p=0-001 p=0-003 p=0-008 p=0-06 p=0-1 p=0-02 p=0-04

A=Adjusted for age, social class, smoking, heavy drinking, and body mass index.
B=Adjusted for the factors in A plus systolic blood pressure.
C=Adjusted for the factors in A and B plus prevalence of ischaemic heart disease or stroke.

TABLE 11— Relative risk of stroke adjusted for age, social class, smoking, body mass index, and heavy
drinking and excluding men reporting sporting activity at least once a month

Men with ischaemic
heart disease or stroke

Men with no ischaemic
heart disease or stroke

Relative Relative
Physical activity No of men No of strokes risk Noof men No of strokes risk
Inactive 439 9 1-0 247 12 10
Occasional 1678 26 0-82 640 26 0-90
Light 1210 15 0-63 434 14 075
Moderate 587 5 0-47 189 5 067
Moderately vigorous 92 1 0-53
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in those without ischaemic heart disease or stroke
(b=-0-17, p=0-06), where b is the logistic regression
coefficient fitting the six physical activity index groups
continuously (that is, magnitude of the trend). Further
adjustment for systolic blood pressure reduced the
trend slightly (b=—0-25 and b=—0-16, respectively).

1S SPORTING ACTIVITY ESSENTIAL FOR REDUCING
STROKE?

We recently showed that sporting (vigorous) activity,
although beneficial, was not essential to reduce the risk
of heart attack.? We therefore examined the relation
with stroke separately in men with and without
ischaemic heart disease or stroke, excluding men
reporting sporting activities at least once a month
(n=2091). After this exclusion, the number of men
with pre-existing disease in the moderately vigorous
and vigorous groups was very small (n=25) and these
men have not been included in table III. A clear inverse
trend in those with no evidence of ischaemic heart
disease or stroke was evident even after adjustment for
age, social class, body weight, and heavy drinking.
However, this trend was not significant at the 5% level,
presumably because of small numbers (b=-0-23,
p=0-15). In men with ischaemic heart disease or stroke
the inverse trend was present but less clear (b=—0-16,
p=0-30) than it was before exclusion of men reporting
sporting activities.

STROKE OR HEART ATTACKS

Although our findings indicate a clear benefit for risk
of stroke from increasing levels of physical activity in
men with and without ischaemic heart disease or
stroke, we recently showed that the relation between
physical activity and the risk of heart attack differs in
men with and without ischaemic heart disease.’ The
figure shows the relation between physical activity and
heart attack, stroke, and both events combined in
order to assess the overall benefit of physical activity
for risk of a stroke or heart attack. Data for 9-5 years’
follow up in all men are presented adjusted for age,
social class, smoking, body mass index, and heavy
drinking. Because of the small number of men with
asymptomatic and symptomatic ischaemic heart
disease in the vigorous activity group (n=43 and n=42
respectively) these men, seven of whom had a heart
attack, have been omitted from the analysis. As there
were only 19 cases of stroke in men with asymptomatic
ischaemic heart disease these data have not been
presented.

Heart  artack—In  men without pre-existing
ischaemic heart attack or stroke, the risk of heart
attacks decreased significantly with increasing activity
up to moderate and moderately vigorous levels
(p<0-001) but then increased for vigorous activity.
The increased risk in the vigorously active group
compared with the moderate and moderately vigorous
groups (relative risk=1-6; 95% confidence interval
0-96 to 2-8) was marginally significant (p=0-07).
Compared with inactive men, men doing moderate
and moderately vigorous activity had about a 60%
reduction in risk (0-42; 0-3 to 0-7 for moderate activity
and 0-44; 03 to 0-7 for moderately vigorous activity).
In men with symptomatic ischaemic heart disease or
stroke, the risk decreased progressively, but not sig-
nificantly, up to levels of moderate activity, but
men engaged in moderately vigorous activity had an
increased risk compared with moderately active men
(1-6; 0-8 to 3-3 (p=0-1)). No clear pattern was seen in
men with asymptomatic ischaemic heart disease.

Stroke—A progressive lowering of risk was seen
with increasing levels of physical activity in men with
and without pre-existing ischaemic heart disease or
stroke.

Heart antack or stroke—When the overall risk of
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experiencing either a heart attack or a stroke was
examined (figure) in men with no evidence of
ischaemic heart disease or stroke, risk decreased
significantly with increasing activity up to moderate
and moderately vigorous levels (p<<0-001) and there-
after showed a slight but non-significant increase. Men
with moderate and moderately vigorous activity had
over a 50% reduction in overall risk of a cardiovascular
event compared with inactive men (0-44; 0-3 to 0-7 for
moderate activity and 0-45; 0-3 to 0-7 for moderately
vigorous activity). In men with asymptomatic
ischaemic heart disease physical inactivity was asso-
ciated with the highest risk but thereafter there was
little difference in risk between physical activity
groups. In men with symptomatic ischaemic heart
disease or stroke the lowest risk of an event was seen
in the moderate activity group. Compared with
moderately active men those engaged in moderately
vigorous activity had an increased risk of an event (1-3;
0-4102:6 (p=0-15)).

Discussion

In this study of middle aged British men physical
activity showed a strong inverse association with risk of
stroke independent of age, social class, smoking, heavy
drinking, systolic blood pressure, and pre-existing
ischaemic heart disease or stroke. Although physical
activity is associated with lowering of systolic blood
pressure,’ this accounted for little of the lower risk
seen. The inverse relation was seen for men with and
without evidence of ischaemic heart disease.

PREVIOUS STUDIES

In a study of former Harvard students (all male)
participation in college sports was associated with a
60% reduction in risk of fatal stroke 10-50 years
(average 30 years) later.’ No adjustments were made
for other risk factors and continued physical activity
was not accounted for. In a later study of these
students’ men free of diagnosed coronary heart disease
at age 35-74 years reported their regular physical
activity and were then followed for an average of 14
years. A strong inverse association was found between
reported exercise levels and death from stroke and
coronary heart disease. The exercise benefit was twice
as strong for stroke as for coronary heart disease. It was
independent of other risk factors, and sporting partici-
pation in student days carried little or no benefit in later
years.

In the Framingham study analysis based on a 14 year
follow up showed an inverse relation between physical
activity and risk of stroke, but the trend was not
significant after adjustment for age.™ The classification
of physical activity was very broad and included leisure
time and occupational activity. Annual assessment of
job activity in 3886 San Francisco longshoremen for 22
years showed that those with lower energy expenditure
had a 62% increase in risk of stroke compared with
those with higher energy expenditure after adjusting
for age, smoking, and blood pressure, but the differ-
ence was not significant. In a Dutch case-control study
of survivors of stroke aged 40-74 admitted to hospital
and hospital based controls, subjects were categorised
according to their leisure time physical activity during
the greatest portion of life as little, light, or heavy.
Those engaged in heavy levels of physical activity
showed a significant 60% reduction in risk of
stroke compared with people engaged in little physical
activity.® Other risk factors were not adjusted for. In a
random sample of men and women aged 30-59 years
from two counties in eastern Finland, men and women
with low physical activity at work had, respectively, a
60% and 70% increase in risk of stroke compared with
those with high activity after adjusting for cardio-
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vascular risk factors.” Leisure time activity was not
related to risk of stroke.

The size of the reduction in risk of stroke associ-
ated with physical activity seen in these studies is
similar to that in our study when all men were
included.

VIGOROUS SPORTING ACTIVITY

We have previously shown that regular sporting
(vigorous) activity, though beneficial in its own right,
is not essential to produce a beneficial effect on heart
attacks.” This also seemed to be true for stroke, and an
inverse association was still seen in men both with
and without pre-existing ischaemic heart disease or
stroke after excluding those reporting regular sporting
activity.

OVERALL EFFECT ON STROKE AND HEART ATTACKS

We observed that compared with moderate activity
vigorous physical activity in men with no evidence of
ischaemic heart disease or stroke and moderately
vigorous activity in those with symptomatic ischaemic
heart disease or stroke were associated with an
increased risk of heart attacks. We could not determine
whether the reduction in the number of strokes at high
levels of physical activity was a direct effect of physical
activity or whether it was due to competing causes. If
men who are vigorously active have higher rates of
heart attack, and have attacks at a younger age than is
seen for stroke, then there will be fewer susceptible
men at risk of stroke. However, the consistent dose
response relation for stroke in men with and without
ischaemic heart disease or stroke suggests that the
reduction in risk of stroke is directly associated with
physical activity. In men with no evidence of ischaemic
heart disease or stroke, since moderate and moderately
vigorous levels of activity were associated with the
lowest rates of stroke and heart attacks the lower rates
of stroke seen in these men are unlikely to be due to
competing causes.

Since heart attacks are over four times more
common than strokes the benefits of reduction in
stroke at vigorous levels of physical activity must be
considered in the light of the overall risk of having
either a heart attack or a stroke. In all men, irrespective
of the nature of pre-existing ischaemic heart disease or
stroke, physical inactivity was associated with the
highest risk of having a stroke or heart attack, with risk
falling with increasing activity up to moderate or
moderately vigorous levels (figure). In men with
no ischaemic heart disease or stroke, moderate and
moderately vigorous levels of physical activity were
associated with over a 50% reduction. Above this level
risk increased slightly, but was still lower than that for
inactivity, occasional activity, and even light activity
because of the marked reduction in stroke attacks. In

men with symptomatic ischaemic heart disease or

stroke overall benefit was not apparent in those under-
taking moderately vigorous activity despite the over-
whelming reduction in stroke.

The high risk of heart attacks in the inactive men
with symptomatic ischaemic heart disease or stroke
may partly be attributed to the fact that these men
have more severe symptoms and are therefore unable
to undertake physical activity. Several prospective
studies have examined the relation between physical
activity and overall mortality from cardiovascular
causes and have found a progressive decrease in risk
of death from cardiovascular disease with increasing
physical activity. However, the highest category of
physical activity in these studies tends to be fairly
broad in definition and vigorously active subjects have
not always been clearly separated.™* In addition, men
with clinical evidence of ischaemic heart disease have
been excluded—that is, the men in whom vigorous
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levels of activity seemed to have the most adverse
effects. Slattery et al found that those who did intense
(sporting) activity did not show any more benefit in
overall mortality from cardiovascular causes than those
who did frequent light or moderate activities but no
intense activity."

CONCLUSIONS

Moderate levels of physical activity, such as frequent
regular walking plus recreational activity or sporting
activity once a week, seem to be sufficient to produce a
significant beneficial effect on cardiovascular risk in
men both with and without evidence of ischaemic heart
disease or stroke. More vigorous activity does not
seem to confer any further protection and frequent
sporting (vigorous) activity may be associated with an
increased risk of heart attack, especially in those with
symptomatic evidence of ischaemic heart disease or
stroke. Such men who are contemplating or involved
in regular vigorous activity should discuss their
programme with an appropriate doctor. It seems
reasonable, however, to recommend widespread
and unrestricted participation in moderate levels of
physical activity. Moderate activity is readily attain-
able by large sections of the population and requires no
special facilities.

This study was supported by The Chest, Heart, and Stroke
Association. The British Regional Heart Study is a British
Heart Foundation research group and is also supported by
the Department of Health and the Institute for Alcohol
Studies. We thank Dr Ivan Perry, Dr Peter Whincup, and
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paper.

1 Berlin JA, Colditz A. A meta-analysis of physical activity in the prevention of
coronary heart disease. Am J E pidemiol 1990;132:612-27.

2 Shaper AG, Wannamethee G. Physical activity and ischaemic heart disease in
middle-aged British men. Br Heart J 1991;66:384-94.

3 Paffenbarger RS, Wing AL. Characteristics in youth predisposing to fatal
stroke in later years. Lancet 1967;i:753-4.

4 Paffenbarger RS, Brand R], ShulizR, Jung D. Energy expenditure, cigarette
smoking and blood pressure level as related to death from specific diseases.
AmF Epidemiol 1978;108:12-8.

5 Paffenbarger RS, Hyde RT, Wing AL, Steinmerz CH. A natural history of
athleticism and cardiovascular health. JAMA 1984;252:491-5.

6 Herman B, Leyten ACH, van Luijk JH, Frenken CW, Op de Coul AA,
Schulte BP. An evaluation of risk factors for stroke in a Dutch community.
Stroke 1982;13:334-9.

7 Salonen JT, Puska P, Tuomilehto J. Physical activity and risk of myocardial
infarction, cerebral stroke and death. Am J E pidemiol 1982;115:526-31.

8 Shaper AG, Pocock SJ, Walker M, Cohen NM, Wale C], Thomson AG.
British regional heart study: cardiovascular risk factors in middle-aged men
in 24 towns. BMJ 1981;283:179-86.

9 Cook DG, Shaper AG, Macfarlane PW. Using the WHO (Rose) angina
questi ire in cardi ular epidemiological studies. Int F Epidemiol
1989;18:607-13.

10 Wilson PWF, Paffenbarger RS, Morris JN, Havlik R]. Assessment methods
for physical activity and physical fitness in population studies: report of a
NHLBI workshop. Am Heart ¥ 1986;111:1177-92.

11 Taylor HL, Jacobs DR, Schucker B, Knudsen J, Leon AS, Debecker G.
A i ire for the of leisure time physical activities.
J Chron Dis 1978;31:741-55.

12 Walker M, Shaper AG. Follow-up of subjects in prospective studies in general
practice. ¥ R Coll Gen Pract 1984;34:365-70.

13 Shaper AG, Pocock SJ, Walker M, Phillips AN, Whitehead TP, Macfarlane
PW. Risk factors for ischaemic heart disease: the prospective phase of the
British regional heart swdy. J Epidemiol Community Health 1985;39:
197-209.

14 Kannel WB, Sorlie PD. Some health benefits of physical activity. The
Framingham study. Arch Intern Med 1979;139:857-61.

15 Slattery ML, Jacobs DR, Nichaman MZ. Leisure time physical activity and
coronary heart disease death: the US railroad study. Circulation 1989;79:
3104-311.

(Accepted 10 December 1991)

Randomised clinical trial of manipulative therapy and physiotherapy
for persistent back and neck complaints: results of one year follow up

Bart W Koes, Lex M Bouter, Henk van Mameren, Alex H M Essers, Gard M J R Verstegen,
Domien M Hofhuizen, Jo P Houben, Paul G Knipschild

Abstract

Objective—To compare the effectiveness of
manipulative therapy, physiotherapy, treatment by
the general practitioner, and placebo therapy in
patients with persistent non-specific back and neck
complaints.

Design—Randomised clinical trial.

Setting —Primary health care in the Netherlands.

Patients—256 patients with non-specific back and
neck complaints of at least six weeks’ duration who
had not received physiotherapy or manipulative
therapy in the past two years.

Interventions— At the discretion of the manipu-
lative therapists, physiotherapists, and general
practitioners. Physiotherapy consisted of exercises,
massage, and physical therapy (heat, electrotherapy,
ultrasound, shortwave diathermy). Manipulative
therapy consisted of manipulation and mobilisation
of the spine. Treatment by general practitioners
consisted of drugs (for example, analgesics), advice
about posture, home exercises, and (bed)rest.
Placebo treatment consisted of detuned shortwave
diathermy (10 minutes) and detuned ultrasound (10
minutes).

Main outcome measures—Changes in severity of
the main complaint and limitation of physical
functioning measured on 10 point scales by a blinded
research assistant and global perceived effect
measured on a 6 point scale by the patients.

Results— Many patients in the general practitioner
and placebo groups received other treatment during
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follow up. Improvement in the main complaint was
larger with manipulative therapy (4-5) than with
physiotherapy (3-8) after 12 months’ follow up
(difference 0-9; 95% confidence interval 0-1 to 1-7).
Manipulative therapy also gave larger improvements
in physical functioning (difference 0-6; ~0-1 to 1-3).
The global perceived effect after six and 12 months’
follow up was similar for both treatments.

Conclusions— Manipulative therapy and physio-
therapy are better than general practitioner and
placebo treatment. Furthermore, manipulative
therapy is slightly better than physiotherapy after 12
months.

Introduction

In most cases of back pain and neck pain no
underlying disease can be established and the causes of
the complaints remain unknown.'? Fortunately, most
patients with acute complaints recover within a few
weeks, often with the help of (bed)rest, analgesics, and
advice about posture and exercises.’ The complaints
disappear within a few months in about 90% of the
cases,’*’ although the recurrence rate is high.! When
the complaints persist there are several options for
treatment. General practitioners in the Netherlands
often refer patients with persisting complaints for
physiotherapy or, less commonly, for manipulative
therapy.

Physiotherapists usually give exercise therapy, alone
or in combination with other treatments —for example,
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Influence of Physical Activity on Depression

and Anxiety of Former Elite Athletes

Abstract

The purpose of this study was to investigate the influence of
physical activity and other factors on the mood of former elite
male athletes and controls of middle and old age. The subjects
were 664 former athletes and 500 controls who answered ques-
tionnaires in 1985 and 1995. The dependent variables depressive
and anxiety symptoms were assessed by the shortened anxiety
and depression scales of the BSI-53. Logistic regression was
used for longitudinal as well as cross-sectional analyses to esti-
mate odds ratios for symptoms of depression and anxiety in rela-
tion to leisure physical activity adjusted for age in 1995, sports
group, personality characteristics, alcohol use, smoking, marital
status, life events and socio-economic status. In the longitudinal
analysis, low levels of physical activity as well as neuroticism,

dissatisfaction, marital status, life events and social class in
1985 increased the risk of depression in 1995. Also physical
activity has a protective effect against depressiveness; an
increase of one MET-unit (hour/day) statistically significantly
decreased the risk of depressiveness by 8%. In the longitudinal
analysis, physical activity had no significant association with
anxiety. Cross-sectional analysis for depressive symptoms in
1995, but not for anxiety found associations with sports group
and physical activity as well as alcohol use and marital status.
Very high physical activity has a significant protective effect
against depression.

Key words
Anxiety - athlete - cohort study - depression - mood - physical
activity

Introduction

Psychological well-being can turn into a state of dynamic
instability if the individual cannot control changing conditions
and prerequisites of external and internal stress and strain fac-
tors. Often it is loss of psychological equilibrium that introduces
psychological symptoms e.g. in the form of depression and
anxiety. Depression and anxiety are relatively common mental
disorders. In most developed countries, the estimated preval-
ence of short-term anxiety disorders 2-9% [3,35,36,51] and
clinically recognized depression affects 5-10% of the population
[47,60).

The effects of physical exercise and activity on mood are mediat-
ed by physiological, psychological and social factors. These three
factors constitute an indivisible entity that is subject to direct
and indirect effects of physical exercise. In their critical review,
Folkinsin and Simen [14] examine physiological, psychological
and cognitive explanatory models, theories and viewpoints. One
can make the general observation that physical exercise is largely
a kind of psychologically regulated behaviour. The main psycho-
logically stabilising effect of physical exercise is probably the
capacity of physical exercise to introduce a largely pleasant
emotional experience. Physical exercise also has many effects
on e.g. the chemical functioning of the brain, and via mediating
substances, also on psychological experiences, functions and
social interplay. Therefore it is difficult to clearly categorise the

1 Department of Public Health, University of Helsinki, Helsinki; Finland
2 Department of Public Health and General Practice, University of Oulu, Ouly, Finland
3 Unit for Sports and Exercise Medicine, Institute of Clinical Medicine, University of Helsinki, Helsinki, Finland

Prof. S. Sarna, Ph.D. - Department of Public Health -
P.0. Box 41 (Mannerheimintie 172) - FIN-00014 University of Helsinki - Finland -
Phone: +358-9-19127524 - Fax: +358-9-19127533 - E-Mail: seppo.sarna@helsinki.fi

Accepted after revision: February 25, 2003

int ] Sports Med 2003; 24: 609-619 © Georg Thieme Verlag Stuttgart - New York - ISSN 0172-4622

Affiliation

Correspondence

Bibliography

-459-

Downloaded by: University of No;



effects of physical exercise. Physical exercise offers many kinds of
feelings, experiences and identification objects for people. Irres-
pective of physical talent and activity, all people have an equal
right to enjoy and feel successful about physical exercise. Feel-
ings of success resulting from physical exercise contribute to
our self-control and self-knowledge. Many feelings and experi-
ences of success resulting from sports help us tolerate and cope
with diverse failure-related feelings and situations. Physical
exercise probably contributes to a feeling of life control. Feelings
of success in sports and attaining self-imposed goals also
advance psychological well-being. A person who feels well
usually finds his life meaningful and his mood positive.

This study is based on a psychophysiological explanatory model.
According to Pulkkinen [57], emotive regulation helps sustain
internal stimulation within controllable and function-optimising
limits. Pulkkinen's model should also help show the connection
of poor self-control to the individual's inability to sufficiently
control all variable external and internal stress factors. This may
introduce or even increase psychological symptoms, e.g. as
anxiety and depression. The model has been useful in explaining
emotion regulation of people with physical symptoms [57]. Emo-
tions also have a clear psychophysiological component because
strong emotions always co-occur with an increase in physiol-
ogical activation level.

In studies of physical exercise, activity and mood, more attention
could be spent on the fact that in the background of depressive-
ness and anxiety, there may be factors related to physical activ-
ity, personality, life style, family relations, socioeconomic status
and life events that influence the results of the study. For
instance, several studies suggest that stressful, safety-threaten-
ing episodes contribute to anxiety and depression [12,20,48].
As far as athletes are concerned, one should note that also sports
injuries and their severity can affect mood. Weise-Bjornstal [62]
introduce the study by Smith et al. that reported less mood dis-
turbance in the two groups of injured athletes with mild and
moderately serious injuries than is apparent in non-injured col-
lege norms. These athletes had more positive mood state profiles
even when injured than the average college aged young adults
person. Only athletes with serious injuries experienced signifi-
cant mood disturbance.

Many sports and mood related studies are generally based on a
physiological or psychological explanatory model, with a wide
range of study designs from experimental to quasi-experimental
to nonexperimental. Many studies have analysed the associa-
tions between physical exercise and depression [11,47,55,61],
and anxiety [41,42,49,55], and this research has indicated that
physical exercise has generally positive effects on people’s spir-
its. This is found both in the clinically and non-clinically depres-
sive/anxiety groups [4,37,38]. Aerobic exercise, in particular
seems to decreases depression and anxiety [19,32,49], but also
non-aerobic exercise has been found to be effective [37,38]. The
most positive effects of exercise on people’s mental health have
been seen among those who persist in their training programme
for several months [45,55]. Most studies on physical exercise
and mental health have examined the connections between
physical exercise and mood in middle and old age
[6,39,40,46,53]. It has thus become generally accepted that

regular physical activity reduces feelings of depression and
anxiety, and promotes physical well-being [50]. However, the
duration of the positive effect on mood is not well-known, and
there are few studies on the long-term effects on mood of vigor-
ous physical activity in adolescence and as young adults.
Furthermore, it is not known if the type of physical activity has
any long-term influence. Previous descriptive studies of depres-
sion and anxiety among different forms of sport are rare [5,44].

The purpose of this investigation was to study physical activity
and mood in a cohort of former elite male athletes representing
different sports and controls of middle and old age. Also, the pur-
pose of this study was to determine the important factors modu-
lating the relationship of physical activity with depression and
anxiety.

Material and Methods

Subjects

A detailed description of the study subjects has been reported
previously [5]. In brief, the subjects consisted of male athletes
who represented Finland in selected sports at least once in the
Olympic games, World or European championships or inter-
country competitions between 1920-1965 [54]. Controls were
selected from Finnish men who had been classified as complete-
ly healthy (military class A1, fully fit for ordinary military
service) at 20 years of age at the medical examination preceding
their conscription [54]. The controls were matched by birth
cohort and area of residence with the athletes [54]. The original
cohort comprised of 2448 athletes and 1712 controls. In 1985,
the subjects responded to a questionnaire, which was repeated
in 1995, with a fairly similar questionnaire. In 1985 the response
rate was 80-90% for athletes and 77% for controls. In the 1995
study there were 1336 replies, with a response rate between
70% and 80% for the athletes and 71% for controls. In the present
study we included those 1164 participants who answered both
questionnaires.

Occupational data were collected partly from the Central Popula-
tion Registry of Finland and partly from the questionnaires in
1985 and 1995. Classification into occupational group was based
on the 4-digit code of occupation in official use in Finland since
1972 [7]. Occupational groups were classified into the following
main categories: executives, clerical workers, skilled workers,
unskilled workers and farmers [54]. The occupation of each per-
son was classified according to the work he had been engaged
longest during his lifetime.

Measurements

Mood in 1995

Depression and anxiety were the main outcome measures and
were assessed using 12 items from the BSI-53 (Brief Symptom
Inventory) [8,30]. We used two partial scales of the short stress
symptom survey (37 different stress symptoms) as scale of
anxiety and depressiveness. The response alternatives (never,
seldom, sometimes, often, very often) were scored 0 to 4, with
sum scores ranging from 0 - 24. The short stress symptom survey
is based on the more extensive BSI-53 symptom survey. The BSI-
53 is a shorter version of the widely used SCL-90 (Symptom
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Check List) [8,30].The reliability of SCL-90 and BSI-53 is good
and the correlation to the corresponding structures of the MMPI
is 0.35 to 0.55 [8,30].

There are nine partial scales in the BSI-53 symptom survey;
these are supposed to measure distinct symptom dimensions or
structures. In the BSI-53, depression reflects a broad range of
signs and symptoms of the clinical depression, but primarily a
tendency towards depression. In our study anxiety was defined
as symptoms that manifest themselves as restlessness, nervous-
ness and stress. The shortened scales of the BSI-53 were used in
Finland by Kronholm [30], too, who stated that the sum points of
the short stress symptom survey and of Beck’s depression survey
correlate with each other. In his study, the correlation was 0.67. A
detailed presentation on the scales, correlation coefficients of
scale items and total score distributions have earlier been
described in detail [5]. Cronbach’s alpha was 0.84 for the six-
item anxiety scale and 0.86 for the six-item depression scale.

Personality characteristics in 1985

Extroversion and neuroticism were measured using items from
the abbreviated Eysenck’s Personality Inventory (EPI) [13]. This
short form has been frequently used [28,56,58]. Cronbach’s
alpha was 0.73 for both the nine-item extroversion scale and
the ten-item neuroticism scale.

Life satisfaction was measured by a scale with four questions
[27], which contains the items “interestingness of life”, “life hap-
piness”, “life easiness” and “loneliness”. A high value indicates a
decrease in life satisfaction. The life satisfaction scale has been
associated with health, health behaviour and personality fea-
tures [25-27]. It has proved to be closely related to the 21-item
Beck Depression Inventory [25]. The correlation between these
two measurements has been found to range from 0.61 to 0.88
[25]. Cronbach’s alpha was 0.74.

Hostility was measured by a scale with three questions {29],
which contains the items “quarrelsomeness”, “irritability” and
“anger”. This scale is predictive of CHD outcomes [29]. The relia-
bility of hostility scale has been shown to be good with an alpha
of 0.77.

Lifestyle variables in 1985 and 1995

Assessment of physical activity was based on computing MET
values. We calculated an activity metabolic (MET) index by
assigning a multiple of resting metabolic rate (MET score) to
each activity and by calculating the product of intensity x dura-
tion x frequency of activity [63] using responses to three ques-
tions on the type of activity, the mean duration of each physical
activity episode, and the frequency per month of such episodes.
In this calculation we used the following MET values (metabolic
equivalents calculated as the work metabolic rate divided by the
resting metabolic rate): 4 for exercise intensity corresponding to
walking, 6 for vigorous walking to jogging, 10 for jogging and 13
for running. The activity MET index was expressed as the score of
MET hours per day. The subjects were classified into five quin-
tiles.

Use of alcohol was recorded in beverage-type (beer, wine, spirits)
specific items on frequency and quantity and then converted into
grams of ethanol, to give the monthly consumption of pure
alcohol [52]. The subjects were classified into abstainers (0 g/
day), occasional users (1-10 g/day), moderate users (11-29g/
day) and heavy users (=30 g/day).

The smoking status of the subjects was based on their detailed
smoking history [22]: the respondents were classified as never
smoked, ex-smokers or currently smokers > 1 cigarettes/day.

Life events in 1985

Assessment of life events based on stressful life events [ 18] ques-
tionnaire in 1985. Social and interpersonal incidents involving
different aspects of life were asked: death of a spouse, death of a
friend, poor health of family member, sexual problems, divorce
or legal separation, problems in other human relationships, con-
siderable interpersonal conflicts at work, loss of a job, serious
financial problems, personal health problems, substantial
conflicts with their spouse, or any other serious problems. The
response alternatives (never, during the last 6 months, during
the last 5 years, or earlier) were scored 0, 3, 2, 1 to weight the
most recent life events (during the last 6 months). As a scale of
life events, 21 different propositions have been used. A sum score
of life events was calculated. Cronbach’s alpha was 0.66.

Statistical analysis

Two types of data analysis were done. The main aim of the first
analysis was to assess the relationship between self-reported
physical activity in 1985 and in 1995 and self-reported mood in
1995, to determine the importance of longitudinal changes in the
physical activity on depression and anxiety among elite male
athletes and non-athletes in their middle and old age. Secondly,
we examined using a cross-sectional analysis the association
between self-reported mood, physical activity and sport group
in 1995. The statistical processing was done on version 11.0 of
the SPSS for Windows (SPSS Inc., Chicago, IL, U.S.A.). The statisti-
cal significance in differences between categorical variables were
tested by Chi-square tests, and differences in continuous
variables were tested by the independent sample t-test (Table 1).

The dependent variables in the logistic model of the study are
depressiveness and anxiety. We included the following indepen-
dent variables into the model: age and physical activity (baseline
physical activity 1985), personality characteristics, life style
(changes of physical activity 1995-1985), life events, and socio-
economic status. We introduced into the model five separate
blocks of different parts, all forced in the model. The highest
decile of the outcome variable was considered as “positive out-
come” (depression score >8, or anxiety score >7), with the
remaining 90% classified as not affected. The four personality
scales were standardised in the model in order to make the com-
parison easier. All the variables, and their classifications used in
the regression analysis have been described in Table 2.
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Table 1 Characteristics of former athletes and referents participating in questionnaire surveys in 1985 and 1995

P for group
difference

Athletes Controls
(N=664) (N=500}
Characteristic g : SUnmeggs s gge
Age mean (SD), years 64 6 (9. 2) 62 0 (8 2)
- Mood mean (SE) . fiE ' S i
Depression (Range 0-24) ' o 26900 14)‘ . 357 (0A19)

,‘,Anxlety (0-24)
Personallty characterls ics mean (SE

£6(0:11) -

 Extroversion (Range 0-9) - 454(010) o 3060001
Neuroticism (0-10) 3.75(0.09) 4.33(0.11)

. Life satisfaction (4-20) o 794(000) oo 859(012)

Hostility (3-15) ' 713(011) 7.36(0.14)

: Llfestyle
*MET index qumtlle MET h/day (%)
. Qumktllye ! ({ 039 <0, 41 MET h[day)
Quintile 11 (0.40-1.32, 0.42-1.60)
~Quintile 1 (1.33-2.78,1:61-3.99)
Quintile IV (2.79-6.42, 4.006. 42)
Quintle V(> 643,>643)
MET ean (SE)

‘ 243(014)

Use of alcohol glday (%)
Abstamers (U g/day) :

Occasional users (1 -1 0 glday)
‘ "Moderate users (11- 1 29 g/day
' Heavy users (>30 g/ day)
Alcohol consumptlon mean (SE)

“ Neversmokers :

D Exsmokers
Current smokers

Mantal status ’;

- Married (married, remarned cohabntmg) o886

“ Life. events mean (SE)

Life events (Range 0- 60) 8.91 (0 21)
Socioeconomic status (%) s s
Executives 21 9
Clericalworkers - 0 o ags
Skilled workers 30.2
Unskilledworkers -~ = en o0
‘Farmers 4.4

o p-value

Lo3aza8)

T)p-value 85 '
oot
1)pva|ue 95
<0.001
)pvalue 85

148(089)

o 1)pvalue

<0.001

<0001

0192

. 2)pvalue-8s

<0.001

o 2)pwalue-gs

<0.007

0341 :
2) p«value -95

o

3 V1)p-\lkalue,-85"~,f;[ :

0377

“1ypvalue-95
0891
) p-value -85 o
. <ooo1
 Ypvalue-os
IR o1
o 2)pvalue-85
0224
o 2)pvalie-os

0.400

) <0001
e 0010,

<0001

0.892
Ciypvalue i
<0.001

*Metabolic equivalent (MET) index was calculated by assigning a multiple of resting metabolic rate to each.activity and calculating the product of intensity x dur-

ation x frequency.
1) p-value by t-test (2-tailed).
2) p-value by Chi-Square tests or Pearson Chi-Square Asymp. (2-sided).
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Table2 Description of variables

Variable Description
LA‘QéZ;QSVV i . ‘ . Continuous from 46 to 92
Sports Six groups: 1 =endurance sports, 2= power sports/combat
. e ~ 3=power sports/individual, 4= team sparts, 5 = shooting,
6 = controls; reference group 6
Mood G i
Depression Two groups: 0 10 depressrve score* < 7 99, 1 —depresswe, score* > 8
‘Anxuety o ,_,Two groups 0 no anxious, score <699 T anxwus score >7

Personality charactenstrcs
Extrqver5|on

‘Continuous from 0 to 9 standardlzed mean and variance -

Four groups: 0= abstarners 1 = occassional users, 2= moderate users, 3 heavy users; reference groupO

O— ever, 1= ex-smokers 2 =current smokers reference group 0

Neuroticism Continuous from 0 to 10 - standard!zed mean and variance
Life satisfaction . Conitinuous from 4 to 20 = standardized mean and variance
Hostility Continuous from 3to 15 - standardized mean and variance
"Ufesty ’ G SR 3
" MET -85, 95 ' Qumtlle I-V: descrlbed in deta!l table 1. referents qU|nt|IeV
MET 95-85  Changes ¢ of METvalue 95-85 (h/day) =

Alcohol -85, -95

Alcohol 9585 _ Changes of alcohol concumption 9585 (g/day)

Smoke -85, -95 Three groups:

Smoke 95 85 : e Three group

Mantal status 85 95
Matital status 95-85 =

ST © unmarried, divorced or W|dow in 199
Life events Continuous from 0 to 60
Sosioeconomic statis

o ame status in 1995 and 1985 1= changed status (neve .
e i 1995) 2 =changed status (never ar ex- smokers in 1985 but current smokers in 1995)

Two groups 0 unmarned dIVOI‘CEd or wrdow 1= marrled remarned or cohabltmg

“married, remarrled orcohab!tmg in 1995)

Five groups: 1= executive, 2 = clerical workers, 3 = skilled workers, 4 = unskilled workers, 5 = farmers; reference group 2 -

*The shortened anxiety and depression scales of the BSI-53.

Results

Longitudinal analysis (Tables 3 and 4)

In a longitudinal analysis, our model was well fitting to the data
(goodness of fit for depression (p<0.001) and for anxiety
(p<0.001) ). The logistic model classifies 90.6% of all observa-
tions of depression adequately, and 90.4% of anxiety. The explan-
atory power (Nagelkerke - R2) was 30.5% for depression, and
22.6% for anxiety.

In the model (all factors in model), both low (MET quintiles I, II)
and relatively high (MET quintile IV) levels of physical activity
indicated a higher risk of depression relative to extremely active
physical activity (MET quintile V) in 1985. The intermediate
levels (MET quintile [II) were not statistically significant, but the
point estimate for the odds ratio was 1.5 in 1985 compared to
quintile V. When adjusted for baseline METs (and other variables
in the model), change in physical activity had a protective effect
against depressiveness; an increase of one MET-unit (hour/day)
statistically significantly decreased the risk of depressiveness by
8%(95% Cl1~-14%).

Introversion, neuroticism and life satisfaction were associated
with risk of depression, but baseline alcohol and smoking were
not associated with risk of depression. Change in the use of alco-

hol decreased risk of depression, the change of the one alcohol-
unit (g/day) statistically significantly but modestly (by 2%)
decreased the risk of depressiveness, when the model already
contained the personality and other variables. The risk of depres-
sion was significantly higher following divorce or widowhood
between 1985-1995; risk of depression was increased by 7%
(95% CI 2.5 to 12%) per life event score point. As for socio-
economic status, there was a nearly two-fold risk of depression
among skilled workers compared to clerical workers.

In the logistic model, physical activity was not associated with
anxiety. Of the personality characteristics, neuroticism and hos-
tility were associated with high risk of anxiety. None of the life
style or life events were associated with anxiety. As for socio-
economic status, the risk of anxiety was two-fold for skilled
workers compared to clerical workers.

Cross-sectional analysis (Table 5) of 1995 data

The cross-sectional analysis model fitted well to the depression
(goodness of fit p<0.001), and anxiety data (goodness of fit
p=0.026). In the cross-sectional analysis, the logistic model
produces the right classification for depression in 89.1% of the
cases, and for anxiety in 90.0% of all observations. The explana-
tory power was 12.5% for depression, and 5.3 % for anxiety.
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Table3 Logistic regression results for subjects with depressiveness in the upper decile in 1995 versus other deciles

Dependent variables 0dds ratio p-value* Cumulative
(with 95 % confidence intervals) R2
UDepression: S
Age -95, 0.041
 physicalactivity  Age-95 100(098-103 = 0832 i
. MET -85, quintile 1~ 377 (1.52-9,3 \ 0.004
. MET85, quintile 2  2.60(1.04-6.54) o042
'MET -85, quintile 37 1.54 (0.56 -4.22) 0.404
- MET -85, quintile 4% | 283(115-694) 0023
(MET -85, qumtlle 5" ref) 1.00
“Personality S . 0218
characteristics Extroversion SD 0 75 (o 59— 0 95)' 0.021 ‘
" Neuroticism SD 5 65) 0000
""" Lifesansfacnon D 132003-170 002
. * Hostility SD 17(092-1.48) . 0198 .
Life style ' ' 0272
s i ChangeinMET 9585 = 7 70.92(0.86-0.99) S g0 e
Alcohol 85 occa5|onal users 0.99 (0.41-2.41) 0 989

‘ Change in alcohol consumptlon 95 85 .
: ;Z,Smoke -85, ex -smoker

Smoke -85,current smoker
. (Smmioke -85,niever smoker ref.] -
Smoke status changed ex-smoker in 1995

Life events

Status

' Skilled workers
- Unskilled workers
Fafméré
' (Sosioeconomic status,clerical workers ref.)

' 127(038-425)
346(1.75-685) . . 0000

* Wald's test.
~ Quintile described in detail Table 1.

The sports group showed a statistically significant lower risk of
depression compared to controls. Both low (MET quintile I) and
relatively high (MET quintile IV) levels of physical activity were
associated with a higher risk of depression than the most physi-
cally active group. An association with low risk of depression was
detected in occasional and moderate users of alcohol compared
to teetotallers, but among users of alcohol no significant increase
was observed. Likewise, married people had a very significantly
lower risk of depression. As for anxiety, no significant associa-
tions were observed (Table 5).

Bick d H et al. Infl e of Physical Activity...

Discussion

In this study, we examined the effect of physical activity on mood
in the case of former elite athletes and controls, and we tried to
identify factors related to mood. Our data set is relatively large,
with high response rates. The measures are of high reliability,
and they have been used in several other studies. Unfortunately,
the surveys did not use the same scale for anxiety and depres-
siveness. However, in our 1985 questionnaire we used the scale
on life satisfaction as a personality parameter; several studies
note that it is clearly correlated with e.g. depression, suicides,
mortality and fatal injuries [25-27]. In the study, life satisfaction
was charted with a scale commonly used in Nordic countries,
including subjective interest in life, happiness in life, ease of life,
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Table4 Logistic regression results for subjects with anxiety symptoms in the upper decile versus other deciles

Dependent variables 0dds ratio p-value*® Cumulative
(with 95 % confidence intervals) R2
Anxiety i
Age -95, 0,018
physical activity ~~ Age 95 1,00(097-103) . 095
- MET -85, qumtrle1" 157(0.65-3.79) 0314 o '
MET -85, quintile2r 1,64(0.69-390) 0266
MET -85, quintile 37 1,68 (0.68-4.15) 0,259
MET-85,quintile4~ S 1,91(081-451) . 0138
(MET 85 qumnle 5" ref) 1,00
Personality : : S : 0,182
characteristics Extroversion sb 0, 90 (O 71- 'l 15)
o - Neuroticism SD. 206(157-269) - .00
‘Llfe satisfaction SD """ 1 23(0.96-1.58)
e HostifitysD 136(1.07-172) - 00 S
Life style 0,209

 GhangeinMEToscEs

Alcohol -
A Icohol 85 moderate users e
‘ Alcohol -85, heavy users.

5,0ccasional users

Change in alcohol consumptlon 95~ 85
© Smoke -85.ex-smoker 7
Smoke -85,current smoker
: :(Smoke -85,never smoker ref)
Smoke status changed ex-smoker in 1995
: Smoke status changed current smdkér in 1995
Marital status -85, mamed remarried or cohabltmg

: ,(Mantal status -85, unmamed dnvorced or W|d0w ref)

Marital status changed marned remarried or cohab|t|ng in 1995
g Mar|ta| status changed, uknmkkakrned, dlvqr;ed Q;,wndow in1 995 :

Life events
R i “lifeevents o

' Sdsioeédnohﬁt
Status - Executive
: ‘ Skilled workers
i Unskk;lkle,d workers
Farmers
: '(kyskdsideco,nbmic'status,clerica!'WQrkefs'r'ef‘) :

- 099(0.93-1.06)
0,99 (0.41-2.43)
0,70(0.26-190)
1,08 (0.37- 315)
1000 .
0,99 (0 97 1 00)
1,16(0.67-2.00)
1,65 (0.83-3.26)
oty
0,83 (0.34-2.02)
C102(042-247)
1,09 (048 247)
Sroes s
0,21 (O 02~ 1 81) 0,155
 091(040-210) ;

0,211
1,03(099-1.08) o

0,226
. 120(057-254) o
2,11(1.21-3.68)
1,51(039-5.84)
1,99 (0.80-4.97)

1000

* Wald’s test.
~ Quintile described in detail Table 1.

and loneliness. This scale is closely related to an established
depression scale, the 21-item Beck Depression Inventory (BDI)
[25]. In various studies, life satisfaction and BDI have a correla-
tion of 0.61-0.88 [25].

One can observe that a less commonly known scale on mood is
used in this study. We do not argue that the scale on anxiety
and depressiveness is specific as a diagnostic instrument, but
we consider that in this study it functions well as a scale at the
level of symptoms that reflect mood. One can also argue that
also in other scales on anxiety and depressiveness, questions
largely similar to ours are used, such as those on thoughts on
ending one’s life, downheartedness, an almost general lack of

Backmand H et al. Influence of Physical Activity...

interest, the feeling of hopelessness about future, timidity, feel-
ing of worthlessness, excitedness and tenseness, fits of fear or
panic.

The study sample for the logistic regression analysis was divided
into two groups, which created a somewhat arbitrary dichotomy,
though it corresponds quite well with estimates of prevalence of
depression and anxiety disorders in the population, and as dis-
cussed below in more detail, expected relationships with other
covariates were observed. Sensitivity analyses using the top two
deciles as cases yielded weaker associations. Our main observa-
tion in the longitudinal study with consideration of covariates is
that the sports group did not benefit from any statistically signi-
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Table5 Logistic regression results of cross-sectional analyses in 1995 data. Outcomes are depressiveness (upper part of table) and anxiety
symptoms in 1995 (lower part)

Dependent variables

0Odds ratio

(with 95% confidence intervals)

p-value* Cumulative

R2

Age-95,
Sports  Ageos
Endurance sports
 Power sportsfCombat e
Power sports/ IndeuaI
| Teamsports -
”Shootmg
. (ports controlsref)

Life style
Lo - MET-95, quintile 1%
MET 95 qumtlle 2»
© MET:95, quintile 38
MET -95, qumtxle 4n
‘f,.:"(ME 95, qumtxle 5" ref)

: Aicoho[ -95,moderate us 5“" :
Alcohol -95,heavy users
 (Alcohol -95abstainers ref)
Smoke -95,ex-smoker ' '
. Smoke-95,currentsmoker
(Sm’oke -95,never smoker ref)
e | status -95,married, re

‘ “(Mantal étatus 95 unmarried dlvorced or W|dow ref. )

Anxiety PP

. Age-957 .
Endurance sports
. Power sports/Combat

Shooting
S (Sports, contrafs ref)
Life style

 MET-95, quintile 1% .
MET -95, quintile 2*

L UMET 85, q

‘ MET 9.% a

= Alcohoi »95 mo
Alcohol -95, heavy users
E (Alcohol —95 abstamers ref)
Smoke 95 ex- smoker

(Smoke 95 never smoker ref) .
. Marital yst‘atuysy -95,married, remartied or cohobiting
(Marital status -95,unmarried, divorced or widow ref.)

1,00 ‘
1,57 (0.99 - 251)
 165(0.96-2.86).

arried ‘Vrcahabitlng shn 0

. 099(097-1.01)

0,44 (0.18-1.11)

1,02 (0.50-2.07)

',:048(025 092)_, o
0,24 (0.06- 107)
100 .

1,91 (0.91-4.01)

1,77(0.88-3.54)
2,66 (1.18-6.02)
100 G
0,48 (0.27~ 084

. 042(021-083)

0,57 (0.28~ 1. 15)

1,00
34(0.22-053)

. 098(096-1.01)

0,61 (0.26-1.43)

1,59(0.88-2.88)
092(048-178)

1,00

1,00

1,25(071-219)

BR2(625639)

1 09(059 198y

043(016 118)' S
100 e
0,67 (0.36-1.22)

. 055(027-115) 0
0,80 (0.38-1.68)
g
1,21(0.75-1.95)
- 148(0.86-256)

0s6(040-108)

0358

g
0,256
0 551 o

0,081

0447

0,968

0,062

0,087
0,107

0,019

oo

0,123

0,058
0072

0,285

e -
L0001

0,016

0,053

* Wald’s test.
A Quintile described in detail Table 1.

Biackmand H et al. influence of Physical Activity... Int J Sports Med 2003; 24: 609-619

-466-

Downloaded by: University of North Texas Health Science Center. Copyrighted material.



ficant protective effect, but in the cross-section model, team
sports athletes turned out to be significantly associated with
low levels of depression. In both of these models, physical
activity had no statistically significant associations with anxiety.
The classification of physical activity used in our study is based
on the items in the questionnaires concerning the frequency, in-
tensity and time used for exercise. According to several studies,
all these factors are somewhat related to improved maximal oxy-
gen uptake and prevention of illnesses [1,31]. In the baseline si-
tuation of our study, we categorised the physical activity of for-
mer elite athletes in 1985. We used the physical activity of the
baseline situation as a structural factor to enable analysis of
sports activity changes between 1995 and 1985. So, in the analy-
ses and results, the actual predicting factor is change in physical
activity with adjustment for baseline levels.

Our result concerning low physical activity agrees with an earlier
cross-section analysis where Camacho et al. [6] showed that the
baseline prevalence of symptoms of depression was higher for
persons reporting low levels of physical activity than for highly
active persons and in the follow-up the incidence of depressive
symptoms revealed a significant difference only between per-
sons in the lowest and highest activity groups. Also cross-section
analyses by both Farmer et al. [11] and Paffenbarger et al. [47]
support our results. Paffenbarger et al. [47] indicated that the
relative risk of depression was 27% lower for men who had
reported playing 3 or more hours of sports each week than for
men who had reported playing none. At an 8-year follow-up,
little or no recreational physical activity was found to be a signif-
icant predictor of increased depressive symptoms among white
men who had excessive depressive symptoms at baseline, low
levels of recreational activity predicted continued depressive
symptoms at the follow-up [12]. Generally persons with good
psychological health may be more active overall.

Physical exercise has given former elite athletes many kinds of
“top” moments, as well as feelings and experiences of success.
Further, physical exercise has helped them face and cope with
diverse failures and disappointments. Many sports-derived feel-
ings and experiences should also increase their consciousness of
various factors influencing their life control. Sports-induced
experiences and the feeling of well-being resulting from a sports
activity or event probably maintain and contribute to the
psychological well-being of former elite athletes as well.

Most of the former elite athletes have continued engaging in
physical exercise and activities after their active sports career,
but generally at lower activity levels. Compared with their active
career, even a minor decrease in the amount of sports activity may
introduce quite a significant change in life of some former elite
athletes, since so far sports has been a central part of their daily
lives. For former elite athletes, even a minor decrease in physical
activity means giving up a long-term life habit. This may result in
depressive symptoms and anxiety. Decrease in sports activity
may result from several factors. Some may have had to cut down
the amount of their former activity e. g. due to age, illness, and re-
strictions and losses due to sports injuries. One should also note
that depressed and anxious people generally are physically less
active. Mood, depressiveness and anxiety are in part explained
by sports, but in part by many other factors, as our results show.

Henriksson [17] suggests that depression is often associated with
the presence of other simultaneous disorders. Also according to
Kaplan et al. {21] and Keitner et al. [23], people suffering from
physical complaints exhibit more depression than those who
are healthy. Our study does not yet account for the effect of ill-
nesses related to ageing on mood, though illnesses related to
ageing may have an effect on physical competence, and thus
influence physical activity and mood.

As far as athletes are concerned, one should note that also sports
injuries and their severity can affect mood. Weise-Bjornstal [62]
introduce the study by Smith et al. that reported less mood dis-
turbance in the two groups of injured athletes with mild and
moderately serious injuries than is apparent in non-injured col-
lege norms. These athletes had more positive mood state profiles
even when injured than the average college aged young adults.
Only athletes with serious injuries experienced significant
mood disturbance. The effects of physical activity on mood are
transmitted by physiological, psychological and social factors.
These three factors constitute an indivisible whole that is subject
to direct and indirect effects of physical exercise and activity. A
large proportion of the effects of physical exercise on mood can
be and often is explained by psychophysiological factors. One
can state that healthy and physically active people are emotion-
ally more stable than anxious or depressed people. When a
healthy and physically active person experiences significant
strain, he tends to recover from it faster psychophysiologically
than a physically inactive person not feeling well. A healthy and
physically active person may have a better control of variable
external and internal stress factors, and this may decrease their
symptoms, depression and anxiety.

There may be biological, psychological and social background
factors of relevance. Earlier, observations have been made
according to which people with regular physical exercise gener-
ally have low depressiveness as a trait of their personality [5,44].
In addition, Morgan et al. [44] found that former long-distance
runners were less depressed than the average population, but
that there were no differences in their anxiety levels. Our study
shows that of personality traits, neuroticism had a high risk of
depression, while extroversion had low risk of depression. Our
study also shows that neuroticism and hostility had high risk of
anxiety. Psychological qualities remain relatively stable in adults
with age, except for neuroticism [43], which decreases steadily
[10]. Some personality traits may contribute to better self-con-
trol. Some personality traits may also explain the fact that some
people better control changeable external and internal stress fac-
tors, and therefore have fewer psychological symptoms in the
form of depression. Our study shows that dissatisfaction with
one’s life correlates with several personality traits, or with a per-
sonality composed of certain traits [2,5]. There is a positive cor-
relation between dissatisfaction with one’s life and neuroticism,
while in the case of extroversion the correlation is negative [2,5].
Our result about the high risk of depression due to dissatisfaction
with one’s life seems to agree with a Finnish study where dis-
satisfaction with one’s life was observed to predict early death,
especially suicide and fatal injury [25-27].

Our study also shows that the socio-economic status is impor-
tant; skilled workers have a higher risk of depression. This may
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