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SUMMARY In a prospective population study of middle aged women socioeconomic factors and
physical activity as initially reported were related to the 12 year incidence of ischaemic heart
disease and to total mortality. There was-a significant age specific correlation between low socio-
economic status according to the husband's occupation and myocardial infarction. No such asso-

ciation was seen between the socioeconomic status of the women themselves and myocardial
infarction. Women with a low educational level had a significantly increased age specific incidence
of angina pectoris. There was no significant correlation- between marital status or number of
children and incidence of ischaemic heart disease or overall mortality. Women who initially
reported low physical activity at work during the last year had a significantly increased age specific
12 year incidence of stroke and death, as did those who reported low physical activity during
leisure hours in whom the incidence of myocardial infarction and electrocardiographic changes
indicating ischaemic heart disease were also increased. Multivariate analyses showed that the
association between low educational level and incidence of angina pectoris was independent of
socioeconomic group, smoking habits, systolic blood pressure, indices of obesity, serum triglyc-
erides, and serum cholesterol. Similarly, low physical activity during leisure hours seemed to be
an independent risk factor for stroke, and low physical activity at work was an independent risk
factor for overall mortality.

Socioeconomic factors and lifestyle, with the excep-
tion of smoking habits, have not attracted the same
degree of interest as traditionally accepted risk fac-
tors, such as arterial hypertension and hyper-
lipidaemia, in studies of risk factors for ischaemic
heart disease. Education,1 2 marital status,2 3 num-
ber of children,2 4 s socioeconomic status,5 6 and
degree of physical activity4 7 have been reported to
be related to cardiovascular disease in women. Some
of the observations mentioned were made in a case
control study carried out by our group.4 We consid-
ered it important to re-evaluate our cross sectional
results in a prospective study.
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Study population

A population study of 1462 women aged 38, 46, 50,
54, and 60 was carried out in Gothenburg, Sweden,
in 1968-69.3 The systematic sampling method,
based on date of birth, and a high participation rate
(90-1%), ensured that the participants were a repre-
sentative cross section of women from the commu-
nity studied. Table 1 shows the number of par-
ticipants in the initial examination.
The population sample was followed up in

1974-75 and in 1980-81. Of those participating in
1968-69, 1154 (78-9%) took part in the 1980-81 fol-
low up. Most of the non-participants in these follow
up studies were interviewed by telephone or letter
about their history of angina pectoris, myocardial
infarction, or stroke. Hence information was
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Table 1 Participants and participation rates in the
population study of women in Gothenburg 1968-69

Age (yr) Participants (No) Participation rate (%)

38 372 91 4
46 431 90.0
50 398 91 3
54 180 88-7
60 81 83 5
Total 1462 90.1

obtained from a total of 1351 women (97-4% of
those participating in 1968-69 and still alive in
1980-81). Further details of the studies in 1968-69,
1974-75, and 1980-81 have been presented else-
where.8 -10

Methods

COLLECTION OF SOCIAL DATA
Information on place of birth of the women par-
ticipating in the population study was obtained from
the Revenue Office Register.4 Information about
education, marital status, number of children, and
socioeconomic status was obtained by a question-
naire.4 The subjects were divided into five socio-
economic groups according to Carlsson." Group 1
according to this classification is group I in the
present paper (large-scale employers and officials of
high or intermediate rank), groups 2 and 3 are group
II (small-scale employers, officials of lower rank,
foremen), and groups 4 and 5 are group III (skilled
and unskilled workers). Housewives were classed as
a separate group.

INTERVIEW ABOUT PHYSICAL ACTIVITY
The subjects were interviewed about their physical
activity at work and during leisure hours. On the
basis of the level of physical activity we assigned
women to groups I-IV, using a classification which
had previously been used for men in Gothenburg"2
and modified for women.4 For example, women
with light office work and no domestic work were
assigned to group I for physical activity at work;
women with shop work, light industrial work, or
domestic work including the care of one child to
group II; women with hospital work or domestic
work including the care of two or three children to
group III; and those with heavy work together with
domestic work, or just domestic work including the
care of four or more children to group IV. As
regards activity during leisure hours, examples of
group I activities are reading or looking at television,
group II walking or cycling for half an hour a day,
group III regular exercise such as running, tennis,
or swimming, and group IV heavy exercise or com-
petitive sports.

Lapidus, Bengtsson

CLINICAL EXAMINATION
In the initial study of 1968-69, blood samples were
taken after an overnight fast.4 Body weight was mea-
sured to the nearest 0 1 kg with a balance scale. Body
height without shoes was measured to the nearest
0-5 cm. Body mass index was calculated as
weight/height2 (kg/M2). Waist and hip circum-
ferences were measured and the waist : hip circum-
ference ratio was calculated."3 Blood pressure was
measured with a mercury manometer in the seated
position after about 5 minutes' rest.4 Information
about smoking habits was obtained by means of a
standardised interview.4

END POINTS DURING THE FOLLOW UP
PERIOD

Myocardial infarction-Each participant was
asked whether she had any history of chest pain, as
were most of the non-participants in the follow up
studies. Records of all women who were admitted to
hospital because of chest pain were studied, and
acute myocardial infarction was defined as the pres-
ence of at least two of the following symptoms: (a)
central chest pain, (b) transient rise of transaminase
activities, and (c) typical electrocardiographic
changes of recent onset. These criteria have been
described in detail elsewhere."4 Fatal myocardial
infarction was determined from the diagnosis on the
death certificate. "Silent" myocardial infarction was
defined as electrocardiographic changes interpreted
as Minnesota code 1 .115 16 without a history ofmyo-
cardial infarction. In our analysis, we used the com-
bined incidences of fatal and non-fatal myocardial
infarction. The incidence of "silent" myocardial
infarction was added only when indicated in the text.
Angina pectoris-During an interview, patients

were asked whether they had a history of chest pain.
A diagnosis of angina pectoris was accepted when
the criteria proposed by Rose were fulfilled.17

Electrocardiographic changes indicating ischaemic
heart disease.-Electrocardiography was performed
on all participants during rest in 1968-69 and in
1980-81. Minnesota codes's 16 1-1-2, 4-1, 5-1-2 (in
the absence of 3 1), 6 1, or 7-1 were taken to indicate
ischaemic heart disease.

Stroke was defined as described by Harmsen and
Tibblin.18 If non-fatal, a hospital diagnosis was
required. Stroke was also recorded for subjects who
at necropsy showed signs consistent with a recent
cerebrovascular accident and for subjects in whom
stroke was recorded as the main cause of death on
their death certificates.
Death.-At the end of 12 years we were able to

establish the vital status of 1458 (99 7%) of the ini-
tial participants. Death certificates were obtained for

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.55.3.295 on 1 M
arch 1986. D

ow
nloaded from

 

http://heart.bmj.com/


Socioeconomic factors and physical activity in relation to cardiovascular disease and death
all participants who died. Necropsies were per-

formed in five patients dying of myocardial
infarction and in 27 (40%) of 67 women in whom
myocardial infarction had not been recorded on the
death certificate. Patients with findings positive for
myocardial infarction at the initial examination were

excluded when the risk of myocardial infarction as

an end point was assessed. Similarly, patients with
findings positive for other end points at the initial
examination were excluded in the final calculation
for the corresponding end points.

STATISTICAL METHODS
We used an extension of the X2 procedure according

Table 2 Observed and expectedfrequencies of end points in women born in the County of Gothenburg, women who had been
living in Gothenburgfor > 25 years, women born outside Scandinavia, and women who hadgrown up in a big city. 95%
confidence intervalfor the age adjusted relative risk compared with other women is given in parentheses

Endpoints Observed Expected Relative risk

Born in Gothenburg or its environs (n = 763)
Myocardial infarction 15 12-8 1-5 (0 6-3 5)
Angina pectoris 30 25-3 1-0 (0-6-1-7)
Electrocardiographic changes 39 39-6 1-0 (0-6-1-6)
Stroke 8 7-2 1-3 (0-4-4-1)
Death 44 40-8 1-2 (0 7-2 0)

Living in Gothenburgfor > 25 years (n =854)
Myocardial infarction 18 15-8 1-8 (0 6-5 3)
Angina pectoris 36 34-3 1-2 (0-6-2-1)
Electrocardiographic changes 43 44-0 0 9 (0-6-1-6)
Stroke 12 9-1 5-2 (09-29-8)
Death 56 51-0 1-5 (0 9-2-6)

Born outside Scandinavia (n=44)
Myocardial infarction 0 0 5
Angina pectoris 3 1-7 2-0 (0 6-68)
Electrocardiographic changes 3 2-3 1-4 (0 4-46)
Stroke 0 0-3
Death 0 1-6

Grown up in a big city (n =689)
Myocardial infarction 11 11-4 0-9 (0 4-2 2)
Angina pectoris 28 26-6 1-1 (0-61-9)
Electrocardiographic changes 31 34-1 0-8 (0-5-1-3)
Stroke 9 6-4 2-4(0 7-8 2)
Death 42 36-2 1-4 (09-2 3)

Table 3 Observed and expectedfrequencies of end points in women who had low educational level (elementary school only),
women who were divorced, women who were widowed, and women who hadfour children or more at the beginning of the follow
up period. 950% confidence intervalfor the age adjusted relative risk compared with other women is given in parentheses

Endpoints Observed Expected Relative risk

Elementary school only (n = 1013)
Myocardial infarction 20 16-7 2 6 (0-8-8-7)
Angina pectoris 48* 39-3 2-6 (1-3-5 5)
Electrocardiographic changes 52 506 11 (06-1 9)
Stroke 11 9 5 20 (0 5-9-0)
Death 55 53 3 1.1 (0 6-1 9)

Divorced (n= 117)
Myocardial infarction 0 1-8
Angina pectoris 5 4-4 1 3t (0-5-3-3)
Electrocardiographic changes 4 5-7 0 6f (0-2-1-8)
Stroke 1 1.0 1-6f (0-2-12-2)
Death 9 60 1 7f (0-8-3 6)

Widowed (n=62)
Myocardial infarction 3 1-6 1-8t (0 6-5 5)
Angina pectoris 3 2-6 1-2f (04-3 9)
Electrocardiographic changes 2 3 2 0-6f (0 1-2-4)
Stroke 2 0 9 3 Ot (06-13 5)
Death 5 5-1 1If(04-28)

Four children or more (n = 142)
Myocardial infarction 4 2 2 2.1 (0 7-6-2)
Angina pectoris 8 5-1 1 7 (08-3 6)
Electrocardiographic changes 6 6-9 0-8 (04-2 0)
Stroke 2 1-2 1-8 (04-7 9)
Death 7 7.3 1 0 (04-2-1)

*p < 0-01 compared with other women in the population sample.
tCompared with married women.
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to Mantel-Haenszel with one degree of freedom for
analysis of frequencies in morbidity and mortality. 9

This minimises the effect of age as a confounding
factor. Relative risk (risk ratio) and confidence limits
of relative risk were calculated according to the
Mantel-Haenszel estimation.'9 20 Associations
between graded or continuous variables were tested
by means of Pitman's non-parametric permutation
test.2' When adjusting for confounding Variables
we used an extension of Mantel-Haenszel's pro-

cedure for permutation testing.'9 Two-tailed tests
were used and p values < 0 05 were considered to be
significant.

Results

INCIDENCE OF MYOCARDIAL
INFARCTION,ANGINA PECTORIS,
ELECTROCARDIOGRAPHIC CHANGES
INDICATING ISCHAEMIC HEART DISEASE,
STROKE, AND MORTALITY
Of all women initially free from signs of myocardial
infarction from whom we obtained valid follow up
data (n = 1424), 23 (1-6%) developed myocardial
infarction during the follow up period (8 fatal myo-
cardial infarction and 15 non-fatal myocardial
infarction). Another five women developed "silent"
myocardial infarction during follow up. New symp-
toms of angina pectoris were recorded in 56 (4.0%)
of 1416 women, new electrocardiographic changes
indicating ischaemic heart disease in 73 (6 0%) of
1218 women, and new signs of stroke in 13 (0-9%) of
1426 women. Altogether 75 women (5 1%) died
during the follow up period.

Lapidus, Bengtsson

INITIAL SOCIOECONOMIC FACTORS IN
RELATION TO END POINTS

Myocardial infarction.-Age specific 12 year inci-
dence of myocardial infarction was significantly
higher in the group of women who were initially
assigned to socioeconomic group III according to
their husbands' occupations than in other women

(p <0-01). There were no significant differences
with respect to myocardial infarction when women

who were born in Gothenburg or its environs, who
had been living in Gothenburg for > 25 years, who
were born outside Scandinavia, who had grown up

in a big city, who had-a low educational level, who
were divorced or widowed, who had four children or

more, who were housewives or who were assigned to
socioeconomic group III according to their own

occupations were compared with other women

(Tables 2, 3, and 4). Similar results were obtained
when women with "silent" myocardial infarction
were included.
Angina pectoris.-Women with a low educational

level had a significantly increased age specific inci-
dence of angina pectoris compared with other
women (p<0 01), but no other significant
differences were seen when we studied the same
socioeconomic factors as we did for myocardial
infarction (Tables 2, 3, and 4).

Electrocardiographic changes indicating ischaemic
heart disease.-No significant differences were

observed (Tables 2, 3, and 4).
Stroke.-0No significant differences were observed

(Tables 2, 3, and 4).
Mortality.-No significant differences were found

for variables included in Tables 2, 3, and 4.

Table 4 Observed and expectedfrequencies of end points in women classified as housewives, women assigned to socioeconomic
group III according to their occupation, and women whose husbands were assigned to socioeconomic group III. 95% confidence
intervalfor the age adjusted relative risk compared with other women is given in parentheses

Endpoints Observed Expected Relative risk

Housewives (n=498)
Myocardial infarction 6 8-3 0-8 (0 3-2 3)
Angina pectoris 19 20-4 0-9 (0-5-1-6)
Electrocardiographic changes 24 25-7 0 9 (0-6-1-5)
Stroke 2 4 9 0 5 (0-1-2-5)
Death 17 26-3 0 7 (0-4-1-3)

Socioeconomic group III according to the woman's occupation (n = 400)
Myocardial infarction 7 6-0 1-7(0-5-5 6)
Angina pectoris 15 15-4 0-9 (0-5-1-8)
Electrocardiographic changes 19 20-2 0-8 (0-5-1-5)
Stroke 5 3-6 5-4 (0-8-38-4)
Death 21 20-3 1.3 (0-7-2-4)

Socioeconomic group III according to the husband's occupation (n = 487)
Myocardial infarction 14* 7-9 4-6 (1-7-12-8)
Angina pectoris 18 16-5 1-2 (0-6-2 2)
Electrocardiographic changes 26 24-7 1-3 (0-7-2-2)
Stroke 3 2-7 0-9(0 2-40)
Death 22 23-6 0-8 (0-51-5)

*p < 0-01 compared with other women in the population sample.
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Socioeconomic factors and physical activity in relation to cardiovascular disease and death

Table 5 P values for age specific correlations between the end point and educational level, number of children, socioeconomic
group according to the woman's occupation and according to the husband's occupation, and physical activity at work and
during leisure hours

Attributes MI AP Electrocardiographic changes Stroke Mortality

Educational level NS <0.01* NS NS NS
Number of children NS NS NS NS NS
Socioeconomic group according to

the woman's occupation NS NS NS NS NS
Socioeconomic group according to

the husband's occupation < 0-05t NS NS NS NS
Physical activity at work:
For ages 20-38 NS NS NS NS NS
After age 38 NS NS NS NS NS
In past year NS NS NS <0-05* <0-05*

Physical activity during leisure hours:
For ages 20-38 NS NS NS NS NS
After age 38 NS NS NS NS NS
In past year NS NS NS <0-01* <0-05*

*Negative correlation.
tLow socioeconomic group correlated with myocardial infarction (MI).
AP, angina pectoris.

MULTIVARIATE ANALYSIS
Table 5 shows the p values for the non-parametric
correlations between educational level, number of
children, socioeconomic group according to the
women's own occupations and according to their
husbands' occupations on the one hand and the end
points myocardial infarction, angina pectoris, elec-
trocardiographic changes indicating ischaemic heart
disease, stroke, and mortality-on the other, when age

is taken into account as a background variable. Edu-
cational level was inversely correlated with angina
pectoris (p<001). In extended multivariate anal-
yses the relation was independent of socioeconomic
group and also independent of traditional risk fac-
tors for cardiovascular disease such as smoking hab-
its, systolic blood pressure, indices of obesity, serum
triglycerides, and serum cholesterol. When serum

triglyceride concentration and waist: hip circum-
ference ratio were included as potential confounding
variables, the significance level changed from
p<0-01 to p<005. The correlation between low
socioeconomic group according to the husband's
occupation and myocardial infarction was statisti-
cally significant (p < 0 05), but when the same back-
ground variables were included the correlation dis-
appeared when serum triglyceride concentration,
waist: hip circumference ratio, and body mass index
were taken into account as background variables in
multivariate analyses. No other significant cor-

relations were observed (Table 5).

INITIAL PHYSICAL ACTIVITY IN RELATION

TO END POINTS

Myocardial infarction.-There was a significant
age specific difference in the 12 year incidence of
myocardial infarction in the group of women who

had initially reported a low level of physical activity
during leisure hours (group I) during the last year
compared with other women (p < 0.05). No
significant differences were observed when women
who reported a low level of physical activity at work
(group I) during the last year were compared with
other women (Table 6). Similar results were
obtained when women with "silent" myocardial
infarction were included.

Angina pectoris, electrocardiographic changes indi-
cating ischaemic heart disease, and stroke.-Increased
age specific incidences of electrocardiographic
changes indicating ischaemic heart disease (p <0 01)
and of stroke (p < 0 001) were seen in women who at
the beginning of the follow up period reported a low
level of physical activity during leisure hours (group
I) in the past year. The incidence of stroke was also
increased in the group of women who reported low
physical activity at work (group I) in the past year
(p < 0001). There were no significant differences in
the incidence of angina pectoris. Table 6 shows the
results of the statistical analyses.
Mortality.-Women who initially reported low

physical activity at work (group I) in the past year
had an increased age specific mortality compared
with other women (p < 0 001). Women who reported
low physical activity during leisure hours (group I)
in the past year also had an increased mortality when
compared with other women (p < 0 05) (Table 6).

MULTIVARIATE ANALYSIS
Table 5 shows the p values for the non-parametric
correlations between initial physical activity at work
and during leisure hours during the three life
periods studied and the end points of myocardial
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Table 6 Observed and expectedfrequencies of end points in women initially assigned to activity group Ifor physical activity
at work and during leisure hours in the past year. 95% confidence intervalfor the age adjusted relative risk compared with
other women is given in parentheses

End points Observed Expected Relative risk

Physical activity at work group I (n = 66)
Myocardial infarction 2 0-8 1-4 (03-6 7)
Angina pectoris 2 2-4 0-8 (0.2-3.2)
Electrocardiographic changes 1 3 0 0 3 (2 7-23-0)
Stroke 4*** 0-8 7-8 (2 7-23 0)
Death 15*** 4-8 5-2 (2 8-9 7)

Physical activity during leisure hours group I (n =264)
Myocardial infarction 9* 4-6 2.8 (1-2-6-5)
Angina pectoris 10 10-1 1-0 (0-51-9)
Electrocardiographic changes 22** 13-5 2-0 (1-2-3-3)
Stroke 9*** 2-6 10-1 (38-27-1)
Death 23* 15-2 19 (1-1-3-2)

*p<0-05, **p<0-01, ***p<0001 compared with other women in the population sanple.

infarction, angina pectoris, electrocardiographic
changes indicating ischaemic heart disease, stroke,
and mortality when age is taken into account as a
background variable. Physical activity at work as
well as physical activity during leisure hours during
the past year and the incidence of stroke were nega-
tively correlated (p < 0-05 and p < 0-01 respectively).
When socioeconomic group, educational level,
smoking habits, systolic blood pressure, indices of
obesity, serum triglyceride concentration, and
serum cholesterol concentration were included as
potential confounding factors, physical inactivity
during leisure hours during the last year was found
to be independently correlated with stroke. The cor-
relation between physical inactivity at work during
the last year and the 12 year incidence of stroke was
independent of all these background variables
except for one of the indices of obesity (waist: hip
circumference ratio). There was also a significant
negative correlation between physical activity at
work and physical activity during leisure hours dur-
ing the past year and the 12 year mortality (p < 0-05).
Multivariate analyses of the total mortality showed
that low physical activity at work during the last year
was an independent risk factor when all the potential
confounding variables mentioned above were taken
into account, but the inverse correlation between
initial physical activity during leisure hours during
the last year and total mortality disappeared when
the waist : hip circumference ratio was included in
the multivariate analyses. No other significant cor-
relations were seen.

Discussion

The information from previous prospective studies
on socioeconomic factors and physical activity as
risk factors for cardiovascular disease in women is
limited. In a previous clinical study we compared all

women who had myocardial infarction in the com-
munity during a three year period with women in
our population sample of women who had been
examined during the same period.4 No significant
differences in place of birth, educational level, mari-
tal status, or socioeconomic status were found
between women with myocardial infarction and
women in the general population. Physical inac-
tivity, both at work and during leisure hours, was
found to have been significantly more common dur-
ing different periods of life in women who later had
an acute myocardial infarction than in other women
in the general population.

In the present prospective study, we found an
independent correlation between low educational
level and incidence of angina pectoris. As far as we
know, such a correlation has not previously been
reported. In two retrospective studies Szklo et al and
Talbott et al found that women who had myocardial
infarction or who had died suddenly showed more
educational incongruity with their spouses than did
those in a control population.' 2

Talbott et al found that women who died sud-
denly were less often married.2 We did not find a
significantly increased risk of cardiovascular disease
or death among widows or any other civil status
group either in our previous cross sectional study4
or in this prospective study. In a prospective study
of 2828 women Helsing and Szklo also found no
increase in mortality risk for widows compared with
married women.22

In our previous cross sectional study, we found
that women with four or more children were over-
represented in the myocardial infarction group; sim-
ilar results were reported from the Framingham
study,5 in which women working outside the home
with three children or more had an increased risk of
ischaemic heart disease. In a retrospective study,
however, Talbott et al found that women who died

Lapidus, Bengtsson300
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Socioeconomic factors and physical activity in relation to cardiovascular disease and death 301

suddenly had fewer children that those in the control
population.2 In our prospective study, we could not
verify the increased risk found in our cross sectional
study, but in our prospective study the risk ratio was
doubled in women with four or more children.

In our prospective study socioeconomic status
correlated with myocardial infarction only when
classified according to the husband's occupation.
The correlation with myocardial infarction disap-
peared when serum triglyceride concentration and
indices of obesity were included as potential con-
founding variables in the multivariate analysis.
Heller et al also studied the risk of ischaemic heart
disease in women in relation to the occupation of
their men and found that "women married to pro-
fessional men are at a lower risk compared with
other women."6

Physical inactivity was related to cardiovascular
disease and death in the Framingham study7 The
investigators found an inverse correlation between
physical activity and mortality due to cardiovascular
disease but the statistical significance was lost when
adjustment was made for age, probably because "the
more sedentary women are older than the active
ones." There was no significant correlation between
physical activity and overall mortality in that study.
We found an increased incidence of stroke and death
in women who initially reported low physical activ-
ity at work and during leisure hours during the last
year and, in addition, an increased incidence of myo-
cardial infarction and electrocardiographic changes
indicating ischaemic heart disease in women who
reported low physical activity during leisure hours
during the past year, even when age was considered
as a background variable. When several potential
confounding variables were included, physical inac-
tivity at work was still a risk factor for mortality
from all causes, and physical inactivity during lei-
sure hours was an independent risk factor for stroke.
These findings from our prospective study accord
with those from our previous cross sectional study.4
Low physical activity may be a causative factor.
Another possibility might be that persons already
disabled with latent ischaemic heart disease have a
lower level of physical activity as well as an increased
morbidity and mortality.
The causes of cardiovascular disease are still not

explained. Traditionally accepted risk factors such
as raised blood pressure, raised serum lipids, smok-
ing habits, indices of obesity, and diabetes seem to
explain only part of cardiovascular disease. Socio-
economic factors also seem to feature in the patho-
genesis of cardiovascular disease.
The analyses and presentation of data were sup-
ported by grants from the Swedish Medical
Research Council and the Faculty of Medicine of
Gothenburg University.
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