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Risk factors and 25 year risk of coronary heart disease in a male
population with a high incidence of the disease: the Finnish
cohorts of the seven countries study

Juha Pekkanen, Aulikki Nissinen, Pekka Puska, Sven Punsar, Martti J Karvonen

Abstract
Objective-To assess the efficacy of high serum

cholesterol concentration, raised blood pressure,
and smoking as predictors ofcoronary heart disease.
Design-Prospective cohort study of middle aged

men conducted over 25 years.
Setting-Finnish components ofan ongoing inter-

national study (seven countries study).
Participants-1520 Men who at age 40-59 in 1959

were free of clinicaily evident heart disease.
Interventions-At each foliow up visit a detailed

medical examination including resting electrocardio-
graphy was performed, blood pressure and serum
total cholesterol concentration were measured, and
smoking was assessed.
Measurements and main results-825 Deaths

(54% of participants) occurred during follow up, of
which 335 were due to coronary heart disease. The
hazard ratio for death from coronary heart disease
with respect to risk factors at entry were: for serum
cholesterol concentrations above 8-4 mmol/l v below
5-2 mmol/l, 2-68 (95% confidence interval 1-62 to
4-42); for systolic blood pressure in the highest
quintile v that in the lowest quintile, 2-46 (1-72 to
3.50); and for smoking 10 or more cigarettes daily v
never smoking, 1.95 (1-36 to 2.79). The hazard ratios
with respect to cholesterol concentrations and blood
pressure remained constant during follow up but the
ratio with respect to smoking diminished, mainly
owing to men giving up the habit. The estimated
conditional probability of a 50 year old man dying of
coronary heart disease in the next 25 years ranged
from 12% among those with the most favourable risk
factor profile to 75% among those with the least
favourable profile.
Conclusions-High risk factor levels (as deter-

mined in this study) in middle aged men may greatly
increase the absolute probability of death from
coronary heart disease when the period of study is
relevant to the human life span.

Introduction
Most workers agree that raised serum cholesterol

concentrations, raised blood pressure, and smoking
increase the risk of coronary heart disease. There are,
however, few data available on the long term predictive
powers of these risk factors and on the magnitude of
the increased risks in absolute terms in middle aged
men. It has been argued that any increase in these risk
factors is associated with only a relative increase in the
probability of developing coronary heart disease and
most people remain unaffected.' Long term follow up
studies allow direct examination of this argument.
Previous analyses of long term follow up studies,
however, have paid little attention to changes in the

magnitude of risk factors. To gain more reliable
estimates of the long term predictive powers of risk
factors these changes should also be taken into account.
To address these issues we have examined the

association of serum cholesterol concentration, blood
pressure, and smoking with the risk of death from
coronary heart disease during a 25 year follow up of
1520 men aged 40-59 and free of clinically evident
coronary heart disease at entry. All the men were from
rural areas of Finland, halffrom south western Finland
and half from eastern Finland. The men were drawn
from the two Finnish cohorts of the seven countries
study, which are characterised by their high serum
cholesterol concentrations and high mortality from
coronary heart disease.2

Subjects and methods
In 1959 all 1711 men aged 40-59 living in two

geograpically defined rural areas in eastern and south
western Finland were invited to participate, and 1675
(98%) were examined. Follow up examinations were
organised after five, 10, 15, and 25 years, which were
attended by 98%, 98%, 96%, and 94% of the men still
alive, respectively.
The study procedures have been described.25

Briefly, each follow up appointment included a
detailed medical examination, resting electrocardio-
gram, and assessment of risk factor state for coronary
heart disease. Blood pressure was measured twice to
the nearest 2 mm Hg in the supine position by means of
a mercury manometer with a 12 0x33 5 cm cuff
(12 5x40 0 cm in 1984). We present the means of the
two readings in this report. In 1959, 1964, 1969, and
1974 blood pressures were measured by the physician
at the end of the medical examination, and in 1984
by the same specially trained nurse. Serum total
cholesterol concentration was analysed in 1959, 1964,
1969, and 1974 by the method of Abell et a16 as
modified by Anderson and Keys,7 and in 1984 with
an automatic analyser.4 Smoking was assessed by
interview using the same standard questionnaire.2

At the 25 year follow up in 1984 the vital state of all
the men was known. Death certificates were obtained
in all cases and coded by two of us (SP and JP)
according to fixed priority rules.2 For deaths before
1974 additional information was gathered from hos-
pital records and interviews.2

This analysis excludes men who had evidence of
severe coronary heart disease at entry. Full informa-
tion on cardiac state in 1959 was available for 1670
men examined. Of these men, those with myocardial
infarction at entry, defined as a history of definite
infarction or resting electrocardiographic evidence of
infarction (Minnesota codes 1: 1 or 1:2 and 5: 1 or 5:28),
were excluded (n= 19). We also excluded men with
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definite or probable angina on effort, as assessed
by a questionnaire closely similar to that later
published by the World Health Organisation,' accom-
panied by even minor resting electrocardiographic
abnormalities suggesting ischaemia (smaller Q or Q-S
changes (Minnesota codes 1 :2-31)), T wave abnormali-
ties, abnormalities of atrioventricular or ventricular
conduction (codes 5:1-3, 6:1-2, 6:4, 7:1-2, 7:4), atrial
fibrillation, or a horizontal or down sloping ST seg-
ment depression of at least 0 5 mm'0 (n=21). To
increase the accuracy of diagnosis of coronary heart
disease men with signs of pulmonary or rheumatic
heart disease at baseline were excluded (n= 24). Finally,
we excluded men for whom information on systolic
blood pressure, serum cholesterol concentration, and
smoking in 1959 was missing (n= 86).
The association of the risk factors with hazard of

death from coronary heart disease was analysed by a log
linear model." Follow up was divided into five year
periods, and age during follow up (ranging from 40 to
84 years) divided into one five year and four 10 year
groups. Risk factors were categorised. Person years at
risk were calculated to an accuracy of within one
month. Mortality was estimated as the number of
deaths from coronary heart disease divided by the
number of person years at risk in each cell. Maximum
likelihood solution of the log linear model may be
obtained in generalised linear interactive modelling'2
by assuming that the numbers of deaths follow a
Poisson distribution.'3

For this analysis the main effects of area of resi-
dence, age, and follow up period were first entered
into the model. All three main effects were highly
significant (p<0O001). No interactions between risk
factors and area were significant at the 10% level,
and the results for eastern and western Finland are

TABLE i-Numbers of men alive at beginning offollow up periods and numbers of deaths from coronary
heart disease, person years at risk, and mortality from coronary heart disease per 1000 person years at risk
among men aged 50-59 duringfollow up periods*

Follow up period

1959-64 1965-9 1970-4 1975-9 1980-4 Total

Eastern Finland:
Alive 694 654 585 494 387 694
Deaths from coronary heart disease 14 35 44 48 42 183
Person years at risk 3 378-3 3 103 0 2 721-8 2 267-5 1 732 8 13 203-4
Mortality from coronary heart disease 3-9 8-4 11-1 11-6 9-3

Western Finland:
Alive 826 789 716 620 509 826
Deaths from coronary heart disease 4 19 42 51 36 152
Personyearsatrisk 4046 7 3801-6 3 344-3 2 900-0 2 298-2 16 390-9
Mortality from coronary heart disease 2-3 5 1 6-8 7-1 5-7 -

*Estimated from log linear model with age, follow up period, and area.

TABLE II-Hazard ratios for deathsfrom coronary heart disease between 1959 and 1984 with respect to risk
factors measured in 1959. Values adjusted for age duringfollow up, area, andfollow up period

Deaths from Hazard ratio
Person X ears coronary heart (95% confidence

Risk factor* No of men at risk disease interval)

Serum cholesterol (mmol/l):
A5l19 154 2886-2 21 1
5-20-5-79 224 4245-1 39 1-35(0-80to2-30)
5 80-6-49 304 6118-7 50 1-21 (0-73to2-02)
6-50-7-09 265 5216-8 55 1-52(0-92to2-51)
7-10-7-79 257 5036-6 66 1-91(1-17to3-14)
7-80-8-39 163 3176-4 47 2-18(1-30to3-65)
v8 40 153 2914-5 57 2-68(1-62to4-42)

Systolic blood pressure quintile:
First 306 6361-2 48 1
Second 330 6856-7 65 1-21 (0-83 to 1-76)
Third 287 5749-0 61 1-43(0-98to2-09)
Fourth 295 5802-5 68 1-49(1-03to2-15)
Fifth 302 4824-9 93 2-46(1-72to3 50)

Smoking:
Never 281 5974-3 47 1
Ex-smoker 242 4899-0 55 1-42(0-96to2-10)
69Cigarettes/day 214 4323-3 33 0-92(0-59 to 1-43)
10-19Cigarettes/day 428 7912-5 105 1 -80(1-27to2 54)
;20 Cigarettes/day 355 6485-2 95 1-95 (1 36to2-79)

*All variables significant at p<0- 001.

therefore presented together. Risk factors were first
analysed separately with adjustments for age, period,
and area. Based on these results a multivariate model
was performed.

Subjects were divided into the following five cate-
gories according to smoking state: never smokers,
ex-smokers, men smoking only pipe or cigars or 1-9
cigarettes a day, smokers of 10-19 cigarettes a day, and
smokers of 20 or more cigarettes a day. In classifying
men cigarette smoking was given priority over pipe and
cigar smoking. Those who had stopped smoking less
than one year before the examination were considered
as smokers and classified according to their previous
smoking habit. As comparability of the absolute
blood pressures measured in the two areas has been
questioned,5 '4 systolic blood pressure was divided by
area specific quintiles. In eastern Finland the cut off
points of these fifths of blood pressure were <132,
132-140, 141-149, 150-162, and >162 mm Hg, and in
western Finland <124, 124-132, 133-141, 142-152,
and >152 mm Hg. Serum cholesterol concentration
was categorised starting from the cut off points recom-
mended by the European Atherosclerosis Society."

Results

During the 25 years 405 (58-4%) of the men in
eastern Finland and 420 (50*8%) of the men in western
Finland died. Coronary heart disease accounted for
183 (45 2%) and 152 (36-2%) of these deaths, respec-
tively (table I). Overall, men in eastern Finland had a
higher risk of death from coronary heart disease than
men in western Finland (hazard ratio 1-64, p<0-001
after adjustment for age and follow up period). The
estimated mortality from coronary heart disease in men
aged 50-59 was lower at the beginning of follow up,
mainly due to men with coronary heart disease at entry
having been excluded from the analysis.
The mean risk factor levels in 1959 were higher in

eastern than western Finland. In eastern Finland
the mean serum cholesterol concentration was 6 91
(SD 1-44) mmolIl, mean systolic blood pressure
147-6 (19 3) mm Hg, and 509 (73 3%) of the men
were smokers. In western Finland the mean serum
cholesterol concentration was 6-62 (125) mmol/l,
mean systolic blood pressure 139 5 (20 2) mm Hg, and
488 (59 1%) of the men were smokers.
The risk factors at entry in 1959 were used to predict

the overall risk of death from coronary heart disease
during the 25 years (table II). There was a clear and
continuous increase in the relative risk of death
from coronary heart disease with increasing serum
cholesterol concentration and systolic blood pressure.
The greatest increases occurred in men with the
highest serum cholesterol concentrations and in the
highest quintile of systolic blood pressure. Smoking 10
or more cigarettes a day almost doubled the risk of
death from coronary heart disease. Ex smokers also
had an increased risk. Men smoking nine or fewer
cigarettes had a risk similar to that of the never
smokers. Men smoking 20 or more cigarettes a day had
only a slightly higher risk than men smoking 10 to 19
cigarettes a day. Men in these two categories also
behaved similarly in relation to giving up smoking, and
the two groups were therefore combined for further
analysis. The hazard ratio for this combined group was
1 86 (95% confidence interval 1-35 to 2 57).
The only significant interaction at the 10% level

between risk factors and follow up period was that of
smoking (table III). The hazard ratio associated with
smoking nine or fewer cigarettes a day at entry tended
to diminish during follow up. The hazard ratios in the
ex-smokers and heavy smokers were greatest during
the second five years of follow up. Thereafter the
hazard ratios tended to become smaller, particularly in
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TABLE iii-Hazard ratiosfor deathfrom coronary heart disease during
different follow up periods with respect to smoking state in 1959.
Values adjustedfor age duringfollowv up and area

Follow up period

Smoking in 1959 1959-64 1%5-9 1970-4 1975-9 1980-4

Never 1 1 1 1 1
Ex-smoker 1-17 7-77 1-66 1 10 0-80
69Cigarettes/day 1-89 2-59 1-30 0-59 0 77
-10Cigarettes/day 1-99 6-72 2-59 0-96 2-16

Significance: smoking p<0001; interaction between smoking and follow up
period p=0O07.

the ex-smokers. Many of the hazard ratios in table
III are based on comparatively few deaths, which
increases their variability. The exact magnitude of the
relative risks must therefore be interpreted with
caution.
Changes in the risk factors (tracking) from 1959 to

the last available examination-that is, in 1984 among
those who survived, or earlier among those who
did not-were examined. The correlation coefficients
between risk factor levels at entry and at the last
available examination were 0 57 (p<0-001; n=1496)
for serum cholesterol concentration and 0-48 (p<0-001;
n= 1480) for systolic blood pressure. Of 208 men who
smoked nine or fewer cigarettes a day in 1959, 119
(57 2%) had stopped smoking at their last examination
and 24 (11 5%) had increased their smoking. Of 765
men who smoked 10 or more cigarettes a day at entry,
only 255 (33 3%) had given up smoking at the last
available examination and 86 (11-2%) had reduced
their smoking. (Six men smoking fewer than nine
cigarettes daily in 1959 and 18 smoking 10 or more are
omitted from these analyses because of missing data.)
To examine the effect of changes in smoking state

during follow up we repeated the analysis of smoking
by updating each man's smoking state at each follow up
appointment-that is, after five, 10, and 15 years (table
IV). Analysed in this way men smoking nine or fewer
cigarettes daily also had an increased risk of death
from coronary heart disease. The hazard ratio asso-
ciated with smoking 10 or more cigarettes a day,
however, was not greatly enhanced (from 1 86 to 2 02).

Multivariate analysis was performed by using serum

TABLE iv-Pooled hazard ratios for death from coronary heart disease
during each interval between two follow up examinations with respect
to smoking state at beginning of interval. * Values adjusted for age
duringfollow up, area, andfollow up period

Deaths from Hazard ratio
Person years coronary (95% confidence

Smoking state at risk heart disease interval)

Never 5 676-7 42 1
Ex-smoker 7 865-4 95 1-31(0-91 to 1-89)
69 Cigarettes/day 3 786-7 40 1-42 (0-92 to 2-19)
- 10 Cigarettes/day 11 286-0 144 2 02(142 to 287)

Significance: smoking p<0001: interaction between smoking and follow up
period p=0 18.
*Numbers of person years at risk and deaths from coronary heart disease
were smaller in this analysis owing to missing information on smoking state
for some men at some follow up examinations.

cholesterol concentration and systolic blood pressure
measured at entry in 1959 and updating smoking state
at each follow up examination. The results were
virtually unchanged from those presented in tables II
and IV. The hazard ratios for the most unfavourable
serum cholesterol concentration, systolic blood pres-
sure, and amount of smoking compared with the most
favourable were 2 50, 2-27, and 1F88. By using the
multivariate model we estimated the conditional prob-
ability of men aged 40 and 50 living in eastern Finland
dying of coronary heart disease during the next 25
years (table V). The probability was conditional on the
men not dying of any other cause during the 25 years.
The probability of death from coronary heart disease

increased gradually and strongly with less favourable
combinations of risk factors. The probability of death
from coronary heart disease in a man aged 50 with
the most favourable combination of risk factors was
12%, whereas the probability was 75% with the most
unfavourable combination. The corresponding prob-
ability for a man aged 50 but living in western Finland
ranged between 8% and 60%.

TABLE V-Conditional cumulative probability ofdeath from coronary
heart disease in 25years between 1959 and 1984 for men aged 40 and
50 in 1959 living in eastern Finland with respect to risk factor levels

Risk of death from
coronary heart disease

Risk factors in 25 years (%)

Systolic
blood

Smoking* pressuret Cholesterolt Age 40 Age 50

* * 5 12
* ** 7 17
* *** 12 28
** * 6 16

Never ** ** 9 22
** *** 15 35
*** * 1 1 25
*** ** 15 34
*** *** 25 52
* * 9 22
* ** 12 29
* *** 21 45
** * 12 28

¢ 10 cigarettes/day ** ** 16 37
** *** 27 56
*** * 19 42
*** ** 26 54
*** *** 41 75

*Never smoker v consistently smoking 10 or more cigarettes a day during 25
years.
tSystolic blood pressure in 1959: *< 132 mm Hg; **= 141-149 mm Hg;
***=> 162 mm Hg.
tSerum concentration in 1959: *=<5.20 mmolll; **=6.50-7.09 mmol/l;
***=>8.40 mmol/l.

Discussion
In this series ranking middle aged men according

to a single assessment of the classical risk factors
for coronary heart disease-namely, serum total
cholesterol concentration, systolic blood pressure, and
smoking-produced a strong and consistent gradient
of risk of death from coronary heart disease over 25
years. The risk increased continuously with increasing
systolic blood pressure and serum cholesterol concen-
tration but tended to level off in smokers of 10 or
more cigarettes a day. The risk was increased even
with serum cholesterol concentrations exceeding
8-40 mmol/l. The results are consistent with previous
findings showing these risk factors to be predictors
of coronary heart disease in extended follow up
studies. 16-20 In the Zutphen study serum cholesterol
concentration predicted the risk of myocardial infarc-
tion only during the first 15 years of a 25 year follow up
of middle aged men.2' This is in contrast with our
results, in which no change in the'association between
cholesterol concentration and coronary heart disease
was noted during follow up.
The relative risk of death from coronary heart

disease associated with smoking as assessed at entry
decreased during follow up, especially among men
smoking nine or fewer cigarettes a day. To take into
account that many of these men gave up smoking
during follow up the smoking state of each man was
updated at each examination. Few previous analyses
have addressed the question of change in hazard ratios
during follow up.
That hazard ratios change during follow up may be

due to three main factors. Firstly, a few studies have
indicated that the relative risk ofcoronary heart disease
associated with raised serum cholesterol concentra-
tions and smoking tends to diminish with age,22 which
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may be due to the increasing absolute risk of coronary
heart disease with age, different physiological effects of
the risk factors in old age, or selective survival.
This may partly explain the decrease in hazard ratio
associated with smoking towards the end of the follow
up period in this study.

Secondly, when baseline measurements of risk
factors are used to predict events over a whole follow
up the assumption is that the ranking of subjects
according to a given risk factor stays the same -that is,
that there is good tracking. In our study population, as
in Finland in general,23 there were large changes in
absolute serum cholesterol concentrations, systolic
blood pressure, and smoking during follow up. Serum
cholesterol values and systolic blood pressure, how-
ever, showed fairly good tracking, which indicates that
few of the men actively changed their lifestyles in a
way that would have affected their serum cholesterol
concentrations or blood pressure and that changes in
mean cholesterol values and blood pressure were due
mainly to factors common to all the men. In contrast
many men-especially those smoking nine or fewer
cigarettes a day at entry to the study-gave up smoking
during follow up, which partly explains why hazard
ratios associated with smoking diminished during
follow up.

Thirdly, an explanation for good predictive power of
the risk factor measurements in middle age might be
that most of the damage caused by the risk factors has
already occurred by middle age and that reducing risk
factors after middle age has no effect. We, however,
have good evidence that both lowering the serum
cholesterol concentration24"2 and giving up smoking26 27
in middle age reduce the risk of coronary heart disease
within a couple of years. Our present results also
suggest that giving up smoking reduces the risk of
coronary heart disease. There is also evidence (albeit
not as good) that lowering the blood pressure reduces
the risk.28 The increased risk associated with smoking
seems to disappear faster and more completely than
that associated with high serum cholesterol concentra-
tions and high blood pressure. This may be explained
by the pathological mechanisms by which these risk
factors operate. The main mechanism of a high serum
cholesterol concentration2930 and probably also raised
blood pressure3' is the promotion of atherosclerosis,
which may occur over decades. Smoking, on the other
hand, though possibly also promoting atherosclerosis,
has several immediate effects that may precipitate the
acute coronary event.32

Given all these factors, it is not surprising that the
relative risk associated with smoking, but not with
serum cholesterol concentration and blood pressure,
changed during follow up. The possibility that the
hazard ratio associated with a given risk factor changes
during follow up should always be considered. This is
especially important given widespread use of statistical
methods33 which in their standard usage assume that
hazard ratios stay the same during a whole follow up
and the difficulty of testing this assumption. In this
study had we not considered the problem we would
have concluded that smoking nine or fewer cigarettes a
day is not associated with an increased 25 year risk of
death from coronary heart disease.

Oliver has stated that increased levels of classical risk
factors for coronary heart disease lead mainly to an
increase in the relative risk of coronary heart disease
and that "the actual risk is not at all high" and that the
"majority of those at highest risk will have to change
their life-style unnecessarily."' These statements are
dependent on the time span under consideration and
the absolute level of the risk of coronary heart disease
in the community. Our study populations represent an
extreme example. Finland had the highest recorded
mortality from coronary heart disease in the world in

the 1960s and 1970s.225 In this study a man aged 50
from eastern Finland with the worst possible combina-
tion of risk factors had a 75% probability of dying of
coronary heart disease before the age of 75. We
emphasise that the 75% is not a relative measure of risk
but simply the estimated proportion ofmen who would
die of coronary heart disease given that they escaped
death from other causes.
Our populations also put into a different light the

argument between high risk and population based
strategies for preventing coronary heart disease.
Ninety per cent ofmen (1366/1520) in our populations
in 1959 had serum cholesterol concentrations above
5-2 mmolIl, which is recommended as desirable by the
European Atherosclerosis Society" and the National
Cholesterol Education Program in the United States.35
Any strategy aimed only at men with high cholesterol
concentrations would have been turned into a popula-
tion strategy in these populations by virtue of the high
average levels of the risk factors.

These analyses were performed while JP was a visiting
scholar in the School of Public Health at the University of
North Carolina, with funding from the Academy of Finland,
National Board of Health, Finland, and the Paavo Nurmi
Foundation. We acknowledge Steve Wing for his comments
and Professor 0 Dale Williams for support.
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Mental distress and social conditions and lifestyle in northern
Norway

Vidje Hansen, Bjarne K Jacobsen

Abstract
In a cross sectional survey of risk factors for
coronary heart disease three questions about mental
distress were included in a questionnaire completed
by 13 704 people, 64% of the total population aged
20-54 in one municipality. Overall, 860 (12.5%) ofthe
men and 1141 (16-8%) of the women reported having
at least one symptom of mental distress. There were
no distinct differences between the age groups.
Single people, separated and divorced people, and
those who reported that the financial situation of the
family during their childhood was difficult reported
more mental problems. Heavy smoking, frequent
alcohol consumption, and, in men, little or no
physical activity in leisure time were also associated
with a high prevalence of mental distress. By
multiple regression analyses, marital state, financial
situation of family during childhood, and current
lifestyle were found to be highly significantly
associated with mental distress.

Including a few questions on mental distress in
health surveys provides a way to establish relations
between such symptoms and social conditions and
lifestyle in large numbers of subjects.

Introduction
The prominence of mental distress is well docu-

mented. In Western societies the prevalence among
adults is generally accepted to lie at 10-20%, taking all
different conditions together.`16 In current psychiatric
epidemiology much emphasis is put on detailed
classification of symptom-complexes within systems
such as the Diagnostic and Statistical Manual for
Mental Disorders third edition and the International
Classification of Diseases ninth edition26 to make
comparison between studies possible.
Our aim was not to report prevalence of different

psychiatric conditions but rather to describe associa-
tions between social and lifestyle variables and
prevalence of mental distress. Thus we chose an
approach different to that commonly used. By posing
three questions about mental symptoms in a general
survey of risk factors for coronary heart disease, we
sacrificed detail on diagnosis. We were thereby able to
obtain information about symptoms of mental distress
in more than 13000 adults and to describe relations
between the prevalence of these symptoms and other
variables that were part of the survey. The results
indicate that this approach is a useful supplement to
the more common focus on accurate diagnosis.

Subjects and methods
In 1979-80 all men and women aged 20-54 and

20-49, respectively, living in Troms0, Norway, were

invited to participate in a survey of risk factors for
coronary heart disease. Details concerning the
methods of the study have been given elsewhere.' The
invited population comprised 21 329 people, and
16621 (78%) attended the screening. They filled in a
self administered questionnaire on such topics as
smoking habit, physical activity in leisure time, and
ethnic origin, which was part of the letter of invitation.
At the screening height, blood pressure, and weight
were measured, and a blood sample was taken. A
second questionnaire to be filled in at home was
distributed and 14667 subjects completed it. In this
questionnaire the respondents were asked about topics
such as length of education, financial state of family
during their childhood, and alcohol habits, and there
were three questions about symptoms of mental
distress.
The questions about symptoms of mental distress

were selected from the general health questionnaire,
which was designed to be used for screening for non-
psychotic psychiatric illness in general populations.8 In
a study of patients referred by general practitioners
in Troms0 for ambulatory psychiatric treatment9
a version with 21 questions was used. A multiple
regression analysis of the answers from 148 patients
showed that six questions explained 86% of the
variance in the total score on the questionnaire. Also,
in another study of 112 adults admitted to a surgical
ward because of accidents the same six questions
explained 88% of the variance in the total score (U
Malt, personal communication). The three questions
included in the present questionnaire were selected
from these six questions on the basis of what seemed
most likely to be accepted and understood by the
general population. The selected questions were:
"During the last two weeks have you had difficulty
with sleeping; been feeling unhappy and depressed;
felt you couldn't overcome your difficulties?"
The question about sleep was different from that in

the general health questionnaire, which is "Have
you had difficulty in getting off to sleep?" This
modification was made to make the question cover a
broader range of sleeping problems. There were four
possible answers: not at all, not more than usual, rather
more than usual, and much more than usual. In
assigning scores to the categories we used the method
advocated by Goldberg in which the alternatives "not
at all" and "not more than usual" were given the value 0
and the two others were both given the value 1.8 A total
of 6903 men and 6801 women answered all three
questions about symptoms of mental distress, and the
present analyses were restricted to these subjects.
The associations between age and sex and mental

distress were tested by the X2 test. The relations
between mental distress and the different independent
variables considered were tested by analysis of
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