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High local unemployment and increased mortality in Danish
adults; results from a prospective multilevel study
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Aims: To examine the relation between unemployment rates in area of residence and all-cause mortality,
taking the individuals’ unemployment experience and a number of social and behavioural factors into
account.
Methods: Prospective cohort study with record linkage to mortality and unemployment registers. Data
were pooled data from two population studies conducted in Copenhagen, Denmark. The association
between unemployment at parish level and mortality was examined in Cox proportional hazard analysis.
A total of 15 980 men and women, aged 20–67 years and employed at 1 January 1980, were studied.
All-cause mortality was followed from January 1981 to December 1998.
Results: The unemployment rate in the area of residence was associated with increased mortality (hazard
ratiohighest v lowest quartile 1.35:0.14–1.60) even after adjustment for individuals’ unemployment experience
in 1980, which was also a risk factor (hazard ratio

yes/no
1.38:1.16–1.64). These estimates attenuated

somewhat when other social and behavioural covariates were taken into account. The effects were similar
in men and women, but the influence of individuals’ unemployment experience during one and five years
decreased gradually with increasing age.
Conclusion: This prospective study suggests that high local unemployment and individuals’ experience of
unemployment increase mortality risk, even after adjustment for other social and behavioural factors.

I
ndividuals’ unemployment experience has been associated
with a 20–30% excess in all-cause mortality in several
cohort studies.1 2 Further, a number of ecological studies

have shown that local rates of unemployment correlate
positively with mortality. Local unemployment is believed to
reflect the level of stress due to job insecurity, dilapidated
housing, and lack of coherence, and it is used an indicator in
several deprivations scores.3 However, whether living in an
area with a high unemployment rate influences individuals’
health independent of their own experience of unemploy-
ment is scarcely investigated. The 10 year follow up of men in
the Office of Population Censuses and Survey (OPCS)
showed that men seeking jobs in the region with the highest
unemployment rate (4.6%) had higher mortality than men
seeking jobs in the region with the lowest unemployment
rate (3.0%).4 However, a Danish study based on census data
from 1970–80 showed that in both men and women the
relative mortality among the unemployed tended to decrease
with increasing unemployment rate in 275 municipalities
(range of unemployment rate 0.4–2.0%).5 These two studies
did not relate area unemployment to mortality risk, but a
Dutch study among 8506 adults,6 has shown that subjects
living in a neighbourhood with a high percentage of
unemployed/disabled persons have higher mortality risk than
those living in a neighbourhood with a low percentage of
unemployed/disabled persons. This relation was independent
of individuals’ unemployment/disability status, but the ORs
were not adjusted for other risk factors. Furthermore, a
recent study7 has shown that individuals’ unemployment
experience is significantly related to perceived health. This
association did not vary among contexts and contextual
unemployment was not related to perceived health.

In the present study we examine the effects of the
unemployment rate in the area of residence and individuals’
immediate and long term experience of unemployment on
later mortality in a period in the 1980s with relatively high
unemployment rates. The risk estimates were adjusted for a

number of social and behavioural risk factors, and we
examined whether the local unemployment level modified
the effect of individuals’ unemployment experience on
mortality.

METHODS
Participants
The study is based on pooled data from two prospective
population studies conducted in and around Copenhagen.
The Copenhagen City Heart Study8 comprises 14 119 ran-
domly selected men and women aged 20–93 years who were
examined in 1976–78 and again in 1981–83, when 1560 new
subjects were included. The Glostrup Population Study,9 from
which one birth cohort (1936) and the MONICA surveys
(born in the period 1922–62)10 were used, consisted of 8219
subjects examined first between 1976 and 1992. Thus, our
study comprises 23 899 adults. All examinations included a
self administered questionnaire containing questions related
to health and lifestyle, as well as a detailed physical
examination following standardised procedures. These have
been described in detail previously.8–10

Subjects were followed from 1 January 1981 until 15
December 1998 for total mortality in the National Central
Person Register.

Data
The study population was linked to registers with socio-
economic information in Statistics Denmark11 using the
person identification number as a key. Information on
occupation and education were obtained for all study
participants. Since 1980 the Register of Unemployment
Statistics has gathered information on every person who is
or has been member of a state recognised unemployment
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fund, and other persons who are or have been notified to a
public employment office as job seekers. From this Register,
which covers more than 98% of the labour force and includes
all unemployment episodes for each individual, we obtained
information on the experience of unemployment in 1980 and
the duration of all unemployment episodes in a five year
period from 1980 to 1985.

Area based information was obtained by aggregating
information for 1980 for the whole population (around 1.1
million) in the study area at parish level. The 153 parishes
had 250–10 500 inhabitants in the labour force in 1980. The
rate of unemployment was calculated for each parish as the
number of subjects who were unemployed in the year under
study divided by the number of individuals in the labour
force in the area.

Information on type of individual’s household (recoded
into two categories: single or cohabiting) and highest
educational degree earned was also derived from registers
in Statistics Denmark. The latter information was divided
into four categories: only basic school; completed high
school; short vocational educations (,2 years; for example,
technician, nursery teacher), and vocational educations of
longer duration (>2 years; for example, schoolteacher, nurse,
college and university degrees).

Standard risk factors were assessed at the baseline
examination (1976–92). Body mass index (BMI) was
calculated as weight (kg) divided by squared height (m).
Study participants were categorised as non-smokers (never,
ex-, or current smokers (smoking 1–14 g/day, 15–24 g/day, or
25+ g/day)). Alcohol consumption was classified in categories
according to average weekly intake: ,1 drinks, 1–6.9 drinks,
7–13.9 drinks, 14–27.9 drinks, 28–41.9 drinks, 42–69.9
drinks, .70 drinks; one drink contained 9–13 g alcohol.
Physical activity in leisure time was classified into three
categories: sedentary; moderate activity, (4 hours per week;
and moderate activity .4 hours per week.

Statistical methods
Cox’s proportional hazards regression models were fitted to
calculate the hazard ratios (approximate relative risks) of the
association between unemployment and mortality with age
as the underlying time scale and delayed entry (left
truncation). All analyses were stratified by gender, thus
assuming equal effects of coefficients for the variable of
interest, but allowing baseline hazards to differ. The
proportional hazards assumption was evaluated for all
variables by comparing estimated log-log survivor curves
over the different categories of the variables being investi-
gated and by tests based on the generalisation of Grambsch
and Therneau.12 This revealed a violation of the proportional
hazard assumption with respect to individuals’ unemploy-
ment (the effects of unemployment was not constant over
time/age), which was then treated in models that allowed age

to interact with unemployment. Because the number of
participants in each area varied and those belonging to the
same area are more likely to be alike, data were analysed
using a robust estimator of variance.13 Statistical interaction
between area and individuals’ unemployment was performed
using the likelihood ratio test. Statistical analyses were
performed using STATA for Unix version 7.

RESULTS
We excluded subjects (n = 9605) who were more than 67
years of age or who were not in the labour force 1 January
1980. In the analysis of the potential effects of number of
years of unemployment over a five year period, an additional
2018 subjects who reached the age of 67 years before 1
January 1986 were excluded. Among the remaining 15 980
participants, 2861 died during follow up. Of the 11 770 men
and women left for the analysis of cumulative effects, 1318
had died at follow up.

The local unemployment rate was 9.7% (range 3.5–24.9%).
Fifteen per cent of men and women had experienced some
unemployment in 1980, and 26% had been unemployed
between 1980 and 1986. All the other covariates were
associated with both area and individual unemployment
(table 1). Thus, study participants living in high unemployment
areas were more often smokers, sedentary during leisure, had a
high alcohol consumption, and a BMI .30 kg/m2 compared to
those who lived in areas with low rates of unemployment.
They were also more often living single and less educated. A
similar pattern of associations was found between covariates
and individuals’ unemployment experience.

Local unemployment and individuals’ experience of unem-
ployment in 1980 were both positively associated with
mortality (table 2). The relation between local unemploy-
ment and mortality was unaffected by the inclusion of
individuals’ unemployment in the model, while the estimates
for both variables attenuated when other social and
behavioural covariates were entered. The effect of indivi-
duals’ unemployment on mortality did not vary in relation to
rates of unemployment in the area of residence (no
significant interaction), but it was modified by age. The
effect gradually decreased with increasing age, and was
highest in the youngest age group HRage 19–30 1.94:1.06–3.53
and lowest in the oldest age group HRage 60–67 0.96:0.77–1.19.
Long term unemployment measured as the number of years
individuals had been unemployed between 1980 and 1986
was related to mortality in a dose dependent manner in men
and women less than 60 years of age (fig 1). Visual
evaluation of mortality rates in categories of unemployment
in the different age groups did not indicate any additive
modifications of effects. We also carried out analyses that
omitted events in the first two years of follow up (not
shown). This procedure did not significantly change the
reported associations.

DISCUSSION
In this prospective study of almost 15 000 adults from a
metropolitan area with high rates of unemployment we
found that local unemployment rates and individuals’

Main messages

N A clear positive association between local unemploy-
ment rates and all-cause mortality remains after
adjustment for individuals’ unemployment experience
and a number of behavioural risk factors.

N The experience of unemployment increases mortality
risk in men and women less than 60 years of age.

N The risk associated with individuals’ unemployment
status increases with the number of years unemployed
and persists after excluding deaths occurring up to two
years after follow up was started.

Policy implications

N Area unemployment rates seems to be a marker for
areas that need special attention.

N It is important to improve the individual’s chances for
re-employment and to develop the labour market in the
relatively deprived communities.
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unemployment experience were both associated with
increased all-cause mortality after adjustment for a number
of social and behavioural factors. The relation between
unemployment and mortality at the individual level is well
established,1 2–5 and our risk estimates were consistent with
previous studies. The present study also showed that the
effect increased with the number of years unemployed in
both men and women. The mechanisms by which unemploy-
ment can affect health involve material circumstances
(financial strain), psychosocial factors, and selection. The
reduction in income that accompanies job loss is typically
large enough to require substantial financial adjustments by

those involved. This seems to lead to both material depriva-
tion and psychological distress. Occupation is considered one
of the core social roles with profound impact on the
individuals’ sense of self-esteem and integration.14 It has
been suggested that the role of work and losing a job is less
important for women than for men.15 The present and a
recent Swedish study16 do not support this hypothesis, since
the increased mortality after unemployment was evident
among women in both studies. Similar to the results from
previous census based studies in Denmark17 and other
countries,1 the effect of unemployment on mortality
decreased with increasing age. This might reflect that the

Table 1 The distribution of covariates’ relation to local unemploments rates and
individuals’ unemployment experience in 1980 in men and women in employment on
1 January 1980

Local unemployment Individuals’ unemployment experience

Lowest
unemployment
quartile
r = 3.5–6.6%

Highest
unemployment
quartile
r = 12.0–24.9% No unemployment

Some (1 day–
12 months)
unemployement in
1980

Number of participants 2013 3274 13 323 2397

% smokers 53.0 67.1 60.0 67.4
% drinking .28 drinks
per week

6.3 11.7 8.0 17.3

% sedentary leisure 23.0 24.4 20.9 25.6
% with BMI .30 kg/m2 8.6 11.2 9.5 12.0
% living single 18.4 34.5 28.3 37.5
% with basic educational
degree

31.6 51.4 40.1 51.1

Table 2 Hazard rate ratios (95% CI) of all-cause mortality in employed men and women
aged 20–93 years by unemployment experience

Unadjusted
Adjusted for
individual level

Other individual variables*
in model

15980 subjects (2861 deaths)
Area level
Unemployment rate

1st quartile (3.5–6.6%) 1 1 1
2nd quartile (6.6–8.8%) 1.14 (0.97 to 1.35) 1.14 (0.97 to 1.35) 1.11 (0.93 to 1.32)
3rd quartile (8.8–12.0%) 1.22 (1.02 to 1.49) 1.21 (1.01 to 1.44) 1.12 (0.92 to 1.36)
4th quartile (12.0–24.9%) 1.38 (1.16 to 1.63) 1.35 (1.14 to 1.60) 1.16 (0.97 to 1.37)

p,0.001 p,0.001 p = 0.082
Individual level
Unemployed in 1980

No (85%) 1 1 1
Yes (15%) 1.35 (1.23 to 1.49) 1.34 (1.21 to 1.47) 1.24 (1.11 to 1.37)

11770 subjects (1318 deaths)
Area level
Unemployment rate

1st quartile (3.5–6.6%) 1 1 1
2nd quartile (6.6–8.8%) 1.23 (1.04 to 1.45) 1.21 (1.03 to 1.43) 1.14 (0.76 to 1.39)
3rd quartile (8.8–12.0%) 1.29 (1.06 to 1.58) 1.27 (1.04 to 1.55) 1.25 (1.02 to 1.54)
4th quartile (12.0–24.9%) 1.43 (1.20 to 1.71) 1.38 (1.16 to 1.64) 1.23 (1.03 to 1.46)

p,0.001 p,0.001 p = 0.033
Individual level
Number of years unemployed
1980–85

No (73.3%) 1 1 1
,1 y (15.6%) 0.99 (0.84 to 1.17) 0.98 (0.83 to 1.16) 0.91 (0.76 to 1.09)
1–2 y (5.3%) 1.40 (1.12 to 1.75) 1.38 (1.10 to 1.73) 1.16 (0.92 to 1.47)
2–6 y (5.9%) 1.74 (1.47 to 2.06) 1.70 (1.43 to 2.02) 1.45 (1.21 to 1.74)

p,0.001 p,0.001 p,0.001

Results from Cox’s proportional hazard models stratified by sex and with age as underlying time scale.
p values: test for linear trend.
*Adjusted for factors in table and smoking status (in five categories), physical activity (sedentary, active), BMI (in
four categories), daily alcohol intake (in seven categories), cohabitant status (in two categories), and education (in
four categories).
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economic and psychosocial consequences of unemployment
are less stigmatising for older people than for those in young
and middle age. We found no evidence of health selection,
since the association was stronger in the youngest age groups
and persisted after inserting a ‘‘time window’’ before analysis
by excluding deaths appearing up to two years after follow up
was started. Further, the gradual increase in unemployment
in Denmark during the 1970s might already have excluded
the unhealthy subjects from the labour force.

Few previous studies have explicitly examined the effect of
the local unemployment rates on individuals’ health, and the
results have been conflicting. This might be due to the fact
that studies had differed with regard to design, outcome,
context level, and measure of unemployment. Some studies
have addressed how the job market influences the health
effects of individual unemployment. One study has suggested
that the effects of individual unemployment on health are
stronger in low unemployment areas,5 another has shown the
opposite effect,4 while others,6 as with the present study,
found no such interaction. A recent Finnish study found that
the association between unemployment and mortality
weakened as the general unemployment rate increased from
less than 5% in early 1990 to around 20% in late 1992.18 The
rates of unemployment were high in the present study
compared to those reported elsewhere,4 5 and we cannot
exclude that a modification of the health effects of individual
unemployment could be present at a lower general level of
unemployment. We are only aware of one study which has
reported that unemployment in local area of residence
influences individuals’ mortality besides effects from indivi-
dual unemployment experience.6 The present study supports
this finding, and further adds that the relation persists after
controlling for social and behavioural factors which might be
considered as confounders. One explanation for the pre-
sumed contextual effects of unemployment opportunity is
that there may be ‘‘area’’ effects due to factors related to
unemployment rates. Areas with high rates of unemployment
are more likely to be characterised by general poverty, poor
housing conditions, and higher incidence of other life events.
In the present study additional analyses, not presented,
suggested that area based unemployment was correlated
with other aspects of the area, such as educational level and
mean income. However, the effect on individual health
persisted when other contextual factors were controlled for.
This suggests that high unemployment areas need special
social and health political attention. Alternative explanations
could be linked to the concept of social capital. According to
this theory, area based income inequality, which might also

include high rates of unemployment, leads to disinvestment
in human infrastructure and social capital, which is
associated with increased mortality.19 However, parishes in
Copenhagen might not differ substantially with regard to this
aspect, since the overall social policy in Copenhagen includes
equal access to most public services. At a macro level, there
was a worsening of the economy in 1979 with a rise in the
unemployment rate. In 1982 a liberal government replaced
the social democratic one, and even though this change of
government did not bring any marked change in the overall
welfare policies in the country, reductions of the unemploy-
ment benefits were implemented. From 1982 to 1987 the
purchasing power of the unemployment benefit fell by 17%,
and the waiting period for obtaining the right to unemploy-
ment benefit was lengthened. These reductions hit the
youngest part of the labour force the most. Thus, to
understand the effects of unemployment in this study it
seems relevant to include the specific historical context as
well; a limitation of our study was that the unemployment
status of the individual and area was documented over a
short period of time only. On the other hand, our study was
based on register data, which might limit misclassification
due to reporting errors.

In conclusion, data from this prospective study suggest
that unemployment at both the contextual and individual
level are associated with increased mortality after adjustment
for other social and behavioural covariates. It seems to be
important not only to improve the individual’s chances for re-
employment, but also to develop the labour market in the
relatively deprived communities.
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