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Abstract
Objective—In recent decades, in most
European countries young adult mortality
has risen, or at best has remained stable.
The aim of this study was to describe
trends in mortality attributable to the
principal causes of death: AIDS, drug
overdose, suicide and motor vehicle traYc
accidents, among adults aged between 15
and 34 years in three European cities
(Barcelona, Bologna and Munich), over
the period 1986 to 1995.
Methods—The population studied con-
sisted of all deaths that occurred between
1986 and 1995 among residents of Barce-
lona, Bologna and Munich aged from 15 to
34 years. Information about deaths was
obtained from mortality registers. The
study variables were sex, age, the underly-
ing cause of death and year of death.
Causes of death studied were: drug over-
dose, AIDS, suicide and motor vehicle
traYc accidents. Age standardised mor-
tality rates (direct adjustment) were ob-
tained in all three cities for the age range
15–34. To investigate trends in mortality
over the study period Poisson regression
models were fitted, obtaining the average
relative risk (RR) associated with a one
year increment.
Results—Young adult mortality increased
among men in Barcelona and Bologna
(RR per year: 1.04, 95% confidence inter-
vals (95%CI): 1.03, 1.06 in Barcelona and
RR:1.03, 95%CI:1.01, 1.06 in Bologna) and
among women in Barcelona (RR:1.02,
95%CI: 1.01, 1.04), with a change in the
pattern of the main causes of death attrib-
utable to the increase in AIDS and drug
overdose mortality. In Munich, the pat-
tern did not change as much, suicides
being the main cause of death during the
10 years studied, although they have been
decreasing since 1988 (RR:0.92,
95%CI:0.88, 0.96 for men and 0.81, 95%CI:
0.75–0.87 for women).
Conclusion—The increase in AIDS mor-
tality observed in the three European cit-
ies in the mid-80s and mid-90s has yielded
to substantial changes in the pattern of the
main causes of death at young ages in
Barcelona and Bologna. Munich pre-
sented a more stable pattern, with suicide
as the main cause of death.
(J Epidemiol Community Health 2001;55:577–582)

In recent decades, adult mortality rates have
declined in the majority of European Union
countries, mainly because of the reduction in
deaths from cardiovascular and cerebrovascu-
lar diseases.1 However, this generalised decline
is not homogeneous in all age groups, as among
young adults the death rates have risen, or at
best have remained stable.2–7

The main causes of death among young
adults in most European countries are AIDS,
drug overdose, suicide and traYc accidents, all
causes related with life styles and risk behav-
iours, and therefore avoidable.2 4 6 8 The only
diVerential feature from one country to an-
other is the magnitude of the rates and the
order in which they appear in the ranking of the
main causes.

Thus, since the appearance of AIDS, mor-
tality attributable to this cause has increased
more rapidly in the countries of southern
Europe3 9–11 and is currently higher than in the
northern and central European countries.12 This
higher rate is mainly explained by the higher
percentage of injecting drug users. In some
countries this transmission group accounts for
over 60% of AIDS cases diagnosed.3 5 8 9 Con-
versely, in the case of suicide, the northern and
central European countries show higher
rates.13–15 These diVerences could be explained,
once again, by social factors (religion, unem-
ployment, divorce) and psychological factors
(mental or physical illness, alcoholism).16

Some causes of death tend to concentrate
in urban areas, such as AIDS and drug
abuse,4 17–19 and therefore it is important to
analyse mortality trends in cities of diVerent
locations within Europe. Thus, the aim of this
study was to describe trends in mortality
attributable to the principal causes of death,
AIDS, drug overdose, suicide and motor vehi-
cle traYc accidents, among adults aged be-
tween 15 and 34 years in three European cities
(Barcelona, Bologna and Munich), over the
period from 1986 to 1995.

Methods
THE CITIES STUDIED

Barcelona is the second largest city in Spain
and it is located in the north east of the coun-
try. Its population has decreased from
1 701 812 inhabitants in 1986 to 1 508 805 in
1996, with an increasingly aging population,
resulting from higher life expectancy and
decreasing fertility rates. The majority of its
population works in the service sector. Unem-
ployment rates in the province of Barcelona
have been relatively high, fluctuating between
14% and 25%.
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Bologna is situated in the north of Italy, with
a population of 437 203 inhabitants in 1985
and 386 491 in 1995. It also has the majority of
its population working in the service sector.
Unemployment was lower than in Barcelona
(3.4% in 1985 and 6.1% in 1995).

Munich is the third largest city in Germany,
and it is located in the south east of the coun-
try. It is the capital of Bavaria. The population
was 1 281 645 inhabitants in 1986 and
1 323 624 in 1995 (20% being foreigners).
The area of Munich has the second highest
number of working people in Germany and is
the leading centre for high tech and media
industries. Unemployment rates in Munich
have been fluctuating between 3.9% and 7%.

SOURCES OF INFORMATION

The population studied consisted of all deaths
that occurred between 1986 and 1995 among
residents of Barcelona, Bologna and Munich
aged from 15 to 34 years. Information about
deaths was obtained from death certificates;
mortality registers were local in Barcelona and
Bologna and were maintained by the municipal
administration. In Munich this information
was obtained from the regional register of mor-
tality. Population data were obtained from

municipal censuses of the three cities: in
Barcelona municipal censuses were available
for 1981, 1986 and 1991 and intercensal
populations were obtained for the other years
through the method based in the geometric
curve,20 in Bologna and Munich the municipal
census is updated every year.

VARIABLES

The study variables were sex, age, underlying
cause of death and year of death. The underly-
ing cause of death was coded using the
International Classification of Diseases, 9th
revision (ICD-9).21 Causes of death studied
were the main causes of death in the 15–34
years age group of Barcelona: drug overdose
(ICD-9 codes: Barcelona E850-E858 as acci-
dental drug poisoning; Bologna 304.0 and
304.9, and Munich 304 as drug dependence),
AIDS (ICD-9 codes: Barcelona 279.5, Bolo-
gna 279.1 and Munich 042–044), suicide
(ICD-9 codes: E950-E959 in all three cities)
and motor vehicle traYc accidents (ICD-9
codes: E810-E829 in all three cities). Barce-
lona uses diVerent coding for drug use because
of forensic traditions,22 and AIDS codes were
diVerent because, as a new disease, diVerent
ICD-9 codes were used in each country.

DATA ANALYSIS

Age standardised mortality rates (direct adjust-
ment) in all three cities for the age range 15–34
were computed. The Standard European
population proposed by the World Health
Organisation23 was used as the reference popu-
lation for adjustment, as well as the three cities’
population censuses as the rate denominators.

To investigate trends in mortality over the
study period Poisson regression models were
fitted, obtaining the average relative risks (RR )
associated with a one year increment. Separate
models for each sex were built. Mortality was
the dependent variable, and age group (15–19,
20–24, 25–29 and 30–34 years) and year of
death the independent ones. As motor vehicle
traYc accident mortality in Barcelona and sui-
cide mortality in Munich showed a sharp
change in 1988, the Poisson regression models
were fitted using data from that year onwards.

Results
The percentage of deaths in the 15–34 age
group over all deaths was higher in men than in
women, being over 3% in men in Barcelona

Table 1 Death cases and standardised mortality rates, by year, in the 15–34 years age
group, in Barcelona, Bologna and Munich by sex, 1986–1995

Year

Barcelona Bologna Munich

Death
cases %*

Standardised
mortality
rate × 106

Death
cases %*

Standardised
mortality
rate × 106

Death
cases %*

Standardised
mortality
rate × 106

Men
1986 245 3.2 99.1 52 1.9 87.4 163 2.7 76.6
1987 259 3.3 104.7 78 2.9 133.6 185 3.2 84.4
1988 381 5.0 154.4 74 2.7 127.3 207 3.6 97.9
1989 405 5.0 164.3 82 3.2 141.0 187 3.2 86.2
1990 413 4.7 168.0 94 3.4 164.5 181 3.0 84.2
1991 413 4.8 167.9 95 3.4 163.0 230 3.8 103.8
1992 458 5.4 185.9 99 3.8 170.9 212 3.7 92.3
1993 435 5.2 176.1 84 2.8 146.1 227 3.9 95.1
1994 410 5.0 167.2 76 2.7 145.7 201 3.4 82.4
1995 404 4.8 166.0 78 2.9 152.1 210 3.6 86.4
Women
1986 119 1.5 49.1 29 1.0 53.6 102 1.5 48.0
1987 123 1.5 49.9 36 1.3 66.1 69 1.0 32.3
1988 132 1.8 54.0 39 1.4 71.1 80 1.2 38.3
1989 143 1.8 59.0 27 1.0 49.4 79 1.1 37.6
1990 152 1.8 62.4 22 0.7 40.9 98 1.4 45.0
1991 178 2.0 72.6 43 1.5 79.7 86 1.2 42.6
1992 158 2.0 64.6 32 1.1 59.2 108 1.6 49.7
1993 147 1.8 60.1 28 1.0 50.7 76 1.1 34.8
1994 133 1.6 54.5 26 0.9 47.2 74 1.1 33.6
1995 162 2.0 66.1 29 1.0 60.0 75 1.1 34.9

*Percentage of the 15–34 age group mortality over all deaths in each year.

Table 2 Percentage of deaths by cause in the 15–34 years age group and number of death cases (n) in Barcelona, Bologna
and Munich by sex, 1986 and 1995

Barcelona Bologna Munich

1986
% (n)

1995
% (n)

1986
% (n)

1995
% (n)

1986
% (n)

1995
% (n)

Men
AIDS 1.2 (3) 41.3 (167) 7.7 (4) 38.5 (30) 0.0 (0) 15.7 (33)
Drug overdose 8.2 (20) 16.8 (68) 1.9 (1) 6.4 (5) 0.6 (1) 14.8 (31)
Motor vehicle 20.8 (51) 6.7 (27) 30.8 (16) 19.2 (15) 25.2 (41) 11.4 (24)
Suicide 10.6 (26) 7.9 (32) 17.3 (9) 10.3 (8) 31.3 (51) 18.1 (38)
All causes 100.0 (245) 100.0 (404) 100.0 (52) 100.0 (78) 100.0 (163) 100.0 (210)
Women
AIDS 1.7 (2) 30.9 (50) 3.4 (1) 41.4 (12) 0.0 (0) 9.3 (7)
Drug overdose 0.8 (1) 12.3 (20) 0.0 (0) 0.0 (0) 2.0 (2) 16.0 (12)
Motor vehicle 21.8 (26) 8.0 (13) 17.2 (5) 17.2 (5) 9.8 (10) 1.3 (1)
Suicide 9.2 (11) 3.1 (5) 13.8 (4) 6.9 (2) 25.5 (26) 20.0 (15)
All causes 100.0 (119) 100.0 (162) 100.0 (29) 100.0 (29) 100.0 (102) 100.0 (75)
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and Munich, around 3% in men in Bologna
and between 1% and 2% in women in the three
cities (table 1).

Table 2 shows the percentage of deaths
attributable to the main causes of death in the
age group 15–34 over all deaths in this age
group in 1986 and 1995. The percentage
attributable to AIDS has increased in the three

cities, but mainly in Barcelona and Bologna,
representing in 1995 more than 30% of deaths
in this age group. The percentage attributable
to drug overdose has increased in Barcelona
and Munich, being around 15% in 1995. Con-
sequently, the percentages of deaths attribut-
able to motor vehicle traYc accidents and sui-
cide have decreased in the three cities.

Standardised death rates in the 15–34 year
age group for the years 1986 to 1995 for the
three cities are presented in table 1. Barcelona
and Bologna showed similar rates, both higher
than in Munich, and higher in men than in
women. In the study period, total mortality
increased in Barcelona in men (RR per year:
1.04, 95% confidence intervals (95%CI): 1.03,
1.06) and women (RR:1.02, 95%CI: 1.01,
1.04), and in Bologna in men (RR:1.03,
95%CI:1.01, 1.06) (table 3).

Figure 1 depicts the trends in cause specific
mortality in each city. It may be observed that
the pattern changed during the study period in
Barcelona and in Bologna. The main cause of
death in 1986 was motor vehicle traYc
accidents while in 1995 it was AIDS, with a
large increase in the latter cause of death

Table 3 Risk relative (RR) of mortality (15–34 age group) of a one year change and
95% confidence intervals (95% CI) obtained by Poisson regression models by sex and cause
of death in Barcelona, Bologna and Munich, 1986–1995

Barcelona Bologna Munich

RR 95% CI RR 95% CI RR 95% CI

Men
AIDS 1.26 1.24, 1.29 1.15 1.09, 1.20 1.24 1.17, 1.32
Drug overdose 1.08 1.05, 1.11 1.00 0.93, 1.08 1.25 1.19, 1.32
Motor vehicle* 0.89 0.85, 0.92 1.00 0.96, 1.06 0.93 0.89, 0.97
Suicide* 1.03 0.98, 1.07 1.00 0.93, 1.07 0.92 0.88, 0.96
All causes 1.04 1.03, 1.06 1.03 1.01, 1.06 1.01 0.99, 1.02
Women
AIDS 1.28 1.22, 1.35 1.16 1.07, 1.26 1.27 1.11, 1.46
Drug overdose 1.06 1.00, 1.11 1.06 0.88, 1.27 1.21 1.10, 1.34
Motor vehicle* 0.87 0.81, 0.94 0.98 0.88, 1.09 0.89 0.83, 0.95
Suicide* 0.97 0.90, 1.04 0.88 0.77, 1.02 0.81 0.75, 0.87
All causes 1.02 1.01, 1.04 0.99 0.95, 1.03 0.98 0.96, 1.00

*By motor vehicle traYc accidents in Barcelona and suicides in Munich we analysed data since
1988.

Figure 1 Trends in standardised mortality rates in young adults aged from 15 to 34 in Barcelona, Bologna and Munich
by sex, 1986–1995.
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during these years, mainly in men (RR:1.26,
95%CI:1.24, 1.29 in Barcelona and RR:1.15,
95%CI: 1.09, 1.20 in Bologna) (table 3). Drug
overdose also increased in Barcelona. From
1988 onwards, motor vehicle traYc accident
deaths decreased in Barcelona (RR=0.89,
95%CI: 0.85, 0.92 for men and RR=0.87,
95%CI: 0.81, 0.94 for women). In Munich the
pattern did not change as much, suicides being
the main cause of death during the 10 years
studied, although they have been decreasing
since 1988 (RR:0.92, 95%CI:0.88, 0.96 for
men and 0.81, 95%CI: 0.75, 0.87 for women).
Deaths attributable to AIDS and drug over-
dose also increased in Munich, although AIDS
has never been the main cause of death whereas
motor vehicle traYc accident deaths decreased
during the period (fig 1 and table 3).

Discussion
This is the first study looking at trends in mor-
tality among three large European cities, each
one reflecting the diVerential impact of the
main causes of death in the young adult popu-
lation. The study has shown the increase in
young adult mortality among men and women
in Barcelona and among men in Bologna, the
pattern of the main causes of death changing
because of the increase in AIDS and drug
overdose mortality.

By the end of the study period, AIDS had
became the leading cause of death in adults
aged from 15–34 years in Barcelona and Bolo-
gna, and had also increased in Munich. These
trends are related with AIDS incidence; Spain
and Italy, as other southern European coun-
tries, have the highest rates in the European
Union.17 In Italy and Spain, AIDS and drug use
are related because 60% of the AIDS cases are
drug users who are at risk of contracting the

disease through both needle sharing and sexual
contacts.13 24 The majority of AIDS deaths are
men who are also drug users. This pattern is
very diVerent from that of northern and central
European countries, where AIDS incidence
rates are lower and the majority of cases are
men of homo/bisexual transmission group.12 25

These diVerences may explain the results
found in Barcelona and Bologna compared
with those of Munich. Other studies have
reported similar results, although most are
based on countries rather than cities.2–4 6–8 11 17 26

Drug overdose was the second most impor-
tant cause of death in Barcelona at the end of
the period, and it also increased in Munich.
Compared with other European cities, Barce-
lona has a high prevalence of heroin users,27

which may explain the trends observed. It
should be noted that mortality among drug
users in southern European countries is mainly
attributable to AIDS followed by drug
overdose,9 28–30 while in northern and central
European countries the two leading causes are
drug overdose and suicide.31 32

In Munich, the principal cause of death for
most of the study period was suicide although
it has been decreasing since 1988, a trend simi-
lar to that described for Germany as a whole.33

The rates are clearly higher than those
observed for Barcelona and Bologna, which
remained stable over the study period. Again,
for this cause, diVerences may be appreciated
between northern-central and southern Euro-
pean countries, diVerences similar to those
already reported in the literature,13 15 16 34 and
that are related to economic and social factors
such as unemployment and religion.16 35–37

Although several studies have found a relation
among unemployment and suicide at an
individual level,38–40 the findings at an aggregate
level are more controversial.15 37 As it has been
pointed out, the level of unemployment was
higher in Barcelona than in Bologna and
Munich. Also, a relation between the degree of
“religiousness” and suicide rates has been
described.16 36 In a recent analysis of ecological
data of 26 countries, Spain and Italy were
countries with more prevalence of religiosity
(measured by an index) than Germany, and
both with lower suicide rates.41

The rate of deaths attributable to motor
vehicle traYc accidents was higher in Barce-
lona and Bologna and in men, decreasing in
Barcelona from 1988 onwards. It has been
reported that southern European countries
have had consistently higher traYc related
mortality than northern and central European
countries,42 a situation largely related with a
stronger increase in motorisation in the former
countries,43 together with higher mean speeds
and a lower use of protective devices,44

although road conditions and health care infra-
structures could also account for some of the
observed diVerences.

It should be noted that one of the limitations
of this study may be the underreporting of the
causes of death studied,27 45–48 which may
underestimate the cause specific mortality.
Nevertheless, total mortality in the age group
studied and trends in the same city are not

KEY POINTS

x The main causes of death among young
adults in most European countries are
AIDS, drug overdose, suicide and traYc
accidents, all causes related with life styles
and risk behaviours, and therefore avoid-
able.

x The aim of this study was to describe
trends in mortality among adults aged
between 15 and 34 years in three
European cities (Barcelona, Bologna and
Munich), over the period 1986 to 1995.

x The study has shown the increase in
young adult mortality among men and
women in Barcelona and among men in
Bologna, the pattern of the main causes of
death changing because of the increase in
AIDS and drug overdose mortality. In
Munich, the pattern did not change as
much, suicides being the main cause of
death during the 10 years studied.

x Greater eVorts should be devoted at the
European level to monitor trends in
health outcomes and determinants in
major cities, favouring more systematic
and harmonised procedures to analyse
and disseminate comparable results.
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aVected by this underreporting. In a study on
improvement of the quality and comparability
of causes of death statistics inside the European
Union, suicide, accidental deaths and drug
related deaths were focused as causes of death
requiring special attention.49

Moreover, although slightly diVerent coding
criteria for causes of death were used in each
city, there is no evidence that for the case of
AIDS and drug overdose deaths this may have
had a substantial influence in data comparabil-
ity. Although we are aware this study has
included mortality data until 1995, a period
after which AIDS incidence rates have tended
to decrease in most Western European coun-
tries, the period covered is valid to document
the major changes in mortality profiles having
occurred in certain European areas in the
period from mid-80s to mid-90s.

This study has shown trends in young adult
mortality in three large European cities and
especially in AIDS, drug overdose, motor vehi-
cle traYc accidents and suicide. AIDS in-
creased in the three cities, changing the pattern
of the main causes of death in Barcelona and
Bologna. Munich presented a stable pattern,
suicide being the main cause of death. It is
worth mentioning that these causes of death
are all avoidable causes, which should be a pri-
ority target for public health action at the local
level.

As large urban areas are an appropriate
setting to detect sentinel health events, we
believe that greater eVorts should be devoted at
the European level to monitor trends in health
outcomes and determinants in major cities,
favouring more systematic and harmonised
procedures to analyse and disseminate compa-
rable results. Such eVorts would contribute to
improve the quality of public health policies
and programme evaluations at local level.
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