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SUMMARY: Drug users are generally thought to experi-

ence higher mortality rates than those found among the

general population. This study analyzes mortality rates

among different subgroups of drug users in the Czech Re-

public. For this project, a retrospective cohort mortality

study was conducted. A cohort of 12,207 persons aged 

15 to 49 who had been hospitalized for drug related be-

havioral disorders was followed from 1997 to 2002. The

study findings indicate that direct standardized mortality

for the cohort of drug users was 16.78 per 1000 person-

years (PY); 22.38 for men and 11.18 per 1000 PY for

women. After reaching a peak in 1998, mortality rates

began to decrease and stabilized around 14 per 1,000 PY

from 2000 to 2002. When compared to the rates found in

the general population, drug user mortality is eight times

higher than nonuser rates (SMR = 8.15; 8.13 for men and

8.22 for women). These mortality rates are highest among

polyvalent drug and opiate users and lowest among stimu-

lant users. The authors conclude that the overall morta-

lity of opiate users in the Czech Republic is relatively low

when compared with those reported in similar European

and non-European studies. There were few overdoses

found in the cohort, and in sharp contrast to other avail-

able studies, no AIDS related cases were observed.
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1 INTRODUCTION
Mortality rates are considered to be one of the very basic in-
dicators of health status in any population. Among differ-
ent population subgroups, varying mortality rates can be
expected. From the perspective of the risk of death, drug
users comprise subgroups with higher risks of dying than
is found among the general population (see, e.g., European
Monitoring Centre for Drugs and Drug Addiction 
[EMCDDA], 2002; Vlahov et al., 2004; Wahren, Brandt,
Allebeck, 1997).

The EMCDDA has defined drug-related deaths and
mortality among drug users as one of five key indicators of
drug epidemiology, and as such it complements other indi-
cators of the health impacts of drug abuse. Mortality is as-
sessed through longitudinal (cohort) studies that follow
a defined group of drug users over time.

When standardization methods are applied to these
samples, longitudinal studies allow comparisons of the lev-
els of mortality found among drug users with those in the
general population of the same gender and age.

Since 1998, data on drug-related deaths (overdoses)
have been available in the Czech Republic (Mravcik et al.,
2004; Zabransky, Vorel, Balikova, Sejvl, 2004; Zabransky,
Vorel, 2001). Nevertheless, no detailed analysis of the mor-
tality of drug users has been previously carried out in the
Czech Republic. The results of this retrospective cohort mor-
tality study represent a first attempt to fill the gap by pro-
viding information on the health consequences of drug use
in the Czech Republic.

1 / 1 Mortality rates according 
to the type of the cohort
Longitudinal studies may only be carried out in selected
groups of drug users, and these might not be representative
of the entire population. Given that only a portion of users
are in contact with helping services while others form a hid-
den population, no generalized information is available on
their age and gender structure, and other characteristics
(EMCDDA, 2002). Since cohort studies require a unique
identifier for each person so that their vital status can be
assessed over a period of several years, drug users who are
already in contact with treatment centers or patients in sub-
stitution treatment programs are usually seen as the most
suitable for longitudinal mortality studies.

Among the different cohorts identified for study, vary-
ing mortality rates are found (Bargagli, Sperati, Davoli,
Forastiere, Perucci, 2001). Recent studies show that the
highest mortality rates are observed among injecting drug
users (IDU). For example, compared to the general popula-
tion, the risk of death among Polish IDUs is about 11 times
higher among men and 20 times higher among women
(Moskalewicz, Sieroslawski, 1996). In Italy, these rates are
17 and 33 times higher, respectively, among IDUs (Cicco-

lallo, Morandi, Paravin, Sorio, Buiatti, 2000). A recent Chi-
nese study also revealed that a long history of injection use
is one of the most significant risk factors associated with
high mortality (Zhang et al., 2005). Vlahov et al. (2004)
pointed out that new-onset intravenous drug users repre-
sent one of the groups of drug users with the highest risk of
death as compared to other subgroups.

Looking at its contribution to the overall mortality
rates for 15 to 34 year olds, it was shown that IDUs com-
prised 16% and 9% of all deaths among men and women, re-
spectively (Perucci, Forastiere, Rapiti, Davoli, Abeni, 1992).
Similarly, regular use of opiates contributed 9.4% to the
overall mortality of an Australian population aged 15 to 39
years (Hulse, English, Milne, Holman, 1999).

Generally, cohorts of problem drug users (PDUs) en-
tering treatment reflect higher mortality rates than are
found in the general population (Bargagli et al., 2001). Rela-
tively high mortality rates when compared to the general
population were observed in cohorts of clients of methadone
treatment centers (10 times higher) and specialized drug
clinics (17 times higher) (Perucci et al., 1991; Hickman et
al., 2003). The length of regular drug use plays an im-
portant role as well; based on data from low-threshold centers,
it was estimated that about 27% of drug users with a long
history of problematic consumption (heroin, cocaine, and/or
amphetamines) die within 20 years after having started regu-
lar drug use (Termorshuizen, Krol, Prins, van Ameijden,
2005). Regarding specific drug types, polyvalent users who
reported heavy drinking and benzodiazepine and amphet-
amine users were defined as among the most at-risk groups
as well (Gossop, Stewart, Treacy, Marsden, 2002). On the
other hand, a French mortality study based on a cohort of
persons arrested for drug use reported lower levels of mor-
tality compared to the cohorts of PDUs mentioned above
(five to nine times higher mortality among the cohort than
was found in the general population) (Lopez, Martineau,
Palle, 2004).

The level of mortality is affected by external factors as
well. Davoli and colleagues (1997) and Galli and Musicco
(1994) have linked the increase in mortality rates among drug
users to the spread of HIV/AIDS in Italy at the beginning of
the 1990s. At the same time, HIV positive status was proven
to significantly elevate the mortality rate among injecting
drug users (Frischer, Goldberg, Rahman, Berney, 1997).

1 / 2 The role of treatment
The relevant research has demonstrated that the level of
mortality among drug users is influenced by the availabil-
ity and quality of the treatment and services provided for
them and that mortality rates tend to decrease in locations
where there are high quality services (Ghodse, Oyefeso, Kil-
patrick, 1998; Bartu, Freeman, Gawthorne, Codde, Holman,
2004). Oyefeso and colleagues (1999) recommended that the
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quality of the treatment services should be improved with
regard to the youngest group of drug users (15 to 19 year
olds) who represent one of the most at-risk groups. Brugal
and colleagues (2005) concluded that the effectiveness of
lowthreshold methadone treatment contributed to a signifi-
cant decline in the mortality rates among Spanish heroin
users during the 1990s. Opiate users who never entered any
drug treatment program had four times higher mortality
rates then opiate users in maintenance treatment, resulting
in a mortality risk that was 48 times higher than that of the
general Austrian population (Risser et al., 2001). The risk of
overdose death among those who left treatment was almost
four times higher compared to that for those still in treat-
ment (Davoli et al., 1993). Similarly, the mortality of
exusers of opiates was significantly lower than that found
among persons who had continued their drug use (Sorensen,
Jepsen, Haastrup, Juel, 2005).

2 THE PRESENT STUDY
2 / 1 Data sources

In regard to this retrospective cohort mortality study in the
Czech Republic, the cohort of drug users was defined as
a set of persons who had been hospitalized for behavioral
disorders connected with drug use, i.e., persons hospitalized
for diagnoses F11-F19 according to the WHO International
Classification of Diseases coding (ICD-10 coding) between
1997 and 2002 and who were 15 to 49 years old at the time
of hospitalization. Persons hospitalized for tobacco related
disorders (F17 diagnosis) were excluded prior to the con-
struction of the cohort as were individuals hospitalized for
alcohol related disorders (F10 diagnosis). Separate subco-
horts were created for opiate (F11 diagnosis), stimulant
(F15 diagnosis), and polyvalent drug users (F19 diagnosis).
These data were not collected for the sole purpose of this co-
hort study; the data are based on annual reporting to the
Hospitalization Register, run by the Czech Institute of
Health Information and Statistics.

2 / 2 Methodology
For this study, in cases where an individual had been hos-
pitalized more than once, the first hospitalization date was
the only one considered so that every cohort member ap-
peared only once during the given time period. Data from
the hospitalization register were then linked with the gen-
eral mortality register of the Czech Republic; the database
linkage was made possible through a unique identification
number assigned to each person in both data sets. Prior to
the linkage, the identification number was ciphered by
means of coding software to protect personal data. The soft-
ware used for ciphering was approved by the Czech Office
for Personal Data Protection.

For each cohort member, their life status was checked
through the general mortality register, a search that re-

sulted in the total number of deaths that had occurred
within the cohort throughout the study period (1997–2002).
Person-years of follow-up were calculated for each cohort
member on the basis of the date of entry into the cohort (i.e.,
the date of hospitalization) and the date of death; those who
survived were followed until December 31, 2002.

The mortality rate for drug users was calculated as
a fraction of the number of recorded deaths and the total
sum of person-years of follow-up. The overall mortality rates
were observed separately for males and females. Specific
mortality rates were calculated for opiate, stimulant, and
polyvalent drug users.

Standardization methods were then used to compare
the mortality rates among drug users with those found in
the general population of the same age. The population of
the Czech Republic in 2000 between 15 and 49 years old was
treated as the standard. Both the direct and indirect stand-
ardizations were performed because they represent differ-
ent views on mortality:

The directly standardized mortality rate identifies mor-
tality among drug users assuming they have the same age
structure as the standard population.
The standardized mortality ratio (SMR) is the result of in-
direct standardization and gives us the risk of mortality
among drug users when compared to the general population.

Trends in the development of mortality over the respective
time period are based on the number of deaths reported for
every year and the sum of person-years of the cohort mem-
bers followed in a given year, i.e., every cohort member con-
tributed to the sum of the person-years with one year or less
in case he/she was hospitalized or died in the given year.

2 / 3 Description of the cohort
From 1997 to 2002, a total of 12,207 persons between 15 and
49 years of age were hospitalized for behavioral disorders
related to drug use (diagnoses F11–F19 according to ICD-10
coding). Of these, 2,406 were opiate users, 3,039 were stim-
ulant users, and 3,323 were polyvalent users. Users of other
drugs (372 cannabis users, 648 sedative and tranquilizer
users, 27 cocaine users, 234 hallucinogen users, and 358
users of volatile substances) were not followed separately,
although they still contribute to the total sum of person-
years of the cohort. The mean age of the persons at the time
of their recruitment into the cohort (i.e., at the time of hos-
pitalization) was 24.1 years; the highest proportion of those
hospitalized were between 20 and 24 years old. For a de-
tailed description of the cohort see Table 1 and Figure 1.

When linking the cohort of drug users with the general
mortality register, 320 deaths were observed by the end of
2002; of the deceased, 252 were males and 68 were females.
Altogether 114 deaths occurred among opiate users, 
48 among stimulant users, and 103 among polyvalent users.
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Those who had died accounted for 2.62% of all sub-
jects enrolled in the cohort. The mean age at death was 29.8
years, higher among women (33.0 years) compared to men
(29.0 years) (Table 2). The age structure of the deceased is
reported in Figure 2.
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Males 8,239 2,933 1,923 2,327 24.12

Females 3,968 1,273 1,116 996 23.99

Total 12,207 2,406 3,039 3,323 24.08

Table 1

Characteristics of the cohort
Number of 
subjects in 
the cohort

Opiate 
users (F11)

Stimulant
users (F15)

Polyvalent
users (F19)

Mean age at
enrollment into

the cohort

Males 252 3.06 91 37 83 28.96

Females 68 1.71 23 11 20 32.99

Total 320 2.62 114 48 103 29.82

Table 2

Characteristics of the cohort – 

observed deaths

Number of
deaths

% of deaths Opiate 
users

Stimulant
users

Polyvalent
users

Mean age
at death
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Age when recruited into the cohort
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Age at time of death
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For each reported death, the cause of death is available
in the form of a code based on the WHO International Clas-
sification of Diseases. Among these, 244 cases (76.3%) were
attributable to injuries and poisoning, including 70 cases of
overdoses (21.9% of the total number of deaths); 36 over-
doses were reported among opiate users, eight among stim-
ulant users, and 12 among polyvalent users.

Altogether 7.5% of these deaths were reported to be
due to circulatory diseases, 4.7% were due to digestive dis-
eases, and over 3% were due to neoplasm and respiratory
diseases. Remarkably, no deaths due to AIDS were reported
in this cohort through the end of 2002. Causes of death by
subgroups of users are given in Table 3.

3 RESULTS OF THE STUDY
3 / 1 Nonstandardized mortality rates

The gross mortality rate in the cohort for the entire follow-
up period was 8.39 per thousand person-years (PY); 9.96 per
1000 PY for males and 5.31 per 1000 PY for females. The
mortality rate increases with the age of the hospitalized
drug users; the lowest mortality rate was observed in the
15 to 19 year age group (2.60 per 1000 PY) while the high-
est was observed in the 45 to 49 year age group (29.36 per
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1000 PY). This trend observed among the cohort members
corresponds with the overall trend of mortality rate in-
creasing with age in the general population.

Among drug users, the highest mortality rates were obser-
ved for polyvalent drug users (10.29 per 1000 PY). Mortality
rates for users of opiate-type drugs reached 8.56 per 1000 PY,
and for stimulant users the figures were 4.92 per 1000 PY.
The nonstandardized mortality rates are higher among men
for all of the observed subgroups of drug users (Table 4).
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Neoplasm (dg. C00–C97) 8 0 1 11

Endocrine, nutritional and metabolic diseases (dg. E00–E90) 0 0 0 1

Mental and behavioral disorders (dg. F00-F99) 0 0 3 3

Diseases of the nervous system (dg. G00–G99) 1 2 2 6

Diseases of the circulatory system (dg. I00–I99) 9 3 6 24

Diseases of the respiratory system (dg. J00–J99) 3 1 4 10

Diseases of the digestive system (dg. K00–K93) 4 1 7 15

Diseases of the genitourinary system (dg. N00–N99) 1 0 0 3

Injury, poisoning and certain other consequences of external causes (dg. S00–T98) 87 41 79 244

Of them, overdoses 36 8 12 70

Total number of deaths 114 48 103 320

Unknown causes (dg. R00-R99) 1 0 1 3

Table 3

Causes of death by sub-groups of users (abs. numbers)

Opiate 
users

Stimulant
users

Polyvalent
users

All users

Males 9,209.9 6,081.5 6,873.9 25,313.7 9.88 6.08 12.07 9.96*

Females 4,114.0 3,666.8 3,138.3 12,817.4 5.59 3.00 6.37 5.31*

Total 13,323.9 9,748.4 10,012.2 38,131.2 8.56 4.92 10.29 8.39*

Table 4

Person-years of follow-up and non-standardized mortality rates (per 1000 PY of follow-up)

* Note: gender differences are statistically significant at alpha level 0.05

Opiate 
users

Person-years (PY) of follow-up

Stimulant
users

Polyvalent
users

All users

Non-standardized mortality rates

Opiate 
users

Stimulant
users

Polyvalent
users

All users



The nonstandardized mortality rates presented above
are strongly influenced by the age group of the deceased
drug users; to eliminate the effect of the age structure, dir-
ectly standardized mortality rates were calculated.

3 / 1 Directly standardized mortality ratio
As mentioned above, the age structure of the general popu-
lation of the Czech Republic in 2000 was used as the stand-
ard for the direct standardization method.

The gross mortality rate of the Czech population of the
same age group reached 2.13 per 1000 population (2.97 for
men and 1.27 per 1000 population for women).

The direct standardized mortality rate for the cohort
of drug users hospitalized in between 1997 and 2002
reached 16.78 per 1000 PY: 22.38 for men and 11.18 per
1000 PY for women. The highest level of mortality was
found among opiate users (23.05 per 1000 PY), followed by
polyvalent drug users (20.36 per 1000 PY for both genders).
The mortality rates for specific subgroups of drug users by
gender are summarized in Table 5; both gender differences
and differences among subgroups of users were found to be
statistically significant.

A slightly decreasing mortality rate trend was observed
over time. After reaching a peak in 1998 when mortality
was 27.21 per 1000 PY (for both genders together), mortal-
ity rates fell to 16.60 per 1000 PY in 1999 and the slope of
the decrease stabilized at about 14 per 1000 PY. However,
a relatively low mortality rate in 1997 could have been af-
fected by the low number of cases of death observed within
the first year of the follow-up of the cohort; that is, it does
not necessarily mean that there was an increase in the mor-
tality rate between 1997 and 1998.

Significant differences were recorded when focusing on
the mortality of the subgroups of drug users. The mortality
of polyvalent users peaked in 1998 with 53.75 per 1000 PY
and fell rapidly in 1999. Since 1999 the mortality of poly-
valent users has displayed a slightly increasing trend. Com-
pared to polyvalent drug users, the mortality of opiate users
peaked in 1999 and since then has remained on a higher
level than the mortality of polyvalent drug users (Figure 3).

Since 2001, a rising mortality of opiate users can be ob-
served. The trends are visible in the changes in reported
cases of death over time (Table 6); the increase in the num-
ber of deaths of opiate users occurred in 1999 when 25 cases
were reported compared to eight in 1998, while the increase
in the cases of death of polyvalent drug users occurred in
1998 (16 cases) and fell to 11 in 1999. The mortality of stim-
ulant users remained relatively low throughout this time.
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Males 28.02* 6.93* 30.18* 22.38*

Females 16.92* 8.37* 9.65* 11.18*

Total 23.05* 7.51* 20.36* 16.78*

Table 5

Directly standardized mortality rates by subgroups of drug users

* Note: gender differences are statistically significant at alpha level 0.05;

differences among sub-groups of users are statistically significant 

at alpha level 0.05

Opiate 
users

Stimulant
users

Polyvalent
users

All 
users

Figure 3

The development of mortality over time (both sexes, per 1,000 PY)
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3 / 1 Standartized mortality rates (SMR)
The standardized mortality ratio (SMR) expresses the risk
of death among drug users in relation to the mortality found
in the general population. The population of the Czech Re-
public in 2000 was again used as the standard. The formula
for calculation of the SMR corresponds to the number of ob-
served deaths of drug users in the given period of time div-
ided by the number of expected deaths, which is based on
the mortality of the general population and the number of
person-years of follow-up of the cohort members.

The SMR for the followed cohort of drug users in be-
tween 1997 and 2002 reached 8.15; in other words, the mor-
tality of drug users is 8.15 times higher than the mortality
rate of the general population of the same age group. In this

study, the SMR does not significantly differ by gender; the
SMR for men was 8.13 while that for women reached 8.22.
The 95% confidence interval for the SMR is reported in Table 7.

Opiate users have a risk of dying that is almost nine
times higher than that shown for a comparable group from
the general population (SMR = 8.96). The risk of death
among stimulant users is six times higher and that for poly-
valent drug users is almost nine times higher (Figure 4). In
the case of opiate users, the SMR for women is slightly
higher than that for men (11.30 and 8.52, respectively). This
trend can be observed among stimulant users as well: the
SMR for women reached 7.84 compared to 5.87 for men. In
the case of polyvalent drug users, the SMR reached a higher
level for men (8.81) compared to women (7.88).

26

1997 7 2 2 13

1998 8 4 16 36

1999 25 8 11 51

2000 25 11 20 66

2001 23 6 27 72

2002 26 17 27 82

Table 6

Cases of death by year and selected

groups of drug users (both sexes)

Opiate 
users

Stimulant
users

Polyvalent
users

All 
users

Males 8.52 6.86–10.46 5.87 4.13–  8.09 8.81 7.02–10.92 8.13 7.16–  9.20

Females 11.30 7.16–16.95 7.84 3.92–14.02 7.88 4.82–12.17 8.22 6.39–10.43

Total 8.96* 7.39–10.76 6.22* 4.59–  8.25 8.61* 7.03–10.45 8.15 7.28–  9.09

Table 7

Standardized mortality ratios (SMR) and 95% confidence intervals (CI)

* Note: differences among subgroups of users are statistically significant at alpha level 0.05

Opiate 
users

95% CI Stimulant
users

95% CI Polyvalent
users

95% CI All users 95% CI

Figure 4 

SMR by gender and subgroups of users
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3 DISCUSSION
The results of any mortality study are greatly influenced by
the sample that is designated as the cohort. In this study
conducted in the Czech Republic, persons hospitalized for
behavioral disorders related to drug use (i.e., diagnoses
F11–F19 according to the ICD-10 coding) comprised the co-
hort. We know that cohorts based on other data sets result
in different mortality rates as has been demonstrated in co-
hort studies in other countries (e.g., Bargagli et al., 2006).

However, several factors that were not mentioned be-
fore play an important role in the mortality studies, such as
the period of enrollment of subjects into the original cohort
and the length of the follow-up period (EMCDDA, 2002). The
means for ascertaining the life status of individual cohort
members in the follow-up period can also influence the val-
idity of the study. In this Czech cohort, individuals were con-
sidered to be alive at the end of the follow-up if they did not
appear on the records of the mortality register over the study
period. At the same time, cohort members were regarded as
drug users for the entire follow-up period with no specific
knowledge of their current drug use status over this time pe-
riod, as this fact could no longer be provided for the individ-
uals once they had been hospitalized for behavioral disorders.

Additional factors influence the level of mortality
among drug users, including the type of drug being used,
the length of time of drug use, and the frequency of use or
route of administration. Specific data were not available for
the purposes of this study, and thus the impact of these fac-
tors on mortality levels could not be assessed.

It seems clear that further research in the area of the
mortality of drug users is needed in the Czech Republic.
Several available data sets that could be studied over time
in a longitudinal study include persons hospitalized with
a secondary diagnosis related to drug-induced behavioral
disorders reported through the Hospitalization Register, or
methadone substitution treatment clients reported through
the Register of Substitution. The comparison of these dif-
ferent cohort types could provide much more information
regarding the impact of cohort type on the mortality results.
The impact of other factors such as the route of adminis-
tration of drugs, length of drug use and length of regular
drug use, or the age at first drug use could be monitored
through a prospective cohort study if more detailed infor-
mation on drug users was  to be reported into the Hospital-
ization Register or Substitution Register.

4 CONCLUSION
The mortality rate among Czech drug users is considerably
higher than that found in the general population. During
the observed period of 1997 to 2002, the mortality among
drug users was eight times higher for both male and female
drug users than it was for the general population. Gender
differences were observed to be statistically significant for

nonstandardized and directly standardized mortality rates.
Significant differences were also observed when comparing
mortality levels by subgroups of drug users; the highest
mortality levels were found among opiate users (standar-
dized mortality rate of 23.05 per 1000 PY of follow-up and
SMR of 8.96) and polyvalent users (mortality rate of 
20.36 per 1000 PY and SMR of 8.61). Within the followed
cohort of hospitalized drug users, the lowest mortality level
was observed among stimulant users (7.51 per 1000 PY 
and SMR of 6.22).

Over time, the mortality of drug users appears to have
stabilized, with a slightly decreasing trend. Among specific
subgroups of users, fluctuations result from changes in the
relatively small number of cases of deaths reported; these
fluctuations are especially visible among female drug users.
This is also the reason why the mortality rate trends were
not constructed separately for males and females.

In the Czech Republic, no AIDS related deaths among
drug users have been reported so far, and the study sugge-
sted that overdoses accounted for about 20% of deaths
among the followed cohort of persons who had been hos-
pitalized for drug related disorders. More than 50% of all
deaths observed among the cohort were attributable to 
injuries and other external causes that were not directly 
attributable to drug taking.

As suggested earlier, the results of this Czech cohort
mortality study reveal lower rates than those found in ret-
rospective cohort mortality studies carried out in other 
European countries. Results of these other studies show
that the level of mortality of opiate users in European 
countries ranges from an SMR of nine in Amsterdam,
Netherlands to 24 in Barcelona, Spain for male users and
from 11 in Dublin, Ireland to 64 in Barcelona, respectively,
for female users (EMCDDA, 2002). Similar results were
found in Australia where the mortality of illicit opiate users
was 13 times higher than that found in a comparable 
sample in the general population. That study also found
that altogether 9.4% of total mortality in Australian popu-
lation for those between 15 and 39 years old was attribut-
able to regular use of opiates (Hulse et al., 1999). The higher
mortality rates observed in several European countries to
a certain extent can be explained by different time frames for
the follow-up of the cohorts; most of these other studies were
conducted in the late 1980s and early 1990s when an in-
creasing number of AIDS-related deaths was reported as
the leading cause of death among drug users (e.g. Bargagli
et al., 2006; Galli, Musicco, 1994).

Detailed analyses of causes of death among drug users
in Canada have also shown a close relationship of overdoses
and the HIV status of drug users; there the mortality of
drug users was closely associated with HIV status (adjusted
hazards ratio of 2.67) and injecting drug (cocaine) use 
(AHR 2.23) (Tyndall et al., 2001).
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Similar findings were observed in an American study
on the causes of death among intravenous drug users; half
of the patients hospitalized in public hospitals who had
a history of drug use had died of AIDS related causes (Klatt,
Mills, Noguchi, 1990). However, cohort mortality studies
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