Temporal trends in mortality among people who use
drugs compared with the general Dutch population
differ by hepatitis C virus and HIV infection status
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Objectives: We aimed to identify temporal trends in all-cause and cause-specific
mortality rates among people who use drugs (PWUD) compared with the general
Dutch population and to determine whether mortality trends differed by hepatitis C
virus (HCV)/HIV (co) infection status.
Design: Longitudinal cohort study.
Methods: Using data from the Amsterdam Cohort Studies among 1254 PWUD (1985–
2012), all-cause and cause-specific standardized mortality ratios (SMRs) were calculated; SMRs were stratified by serological group (HCV/HIV-uninfected, HCV-monoinfected, and HCV/HIV-coinfected) and calendar period. Temporal trends were
estimated using Poisson regression.
Results: The overall all-cause SMR was 13.9 (95% confidence interval 12.6–15.3). The
SMR significantly declined after 1996, especially due to a decline among women
(P < 0.001). The highest SMR was observed among HCV/HIV-coinfected individuals
during 1990–1996 (SMR 61.9, 95% confidence interval 50.4–76.0), which significantly declined after this period among women (P ¼ 0.001). In contrast, SMR for HCVmonoinfected, and HCV/HIV-uninfected PWUD did not significantly change over time.
The SMR for non-natural deaths significantly declined (P ¼ 0.007), whereas the SMR for
HIV-related deaths was the highest during all calendar periods.
Conclusions: We found evidence for declining all-cause mortality among PWUD
compared with the general population rates. Those with HCV/HIV-coinfection showed
the highest SMR. The decline in the SMR seems to be attributable to the decline in
mortality among women. Mortality rates due to non-natural deaths came closer to those
of the general population over time. However, HIV-related deaths remain an important
cause of mortality among PWUD when compared with the general Dutch population.
This study reinforces the importance of harm-reduction interventions and HCV/HIV
treatment to reduce mortality among PWUD.
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Introduction
People who use drugs (PWUD) are at an increased risk of
premature mortality compared with the general population. In the Netherlands, the start of a major heroin
epidemic occurred during the 1970s [1,2]. The
prevalence of hepatitis C virus (HCV) peaked during
the 1980s, when more than 85% of ever-injectors tested
HCV-positive [3,4]. The HIV epidemic commenced
during the 1980s [5,6]. In 1985, the prospective
Amsterdam Cohort Studies (ACS) among PWUD were
initiated to track the HIV epidemic [5].
To minimize the damage PWUD inflict upon themselves
and society, harm-reduction interventions were implemented in Amsterdam, the Netherlands, from 1979,
making it one of the first countries to do so [7,8]. These
included methadone programs and needle exchange
programs (NEPs) [7,8]. Especially, the combination of
methadone programs and NEP uptake has been associated
with a lower risk of HIV and HCV acquisition among
people who inject drugs (PWID) [9]. For HIV-infected
individuals, combination antiretroviral therapy (cART)
became widely available from 1996, which has been
shown to substantially reduce HIV-related mortality [10–
12]. However, HIV-infected PWID tend to initiate
cART at a later stage than other risk groups [13], leading
to a diminished probability of survival [14–16]. For
HCV-infected PWUD, HCV treatment became relatively easy to access in Amsterdam from 2005, when a
special unit was launched to treat HCV-infected PWUD
[17], and might have reduced liver-related mortality,
which generally requires two to three decades of chronic
HCV infection [18].
Previous studies have shown that PWUD have a 4.4–47.6
higher risk of dying than the general population [19–24].
This increased risk of dying differs between studies and
countries, which could be ascribed to differences in
calendar period of follow-up, study population characteristics, drug-use practices, HIV/HCV incidence and
background prevalence, and availability and uptake of
harm-reduction interventions [20].
As the ACS have reached 27 years of follow-up, which is
one of longest worldwide, we had the unique opportunity to identify changes in mortality rates over different
calendar periods. Trends in mortality rates can serve as a
proxy for changing health patterns and the effectiveness of
health-related interventions that have been implemented.
We hypothesized that because of the introduction and
availability of harm-reduction interventions and HCV
and HIV therapy, PWUD have reached mortality rates
closer to those of the general Dutch population in recent
calendar periods. Our study aimed to identify temporal
trends in all-cause and cause-specific mortality rates
among PWUD compared with the general Dutch

population; and to determine whether excess mortality
trends differed by HCV/HIV status.

Methods
Study population
The ACS among (injecting and non-injecting) PWUD is
an open, prospective cohort study initiated in 1985,
aiming to investigate the epidemiology, natural history,
and pathogenesis of HIV, and to evaluate the effect of
interventions. Participation in the ACS is voluntary and
written informed consent is obtained at intake [25].
Recruitment is by means of local methadone outposts, a
sexually transmitted diseases clinic, and word of mouth.
PWUD visit the Public Health Service of Amsterdam
every 4–6 months; they give blood and complete a
standardized questionnaire about their health and sexual
and drug use behavior during each cohort visit. To
encourage continued participation, 12 Euros were paid
per follow-up visit. Participants, aged between 20 and 64
years with at least two cohort visits and with both
longitudinal HCVand HIV test results (1254/1661), were
included in our study. This study was approved by the
Medical Ethical Committee of the Amsterdam Medical
Centre, the Netherlands.
Laboratory methods
At entry, the ACS participants were tested for HIV
antibodies by ELISA and at every follow-up visit if
previously negative. In 2005, participants with at least two
cohort visits between December 1985 and January 2005
were retrospectively tested for HCV antibodies with a
third-generation ELISA (AxSym HCV version 3.0;
Abbott, Wiesbaden, Germany). Individuals who were
anti-HCV-negative at entry were tested for HCV
antibodies at the most recent visit. On finding HCV
seroconversion (defined as the presence of HCV
antibodies in a previously HCV-seronegative individual),
we tested samples between the first and the most recent
visit to obtain the most exact seroconversion interval.
From 2005 onwards, HCV testing occurred prospectively.
Definitions and statistics
Information about vital status was obtained by matching
the ACS data at regular intervals against the municipal
and national population registries in the Netherlands.
Causes of death (CODs) were systematically obtained
from hospital records, general practitioners, the national
HIV Monitoring Foundation, or coroners. The CODs
were divided into four categories: HIV-related deaths;
liver-related deaths; natural causes other than HIV or
liver-related deaths (e.g. cardiovascular-related deaths,
non-AIDS-related cancers); and non-natural causes (i.e.
overdose, accidents, homicide, and suicide).
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Follow-up time was calculated from the first cohort visit
until: loss to follow-up, last known date to be alive, death,
or cohort censoring date (i.e. 31 December 2012).
Calendar periods were defined as follows: period 1
(1985–1989) – pre-cART and before adequate methadone dose (60 mg/day) was generally available in
Amsterdam; period 2 (1990–1996) – pre-cART with
adequate methadone substitution therapy; period 3
(1997–2000) – early cART era; period 4 (2001–2005)
– late cART era; period 5 (2006–2012) – late cART and
HCV treatment era.
Four HCV/HIV serological groups were defined: HCV/
HIV-uninfected, HIV-monoinfected, HCV-monoinfected, and HCV/HIV-coinfected. HIV and HCV status
were treated as time-dependent variables. For HIV and
HCV seroconverters, the midpoint between the last
negative and the first positive antibody test was used to
estimate the moment of seroconversion. After the last
cohort visit, the serological group was carried forward
until the end of follow-up. In a sensitivity analysis, a more
stringent censoring strategy was applied (i.e. censoring
took place at the end of the calendar period of the last
cohort visit) to check whether results were robust.
Crude mortality rates (CMRs) per 1000 person-years,
including 95% confidence intervals (CIs), were calculated. Standardized mortality ratios (SMRs) were used to
compare the mortality rate among the PWUD with the
mortality rate in the general Dutch population. SMR is
the ratio of the observed deaths among PWUD from the
ACS and the expected number of deaths. Expected deaths
were calculated by multiplying the person-years accrued
from our study population by the mortality rate of the
general Dutch population matched by age group, sex, and
calendar period.
Mortality rates of the general Dutch population were
obtained from the Human Mortality Database (HMD)
(www.mortality.org), and the numbers of deaths per
COD were obtained from Statistics Netherlands
(www.cbs.nl). To calculate the mortality rate of the
general Dutch population per calendar period, age group,
and sex, the following formula was used:
Total deathsGP  Total deathsACS
mPopulationGP  PopulationACS
where MR is the mortality rate; GP the general population; and m the average.
MR ¼

The SMRs for each calendar period, serological group,
and COD were calculated using univariable Poisson
regression models with the natural logarithm of the
expected deaths as offset term; the exponential of the
coefficient of the Poisson model is the SMR. Multivariable Poisson models, with the same offset term, were
used to obtain the effect of calendar period and
serological group on the SMR and are expressed in
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SMR ratios; SMR ratios can be interpreted as a relative
SMR. P values for trends were obtained from the
multivariable models. Multivariable models were corrected for age group, sex and serological group. We
additionally checked for interactions between calendar
period and the other covariates. For the calculation of
the SMR per cause of death, PWUD were included in
the analysis irrespective of their HCV/HIV status. Stata
version 11.2 was used (Stata Statistical Software: Release
11; Stata Corp LP, College Station, Texas, USA).

Results
Out of 1254 PWUD, at entry, 63.9% (n ¼ 801) were men,
their median age was 30 years [interquartile range (IQR)
26–36], and 72.4% (n ¼ 908) had ever injected drugs
(Table 1). The median follow-up time was 15.0 years
(IQR 9.5–20.9). At the study entry, the proportion of
those who ever injected was similar among those included
(i.e. at least two cohort visits) and excluded in this study.
However, individuals included in our study were older,
more often of Dutch nationality, less often homeless and a
higher proportion of them were men compared to the
excluded PWUD.
The characteristics and demographical distribution of
PWUD changed across the calendar periods (Table 1).
During the first calendar period, 82.4% of PWUD were
aged between 20 and 34 years compared with only 11.9%
in the most recent calendar period. The percentage of
participants who ever injected drugs or injected drugs
during the calendar period decreased over time. During
the first calendar period, 20.2% were HCV/HIVuninfected, 1.3% HIV-monoinfected, 52.3% HCVmonoinfected, and 26.3% HCV/HIV-coinfected.
During the latest calendar period, 38.8% were HCV/
HIV-uninfected, 1.8% HIV-monoinfected, 45.6%
HCV-monoinfected, and 13.9% HCV/HIV-coinfected.
During 18 575 person-years of total follow-up time, 96
PWUD seroconverted for HIV and 54 for HCV.

Overall mortality rates
Among 1254 PWUD, 406 deaths were observed during
the study period. The overall CMR for all-cause
mortality was 21.9 per 1000 person-years (95% CI
19.8–24.1). The overall effect of calendar period on the
CMR was significant (P ¼ 0.003) (Table 2). The highest
CMR was observed between 1990 and 1996 (27.5 per
1000 person-years; 95% CI 23.1–32.6) (Table 2). The
CMR declined from 27.5 in 1990–1996 to 17.4 in
2001–2005, and was followed by a slight increase to 23.7
in the period 2006–2012 (Fig. 1a).
The overall SMR was 13.9 (95% CI 12.6–15.3),
meaning that drug users from the ACS had a 13.9 times
higher mortality rate compared with the age, sex, and
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Table 1. General characteristics of 1254 drug users on active follow-up from the Amsterdam Cohort Studies (ACS) with at least two follow-up
visits by calendar period (1985–2012).
Calendar period (N ¼ 1254)

Total
n (%)

30 (26–36)
Age median (IQR)a
Age group in years [n (%)]a
20–34
886 (70.65)
35–49
356 (28.39)
50–64
12 (0.96)
Sex [n (%)]
Men
801 (63.88)
Women
453 (36.12)
a
Nationality [n (%)]
Dutch
934 (74.48)
Non-Dutch
320 (25.52)
Homeless [n (%)]a
Yes
116 (9.34)
No
1126 (9.34)
Ever injected drugs [n (%)]
Yes
908 (72.41)
No
346 (27.59)
Injected drugs in the preceding 6 months [n (%)]a,b
Yes
668 (73.98)
No
235 (25.88)
Borrowed needles [n (%)]a,c
Yes
234 (35.03)
No
434 (64.97)
Methadone dosage in mg [n (%)]a
0
208 (17.33)
1–60 mg
310 (25.83)
>60 mg
253 (21.08)
429 (35.75)
Unknownd
HCV/HIV serogroup [n (%)]a
HCV/HIV-uninfected
428 (34.13)
HIV-monoinfected
16 (1.28)
HCV-monoinfected
564 (44.98)
HCV/HIV-coinfected
246 (19.62)
Chronic hepatitis B
Yes
72 (5.99)
No
468 (91.05)
Seroconversion during follow-up (n)
HIV seroconversion
96
HCV seroconversion
54

1985–1989
541

1990–1996
853

1997–2000
823

2001–2005
699

2006–2012
498

29 (25–33)

32 (28–36)

36 (31–41)

39 (32–44)

44 (39–49)

446 (82.44)
93 (17.19)
2 (0.37)

554 (64.95)
291 (34.11)
8 (0.94)

331 (40.22)
470 (57.11)
22 (2.67)

209 (29.90)
441 (63.09)
49 (7.01)

59 (11.85)
332 (66.67)
107 (21.49)

293 (54.16)
248 (45.84)

512 (60.09)
341 (39.98)

559 (67.92)
264 (32.08)

489 (69.96)
210 (30.04)

338 (67.87)
160 (32.13)

401 (74.12)
140 (25.88)

628 (73.62)
225 (26.38)

655 (79.59)
168 (20.41)

567 (81.12)
132 (18.88)

408 (81.93)
90 (18.07)

9 (1.66)
532 (98.34)

71 (8.38)
776 (91.62)

62 (7.60)
754 (92.40)

68 (9.91)
618 (90.09)

33 (7.02)
437 (92.98)

450 (83.18)
91 (16.82)

695 (81.48)
158 (18.52)

586 (71.20)
237 (28.80)

465 (66.52)
234 (33.48)

338 (67.87)
160 (32.13)

349 (77.56)
101 (22.44)

496 (72.20)
191 (27.80)

292 (50.52)
286 (49.48)

179 (38.91)
281 (61.09)

86 (26.88)
226 (72.44)

157 (44.99)
192 (55.01)

99 (19.96)
397 (80.04)

45 (15.41)
247 (84.59)

14 (7.82)
165 (92.18)

3 (3.49)
83 (96.51)

20
40
21
413

(4.05)
(8.10)
(4.25)
(83.60)

159
414
249
22

(18.84)
(49.05)
(29.50)
(2.61)

226
260
297
30

(27.80)
(31.98)
(36.53)
(3.69)

222
166
302
1

(32.13)
(24.02)
(43.70)
(0.14)

137
103
219
2

(29.72)
(22.34)
(47.51)
(0.43)

109
7
283
142

(20.15)
(1.29)
(52.31)
(26.25)

199
9
421
224

(23.33)
(1.06)
(49.36)
(26.26)

294
9
356
164

(35.72)
(1.09)
(43.26)
(19.93)

291
10
292
106

(41.63)
(1.43)
(41.77)
(15.16)

193
9
227
69

(38.76)
(1.81)
(45.58)
(13.86)

46 (8.94)
748 (92.23)

63 (7.76)
751 (95.42)

36 (4.57)
640 (96.68)

22 (3.32)
446 (96.96)

14 (3.04)

23
19

56
25

9
4

5
6

3
0

HBV, hepatitis B virus; HCV, hepatitis C virus; IQR, interquartile range. Missing values at study entry for: ‘methadone dosage’ ¼ 54; ‘chronic
hepatitis B’ ¼ 52; ‘homeless’ ¼ 12; ‘injected drugs in the preceding 6 months’ ¼ 5. Missing values are not included in the percentages.
At study entry in the cohort (total) and at the first visit during the calendar period.
b
Out of those who ever injected drugs.
c
Out of those who injected drugs in the last 6 months preceding the first visit during that calendar period.
d
Unknown dosage among those enrolled in a methadone program.
a

calender-matched general Dutch population. During
1985–1990, the SMR was 15.8 (95% CI 9.7–25.9), it
increased to 25.5 (95% CI 21.5–30.3) in 1990–1996,
followed by a decline to 14.1 (95% CI 11.2–17.8) in
1997–2000, 9.9 (95% CI 7.9–12.3) in 2001–2005, and
10.8 (95% CI 9.0–13.1) in 2006–2012 (Fig. 1b, Table 3).
The SMR decreased with increasing age (SMR20–34 ¼
22.9, 95% CI 18.7–28.2; SMR35–49 ¼ 15.5, 95% CI
13.7–17.5; SMR50–64 ¼ 7.3, 95% CI 5.8–9.3) and was
higher among women (SMRmen ¼ 12.8, 95% CI 11.3–
14.4; SMRwomen ¼ 16.6, 95% CI 14.0–19.6).
In multivariable analysis, a significant interaction between
calendar period and sex (P ¼ 0.03) was observed. The
SMR significantly decreased in later calendar periods

among women [adjusted SMR ratio (aSMRr)2006–2012 ¼
0.6, 95% CI 0.4–0.9, compared to 1990–1996; P < 0.001]
(Table 3), while remaining stable among men. HCVmonoinfected (aSMRr ¼ 1.9, 95% CI 1.4–2.8) and HCV/
HIV-coinfected (aSMRr ¼ 7.0, 95% CI 5.0–9.8) PWUD
had a significantly higher SMR compared with HCV/
HIV-uninfected PWUD (P < 0.001) (Table 3).

All-cause mortality per serological group
Hepatitis C virus/HIV-uninfected people who use
drugs
Although the overall effect of calendar period was not
significant (P ¼ 0.16), the CMR for HCV/HIV-uninfected PWUD slightly increased from 2001 to 2005
onwards (Fig. 1c, Table 2). The overall SMR was 4.7
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87
4.68
30
1.61
111
5.97
107
5.76
71

40
7.44
8
37.96
137
15.23
221
55.37
(21.43)
(3.79–5.78)
(7.39)
(1.13–2.31)
(27.34)
(4.96–7.20)
(26.35)
(4.76–6.96)
(17.49)

(100)
(5.46–10.14)
(100)
(18.98–75.90)
(100)
(12.88–18.00)
(100)
(48.53–63.18)

18 575
406
1254
21.86 (19.83–24.09)

1
0.83
1
0.83
2
1.67
11
9.18
1

0
1
60.22
7
11.14
8
25.73
(6.25)
(0.12–5.92)
(6.25)
(0.12–5.92)
(12.50)
(0.42–6.68)
(68.75)
(5.08–16.58)
(6.25)

0
(0–15.23)b
(12.50)
(8.48–427.52)
(5.11)
(5.31–23.37)
(3.62)
(12.87–51.45)

1198
16
541
13.36 (8.18–21.80)

1985–1989

52
10.98
6
1.27
21
4.43
42
8.87
9

5
5.40
2
50.46
32
13.21
91
67.52
(40.00)
(8.37–14.41)
(4.62)
(0.56–2.82)
(16.15)
(2.89–6.80)
(32.31)
(6.55–12.00)
(6.92)

(12.50)
(2.25–12.97)
(25.00)
(12.62–201.74)
(23.36)
(9.34–18.68)
(41.18)
(54.98–82.92)

4736
130
923
27.45 (23.11–32.60)

1990–1996

12
3.47
6
1.74
18
5.22
21
6.09
14

(16.90)
(1.97–6.12)
(8.45)
(0.78–3.88)
(25.35)
(3.29–8.30)
(29.78)
(4.00–9.34)
(19.72)

5 (12.50)
5.30 (2.21–12.74)
0
0 (0–99.96)b
22 (16.06)
13.07 (8.60–19.85)
44 (19.91)
55.97 (41.67–75.22)

3454
71
1031
20.59 (16.31–25.98)

1997–2000

12
2.61
5
1.09
24
5.22
19
4.14
20

13
7.99
2
40.18
27
12.86
38
46.98

(15.00)
(1.48–4.60)
(6.25)
(0.45–2.61)
(30.00)
(3.50–7.79)
(23.75)
(2.64–6.48)
(25.00)

(32.50)
(4.64–13.76)
(25.00)
(10.04–160.65)
(19.71)
(8.82–18.75)
(17.19)
(33.83–63.90)

4594
80
1029
17.42 (13.99–21.68)

2001–2005

CI, confidence intervals; CMR, crude mortality rate; HCV, hepatitis C virus; n, number of deaths; PWUD, people who use drugs.
a
The number of PWUD per calendar period also includes those PWUD who were not on active follow-up but contributed follow-up time until censoring.
b
Calculation based on exact binomial methods.

Overall CMR by calendar period
Person-years
Number of deaths (n)
Number of PWUDa
CMR (95% CI)
CMR by serological group
HCV/HIV-uninfected [n (%)]
CMR (95% CI)
HIV-monoinfected [n (%)]
CMR (95% CI)
HCV-monoinfected [n (%)]
CMR (95% CI)
HCV/HIV-coinfected [n (%)]
CMR (95% CI)
CMR by cause of death
HIV-related [n (%)]
CMR (95% CI)
Liver-related [n (%)]
CMR (95% CI)
Natural [n (%)]
CMR (95% CI)
Non-natural [n (%)]
CMR (95% CI)
Unknown

Total

10
2.17
12
2.60
46
10.00
14
3.04
27

(9.17)
(1.17–4.04)
(11.01)
(1.48–4.60)
(42.20)
(7.49–13.36)
(12.84)
(1.80–5.14)
(24.77)

(42.50)
(6.45–16.69)
(37.50)
(14.27–137.21)
49
22.65 (17.12–29.97)
40 (18.10)
54.86 (40.24–74.79)

17
10.38
3
44.25

4598
109
899
23.70 (19.65–28.60)

2006–2012

0.001

0.001

0.376

<0.001

0.029

0.047

0.523

0.160

0.003

P value

Table 2. All-cause crude mortality rates (overall and by HCV/HIV serological group) and cause-specific crude mortality rates among 1254 people who use drugs from the Amsterdam Cohort
Studies by calendar period (1985–2012).
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–
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0
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19

6
90
–1
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19

9
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0

0

19

2594

Natural
Non–natural
HIV–related
Liver–related

Fig. 1. (a–f) Crude mortality rates (CMRs) (a) overall, (c) per serological group, and (e) per cause of death stratified by calendar
period; and standardized mortality ratios (SMRs) (b) overall, (d) per serological group, and (f) per cause of death stratified by
calendar period among people who use drugs from the Amsterdam Cohort Studies (1985–2012). On the left side, all graphs show
the CMRs and on the right side all graphs show the natural logarithm of the SMRs. The SMRs depicted on the graphs are transformed
to the natural logarithm in order to fit either all serological groups or causes of death into one graph. Note: Most of the graphs have
different scales in order to fit each of the CMR or SMR into one graph. (a) All-cause CMR per 1000 py per calendar period among
1254 PWUD; (b) all-cause SMR per calendar period among 1254 PWUD; (c) all-cause CMR per 1000 py per calendar period and
serological group; (d) all-cause SMR per calendar period and serological group; (e) cause-specific CMR per 1000 py per calendar
period; (f) cause-specific SMR per calendar period. () CMRs and SMRs for HIV-monoinfected are not shown given the small
number of individuals and few endpoints. Ln, natural logarithm; py, person-years.
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0.227

0.28 (0.07–1.16)
1
0.33 (0.17–0.64)
0.29 (0.15–0.56)
0.30 (0.15–0.58)
NA

Women

0.92 (0.40–2.09)
1
0.88 (0.50–1.55)
0.80 (0.46–1.41)
1.38 (0.81–2.37)
NA
0.543
NE
1
0.86 (0.25–3.01)
1.23 (0.43–3.52)
1.30 (0.45–3.71)
<0.001
NA

0.569

1
1.93 (1.36–2.75)
6.97 (4.96–9.80)

0.59 (0.29–1.18)
1
0.87 (0.61–1.26)
0.82 (0.58–1.18)
0.92 (0.64–1.33)
4.73 (3.47–6.45)
9.52 (8.06–11.26)
35.91 (31.47–40.97)

1

0.46 (0.28–0.77)
0.28 (0.16–0.49)
0.60 (0.39–0.94)

(9.70–25.85)
(21.49–30.31)
(11.19–17.82)
(7.93–12.29)
(8.98–13.07)
15.84
25.52
14.12
9.87
10.83

Calendar period
1985–1989
1990–1996
1997–2000
2001–2005
2006–2012
Serological group
HCV/HIV-uninfected
HCV-monoinfected
HCV/HIV-coinfected

Women

0.54 (0.23–1.26)

<0.001

Men

P
aSMRr (95% CI)
aSMRr (95% CI)

P
SMR
(95% CI)

Serological group, age group and sex were included as covariates in the all-cause mortality multivariable model. Age group and sex were included as covariates in the stratified models per serological group. Statistically
significant interaction terms were also included as covariates in the model. HIV-monoinfected people were not included in the multivariable model due to limited numbers. aSMRr, adjusted SMR ratio; CI, confidence interval;
HCV, hepatitis C virus; NA, not applicable; NE, no events; SMR, standardized mortality ratio.
a
Significant interaction between calendar period and sex.

0.382
<0.001

Men

0.62 (0.26–1.44)
1
0.93 (0.59–1.46)
0.63 (0.38–1.05)
0.77 (0.46–1.32)
NA

P
aSMRr (95% CI)
P
aSMRr (95% CI)
P
aSMRr
(95% CI)
P
aSMRr
(95% CI)

HCV/HIV-coinfecteda
HCV-monoinfected
HCV/HIV-uninfected

Per serological group
All-cause mortalitya

Table 3. Multivariable Poisson models for all-cause standardized mortality ratios (overall and stratified per HCV/HIV serological group) among 1254 people who use drugs from the Amsterdam
Cohort Studies (1985–2012).
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(95% CI 3.5–6.5) (Table 3). As illustrated in Fig. 1d, the
SMR slightly increased after 2000, although the overall
effect of calendar period was not statistically significant in
multivariable analysis (P ¼ 0.54) (Table 3).
HIV-monoinfected people who use drugs
The overall CMR for HIV-monoinfected PWUD was
37.9 (95% CI 19.0–75.9) (Table 2) and the overall SMR
was 26.3 (95% CI 13.2–52.6). Given the small number of
HIV-monoinfected PWUD and deaths among them, the
SMRs per calendar period were not calculated for them.
Hepatitis C virus-monoinfected people who use drugs
The CMR for HCV-monoinfected PWUD was borderline significantly different across the calendar periods
(P ¼ 0.05) and was the highest between 2006 and 2012
(CMR ¼ 22.7, 95% CI 17.1–30.0) (Fig. 1c, Table 2). The
overall SMR was 9.5 (95% CI 8.1–11.3) (Table 3). As
illustrated in Fig. 1d, the SMR decreased until 2001–
2005 and was followed by a slight increase in 2006–2012,
although the overall effect of calendar period was not
statistically significant in the multivariable analysis
(P ¼ 0.23) (Table 3).
Hepatitis C virus/HIV-coinfected people who use drugs
The CMR for HCV/HIV-coinfected PWUD significantly differed across the calendar periods (P ¼ 0.03) and
was the highest between 1990 and 1996 (CMR ¼ 67.5,
95% CI 55.0–82.9), which is also the highest CMR
observed in this study (Fig. 1c, Table 2). The CMR for
HCV/HIV-coinfected PWUD was more than twice that
of the CMR for all PWUD and had a pattern similar to
the CMR for all PWUD over time (Fig. 1a and c, Table
2). The overall SMR was 35.9 (95% CI 31.5–41.0) (Table
3). HCV/HIV-coinfected PWUD had the highest SMR
during all calendar periods compared with the other
serological groups and especially during the period 1990–
1996 (SMR ¼ 61.9, 95% CI 50.4–76.0) (Fig. 1d). As
illustrated in Fig. 1d, the SMR declined after 1990–1996
and remained stable in the two most recent periods. In
multivariable analysis, the effect of calendar period was
significantly different among women and men (P ¼ 0.03).
Among women, the SMR was significantly lower in the
last three calendar periods compared with 1990–1996
(P < 0.001), whereas the SMR remained relatively stable
over time among men (Table 3).

Mortality per cause of death
The most common CODs were natural deaths (n ¼ 111),
followed by non-natural (n ¼ 107), HIV-related (n ¼ 87),
and liver-related deaths (n ¼ 30).
Natural causes
The CMR for natural deaths significantly increased over
time (P ¼ 0.001) – from 1.7 (95% CI 0.4–6.7) between
1985 and 1989 to 10.0 (95% CI 7.5–13.4) between 2006
and 2012 (Fig. 1e, Table 2). The overall SMR was 5.0
(95% CI 4.1–6.0) and was the lowest of the cause-specific

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

2596

AIDS

2014, Vol 28 No 17

SMR. As illustrated in Fig. 1f, the SMR for natural causes
decreased after 1990–1996 (Fig. 1f), although the overall
effect of calendar period was not significant (P ¼ 0.38)
(Table 4).
Non-natural causes
In contrast to the CMR for natural causes, the CMR for
non-natural deaths significantly decreased over time
(P ¼ 0.001) – from 9.2 (95% CI 5.1–16.6) in 1985–1989
to 3.0 (95% CI 1.8–5.1) in 2006–2012 (Fig. 1e, Table 2).
The overall SMR for non-natural deaths was 21.3 (95%
CI 17.6–25.7), and we observed a steady decline of the
SMR over time (P ¼ 0.007) (Fig. 1f, Table 4).
HIV-related causes
The CMR for HIV-related deaths reached its peak in the
period 1990–1996 (CMR ¼ 11.0, 95% CI 8.4–14.4),
followed by a statistically significant decline after 1996
(P < 0.001) (Fig. 1e, Table 2). The overall SMR was
798.2 (95% CI 647.0–984.9). As illustrated in Fig. 1f, we
observed a higher HIV-related SMR after 1990, although
the overall effect of calendar period was not significant in
the multivariable analysis for men (P ¼ 0.30) and
bordeline signficant for women (P ¼ 0.06) (Table 4).
Liver-related causes
The overall CMR for liver-related deaths was 1.6 (95%
CI 1.1–2.3) and did not significantly differ across the
calendar periods (P ¼ 0.38) (Table 2). The overall SMR
for liver-related deaths was 72.4 (95% CI 50.6–103.5). As
illustrated in Fig. 1f, the SMR for liver-related deaths
decreased after 2000, although the overall effect of
calendar period was not significant in the multivariable
analysis (P ¼ 0.11) (Table 4).

Finally, in a sensitivity analysis with a more stringent
censoring strategy, comparable results were observed.

Discussion
We investigated whether mortality among PWUD from
the ACS has come closer to that of the general Dutch
population in recent calendar periods. As hypothesized,
we observed a decline in mortality among PWUD
compared with the general Dutch population after 1996.
However, despite this decline, mortality rates among
PWUD are still 11 times higher than those of the general
population in the most recent calendar period. Of
interest, mortality due to non-natural deaths came closer
to the general Dutch population over time.
The decline in the SMR among PWUD seems to be
mainly attributable to the decline in mortality after 1996
among HCV/HIV-coinfected women; this is in line with
a study among PWID in Norway, which showed that
compared to men, women had a lower risk of mortality in
the long term, although in the short term – within 3 years
of inclusion in the study –, women had a higher risk of
mortality [26]. One explanation for the different
mortality trends among men and women might be that
women sought HIV and/or drug treatment earlier than
men and were less likely to be imprisoned [26].
Furthermore, the decline among HCV/HIV-coinfected
PWUD might be explained by the availability of cART
from 1996 onwards. In line with our findings, a study
among HIV seroconverters showed that overall and
cause-specific mortality rates decreased after the introduction of cART [27]. However, the benefits of cART
appeared to be less pronounced for PWUD than for
MSM [27]. Nonetheless, cART availability alone cannot
explain the decrease of the SMR observed, as a more
constant SMR would be expected because the positive
effects of cART have also reduced mortality among HIVinfected individuals in the general Dutch population.
Hence, the decline of the SMR after 1996 is also likely to
be attributable to the significant decline in non-natural
deaths over time. This is in contrast to the findings from

Table 4. Multivariable Poisson models for cause-specific standardized mortality ratios among 1254 people who use drugs from the Amsterdam
Cohort Studies (1985–2012).
SMR-ratios by cause of death
Natural

aSMRr (95% CI)

HIV-relateda

Non-natural

P

aSMRr (95% CI)

P

aSMR r (95% CI)
Women

P

aSMR r (95% CI)
Men

Liver-relatedb

P

aSMR r (95% CI)

P

Calendar period
0.383
0.007
0.055
0.298
0.105
1
1c
1c
1c
1985–1989
1c
1990–1996
0.94 (0.48–1.84)
1997–2000 0.73 (0.39–1.36)
0.84 (0.40–1.80)
0.53 (0.20–1.38)
1.11 (0.48–2.53)
0.89 (0.30–2.5)
2001–2005 0.67 (0.37–1.23)
0.47 (0.21–1.06)
0.26 (0.08–0.88)
2.08 (0.97–4.46)
0.33 (0.10–1.06)
2006–2012 0.60 (0.34–1.06)
0.31 (0.13–0.74)
0.50 (0.16–1.58)
1.76 (0.67–4.60)
0.38 (0.15–0.97)
Serological group, age group and sex were included as covariates in the multivariable models. Statistically significant interaction terms were also
included as covariates in the model. aSMRr, adjusted SMR ratio; CI, confidence interval; HCV, hepatitis C virus; SMR, standardized mortality ratio.
Significant interaction between calendar period and sex.
b
Only sex was included as a covariate given the limited number of events (number of deaths ¼ 30).
c
The first and the second calendar period are grouped together due to low number of deaths.
a
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the 2008 Annual Report by the European Monitoring
Centre for Drugs and Drug Addiction, in which a
rebound of overdose mortality was observed in many
European countries from 2003 to 2005 [28]. The
observed decline in non-natural deaths in our study
could be explained by a decrease in the popularity of
injecting drug use in Amsterdam over time [29,30].
During 2006–2012, only 26.9% of the ACS participants
injected drugs compared with 77.6% during 1985–1989.
Also, PWID might have become safer injectors over time,
reducing the risk of overdose. These changes in injecting
risk behavior could be ascribed to harm-reduction
interventions and demographical changes, as recently
demonstrated in our modeling study [31]. To summarize,
a combination of factors such as availability of
comprehensive harm-reduction interventions, HIV and
HCV therapy and changing drug patterns among
PWUD probably led to the reduction in mortality
observed in the present study, especially among HCV/
HIV-coinfected women. In addition, HIV-infected
PWUD who survived the pre-cART period might have
been the PWUD exhibiting less risk behavior and the
lowest risk of dying.

cARTera (1997–2010), whereas both our and McDonald
et al.’s study had follow-up both during the pre-cART
and the cART era [22,34].

Of interest, the HIV-related CMR among PWUD
significantly and substantially decreased after 1996,
whereas the HIV-related SMR did not significantly
change over time. HIV-related mortality is dependent on
the incidence and prevalence of HIV in a population.
Therefore, given our higher proportion of HIV-infected
PWUD compared with the general Dutch population, as
expected, we observed a high HIV-related SMR.
However, even though the proportion of HIV-infected
PWUD in our study population decreased over calendar
time, no decrease was observed in the HIV-related SMR.
Therefore, the HIV-related mortality in the general
Dutch population probably decreased at a faster rate than
it did for PWUD from the ACS. HCV-coinfection,
which is common among our study population, might
play a role as it has been shown that HCV/HIVcoinfected individuals have a higher risk of death from
HIV/AIDS than HIV-monoinfected individuals [12,32].
Also, even though the benefits of cART have been
observed in all risk groups [33], the HIV-positive
individuals from exposure groups other than PWUD
might have easier access to care, be more adherent to
cART, have a better socioeconomic status, and a healthier
lifestyle.

Several limitations of our study should be mentioned.
First, even though we adjusted for age group, sex,
calendar period, and serological group, other determinants, such as active drug use, alcohol consumption,
hepatitis B, or smoking, were not taken into account.
Second, PWUD who were ever positive for HCV
antibodies were considered HCV-positive for the whole
study period, thus spontaneous or treatment-induced
HCV clearance was not taken into account. Although
the minority, especially in HCV/HIV-coinfected individuals, clears the virus spontaneously, this definition of
HCV positivity might have led to an underestimation of
the SMR for PWUD with a chronic HCV infection.
However, active PWID who clear the virus are at risk
of HCV re-infection. Third, although coverage and
components of harm-reduction interventions changed
during the study period, they were already implemented
before the ACS started; therefore we do not have a
proper comparison with a period without such interventions. Furthermore, our sample of PWUD might
not be representative for the general PWUD Dutch
population.

In line with the two studies [22,34] we found that HCV/
HIV-coinfected PWUD have a higher SMR than HIVmonoinfected and HCV-monoinfected PWUD. Our
overall SMR (35.9) for HCV/HIV coinfection was
higher than the SMR (12.8) described by Hernando et al.
[22], but was very similar to the findings by McDonald
et al. (34.0) [34]. The difference in SMR between the
studies might be explained by differences in the study
period. Hernando et al.’s study comprises data from the
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The SMR for liver-related deaths did not significantly
change over time. This could be attributed to an increase
in liver-related deaths in the general Dutch population
[35]. Furthermore, HCV/HIV-coinfected PWUD might
have died of HIV-related causes before experiencing the
consequences of HCV [4]. However, the burden of
HCV-related disease among PWUD in our study was
made visible by the increased liver-related CMR during
the latest calendar period.
We found that the CMR for natural causes significantly
increased over time. This can be partly explained by
ageing of our cohort participants and the lower risk of
HIV-related mortality among PWUD in the cART era.
However, if CODs are misclassified (i.e. underlying HCV
and HIV-related cause of death is not recognized), this
might contribute to the increasing CMR for natural
deaths. Nevertheless, the SMR for natural causes did not
significantly change over time.

In conclusion, in line with our hypothesis, significant
declines in all-cause and non-natural morality rates were
observed among PWUD compared with the general
Dutch population. Women with an HCV/HIV coinfection contributed to the decline in the all-cause SMR
over time. However, PWUD are still at an increased risk
of dying even when uninfected with HCV and HIV. Our
results also suggest that, despite the availability of cART,
HIV-related deaths remain an important cause of
mortality among PWUD when compared with the
general Dutch population. This study reinforces the
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importance of a high coverage of comprehensive harmreduction interventions combined with timely HIV and
HCV treatment uptake to reduce excess mortality among
PWUD.
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