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Background: Despite the known substantial benefits of combination antiretroviral
therapy (cART), cumulative adverse effects could still limit the overall long-term
treatment benefit. Therefore we investigated changes in the rate of death with increasing
exposure to cART.

Methods: A total of 12 069 patients were followed from baseline, which was defined as
the time of starting cART or enrolment into EuroSIDA whichever occurred later, until
death or 6 months after last follow-up visit. Incidence rates of death were calculated per
1000 person-years of follow-up (PYFU) and stratified by time of exposure to cART (�3
antiretrovirals): less than 2, 2–3.99, 4–5.99, 6–7.99 and more than 8 years. Duration of
cART exposure was the cumulative time actually receiving cART. Poisson regression
models were fitted for each cause of death separately.

Results: A total of 1297 patients died during 70 613 PYFU [incidence rate 18.3 per
1000 PYFU, 95% confidence interval (CI) 17.4–19.4], 413 due to AIDS (5.85, 95% CI
5.28–6.41) and 884 due to non-AIDS-related cause (12.5, 95% CI 11.7–13.3). After
adjustment for confounding variables, including baseline CD4 cell count and HIV RNA,
there was a significant decrease in the rate of all-cause and AIDS-related death between
2 and 3.99 years and longer exposure time. In the first 2 years on cART the risk of non-
AIDS death was significantly lower, but no significant difference in the rate of non-
AIDS-related deaths between 2 and 3.99 years and longer exposure to cART was
observed.

Conclusion: In conclusion, we found no evidence of an increased risk of both all-cause
and non-AIDS-related deaths with long-term cumulative cART exposure.
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Introduction
It is well documented that the survival of HIV-positive
patients has significantly improved following the wide-
spread introduction of combination antiretroviral therapy
(cART) [1,2]. Within the same time span significant
changes in cause-specific mortality have been observed in
terms of substantial increase in the proportion of non-
AIDS-related deaths such as non-AIDS-defining malig-
nancies, cardiovascular diseases and liver-related death
[3–5].

Little is known about how the incidence of fatal non-
AIDS events change with increasing exposure to
treatment [6], although several plausible mechanisms
have been proposed as to how some adverse effects of
cART accumulating over time may contribute to certain
non-AIDS conditions [7–9]. For example, use of
abacavir, didanosine, indinavir and lopinavir-ritonavir
has been reported to be associated with an increased risk
of myocardial infarction [10,11] and use of tenofovir,
indinavir, atazanavir and lopinavir-ritonavir with risk of
chronic kidney disease [12]. However, it is unclear how
these risks translate to the patient’s long-term prognosis
and risk of mortality.

This is a challenging area in HIV research as it is difficult
to differentiate potential negative effects received from
the use of cART from those that are exacerbated or
caused by HIV infection itself and that cART is
potentially correcting [13–15]. For example, treatment
can reduce the risk of fatal liver-related disease, by
increasing CD4 cell count; however, long-term exposure
to cART may also result in fatal liver toxicities [16].

Finally non-AIDS-related deaths are a heterogeneous
group merging causes of different trends. This may result
in a fairly constant rate despite existing dynamic changes
within the groups. It is therefore important to divide this
group into as many specific categories as possible.

Increased insight into these issues could contribute
further to the optimization of cART use, by reducing its
harm to an unavoidable minimum and therefore
increasing the net benefit.

We therefore investigated the rate of specific causes of
death with increasing duration of exposure to cART in
the EuroSIDA study after adjustment for potential
confounding factors.
Methods

Patients
EuroSIDA is a prospective, observational study of 16 597
HIV-1-infected patients at 103 centres across Europe,
pyright © Lippincott Williams & Wilkins. Unautho
Israel and Argentina. Data are collected at clinical sites,
extracted and sent to the coordinating centre at
6-monthly intervals. In addition to demographic and
clinical information, a complete antiretroviral treatment
history is obtained, including dates of starting and
stopping each antiretroviral drug, and all CD4 cell count
and plasma HIV RNA measurements since last EuroSIDA
follow-up. Full details of the study and sample follow-up
forms can be found at www.cphiv.dk.

Inclusion criteria
All patients recruited to the EuroSIDA cohort after
1 January 1996 who were on cART at some point whilst
under follow-up were included from baseline which was
defined as the time of starting cART or enrolment into
EuroSIDA, whichever occurred later. In addition all
patients were required to have at least one CD4 cell count
measurement available at or prior to baseline. Patients
were followed until 6 months after their last follow-up
visit or until death, whichever occurred first.

Statistical methods
The crude incidence rate of death due to specific causes
was calculated per 1000 person years of follow-up
(PYFU) stratified by duration of cARTexposure [<2, 2–
3.99 (reference), 4–5.99, 6–7.99 and >8 years on
cART]. cART was defined as receiving three or more
antiretrovirals and duration of cART exposure as time
actually receiving cART. Any time when the patient was
off cARTwas not counted as exposure time. For patients
who were on cARTat enrolment into EuroSIDA we were
able to reconstruct the length of exposure by obtaining a
full ART history.

For individuals who died, date and cause of death are
reported by the site investigator and, since 2004, a Coding
of Death in HIV (CoDe) case report form is additionally
completed for each fatal case and CoDe methods used to
determine the underlying cause of death [17]. Deaths
reported without a known cause and undetermined by
CoDe procedure contribute to approximately 17% of all
deaths and are classified by earlier developed method into
either unknown AIDS or unknown non-AIDS deaths
[18]. Deaths assigned as non-AIDS-related were further
classified into non-AIDS-related infection (NARI-
death); liver-related (LR-death; deaths due to hepatitis
or nonhepatitis liver failure and/or cirrhosis, and liver
cancer); non-AIDS-defining malignancies (NADM-
death; all malignancies except Kaposi’s sarcoma, non-
Hodgkin’s lymphoma, cervical carcinoma and liver
cancer); cardiovascular disease (CVD-death; stroke,
myocardial infarction, heart or vascular disease); violent
(accidental or violent death, suicide, euthanasia, substance
abuse or overdose); other (causes associated with less than
20 deaths); or unknown death (deaths with insufficient
information to determine specific non-AIDS cause of
death).
rized reproduction of this article is prohibited.
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Poisson regression models were fitted for each cause of
death separately, adjusting for factors significant
(P< 0.01) in univariate analysis. Variables investigated
were baseline age, sex, ethnic origin, HIV transmission
group, region of Europe, smoking status, diabetes,
hypertension, hepatitis B (positive status if positive
HBV surface antigen test) and C status (positive status
if positive hepatitis C antibody test), CD4 cell count, viral
load, any previous AIDS-defining illnesses. Year of
follow-up was not included in the multivariate model as it
was highly correlated with time on cART. However,
separate models stratified by date of cART initiation
(<2002 and�2002) were developed. The effect of date of
starting cART on the association between exposure to
cART and risk of cause-specific death was also
investigated using tests for interaction.

We identified a lower risk of death in the first 2 years of
exposure to cART; therefore duration of cARTexposure
was fitted as a continuous variable per year longer on
Copyright © Lippincott Williams & Wilkins. Unaut

Table 1. Baseline characteristics of patients included into analyses.

Characteristic Group

Patients starting cART in given calendar time period <200
Sex Male
Ethnicity White
HIV exposure group

Homo
IDU
Heter

Region
South
West
North
East C
East
Argen

Prior AIDS
Comorbidities
Hepatitis B

Negat
Positiv
Unkn

Hepatitis C
Negat
Positiv
Unkn

Smoking
Never
Curre
Previo
Unkn

Hypertension
No
Yes
Unkn

Diabetes
No
Yes
Unkn

Age (years)
CD4 lymphocyte count (cells/ml) 288
HIV RNA viral load (log10 copies/ml) 2.84

One hundred and seventeen patients were missing baseline CD4 cell cou
cART from 2 years of exposure onwards. This allowed us
to investigate in more detail the effect of long-term
exposure to cART.

All analyses were performed using SAS 9.1 (SAS Institute
Inc., Cary, North Carolina USA).
Results

A total of 12 069 patients were on cART during follow-
up and were included in the analyses; 7194 patients started
cART prior to enrolment into the EuroSIDA study and
4875 patients afterwards. The median follow-up time was
5.43 years [interquartile range (IQR) 2.21–9.49] and the
median time of exposure to cART was 4.42 years (IQR
2.25–7.17). Table 1 shows baseline characteristics of
these patients.
horized reproduction of this article is prohibited.

Number Percentage

2 6658 55.2
9007 74.6

10503 88.6

sexual 4899 40.6
2679 22.2

osexual 3539 29.3

3301 27.3
Central 2859 23.7

3005 24.9
entral 1478 12.2

987 8.2
tina 439 3.6

3818 31.6

ive 8829 73.1
e 662 5.5

own 2578 21.4

ive 6403 53.0
e 2608 21.6

own 3058 25.4

2450 20.3
nt 4947 41.0
us 2051 17.0

own 2621 21.7

3837 31.8
1233 10.2

own 6999 58.0

10134 84.0
282 2.3

own 1653 13.7
Median Interquartile range
38.2 32.8–45.3

162–453
1.69–4.43

nt and 1172 baseline HIV RNA measurement.
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During 70 613 PYFU, 1297 patients died. Around two-
thirds of the deaths were due to non-AIDS-related causes
(884, 68%). AIDS-related deaths accounted for 413
deaths (32% of all deaths), NARI-death 121 (9%), LR-
death 182 (14%), NADM-death 125 (10%), CVD-death
122 (9%), violent death 90 (7%), other death 91 (7%) and
153 (12%) of the non-AIDS death cases remained
unknown death [18]. The crude incidence rate of all-
cause death, AIDS-related death and non-AIDS-related
death were 18.3 [95% confidence interval (CI) 17.4–
19.4], 5.85 (5.28–6.41) and 12.5 (11.7–13.3) per 1000
PYFU, respectively.

As shown in Fig. 1, the crude incidence rate of all-cause
death decreased with longer exposure to cART, which
was largely attributed to a decrease in AIDS-related
mortality. The rates of non-AIDS-related death remained
fairly constant. After adjustment for confounding
variables, including baseline CD4 cell count and HIV
RNA, there was a significant decrease in the rate of all-
cause and AIDS-related deaths between 2 and 3.99 years
and any longer exposure time, but no significant
difference in the rate of non-AIDS-related deaths. This
was also true for the specific non-AIDS causes, except
unknown and violent death for which the risk decreased
over time of exposure to cART (Table 2, see detailed
models’ adjustment in the table footnote).

Figure 2 shows the risk of death stratified by date of
starting cART (<2002 and�2002). After adjustment, the
risk of all cause, AIDS and non-AIDS-related death in
both groups reflected the same trend as observed in the
main analyses; however, due to the low number of events
it was not possible to further investigate trends for non-
AIDS cause-specific deaths.

When time on cART was fitted as continuous variable
from 2 years of exposure onwards there was a 5% decrease
in the risk of all-cause death [incidence rate ratio (IRR)
0.95, 95% CI 0.92–0.97, P< 0.0001] and 14% decrease
pyright © Lippincott Williams & Wilkins. Unautho
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Fig. 1. The crude incidence rate of all-cause, AIDS and non-AID
in the risk of AIDS-related death (IRR 0.86, 95% CI
0.81–0.91, P< 0.0001) per one additional year on cART,
and a borderline significant decrease in the risk of non-
AIDS death (IRR 0.97, 95% CI 0.95–1.00, P¼ 0.06)
(Table 3). These findings were consistent while inves-
tigating trends from 4 years of exposure onwards.

Of note the risk of non-AIDS death was significantly
lower in the first 2 years on cART, which was mostly
driven by LR-death and CVD-death (Table 2), and not
observed in patients starting cART in 2002 and onwards
(Fig. 2).

Sensitivity analyses investigated the incidence rate of
cause-specific deaths with cumulative exposure to cART
restricting the group of patients to those recruited to the
study after 1 January 2002, a period in which there was
increasing representation of patients from Eastern
Europe. In a separate set of analyses, we also explored
the effect of excluding injecting drug users and patients
who started cART before enrolment to EuroSIDA. We
obtained consistent results, namely no discernable
increase in death rate beyond 2–3.99 years of exposure
to treatment, although due to lower number of endpoints
the confidence intervals were wider (data not shown).
Discussion

The main finding of our study was that there was no
evidence of an increase in the risk of any non-AIDS-
related death with prolonged exposure to cART. This is,
to our knowledge, the first study to look into the
association of non-AIDS cause-specific deaths with
duration of time actually spent on cART and with a
long-term perspective of exposure to treatment. The
results are reassuring that so far prolonged use of cART
does not appear to be leading to increased risk of death
due to some previously identified cumulative effect, or a
rized reproduction of this article is prohibited.
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Table 2. Incidence rate ratios for specific causes of death by cumulative exposure to cART.

Cause of death
Univariate Multivariate

All-cause1 IRR 95% CI P IRR 95% CI P

<2 1.33 1.15–1.54 <0.001 1.02 0.88–1.17 0.815
2–3.99 1.00 – – 1.00 – –
4–5.99 0.74 0.62–0.88 <0.001 0.78 0.66–0.93 0.006
6–7.99 0.81 0.68–0.98 0.026 0.87 0.72–1.04 0.125
>8 0.69 0.57–0.83 <0.001 0.69 0.57–0.83 <0.001
AIDS death2

<2 2.05 1.61–2.61 <0.001 1.43 1.13–1.81 0.002
2–3.99 1.00 – – 1.00 – –
4–5.99 0.51 0.35–0.72 <0.001 0.55 0.38–0.78 <0.001
6–7.99 0.55 0.38–0.80 0.001 0.61 0.42–0.89 0.009
>8 0.34 0.23–0.54 <0.001 0.37 0.24–0.56 <0.001

Non-AIDS3

<2 1.00 0.83–1.21 0.986 0.81 0.67–0.98 0.027
2–3.99 1.00 – – 1.00 – –
4–5.99 0.85 0.69–1.04 0.120 0.89 0.73–1.09 0.261
6–7.99 0.88 0.47–1.64 0.682 0.98 0.79–1.21 0.842
>8 0.77 0.41–1.44 0.414 0.84 0.68–1.03 0.099

NARI-death4

<2 1.61 0.99–2.63 0.056 1.17 0.72–1.88 0.523
2–3.99 1.00 – – 1.00 – –
4–5.99 0.92 0.52–1.64 0.778 0.99 0.56–1.76 0.977
6–7.99 0.88 0.47–1.64 0.682 0.95 0.51–1.77 0.877
>8 0.77 0.41–1.44 0.414 0.77 0.41–1.44 0.407

LR-death5

<2 0.72 0.47–1.10 0.133 0.56 0.37–0.84 0.005
2–3.99 1.00 – – 1.00 – –
4–5.99 0.85 0.56–1.29 0.446 0.89 0.59–1.36 0.605
6–7.99 0.87 0.55–1.35 0.532 0.93 0.60–1.46 0.768
>8 0.61 0.38–0.99 0.046 0.65 0.41–1.06 0.084

NADM-death6

<2 1.31 0.75–2.29 0.333 1.19 0.68–2.07 0.536
2–3.99 1.00 – – 1.00 – –
4–5.99 1.14 0.63–2.06 0.663 1.17 0.65–2.12 0.595
6–7.99 1.49 0.83–2.68 0.179 1.52 0.85–2.74 0.159
>8 1.65 0.95–2.88 0.075 1.62 0.93–2.84 0.088

CVD-death7

<2 0.51 0.28–0.94 0.030 0.45 0.25–0.83 0.010
2–3.99 1.00 – – 1.00 – –
4–5.99 0.92 0.54–1.56 0.754 0.97 0.57–1.63 0.898
6–7.99 1.01 0.59–1.75 0.963 1.05 0.61–1.80 0.867
>8 1.13 0.68–1.89 0.633 1.11 0.66–1.86 0.680

Violent8

<2 1.00 0.58–1.70 0.991 0.85 0.50–1.46 0.560
2–3.99 1.00 – – 1.00 – –
4–5.99 0.63 0.33–1.19 0.156 0.66 0.35–1.24 0.192
6–7.99 0.69 0.35–1.33 0.266 0.72 0.37–1.40 0.333
>8 0.37 0.17–0.82 0.013 0.39 0.17–0.86 0.019

Other9

<2 1.39 0.72–2.71 0.323 1.11 0.58–2.12 0.758
2–3.99 1.00 – – 1.00 – –
4–5.99 1.52 0.78–2.97 0.220 1.59 0.81–3.11 0.174
6–7.99 1.62 0.81–3.24 0.174 1.66 0.83–3.33 0.151
>8 1.50 0.76–2.98 0.242 1.46 0.74–2.89 0.278

Unknown10

<2 1.02 0.67–1.54 0.927 0.72 0.48–1.08 0.114
2–3.99 1.00 – – 1.00 – –
4–5.99 0.53 0.32–0.89 0.016 0.57 0.34–0.95 0.030
6–7.99 0.63 0.37–1.07 0.090 0.67 0.39–1.13 0.133
>8 0.58 0.35–0.98 0.042 0.56 0.33–0.94 0.027

CI, confidence interval; CVD, cardiovascular disease; IRR, incidence rate ratio; LR, liver-related; NADM, non-AIDS-defining malignancies; NARI,
non-AIDS-related infection. Models’ adjustment: (1) for sex, ethnic origin, region of Europe, hepatitis B and C (HCV) status, diabetes, hypertension,
smoking, viral load (VL), CD4 cell count (CD4), prior AIDS (AIDS) and age; (2) sex, region of Europe (region), HBV, diabetes, hypertension, smoking,
viral load,CD4 cell count and prior AIDS; (3) sex, HIV exposure group, ethnic origin, region of Europe, hepatitis B and C status, diabetes, hypertension,
smoking, CD4 cell count and age; (4) for HIV exposure group, region of Europe, diabetes, smoking, viral load, CD4 cell count, prior AIDS and age; (5)
for HIV exposure group, ethnic origin, region of Europe, hepatitis B and C status, diabetes, hypertensions, smoking, viral load, CD4 cell count, prior
AIDS and age; (6) for sex, HIV exposure group, ethnic origin, hepatitis B, diabetes, smoking, viral load, CD4 cell count, prior AIDS and age; (7) for sex
HIV exposure group, ethnic origin, hepatitis B and C status, diabetes, hypertension, smoking, viral load, CD4 cell count, prior AIDS and age; (8) for sex,
HIV exposure group, hepatitis C status, diabetes, hypertension, smoking, viral load and CD4 cell count; (9) for sex, ethnic origin, region of Europe,
hepatitis C status, diabetes, smoking, viral load, CD4 cell count, prior AIDS and age; (10) for sex, HIV exposure group, region of Europe, hepatitis C
status, diabetes, hypertension, smoking, viral load, CD4 cell count, prior AIDS and age. All variables as at baseline.
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The adjusted incidence rate ratios for cause of death by year of starting cART and time on cART
(reference group is 2-3.99 years on cART )
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Fig. 2. The incidence rate ratios for cause of death by year of starting cART and time on cART.
drug effect whereby there is a long induction period
before disease appears.

Our analyses confirm the prolonged benefit of cART,
with a 5% decrease in the overall risk of death per
additional year on treatment, which was mostly
attributed to a decrease in the risk of AIDS-related
death. When non-AIDS cause-specific deaths were
investigated contrasting trends for different death causes
were evident. For example the risk of LR-death, violent,
and unknown death decreased with additional year spent
on cART, whereas there was a trend towards an increase
in NADM-death. The lower risk of violent death with
increasing time on cART could relate to stabilized heath
conditions, lifestyle changes or improvement in socio-
economic status of those patients who retain in care [19].
The risk of dying from unknown cause also decreased
over time spent on cART suggesting that patients
sustaining on long-term treatment have more predictable
outcomes.
pyright © Lippincott Williams & Wilkins. Unautho

Table 3. The adjusted IRR of cause-specific death by year longer on
cART.

Cause of death IRR 95% CI P

All-cause 0.95 0.92–0.97 <0.001
AIDS 0.86 0.81–0.91 <0.001
Non-AIDS 0.97 0.95–1.00 0.061
NARI-death 0.97 0.90–1.05 0.417
LR-death 0.94 0.89–1.00 0.053
NADM-death 1.07 1.00–1.14 0.056
CVD-death 0.99 0.93–1.06 0.885
Violent death 0.90 0.81–0.99 0.027
Other death 1.01 0.94–1.09 0.725
Unknown death 0.94 0.86–1.01 0.096

CI, confidence interval; CVD, cardiovascular disease; IRR, incidence
rate ratio; LR, liver-related; NADM, non-AIDS-defining malignancies;
NARI, non-AIDS-related infection. Models’ adjustment as in Table 2.
The increase in NADM-death rate may reflect aging of
the HIV population, as the effect was no longer present
after adjustment for time updated age (data not shown), or
improvement in cancer screening. However, it becomes
clear that merging all non-AIDS-related deaths in one
group might not be sufficient to detect any negative
effects of exposure to cART.

Palella et al. [20] reported longer time spent on
cART to be associated with increased risk of death
due to non-AIDS cause. This study did not investigate
more specific non-AIDS causes and the majority of
patients were less than 4 years on cART. The
Antiretroviral Therapy Cohort Collaboration investi-
gated detailed cause-specific mortality rates according
to time since first started cART and found the increases
in crude incidence rate of NADM-death, CVD-
death and LR-death with time since starting cART
that was no longer significant after baseline character-
istics were taken into account [4]. However, only a
limited number of factors were available for model
adjustment.

The observed lower risk of non-AIDS death in the first
2 years after treatment initiation, that was more
pronounced in patients who started cART prior to
2002 might be due to several potential confounding
factors that we were not able to control, for example
misclassification of some non-AIDS deaths as AIDS-
related deaths or underestimation in the rate of death due
to loss to follow-up [21]. However, the rate of loss to
follow-up in EuroSIDA is below 5 per 100 PYFU and
stable over the study period [22].

A clear advantage of our analyses is that the underlying
cause of death is determined based on a standardized
rized reproduction of this article is prohibited.
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method of assessing the causal link between a disease or
condition and death, namely the Coding Causes of Death
in HIV (CoDe) [17]. In addition a separate algorithm
classifying all deaths without known causes as either
unknown AIDS or unknown non-AIDS-related has been
applied, which allowed inclusion of all deaths into our
analyses [18].

EuroSIDA is an observational cohort and therefore
there may remain unknown or unmeasured confoun-
ders that we were unable to adjust for. For example, we
were not able to control for the effect of alcohol use or
treatment for comorbidities, as this information was not
routinely collected through the whole follow-up
period. We were also not able to adjust for calendar
year of follow-up as it was highly correlated with time
on cART, but repeating the models stratifying by year
of starting treatment receiving similar results as for the
main models. Furthermore, the effect of particular
antiretroviral drugs or drug classes on cause-specific
mortality could not be investigated due to the low
number of events available after such stratification.
Since mechanisms of toxicities for individual anti-
retroviral drugs or drug classes vary significantly they
may well have different effects on morbidity and
mortality [9,23–25].

As follow-up data accumulate, such analyses will be
possible enabling clinicians to compose cART regimens
with the optimal risk-benefit ratio for the individual
patients [10].

It is important to underline that proper managing of
conventional risk factors will prevent developing both
cART and non-cART-related metabolic diseases leading
to further decrease in many cause-specific deaths [26,27].

It is clear that death due to accumulating treatment
toxicities is a very uncommon event. Although we did
not find the risk of any specific non-AIDS-related death
to increase with prolonged exposure to cART, we cannot
at present exclude that such risk may exists for specific
sub-groups of patients or individual antiretroviral
drugs.

Life-long cART is the current standard of care for HIV-
positive people and the duration of cART exposure is
only going to continue to increase with improved
patient survival. The growing burden of non-AIDS-
related comorbidities highlights the need to collect
information with longitudinal perspective and con-
tinues to focus on the underlying causes of death.
Clearly a greater understanding of any risks associated
with long-term exposure to cART is needed and future
research should further investigate the incidence rates
of cause-specific death as an important tool in
monitoring overall treatment benefit and long-term
drug safety.
Copyright © Lippincott Williams & Wilkins. Unaut
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