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Introduction
Highly active antiretroviral therapy (HAART) is a
combination of at least three drugs, typically including
either a protease inhibitor or a non-nucleoside analogue
reverse transcriptase inhibitor, and two nucleoside
analogue reverse transcriptase inhibitors. Randomised
trials have shown substantial reductions in disease
progression in HIV-1-infected patients treated with
HAART compared with those treated with dual therapy
with two nucleoside analogue reverse transcriptase
inhibitors,1,2 although such evidence has several
limitations. Most trials3 have focused on increase in CD4
count and virological response after starting treatment,
but these measures are imperfect surrogates for clinical
progression to AIDS or death.4,5 In many studies, follow-
up was restricted to a year or less, but current treatments
have to be taken for life. For ethical reasons, there has
been no placebo-controlled randomised trial of HAART.
The effectiveness of this treatment over several years is
therefore unknown.

Such information is of obvious importance to patients
and their carers and is necessary for a better
understanding of the course of disease in patients treated
with HAART, and to plan health services. Without trial
evidence, this information must come from
observational cohort studies. However, estimation of
treatment effects in observational studies is not
straightforward, because of time-dependent confounders
(risk factors varying with time and predicting initiation

of treatment) that are also affected by treatment.6,7 For
example, CD4 count is a time-dependent confounder for
the effect of HAART, because patients with lower counts
are more likely to be treated. CD4 count is also affected
by HAART, and is thus intermediate on the causal
pathway from such treatment to AIDS or death. In this
situation, a type of confounding by indication,8 standard
approaches such as Cox regression will yield biased
estimates of the effect of treatment.6,9 We aimed to use
novel methodology—marginal structural models9—to
overcome this problem and estimate the effectiveness of
HAART over several years.

Methods
Study design and participants
Participants in the Swiss HIV Cohort Study,10,11 who were
examined after January 1996, when HAART became
available in Switzerland, were potentially eligible for
analysis. Clinical AIDS diagnoses (Centers for Disease
Control and Prevention [CDC] stage C) were made by the
treating physicians on the basis of the 1993 CDC
criteria.12 The baseline month was that of the first follow
up visit after January, 1996, during which all variables
were available. Patients who died or refused further
participation before 1996, who were on HAART or in
clinical stage C at baseline, or whose treatment history
before joining the cohort was uncertain were excluded.
Data were organised by monthly intervals containing the
earliest measurement of CD4 count, HIV-1 RNA, and
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Summary
Background Evidence on the effectiveness of highly active antiretroviral therapy (HAART) for HIV-infected

individuals is limited. Most clinical trials examined surrogate endpoints over short periods of follow-up and there

has been no placebo-controlled randomised trial of HAART. Estimation of treatment effects in observational studies

is problematic, because of confounding by indication. We aimed to use novel methodology to overcome this problem

in the Swiss HIV Cohort Study.

Methods Patients were included if they had been examined after January 1996, when HAART became available in

Switzerland, were not on HAART, and were free of AIDS at baseline. Cox regression models were weighted to create

a statistical population in which the probability of being treated at each time point was unrelated to prognostic factors. 

Results Low CD4 counts and increasing HIV-1 viral load were associated with increased probability of starting

HAART. Overall hazard ratios were 0·14 (95% CI 0·07–0·29) for HAART compared with no treatment, and 0·49

(0·31–0·79) compared with dual therapy. Compared with no treatment, HAART became more beneficial with

increasing time since initiation but was less beneficial for patients whose presumed mode of transmission was via

intravenous drug use (hazard ratio 0·27, 0·12–0·61) than for other patients (0·08, 0·03–0·19).

Interpretation Our results, which are appropriately controlled for confounding by indication, are consistent with

reported declines in rates of AIDS and death in developed countries, and provide a context in which to consider

adverse effects of HAART.
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haemoglobin in that month. When no new measurement
was made, the latest observation was carried forward.
Additionally, each record contained indicator variables
describing whether the patient was treated with
monotherapy (one nucleoside analogue reverse
transcriptase inhibitor), dual therapy (two such drugs), or
HAART (at least two such drugs plus a protease inhibitor
or non-nucleoside reverse transcriptase inhibitor or
abacavir) during the month, and whether the patient had
a CDC stage B event during the month. Until 1999, only
the month, rather than the precise date, of starting
therapy was recorded. We therefore assumed that patients
started therapy at the end of the previous month: this
assumption produced more conservative estimates of the
effect of HAART than if precise dates were used (data not
shown). Once a patient was on any therapy, we assumed
he or she remained on it.

Statistical analysis
We used weighted Cox proportional hazards models to
estimate hazard ratios for progression to AIDS or death,
controlling for time-dependent confounding. These
models estimate the parameters of marginal structural
models.13 The weights are based on the inverse of each
patient’s probability of the treatment history they
actually had, given their covariate history. The weighted
analysis creates a statistical population in which the
probability of being treated at each time is unrelated to
the measured prognostic factors (the time-dependent
confounders). Because these confounders are controlled
by the weights rather than by inclusion as covariates in
the Cox models, this approach avoids the problem that
such confounders could also be intermediate on the
causal pathway from HAART to the outcome of AIDS or
death. Follow up ended when AIDS or death occurred,
the patient was lost to follow up (defined as withdrawal
from the study or a gap of more than 8 months since
their last follow-up visit), or September, 2003, whichever
came first. We estimated the effect of HAART on
progression to AIDS or death in separate analyses in
which the comparison groups were restricted to
untreated individuals and individuals treated with dual
therapy. For the first analysis, patients were excluded if
they had been treated with monotherapy or dual therapy
before January, 1996, and censored if they began
monotherapy or dual therapy subsequently. For the
second analysis, observation time started at Jan 1, 1996,
or at the month after the patient was first treated with
dual therapy, whichever was later.

We estimated the probability of treatment with
HAART using a pooled logistic regression in which the
outcome was treatment with HAART (of patients not
already on such treatment). The covariates were CD4
count, concentration of HIV-1 RNA, haemoglobin, and
CDC stage B events, together with lagged and baseline
values of these variables, time since January 1996,
baseline age, sex, and presumed transmission group.

Lagged values were those 3 months previously
(corresponding to the scheduled time between study
visits): hence patients did not contribute follow-up time
until 4 months after all variables had been first
measured. We also modelled the effect of having
experienced a CDC stage B event at any time before the
present month on the probability of starting HAART.
CD4 was modelled with cubic splines (with knots at the
5th, 25th, 50th, 75th, and 95th percentiles) calculated
separately for each 2-year period, because the association
of CD4 with starting HAART varied with calendar time.
The use of cubic splines allowed for a non-linear

N (%) Rate of clinical progression 
(per 100 person-years)

On HAART Not on HAART*

Total 3245 2·5 3·5
Age at baseline (years)
15–29 720 (22%) 1·9 2·9
30–39 1699 (52%) 2·8 3·5
40–49 575 (18%) 2·1 4·1
�50 251 (8%) 2·8 4·6
Sex
Male 2144 (66%) 2·5 3·8
Female 1101 (34%) 2·5 3·2
Risk group
MSM 926 (29%) 1·5 3·3
Heterosexual 1098 (34%) 1·7 2·6
IDU 1114 (34%) 4 ·4 4·5
Other 107 (3%) 3·2 4·0
Calendar year at baseline
1996 1525 (47%) 6·2 5·1
1997 528 (16%) 3·6 4·2
1998 229 (7%) 1·9 3·5
1999 227 (7%) 2·4 4·1
2000 215 (7%) 2·1 2·9
2001 221 (7%) 2·1 2·9
2002 177 (5%) 2·9 3·0
2003 123 (4%) 2·6 1·7
CD4 count at baseline (cells per �L)
0–49 77 (2%) 7·2 37·7
50–99 92 (3%) 4·5 28·5
100–199 349 (11%) 3·7 8·3
200–349 772 (24%) 1·9 4·4
350–499 791 (24%) 2·5 2·8
500–749 762 (23%) 1·3 1·9
�750 402 (12%) 2·4 1·2
RNA at baseline (copies per mL)
�400 427 (13%) 1·1 1·0
400–1000 238 (7%) 2·9 0·9
1001–10 000 994 (31%) 1·8 2·3
10 001–100 000 1182 (36%) 3·0 5·0
�100 000 404 (12%) 3·9 13·5

Not on monotherapy at baseline 2132 (66%) 2·2 3·6
On monotherapy at baseline 1113 (34%) 2·7 3·3
Not on dual therapy at baseline 2205 (68%) 2·3 3·7
On dual therapy at baseline 1040 (32%) 2·6 3·1
No CDC stage B event at or 2306 (71%) 2·0 2 ·7
before baseline
CDC stage B event at or before 939 (29%) 3·1 6·0
baseline

*Patients’ time on no treatment, monotherapy, or dual therapy. MSM=men who have
sex with men. IDU=intravenous drug use.

Table 1: Baseline characteristics, and crude rates of progression to AIDS
or death during follow up
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association between CD4 and probability of starting
HAART, without strong parametric assumptions about
the shape of the nonlinear relation. HIV-1 RNA was
grouped according to standard cut-off points (400, 1000,
10 000, 100 000 copies per mL), and the model also
contained an interaction between detectable current
RNA and detectable lagged RNA. Haemoglobin
measurements were grouped into fifths, separately in
men and women. Inverse probability weights were
stabilised and modified to adjust for censoring.9 We
estimated the parameters of weighted Cox models using
a pooled logistic model14 in which the change in baseline
hazard with time was modelled with cubic splines. We
derived conservative 95% CIs using robust standard
errors adjusted for within-patient clustering. Analyses
were done using Stata version 8.2: a detailed account of
the code used to derive the weights and fit the models
has been published.15 SAS programs can be found
online.

Role of the funding source
The study sponsors had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. The corresponding author had full access
to all the data in the study and had final responsibility for
the decision to submit for publication.

Results
2161 patients contributed person-time to the
comparison of HAART with no treatment, and 1276 to
the comparison of HAART with dual therapy
(192 patients contributed to both comparisons). 400
(12%) progressed to AIDS or death and 1705 (53%) were
ever treated with HAART. Median follow-up was
54 months (IQR 20–84). Total observation time was
13 562 patient-years, of which 7145 (53%) were time on
HAART. Overall progression rates per 100 person-years
were lower for patients on HAART than for those who
were not (crude rate ratio 0·70, 95% CI 0·58–0·86;
table 1). Rates were substantially higher in patients with
low baseline CD4 counts or high baseline HIV-1 RNA,
especially when not on HAART. Rates increased with
age, were raised in patients with presumed transmission
via intravenous drug use, and declined with later year of
enrolment. Patients who had had a CDC stage B event at
or before baseline had a higher rate of progression to
death or AIDS than those who had not.

Of 2161 patients included in analyses of HAART
versus no treatment, 202 (9%) progressed to AIDS or
death. There were 54 events in 2261 person-years on
HAART, compared with 148 events in 4063 person-years
not on HAART (crude rate ratio 0·79, 95% CI
0·61–1·03). Median follow-up was 27 months
(IQR 8–60). For analyses of HAART versus dual therapy,
196 (15%) of 1276 patients progressed to AIDS or death.
There were 126 events in 4871 person-years on HAART,
compared with 70 events in 2187 person-years on dual
therapy (crude rate ratio 0·80, 95% CI 0·60–1·08).
Median follow-up was 80 months (IQR 53–85).

Table 2 shows hazard ratios and 95% CIs for the most
important predictors of initiation of HAART. Patients
with presumed transmission via intravenous drug use
were less likely to start such treatment. Prognostic
factors such as CD4 count were more strongly associated
with starting HAART for patients not treated previously
than for patients already on dual therapy. Low current
CD4 count was strongly associated with starting
HAART. For previously untreated patients, high lagged
CD4 count was associated with a greater probability of
starting HAART than low lagged CD4 count, indicating
that the decision to start such treatment was based on
both current CD4 and change in CD4 over the previous
3 months.16 Higher current RNA, lagged RNA, and
occurrence of CDC stage B events during the current
and previous months were associated with starting
HAART.

Patients not previously treated Patients on dual therapy

Hazard ratio (95% CI) Wald p value Hazard ratio (95% CI) Wald p value

Risk group
MSM 1 (reference) �0·0001 1 (reference) �0·0001
Heterosexual 1·15 (0·92–1 ·44) 0·84 (0·69–1·02)
IDU 0·75 (0·61–0·93) 0·66 (0·55–0·79)
Other 1·54 (1·00–2 ·39) 1·25 (0·89–1·76)
Current CD4 count (cells per �L)
0–49 1 (reference) �0·0001 1 (reference) �0·0001
50–99 0·94 (0·40–2·21) 1·05 (0·56–1·97
100–199 0·47 (0·21–1·03) 0·79 (0·43–1·46)
200–349 0·16 (0·07–0·36) 0·67 (0·36–1·27)
350–499 0·05 (0·02–0 ·12) 0·40 (0·21–0·77)
500–749 0·03 (0·01–0 ·06) 0·30 (0·15–0·60)
�750 0·02 (0·01–0·07) 0·29 (0·13–0·64)
Lagged CD4 count (cells per �L)
0–49 1 (reference) �0·0001 1 (reference) 0·19
50–99 1·35 (0·47–3 ·89) 1·22 (0·64–2·32)
100–199 2·85 (1·09–7·41) 0·98 (0·52–1·83)
200–349 6·33 (2·38–16·83) 0·82 (0·43–1·58)
350–499 8·42 (3·14–22·61) 0·97 (0·50–1·91)
500–749 11·66 (4·24–32·12) 1·17 (0·58–2·37)
�750 7·90 (2·56–24·31) 0·95 (0·43–2·13)
Current RNA (copies per mL)
�400 (undetectable) 0·27 (0·13–0 ·57) �0·0001 0·17 (0·11–0·24) 0·0006
400–1000 0·15 (0·07–0·34) 0·31 (0·21–0·45)
1001–10,000 0·22 (0·15–0·33) 0·57 (0·41–0·79)
10 001–100 000 0·49 (0·37–0·63) 0·99 (0·73–1·35)
�100 000 1 (reference) 1 (reference) 
Lagged RNA (copies per mL)
�400 (undetectable) 1·30 (0·60–2·81) 0·06 1·71 (1·18–2·47) �0·0001
400–1000 1·54 (0·74–3·20) 1·23 (0·83–1·83)
1001–10 000 1·75 (1·20–2·56) 1·30 (0·93–1·81)
10 001–100 000 1·43 (1·08–1·89) 0·96 (0·70–1·32)
�100 000 1 (reference) 1 (reference) 
CDC stage B event before current month 1·27 (1·06–1·51) 0·009 1·06 (0·92–1·21) 0·46
CDC stage B event during current month 0·23 (0·06–0·95) 0·04 0·29 (0·07–1·17) 0·08
Lagged CDC stage B event 2·04 (1·04–4·00) 0·04 0·78 (0·31–1·95) 0·59

Hazard ratios and robust 95% CIs derived with pooled logistic regression model. MSM=men who have sex with men.
IDU=intravenous drug use.

Table 2: Association of prognostic factors with starting HAART 

See http://www.hsph.
harvard.edu/causal
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Table 3 shows hazard ratios for progression to AIDS
or death, estimated with weighted Cox models. HAART
reduced the rate of AIDS or death compared with no
treatment (rate reduction 86%) or with dual therapy
(51%). Hazard ratios from unweighted models
including time-updated confounders were 0·64
(0·42–0·98) for the comparison with no treatment and
0·75 (0·51–1·11) for the comparison with dual therapy.
Corresponding results from unweighted models
including only confounders measured at baseline were
0·36 (0·23–0·56) and 0·69 (0·46–1·02). The figure
compares hazard ratios estimated using standard
methods (unweighted Cox models) and marginal
structural models (weighted Cox models). As expected,
estimates of the effect of HAART from weighted
models were stronger than those from unweighted
models, because the weighted models adjust for the
measured confounding by indication without including
the time-dependent covariates. The extent of
confounding by indication seemed greater for the
comparison with no therapy than for the comparison
with dual therapy.

Compared with no treatment, HAART became more
beneficial with increasing time since initiation. The
hazard ratio for the comparison with no treatment 2 or
more years after initiation was 0·04, indicating
persistently low progression rates with HAART but
increasing progression rates for patients who remained
untreated. Compared with no treatment, HAART
seemed less beneficial for patients with presumed
transmission via intravenous drug use than for other
patients (interaction p=0·01). Compared with both no
treatment and dual therapy, the beneficial effect of
HAART was greater in patients whose baseline CD4
count was less than 200 cells per �L. Compared with no
treatment, HAART was less effective for women than for
men, though the evidence for interaction was weak
(p=0·13). There was little evidence that the effect of
HAART varied with age.

Discussion
Our results indicate that HAART reduced the rate of
progression to AIDS or death by 86%, and that its
effectiveness compared with no treatment increased with
time since initiation. Because most HIV-1 infected
patients starting HAART will not have been treated
previously, estimates of its effectiveness compared with
no treatment are required by patients and their clinicians,
especially in view of possible adverse effects.17 The
widespread use of potent antiretroviral therapy since
1996 has substantially improved the outcomes of HIV-
infected patients.18–20 The very large benefits of HAART
possible in developed countries provide a context for the
debate about the relative cost-effectiveness of treatment
compared with prevention in sub-Saharan Africa.21

The method used in this study required us to model the
probability of starting HAART according to prognostic

variables. An important strength of the Swiss HIV
Cohort Study is that recorded values of prognostic
markers are precisely those used by physicians to decide
when to initiate therapy. We estimate that HAART is
more beneficial than reported in a previous analysis
using the same methods.22 That analysis used data from
studies23,24 in which the prognostic factors recorded by the
cohort were generally different from those used by
treating physicians, which may result in residual
confounding by indication.22 The validity of the method
depends on all prognostic factors that predict initiation of
therapy being recorded, and their relation with starting
HAART being correctly modelled. Potentially prognostic
factors such as the presence or absence of comorbidities
or the physical appearance of the patient could influence
treatment decisions but are not recorded. In the context
of treatment for HIV, we think it reasonable to assume
that the most important prognostic variables that are
determinants of treatment have been recorded.

HAART versus no treatment HAART versus dual therapy 
(2161 patients, 202 events) (1276 patients, 196 events)

Hazard ratio (95% CI) p (interaction) Hazard ratio (95% CI) p (interaction)

Overall effect 0·14 (0·07–0·29) 0·49 (0·31–0·79)
0–12 months 0·45 (0·23–0·87) 0·65 (0·39–1·09)
13–24 months 0·23 (0·11–0·49) 0·0001 0·59 (0·29–1·23) 0·053
�24 months 0·04 (0·01–0·09) 0·28 (0·15–0·53)
Non-IDU 0·08 (0·03–0·19) 0·01 0·47 (0·26–0·84) 0·74
IDU 0·27 (0·12–0·61) 0·53 (0·29–0·97)
Baseline CD4 �200 0·19 (0·09–0·41) 0·005 0·61 (0·34–1·10) 0·15
Baseline CD4 �200 0·04 (0·01–0·12) 0·36 (0·20–0·66)
1996–97 0·20 (0·06–0·72) 0·56 (0·31–1·03)
1998–99 0·23 (0·10–0·51) 0·66 0·35 (0·15–0·78) 0·65
2001–02 0·12 (0·04–0·37) 0·62 (0·20–1·94)
2003–04 0·11 (0·03–0·36) 0·72 (0·24–2·15)
Age �40 0·15 (0·07–0·34) 0·66 0·58 (0·34–1·00) 0·075
Age �40 0·12 (0·04–0·32) 0·29 (0·15–0·59)
Men 0·11 (0·05–0·24) 0·13 0·49 (0·29–0·80) 0·9
Women 0·26 (0·09–0·78) 0·51 (0·24–1·10)

IDU=intravenous drug use.

Table 3: Comparison of HAART versus no treatment or dual therapy for progression to AIDS or death

Unweighted model,
no covariates

Unweighted model,
baseline covariates

Weighted model,
baseline covariates

Unweighted model, baseline and
time-dependent covariates

Compared with no treatment Compared with dual therapy

0·05 0·1 0·25 0·5 1 0·25 0·5 1 2

Hazard ratios for effect of HAART on progression to AIDS or death

Figure: Estimated effect of HAART from unweighted (standard) and weighted Cox models 
Weighted model with baseline covariates estimates parameters of marginal structural model. Weights adjust for
confounding due to measured time-dependent covariates.
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Our results depend on the assumption that treated
and untreated individuals with the same values of
measured prognostic factors were similar. Prospective
information about the reasons that patients remain
untreated is not recorded in the database, so we cannot
address this issue directly. Antiretroviral therapy is free
in Switzerland, so patients will not remain untreated for
economic reasons. Most patients are cared for in
teaching hospitals, with physicians providing care
under the supervision of senior colleagues, so patients
are unlikely to remain untreated at low CD4 counts
unless they explicitly refuse treatment. We cannot
exclude the possibility that such patients have poor
prognosis, but we know of no evidence that this is or is
not the case.

We assumed that once on therapy a patient remains
on therapy. Therefore our estimates are analogous to
intention-to-treat estimates commonly reported in
analyses of randomised controlled trials. The
proportion of patients who ever interrupted HAART
was small: for example in the comparison with no
treatment, 87% of patients who started treatment did
not interrupt it. Formally, our analysis estimated the
effect of HAART therapy versus no such therapy in a
hypothetical randomised clinical trial in which
participants were randomly assigned to begin
continuous HAART at different visits, all participants
initially complied and began such treatment at their
assigned visit, but 13% later interrupted or
discontinued it. If many of the patients in the study that
interrupted HAART did so because of toxic effects
(rather than for non-medical reasons), it is this
intention-to-treat effect, and not the effect of continuous
HAART use, that would be the matter of public-health
interest. Had we estimated the effect of continuous
HAART, we would have been estimating the effect of
forcing people to continue therapy, even in the presence
of toxicity. We know that some reasons for interruption
were unrelated to toxicity (for example, 8% of patients
who interrupted therapy were participants in a trial of
treatment interruption in patients with high CD4
counts), and our estimates may therefore be
conservative compared with the effect of continuous
treatment.

Marginal structural models can be used to estimate the
effect of continuous treatment rather than the intention-
to-treat estimate. To do so would require estimating the
probability of receiving treatment for every person at all
times and therefore we would need, in addition to our
model for the probability of starting HAART, a model for
the probability of discontinuing such treatment. The
validity of the estimated effect of continuous HAART
would then depend on the assumption that there are no
unmeasured confounders of treatment discontinuation,
and no mis-specification of this additional model: our
analysis avoided these assumptions. Factors leading to
treatment discontinuation are less well understood and

less well measured than factors leading to treatment
initiation: we therefore chose not to pursue this type of
analysis.

Our results are consistent with the results of
randomised controlled trials comparing HAART with
dual therapy: for example the hazard ratio estimated in
the AIDS Clinical Trials Group 320 trial was 0·50 (95%
CI 0·33–0·76).1 A meta-analysis estimated the odds ratio
for AIDS or death comparing HAART with dual therapy
as 0·6 (0·5–0·8).3 However, trials of HAART versus dual
therapy reported only short treatment periods, since
continued follow-up was unethical. Our results suggest
that the superiority of HAART over dual therapy
increases with time since initiation.

We used a combined endpoint of AIDS or death from
all causes, which has been widely used in clinical
HIV/AIDS research. We would have liked to examine
the two endpoints separately. In the era of HAART an
increasing proportion of deaths is not associated with
recent AIDS-defining events, and the current definition
of AIDS is no longer a near-complete marker for overall
progression. We could not do so for two reasons: the
number of deaths during follow-up was small, and good
information on causes of deaths is lacking in the Swiss
and other cohort studies.25

Previous analyses of observational studies may have
underestimated the effect of HAART, because time-
dependent confounders affected by treatment were not
correctly taken into account. For example, a 1997 report
from the Swiss HIV Cohort study,17 comparing HAART
with no therapy, estimated the relative risks of
progression to AIDS as 0·39 and to death as 0·35. A
widely cited analysis from the HIV Outpatient Study
(HOPS),26 reported in 1998, estimated the hazard ratio
for mortality and morbidity as 0·22 for patients with
CD4 counts less than 100 cells per �L. The estimated
relative hazard for HAART compared with no treatment
in the Tuscany AIDS cohort27 was 0·36, whereas a
comparison of the results of three observational studies
with those from randomised trials estimated the relative
risk for HAART compared with dual therapy as 1·20 in
one cohort.28 We acknowledge that factors other than
time-dependent confounding could have contributed to
the differences in results. Several studies have analysed
the risk of disease progression or death by calendar year
or treatment period.17,26,29 This method reduces
confounding by indication under the assumption that
HAART is the only variable responsible for changes in
prognosis over time, but does not provide a direct
estimate of treatment effectiveness. The introduction of
HAART has been accompanied by a sharp decline in
mortality and AIDS incidence in surveillance data, but
these trends might be confounded by changes in the
incidence of HIV infection and by reporting delays and
under-reporting.30,31

The effect of HAART that we estimated did not vary
greatly according to patient characteristics, except that it
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may have been less beneficial in patients infected via
intravenous drug use. There are several possible
explanations for this finding. First, adherence to HAART
is likely to be worse in this group:32 physicians’ concerns
over poor adherence, with its consequences for
development of drug resistance, may also explain the
fact that these patients were less likely to start HAART
(table 2). Independent of HIV infection, patients
infected via intravenous drug use are known to be at
increased risk of death from overdose and violent
causes33 and are more likely to be coinfected with
hepatitis C virus.34

Compared with no treatment, HAART became more
beneficial with increasing duration of therapy, which is
expected considering declines in CD4 counts and
increasing risk of opportunistic events without therapy.
Surprisingly, there was little evidence for a change in the
effectiveness of HAART over calendar time. The
increasing experience of treating physicians and the
availability of new drugs might have been
counterbalanced by adverse factors such as increasing
prevalence of strains that are resistant to common drugs
or by evolutionary changes in virulence of HIV.35,36

Clearly, it will be important to monitor trends in the
effectiveness of HAART in coming years.

Although the method we used to adjust for
confounding by indication has been used before, for
example when assessing the effect of disease-modifying
antirheumatic therapy with methotrexate for
rheumatoid arthritis,37 it is not widely used in clinical
research. The reason may be that in many situations the
factors determining treatment decisions are not well
standardised or measured; HIV/AIDS is exceptional in
this respect. Also, the method may not be widely known
in the clinical research community. More applications
are needed to clarify its place in clinical research.
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