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HIV treatment response and prognosis in Europe and North 
America in the fi rst decade of highly active antiretroviral 
therapy: a collaborative analysis 
The Antiretroviral Therapy (ART) Cohort Collaboration*

Summary
Background Highly active antiretroviral therapy (HAART) for the treatment of HIV infection was introduced a decade 
ago. We aimed to examine trends in the characteristics of patients starting HAART in Europe and North America, and 
their treatment response and short-term prognosis. 

Methods We analysed data from 22 217 treatment-naive HIV-1-infected adults who had started HAART and were followed 
up in one of 12 cohort studies. The probability of reaching 500 or less HIV-1 RNA copies per mL by 6 months, and the 
change in CD4 cell counts, were analysed for patients starting HAART in 1995–96, 1997, 1998, 1999, 2000, 2001, and 
2002–03. The primary endpoints were the hazard ratios for AIDS and for death from all causes in the fi rst year of 
HAART, which were estimated using Cox regression.

Results The proportion of heterosexually infected patients increased from 20% in 1995–96 to 47% in 2002–03, and the 
proportion of women from 16% to 32%. The median CD4 cell count when starting HAART increased from 170 cells per 
μL in 1995–96 to 269 cells per μL in 1998 but then decreased to around 200 cells per μL. In 1995–96, 58% achieved HIV-1 
RNA of 500 copies per mL or less by 6 months compared with 83% in 2002–03. Compared with 1998, adjusted hazard 
ratios for AIDS were 1·07 (95% CI 0·84–1·36) in 1995–96 and 1·35 (1·06–1·71) in 2002–03. Corresponding fi gures for 
death were 0·87 (0·56–1·36) and 0·96 (0·61–1·51). 

Interpretation Virological response after starting HAART improved over calendar years, but such improvement has not 
translated into a decrease in mortality.

Introduction
Accurate prognostic information on HIV-1 disease pro-
gression after starting highly active antiretroviral therapy 
(HAART) is important for patients, physicians, and health 
care providers. In 2002, the Antiretroviral Treatment 
(ART) Cohort Collaboration published estimates of the 
prob ability of disease progression up to 3 years after 
starting HAART, according to baseline age, transmission 
risk group, CD4 cell count, viral load, and clinical disease 
stage before HAART based on over 12 000 patients starting 
treat ment between 1995 and 2000 in Europe, USA, and 
Canada.1 Prognosis might improve with time given greater 
physician experience with HAART, earlier diagnosis,  
appropriate management of associated toxicities, and the 
availability of more potent, and less toxic, drugs.2,3 The 
increasing availability of combined preparations has 
reduced the pill burden, which might facilitate patient 
adherence to regimens.4,5 Conversely, the emergence of 
drug-resistant strains of HIV circulating in the infected 
population and changes in the characteristics of the 
patients starting HAART could be associated with poorer 
outcomes.6,7

We analysed the updated database of the ART Cohort 
Collaboration to examine whether patient characteristics at 
the time of starting HAART, response to therapy, and 
disease progression have changed over time, using data 
combined from 12 cohort studies that followed up anti-
retroviral-naive patients from when they started therapy.

Methods
Patients
The ART Cohort Collaboration is a collaboration of studies 
from Europe and North America, established with the aim 
of describing the prognosis of antiretroviral-naive patients 
starting HAART. The study design has been described in 
detail elsewhere.1,8,9 Prospective cohort studies were eligible 
if they had enrolled at least 100 patients with HIV-1 
infection aged 16 years or older who had not previously 
received antiretroviral treatment; and who had started 
antiretroviral therapy with a combination of at least three 
drugs, including nucleoside reverse transcriptase 
inhibitors, protease inhibitors, or non-nucleoside reverse 
transcriptase inhibitors (NNRTIs), with a median duration 
of follow-up of at least 1 year. All cohorts provided data, 
which had been made anonymous, for a predefi ned set of 
demographic, laboratory, and clinical variables.

The database was updated in 2004 to include patients 
who had started HAART between 2000 and 2003. 12 cohorts 
contributed data: the French Hospital Database on HIV 
(FHDH) ANRS CO410 and the Aquitaine Cohort11 ANRS 
CO3 (France), the AIDS Therapy Evaluation project 
Netherlands (ATHENA),12 Italian Cohort of Anti -
retroviral-Naive Patients (ICONA),13 Swiss HIV Cohort 
Study (SHCS),14 Frankfurt HIV Cohort15 and Köln/Bonn 
Cohort16 (Germany), the EuroSIDA study (20 countries in 
Europe and Argentina),17 the Collaborations in HIV 
Outcomes Research US (CHORUS, USA),18 the Royal Free 
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Hospital Cohort (UK),19 the British Columbia Centre for 
Excellence in HIV/AIDS,20 and the South Alberta Clinic 
(Canada).21

Statistical analysis 
Analyses were stratifi ed by calendar year of starting 
HAART, with the earliest and latest years (1995–96 and 
2002–03) grouped because fewer patients started treatment 
in these periods. Response to therapy 6 months after 
starting HAART was measured by the proportion of 
patients reaching an HIV-1 RNA viral load of 
500 copies per mL or less, and by change in CD4 cell count 
from baseline in patients with available measurements. As 
pre-specifi ed in the data collection protocol, the 
measurements of CD4 cell count and HIV-1 viral load 
nearest to 6 months and between 3 and 9 months after the 
start of treatment (median time of measurement 
5·8 months, IQR 5·2–6·6 months) were used. Multi-
variable logistic regression models were used to estimate 
the odds ratios of undetectable viral load at 6 months after 
starting therapy for each calendar year. In all analyses, the 
comparator year was 1998; before that time HAART was 
rapidly evolving, whereas from 1998 onwards both protease 
inhibitor-based and NNRTI-based HAART were available.

We examined clinical prognosis based on two endpoints: 
fi rstly AIDS events (including AIDS-related deaths), and 
secondly death from all causes. Kaplan-Meier estimates of 
the probability of these two endpoints up to 1 year after 
starting HAART were graphed by calendar year of starting. 
Cox proportional hazard models were used to estimate the 
crude and adjusted hazard ratio of these two endpoints for 
each calendar year. Models were adjusted for age, sex, 

transmission risk group, baseline CD4 cell count and viral 
load, and pre-HAART Centers for Disease Control and 
Prevention (CDC) disease stage, and were stratifi ed by 
cohort. All patients were censored at 1 year after starting 
HAART in these analyses. In sensitivity analyses, we 
censored follow-up at 2 years after start of HAART, and 
estimated hazard ratios for the combined outcome of AIDS 
or death from all causes, because misclassifi cation of 
deaths could lead to underestimation of the number of 
AIDS events. We also examined AIDS outcomes grouped 
as tuberculosis and non-tuberculosis AIDS. 

We used Stata software version 9.0 for analyses. Results 
are presented as Kaplan-Meier estimates of the probability 
of patients reaching an endpoint, and odds ratios or hazard 
ratios with 95% CIs. 

Role of the funding source
No funding source had any involvement in the study 
design, in the collection, analysis, and interpretation of 
data, writing of the report, or the decision to submit the 
paper for publication. The corresponding author had full 
access to all the data in the study and had fi nal responsibility 
for the decision to submit for publication.

Results
Data for 22 217 patients who were aged 16 years and over, 
were antiretroviral naive before starting HAART, and 
who started therapy between 1995 and 2003, were 
available for analyses. 19 560 (88%) patients had CD4 cell 
counts and 19 164 (86%) viral load measurements at 
6 months. Table 1 shows patient characteristics at baseline 
by calendar year of starting HAART. The median age at 

Patients
(n)

Age 
(years)

Women CD4 cell 
count
(cells per μL)

Log10 
viral 
load

AIDS 
diagnosis

Transmission risk group Initial 
HAART 
regimen

Men who 
have sex 
with men

Heterosexual Injecting 
drug 
user

Protease 
inhibitor 
based

NNRTI-
based

Four or 
more 
drugs*

1995–96 1232 36 
(32–43)

197 
(16%)

170 
(67–320)

5·0 
(4·4–5·5)

386 
(31%)

684 
(56%)

250 
(20%)

166 
(13%)

1169 
(95%)

19
(2%)

12 
(1%)

1997 4785 35 
(31–42)

968 
(20%)

267 
(118–411)

4·9 
(4·3–5·4)

959 
(20%)

2148 
(45%)

1323 
(28%)

951 
(20%)

4461 
(93%)

258 
(5%)

121 
(3%)

1998 4583 36 
(31–42)

1056 
(23%)

269 
(110–428)

4·8 
(4·1–5·3)

970 
(21%)

1802 
(39%)

1509 
(33%)

896 
(20%)

3780 
(82%)

769 
(17%)

142 
(3%)

1999 3699 36 
(31–43)

888 
(24%)

250 
(102–405)

4·8 
(4·2–5·3)

825 
(22%)

1418 
(38%)

1362 
(37%)

596 
(16%)

2054 
(56%)

1464 
(40%)

234 
(6%)

2000 3203 37 
(31–43)

919 
(29%)

209 
(86–353)

4·9 
(4·3–5·4)

769 
(24%)

1132 
(35%)

1322 
(41%)

448 
(14%)

1430 
(45%)

1479 
(46%)

237
(7%)

2001 2783 37 
(31–43)

845 
(30%)

198 
(86–316)

5·0 
(4·3–5·4)

689 
(25%)

938 
(34%)

1227 
(44%)

329 
(12%)

1237 
(44%)

1126 
(40%)

186 
(7%)

2002–03 1932 37 
(31–43)

613 
(32%)

202
(90–310)

4·9 
(4·4–5·4)

477 
(25%)

655 
(34%)

917 
(47%)

167 
(9%)

864 
(45%)

767 
(40%)

218 
(11%)

Total 22 217 36 
(31–43)

5486
(25%)

234 
(98–380)

4·9 
(4·3–5·4)

5075
(23%) 

8777 
(40%)

7910
(36%)

3553 
(16%)

14995 
(67%)

5882 
(26%)

1150
(5%)

IQR=interquartile range. *Counting ritonavir-boosted protease inhibitors as one drug. Data are median (IQR) or n (%), unless otherwise specifi ed.

Table 1: Patient characteristics at baseline by calendar year of starting HAART, ART-CC, 2004
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starting HAART changed little over calendar time, but 
the proportion of female patients increased from 16% in 
1995–96 to 32% in 2002–03. There were substantial 
changes in the proportions of patients in the major 
presumed trans mission groups. 56% of patients starting 
HAART in 1995–96 were presumed to have been infected 
via male homosexual contact: this percentage decreased 
to 34% by 2002–03. By contrast, the proportion of patients 
infected via heterosexual contact increased from 20% in 
1995–96 to 47% in 2002–03. The percentage of patients 
infected via injection drug use declined from 20% in 1997 
to 9% in 2002–03. The remaining patients were infected 
through contact with contaminated blood (less than 1%) 
or the mode of transmission was not specifi ed (around 
9%).

The median CD4 cell count when starting HAART 
increased from 170 cells per μL in 1995–96 to 269 cells 
per μL in 1998 but then decreased to around 200 cells 
per μL. During 1995–98 most patients started a protease 
inhibitor-based HAART regimen whereas, from 1999 
onwards, at least 40% started HAART with NNRTI-based 
regimens. The proportion of patients starting HAART 
with four or more drugs (counting ritonavir-boosted 
protease inhibitors as one drug) increased from 1% in 
1995–96 to 11% in 2002–03. 

Table 2 shows virological and immunological response 
to HAART by calendar year of starting HAART. In 
1995–96, 58% of patients achieved an HIV-1 RNA of 
500 copies per mL or less by 6 months; this increased to 
73% in 1997 and 83% in 2002–03. Median post-HAART 
change in CD4 cell count at 6 months was slightly lower 
in 1995–96 compared with later years. Table 3 shows 
adjusted odds ratios for reaching HIV-1 RNA of 
500 copies per mL or less at 6 months after starting 
HAART, by calendar year of starting HAART for all 
patients and separately for the three major transmission 
risk groups. Compared with 1998 (the reference year), 
the odds ratio was 0·38 (95% CI 0·33–0·44) in 1995–96 
and rose to 1·51 (1·28–1·77) in 2002–03. The change in 
the odds of HIV-1 RNA being 500 copies per mL or less 
with calendar time was greater for men who have sex 
with men, with an odds ratio of 0·31 (0·25–0·38) in 
1995–96 increasing to 2·11 (1·51–2·94) in 2002–03. By 
contrast, for injecting drug users the odds ratio was 
0·61 (0·41–0·91) in 1995–96, increasing to 1·67 
(1·23–2·27) in 2000, and then decreasing to 1·09 
(0·69–1·72) in 2002–03. Odds ratios for patients 
infected heterosexually were much the same as average 
values. We used a likelihood ratio test comparing 
regression models with and without interaction terms 
to test formally for interaction between transmission 
risk group and linear trend over time in the odds of 
achieving HIV-1 RNA of 500 copies per mL or less. The 
results suggested that diff erent groups attained varying 
improvements in viral suppression rates over time 
(p=0·02). Women had similar results to men once 
transmission risk group was accounted for. 

The fi gure shows Kaplan-Meier estimates of the 
cumulative proportion of AIDS (top) and death (bottom) 
for the fi rst year after starting HAART, separately for 
time periods 1995–97, 1998–99, and 2000–03. The fi gure 
shows a lower proportion in 1998–99 than in either the 
earlier or later years. The estimated probability of death 
up to 1 year after starting HAART did not diff er greatly 
by calendar period. Table 4 shows crude and adjusted 
hazard ratios from multivariable Cox models, for AIDS 
and for death from all causes, by calendar year. 
Compared with 1998, the adjusted hazard ratio for AIDS 
was 1·30 (95% CI 1·09–1·54) in 1997 and 1·35 
(1·06–1·71) in 2002–03. There was some evidence that 
AIDS trends over time diff ered between trans mission 
risk groups; compared with 1998, the adjusted hazard 
ratios in 2002–03 were 1·18 (0·78–1·78) for men who 
have sex with men, 1·52 (1·07–2·16) for hetero-
sexually infected patients, and 1·73 (0·84–3·55) for 
injecting drug users (webtable 1). However, CIs were 
wide and the test for interaction between transmission 
risk group and linear trend over time gave p=0·24. 
Adjusted mortality hazard ratios did not diff er greatly 
with calendar year (table 4). 

Patients with 
viral load 
measurement

Patients with viral 
load ≤500 copies 
per mL

Patients 
with CD4 
measurement

CD4 cell count 
(cells per μL)

Increase in CD4 
cell count (cells 
per μL)

1995–96 1046 (85%) 607 (58%) 1101 (89%) 275 (153–436) 90 (23–173)

1997 4140 (87%) 3029 (73%) 4244 (89%) 383 (220–565) 108 (30–202)

1998 4032 (88%) 3061 (76%) 4099 (89%) 382 (214–582) 106 (30–198)

1999 3213 (87%) 2608 (81%) 3261 (88%) 364 (210–543) 102 (30–196)

2000 2794 (87%) 2282 (82%) 2856 (89%) 326 (184–498) 100 (36–189)

2001 2478 (89%) 2020 (82%) 2517 (90%) 312 (190–467) 105 (40–183)

2002–03 1461 (76%) 1218 (83%) 1482 (77%) 310 (184–468) 104 (40–184)

Total 19 164 (86%) 14 825 (77%) 19 560 (88%) 349 (200–528) 103 (32–192)

The percentage of patients with viral load 500 copies per mL or less is taken from those with a measurement at 
6 months. Data are n (%) or median (IQR).

Table 2: Treatment response at 6 months after initiating therapy by calendar year of starting HAART, 
ART-CC, 2004 

All Transmission risk group

Men who have sex 
with men

Heterosexual Injection drug use

1995–96 0·38 (0·33–0·44) 0·31 (0·25–0·38) 0·41 (0·30–0·57) 0·61 (0·41–0·91)

1997 0·82 (0·74–0·90) 0·72 (0·61–0·85) 0·88 (0·74–1·06) 0·86 (0·69–1·07)

1998 (reference year) 1 1 1 1

1999 1·28 (1·14–1·44) 1·18 (0·97–1·44) 1·39 (1·15–1·69) 1·07 (0·83–1·39)

2000 1·40 (1·24–1·58) 1·40 (1·13–1·74) 1·28 (1·06–1·55) 1·67 (1·23–2·27)

2001 1·33 (1·17–1·52) 1·40 (1·10–1·76) 1·29 (1·05–1·57) 1·29 (0·92–1·80)

2002–03 1·51 (1·28–1·77) 2·11 (1·51–2·94) 1·33 (1·06–1·67) 1·09 (0·69–1·72)

Results from logistic regression models. All analyses were adjusted for age, sex, baseline CD4 cell count and viral load, 
stage, and cohort.

Table 3: Odds ratios (95% CI) for reaching HIV-1 RNA concentrations ≤ 500 copies per mL at 6 months 
after starting HAART, by calendar year of starting HAART, ART-CC, 2004

See Online for 
webtable 1
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In sensitivity analyses, the trend over calendar time in 
hazard ratios for the combined endpoint of AIDS or death 
was less marked than the trend for AIDS alone. For 
example, the adjusted hazard ratios comparing 2002–03 
with 1998 were 1·26 (1·01–1·58) for AIDS or death but 
1·35 (1·06–1·71) for AIDS (webtable 2). The estimated 
hazard ratios from models in which follow-up was censored 
at 2 years after start of treatment were much the same as 

the reported estimates based on 1 year of follow-up 
(webtable 3).

We investigated whether the increase in AIDS events in 
the most recent years was attributable to an increase in 
tuberculosis incidence. In the analysis with tuberculosis as 
outcome, follow-up time was censored at non-tuberculosis 
AIDS events, and vice versa. Table 5 shows the crude and 
adjusted hazard ratios separately for tuberculosis and non- 
tuberculosis AIDS for all patients. The analysis shows that 
the increase in AIDS in 2002–03 compared with 1998 is 
largely attributable to an increase in tuberculosis; the 
adjusted hazard ratio for tuberculosis was 2·94 (1·70–5·08) 
compared with 1·15 (0·88–1·50) for non-tuberculosis 
AIDS. 

Discussion 
The results of this collaborative study, which involved 
12 prospective cohorts and over 20 000 patients with HIV-1 
from Europe and North America, show that the virological 
response after starting HAART has improved steadily 
since 1996. However, there was no corresponding decrease 
in the rates of AIDS, or death, up to 1 year of follow-up. 
Conversely, there was some evidence for an increase in the 
rate of AIDS in the most recent period. These trends were 
accompanied by changes in the characteristics of patients 
starting HAART. In the early years when HAART was 
being introduced, most patients were men who have sex 
with men, but by 2002–03 most patients starting HAART 
had been infected through heterosexual transmission. 
Over the same time, the proportion of female patients 
doubled. The median CD4 cell count when starting 
HAART has declined in recent years.

The discrepancy between the clear improvement we 
recorded for virological response and the apparently 
worsening rates of clinical progression might be related to 
the change in the demographic characteristics of study 
participants, with an increasing number of patients from 
areas with a high incidence of tuberculosis. For example, 
in the Swiss HIV Cohort Study14 there was a steady increase 
in the number of patients from sub-Saharan Africa.22 These 
patients were younger, more likely to be female, and more 
likely to have been infected heterosexually than other study 
participants. Also, they had lower CD4 cell counts at 

AIDS Death

Patients
n

Events 
n (%)

Crude hazard 
ratio (95% CI)

Adjusted hazard ratio 
(95% CI)

Patients
n

Deaths 
n (%)

Crude hazard ratio 
(95% CI)

Adjusted hazard 
ratio (95% CI)

1995–96 1096 103 (9%) 1·55 (1·22–1·97) 1·07 (0·84–1·36) 1232 27 (2·2%) 1·20 (0·77–1·87) 0·87 (0·56–1·36)

1997 4460 287 (6%) 1·23 (1·03–1·46) 1·30 (1·09–1·54) 4785 98 (2·1%) 1·13 (0·85–1·52) 1·12 (0·84–1·51)

1998 
(reference)

4222 222 (5%) 1 1 4583 85 (1·9%) 1 1

1999 3328 192 (6%) 1·08 (0·89–1·32) 1·07 (0·88–1·30) 3699 67 (1·8%) 1·00 (0·72–1·38) 0·93 (0·67–1·29)

2000 2873 204 (7%) 1·35 (1·11–1·63) 1·18 (0·97–1·43) 3203 63 (2·0%) 1·06 (0·76–1·47) 0·93 (0·67–1·29)

2001 2421 172 (7%) 1·35 (1·10–1·65) 1·23 (1·00–1·50) 2783 49 (1·8%) 1·02 (0·71–1·45) 0·87 (0·61–1·24)

2002–03 1656 105 (6%) 1·46 (1·15–1·85) 1·35 (1·06–1·71) 1932 25 (1·3%) 1·09 (0·69–1·71) 0·96 (0·61–1·51)

Table 4: Crude and adjusted hazard ratios for AIDS and death by year of starting HAART, ART-CC, 2004

0

0·02

0·04

0·06

0·08

Pr
ob

ab
ili

ty
 o

f A
ID

S
Pr

ob
ab

ili
ty

 o
f d

ea
th

0

0·005

0·010

0·015

0·020

0·025

AIDSA

B

0 2 4 6 8 10 12

Months since start of HAART

Death

1995–97
1998–99
2000–03

Figure: Kaplan-Meier estimates of cumulative proportion of (A) AIDS and (B) 
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See Online for 
webtables 2 and 3
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presentation, and the most frequent AIDS-defi ning event 
was tuberculosis.22 Similar trends have been seen in other 
European countries and in North America.23–25 In the USA, 
the rates of tuberculosis are increasing in foreign-born 
people, and outbreaks are increasingly common in other 
groups at high risk of HIV infection, including prisoners,26 
homeless people,27 and gay, transvestite, and transsexual 
HIV-infected men.28 Immune reconstitution disease, an 
adverse consequence of restoration of pathogen-specifi c 
immune responses, might also be a problem, particularly 
in those infected with tuberculosis. This disease could 
have become more common in later years with the 
occurrence of more rapid reduction in viral replication and 
increase in CD4 cells due to the use of more potent 
antiretroviral drugs.29 The increasing number of hetero-
sexually infected immigrants and refugees cannot fully 
explain the trends seen in our study. The same trends in 
the rate of AIDS were also present, although somewhat 
weaker, in men who have sex with men. Also, although the 
average CD4 cell count at baseline varied by transmission 
risk group, the same pattern of increase and decline with 
calendar periods was seen for each risk group, and for both 
sexes. We noted that the median time to the fi rst AIDS 
event after starting HAART decreased over time. 

In this collaborative study, AIDS diagnoses are not 
centrally reviewed or verifi ed. The increase might thus be 
artifactual if ascertainment has become more complete in 
recent years. This might have been particularly true for 
tuberculosis, because of the growing awareness of 
physicians about co-infection.25,30,31 However, ascertain ment 
bias is unlikely, because all cohorts use the same criteria 
for the prospective diagnosis of AIDS-defi ning events,32 
and study clinics are based in specialised centres with 
extensive expertise in HIV medicine. Worse outcomes are 
also unlikely to be due to more drug-resistant strains of 
HIV in the population, as viral suppression at 6 months 
improved over calendar time, and the analysis was 
restricted to the fi rst year of HAART. Indeed, improvements 
in viral suppression could conceivably translate into 
reduced rates of AIDS and death later on.

Unlike previous studies that have looked at changes in 
survival by calendar period,33,34 all patients in this study 
were followed-up from initiation of HAART and had not 
been previously exposed to antiretroviral therapy. Results 
are therefore not confounded by previous antiretroviral 
treatment. The database included patients from many 
countries in Europe and North America who started 
HAART in diff erent settings since 1995. The spectrum of 
patients was broad: men and women, teenagers and elderly 
people were included, and the major exposure categories 
were well represented. The severity of immunodefi ciency 
at baseline ranged from severe to non-existent, and viral 
replication from undetectable to extremely high. Our 
results should therefore be generalisable to other settings. 

Limitations include the lack of data for ethnicity or 
country of origin. Information on immigrants is not 
obtained routinely in the studies participating in the ART 

Cohort Collaboration, and their contribution in the context 
of the trends seen could not be examined directly. However, 
we note that tuberculosis largely accounted for the reported 
increase in AIDS events. Also, we do not have adequate 
information on causes of death for all patients, which 
means that we are unable to discern whether the stability 
of mortality rates over time results from reductions in 
AIDS-related mortality being off set by an increase in 
competing non-HIV related causes of death.35 Finally, our 
results might be aff ected by selection bias because 12% 
and 14% of patients had missing CD4 cell counts and viral 
load measurements, respectively, at 6 months. The results 
are consistent with those from another multi-cohort 
analysis,36 which included studies not represented in the 
present collaboration.

The improvement in virological response was most 
pronounced in men who have sex with men, and less 
noticeable in heterosexually infected patients. In patients 
with a history of injecting drug use the picture was more 
complex, with an initial improvement followed by a 
worsening of virological response in later years. In earlier 
years, patients infected via injecting drug use might have 
been selected on the basis of their likely adherence to 
therapy, whereas such selection might have been less 
pronounced in more recent years. Clearly, the reasons why 
injecting drug users and heterosexually infected patients 
do not seem to achieve the same treatment response as do 
men who have sex with men need to be examined and 
strategies to improve outcomes developed and 
implemented. 

The decline of CD4 cell count when starting HAART in 
recent years must also be of concern. Patients starting 

Patients
n

Events 
n (%)

Crude hazard ratio 
(95% CI)

Adjusted hazard ratio 
(95% CI)

Tuberculosis

1995–96 1096 8 (0·7%) 1·07 (0·49–2·34) 0·73 (0·33–1·63)

1997 4460 27 (0·6%) 0·88 (0·52–1·49) 0·97 (0·57–1·63)

1998 4222 29 (0·7%) 1 1

1999 3328 34 (1·0%) 1·50 (0·91–2·46) 1·50 (0·91–2·48)

2000 2873 38 (1·3%) 1·95 (1·20–3·16) 1·69 (1·04–2·75)

2001 2421 28 (1·2%) 1·75 (1·04–2·94) 1·48 (0·87–2·50)

2002–03 1656 26 (1·6%) 3·20 (1·88–5·45) 2·94 (1·70–5·08)

Other AIDS defi ning conditions

1995–96 1096 94 (9%) 1·87 (1·46–2·39) 1·09 (0·84–1·40)

1997 4460 261 (6%) 1·27 (1·05–1·53) 1·34 (1·11–1·61)

1998 4222 195 (5%) 1 1

1999 3328 160 (5%) 1·05 (0·85–1·29) 1·01 (0·82–1·25)

2000 2873 170 (6%) 1·29 (1·05–1·59) 1·12 (0·91–1·37)

2001 2421 146 (6%) 1·34 (1·08–1·67) 1·19 (0·96–1·48)

2002–03 1656 81 (5%) 1·35 (1·04–1·75) 1·15 (0·88–1·50)

Results from Cox regression models (crude and adjusted for age, sex, CD4 cell count, viral load, stage, risk group), 
stratifi ed by cohort. Follow-up was censored at 1 year after starting HAART.

Table 5: Crude and adjusted hazard ratios for tuberculosis and AIDS defi ning conditions other than 
tuberculosis, ART-CC, 2004
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treatment with CD4 count less than 200 cells per μL are at 
higher risk of disease progression and death in the long 
term compared with those with higher baseline CD4 cell 
counts.1 Early diagnosis and treatment is therefore of great 
importance to prevent clinical progression. A survey of 
new HIV diagnoses in the UK and Ireland showed that 
many opportunities for earlier diagnosis are missed.37 Our 
results indicate that such oversights could be common in 
many countries and settings, and that therefore an 
expansion of voluntary and cost-eff ective screening in 
health-care settings is likely to be benefi cial.38 The ART 
Cohort Collaboration will continue to monitor the 
characteristics and prognosis of HIV-infected patients 
starting HAART and update analyses at regular intervals.
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