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The deeper you stick it in your vein 
The deeper the thoughts, there's no more pain 
I'm in heaven, I'm god 
I'm everywhere, I feel so hot 

It's not a habit, it's cool I feel alive 
If you don't have it you're on the other side 
I'm not an addict (maybe that's a he) 

Sarah & Gert Bettens (K's choice), 1995: Not an addict. 





To Mark and Tara 



Erratum: 
Chapter 2: Figure 1 and figure 2 should be reversed. Legends are correct. 
Chapter 6: Figure la and figure lc should be reversed. Legends are correct. 
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1. INTRODUCTION 

The present research focuses primarily on the natural history of Human Immuno
deficiency Virus infection (HIV) in injecting drug users (IDU). This chapter provides an 
introduction to this research. A brief overview of the HIV and AIDS epidemic is presented 
in section 1.1. Studies on the natural history of HIV infection are briefly discussed in 
section 1.2. The study population on which most of the present research is based 
comprised HIV infected IDU registered in the European Seroconverter Study. Section 1.3 
presents details of this specific multicohort study. The pooling of raw data from different 
cohorts in general and especially in the field of HIV and AIDS are described in section 1.4. 
Finally, the scope of this thesis is further outlined in section 1.5. 

1.1 The HIV and AIDS epidemic 
The Acquired Immune Deficiency Syndrome (AIDS) was first described among young 
homosexual men in the United States in 1981 (1]. Soon after, AIDS cases were identified 
among injecting drug users, Haitians, recipients of blood and blood products, children of 
mothers at risk of AIDS, heterosexual partners of men with AIDS and Africans [2-8], 
suggesting that an infectious agent was the cause of AIDS. The causative retrovirus, 
which is now known as the Human Immunodeficiency Virus Type 1 (HIV-1), was first 
isolated in 1983 [9]. 

Today AIDS is a major threat to the world's population, with over 33 million people 
world-wide living with HIV or AIDS, whilst nearly 14 million people have already lost 
their lives to the disease [10]. In western Europe and North America rates of new HIV 
infection have been stabilised, but their numbers continue to rise rapidly especially in 
sub-Saharan Africa, eastern Europe and parts of Asia and Latin America. Estimates 
indicate that nearly 16,000 people around the world are newly infected with HIV each day 
[11]. Although heterosexual intercourse is now the primary mode of HIV transmission 
globally, injecting drug use accounts for most infections in many parts of the world, 
including a number of Asian and Latin American countries, parts of eastern Europe, and 
also some southern European countries [12]. 

Surveillance data show that IDU have become the largest group of people with AIDS 
in Europe; 40% of the 215,704 cases of AIDS reported through June 1999 were diagnosed 
among IDU [13]. There are considerable differences between countries within Europe. In 
general, numbers are relatively small in the north-western Europe. For example, in the 
Netherlands 547 AIDS cases had been reported among IDU by June 1999, which accounts 
for 11% of the AIDS cases in the Netherlands. In contrast, in southern European countries 
figures are much higher, reflecting differences in the number of IDU, HIV incidence and 
prevalence. Of all European countries, AIDS incidence is highest in Spain where 35,211 
IDU have been diagnosed with AIDS, being responsible for 65% of all AIDS cases reported 
in this country. 

1.2 Studies on the natural history of HIV infection 
After the main routes of HIV transmission had been established and an antibody test for 
HIV had become widely available, epidemiological studies started to define the incuba-
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tion period of HIV, and to identify markers and cofactors of HIV disease progression. To 
avoid bias related to the unknown duration of infection [14,15], these studies should 
preferably be conducted in cohorts of HIV-infected individuals for whom HIV seroconver
sion is documented, often called seroconverters. Strictly speaking, seroconversion dates 
are rarely known exactly, but one can determine the seroconversion interval defined by 
the dates of the last negative and first positive HIV test. 

However, since the number of seroconverters and disease outcomes are limited by the 
relatively low incidence of HIV infection and the follow-up time required to observe 
progression to disease and death, most of the early studies on the natural history were 
conducted in cohorts of individuals already HIV positive at study entry (i.e. seroprevalent 
cohort studies). The first studies among seroconverters evaluating disease progression 
over an extended period of time were carried out in historical cohorts of homosexual men 
participating in hepatitis B vaccine trials [16], and in cohorts of patients with haemophilia 
[17-19]. These individuals from a well-defined population were followed for reasons 
unrelated to HIV disease progression, and the storage of blood samples made it possible 
to test retrospectively for HIV infection once HIV tests became generally available. In 
addition to these historical cohorts, the following two types of seroconverter cohorts can 
be distinguished [20]: (1) prospective cohorts of HIV negative subjects who underwent 
HIV seroconversion during follow-up, and (2) prospective studies of seroprevalent 
subjects for whom an earlier HIV negative test is available. In this thesis the former and 
latter individuals are referred to as prospectively and retrospectively identified serocon
verters, respectively. Seroconverters included in historical cohorts might also become a 
member of a cohort of the second type. In addition, individual seroconverter cohorts 
sometimes consist of both types of seroconverters and might be embedded in large 
cohorts that also comprise seroprevalent individuals without a previous negative test 
result and HIV negative individuals. 

Although bias by the unknown duration of infection is limited in studies among sero-
"converters, these studies may be subject to selection bias. For example, cohort studies 
among retrospectively identified seroconverters recruited in clinics seem likely to attract 
symptomatic subjects which might result in an over-representation of fast progressors 
[21], while for non-clinic-based cohorts the opposite might be true. Moreover, inclusion 
and exclusion criteria, such as being symptom-free at study entry, might also lead to 
serious bias. Cohorts of prospectively identified seroconverters avoid these sources of 
selection bias and are the only studies that provide the full natural history of HIV 
infection [20]. However, these cohort studies may nonetheless oversample long-surviving 
individuals because these cohorts were assembled several years after the start of the HIV 
epidemic and consequently might not have been able to include frail individuals who 
were highly susceptible to HIV acquisition and progressed rapidly to AIDS and death [22]. 
This means that particular cofactors should be associated with HIV transmission as well 
as disease progression rates. Until 1996 no evidence was found for such associations. 
Then genetic factors of the host were described that may play a role in both HIV trans
mission and progression [23,24]. Finally, for all types of (cohort) studies selection bias 
might occur if study participants are not representative of the population from which they 
were sampled. 
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1.3 The European Seroconverter study among Injecting Drug Users 
Most research on the natural history of HIV infection has been derived from cohorts of 
white gay men. However, as it cannot be assumed that HIV infection will necessarily 
manifest in the same way in risk groups other than gay men, important questions with 
regard to the progression of HIV infection in these groups including IDU still need to be 
answered. 

The idea to pool data of IDU with documented HIV seroconversion from several 
prospective cohort studies on HIV and AIDS occurred to us because of the small numbers 
of seroconverters and endpoints (i.e. AIDS cases and deaths from AIDS) within the 
Amsterdam Cohort Study among drug users. Consequently, many more years of follow-up 
were required for studying the natural history of HIV infection in this cohort. In addition, 
the success of a comparable multicohort study among homosexual men co-ordinated by 
the Municipal Health Service [25] contributed to the initiative to pool data from various 
cohorts. 

After we assessed that such a study among IDU was feasible by approaching repre
sentatives of several cohort studies on HIV and AIDS in Europe, a grant proposal was 
submitted to the Dutch Programme for AIDS Research. In February 1994 the grant 
proposal was approved. Shortly after, the first joint one-day meeting of the project took 
place in Amsterdam. 

1.3.1 Select ion and descr ipt ion of s i t e s 
We attempted to map all sites in western Europe where longitudinal studies on HIV disease 
progression in IDU were conducted by approaching colleagues in Europe known to conduct 
studies on HIV and AIDS, by a literature search and by word-of-mouth. Representatives of 
cohort studies that enrolled IDU were asked whether they were willing and able to partici
pate in an international study on the natural history of HIV infection among IDU. Nine 
research groups were both willing and able to share data. None or small numbers of IDU 
with documented seroconversion were the main reasons for not participating in the project. 
Only one large study from Italy declined from participating because of the multicentre 
structure of their own cohort. Furthermore, during the first year of the project, one of the 
nine participating cohorts appeared unable to provide sufficient data and, as a conse
quence, was excluded. As a result, the project ended up with IDU with documented sero
conversion from eight prospective cohorts in six European countries (see figure). Some char
acteristics of each individual cohort as well as background figures on HIV prevalence and 
incidence at each site are as follows: 

The Edinburgh City Hospital Cohort (nowadays hosted in the Western General Hospital) 
started in 1985 [26]. The HIV epidemic among IDU is known to have begun abruptly in 
Edinburgh in 1983 and to have spread rapidly. HIV prevalence in this group had already 
risen to >50% in 1985 [26,27]. These HIV-infected IDU form the core of the Edinburgh City 
Hospital Cohort, in which 436 HIV positive IDU were enrolled through 1992 [28]. Stored sera 
obtained for hepatitis B testing enabled retrospective testing for HIV seroconversion. 

The Edinburgh Drug Addiction Study started in 1982 [29]. In this longitudinal study of 
440 IDU attending a general practice surgery, 172 seroconverted for HIV [30]. The number 
of new HIV infections among IDU in this general practice reached a peak in 1983 but then 
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declined rapidly. In the 1992-1994 period, HIV prevalence had fallen to 18% among IDU in 
Edinburgh [31]. In the European Seroconverter Study among IDU, data from the two 
Edinburgh cohorts were combined because there is a considerable amount of overlap 
between both cohorts. By January 1999, in total 173 seroconverters from Edinburgh had 
been registered in the European Seroconverter Study. 

Since late 1988, the Scottish Centre for Infection and Environmental Health in Glasgow 
has co-ordinated a surveillance scheme involving the collection of epidemiological data on 
all persons having a named diagnostic test, regardless of the test results [32]. The Scottish 
Collaborative HIV Testing Study combines surveillance data from Scottish registers of (1) 
HIV infected persons, (2) individuals diagnosed with AIDS, (3) HIV-infected persons under 
immunological monitoring, and (4) persons having a named HIV test. By December 1996, 
2,537 HIV-infected persons including 1,113 IDU had been identified in Scotland [33]. The 
largest HIV epidemic among IDU was experienced in the Lothian Health Board, which 
includes Edinburgh. Remarkably, the number of IDU is much higher in Glasgow than in 
Edinburgh, whereas HIV prevalence is only 1-2% in Glasgow [31,34]. HIV prevalence among 
IDU from Dundee City was 27% in 1994-1995 [35]. Because IDU included in the two 
Edinburgh cohorts mentioned previously are also registered in the Scottish Collaborative 
HIV Testing Study, an additional 52 IDU with documented seroconversion from others parts 
of Scotland have been included in the European Seroconverter Study. 

The Amsterdam Cohort Study on HIV infection and AIDS among drug users was initiated 
in 1985 [36], Both HIV negative and positive drug users were invited to participate. By June 
1999, 1,392 drug users had been enrolled and recruitment is still continuing. HIV prevalence 
among IDU enrolled between 1985 and 1987 was 34% [36], and nowadays HIV prevalence 
among IDU at entry is 12%. HIV incidence among IDU included in this cohort decreased from 
9% per year in 1986 to 1-2% per year after 1990. From this cohort, 118 IDU with a known 
negative and positive HIV test have been registered in the European Seroconverter Study. 

The French SEROCO Cohort co-ordinated in Paris comprises 1,545 non-haemophilic HIV 
infected adults including 148 IDU followed at 17 centres in Paris and the surrounding area, 
and in the south of France [37]. The SEROCO cohort began in 1988. At enrolment, a subset 
of 559 participants had a previous negative test. HIV prevalence among IDU in the Paris 
area ranged from 30% in 1990 to 8% in 1993 [38,39]. HIV prevalence among IDU in prisons 
in southern France was 40% [40]. Forty-one IDU with documented seroconversion enrolled 
in the SEROCO cohort have been registered in the European Seroconverter Study. 

The Innsbruck AIDS Study started in 1985 and comprises 424 individuals including 184 
IDU with HIV infection attending the AIDS unit of the University Hospital of Innsbruck. In 
Innsbruck, IDU are regularly tested for HIV at the drug dependency clinic at the same 
hospital and once infected all are also regularly followed up at the AIDS unit. HIV preva
lence among IDU in Innsbruck was 45% in 1985-1990, and in the same period HIV incidence 
was 6 per 100 person years [41]. Among IDU attending HIV counselling and testing centres 
throughout Austria between 1990 and 1992, seroprevalence was 20% [42]. The European 
Seroconverter Study comprises 25 IDU with documented seroconversion from Innsbruck. 

The Geneva HIV Cohort Study, part of the Swiss HIV Cohort Study, started in 1988. By 
1993, 1,123 adult HIV-positive patients had been enrolled in Geneva, of whom 43% were 
IDU [43]. Data from IDU included in this cohort have been combined with data obtained in 
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the Geneva Methadone Cohort Study, which has enrolled 576 IDU since 1988 [44]. In this 
latter cohort biannual testing for HIV is offered. Furthermore, systematic collection of sera 
from IDU began in Geneva in 1981. HIV seroconversion could be determined from these sera 
in a considerable number of IDU. HIV prevalence among IDU in Geneva increased from 6% 
in 1981 to 38% in 1983 [45]. HIV prevalence declined from 29% among IDU who entered 
methadone maintenance treatment in 1988-1989 to 6% among those at entry into treatment 
in 1994-1995. HIV incidence among drug users on methadone treatment between 1988 and 
1995 was 0.6 per 100 person-years [44]. Sixty-two IDU from Geneva have been registered in 
the European Seroconverter Study. 

Since 1987, 7,132 injecting drug users attending the AIDS information centres in 
Alicante, Castellon and Valencia have been recruited and tested for HIV. HIV prevalence at 
entry was 50% in the 1987-1991 period [46], HIV negative IDU who underwent seroconver
sion during follow-up form The Valencian HIV Seroconversion Study, which is co-ordinated 
in Alicante. HIV incidence in the Valencian region dropped from 12 per 100 person-years 
between 1987 and 1992 to 3-4 per 100 person-years after 1993 [47]. 279 seroconverters from 
the Valencian region have been included in the European Seroconverter Study. 

The design and methodology of each cohort has been described in more detail elsewhere 
[26,29,32,36,37,41,43,46]. Briefly, participants of all cohorts underwent standardised clinical 
examination, blood testing and completed questionnaires every 3-6 months. Of the participating 
cohorts, all IDU with a known HIV negative and HIV positive test result have been selected and 
registered in the European Seroconverter Study provided that they had injected drugs between 
1979 and HIV seroconversion. By January 1999, in total 750 IDU had been registered in the 
European Seroconverter Study. Baseline characteristics of the IDU are given in the chapters 2, 3, 
4, 6 and 7 of the present thesis. 

Figure: Sites participating in the European 
Seroconverter Study among Injecting Drug Users 

Glasgow 

Edinburgh (2x 

Amsterdam 

Paris 

Innsbruck 
Geneva 

Alicante 
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1.3.2 Aims, start and continuation of the project 
The European Seroconverter Study was initiated to address questions on the natural history 
of HIV infection in IDU which could not be adequately addressed through single studies. 
Study objectives of primary interest were: (1) to estimate the time from HIV seroconversion 
to CD4+ lymphocyte end-points, AIDS and death in IDU; (2) to evaluate markers and co-
factors of HIV disease progression in IDU; (3) to study AIDS and non-AIDS related mortality 
among HIV-infected IDU; and (4) to compare progression in IDU and homosexual men. 

During the first joint meeting of the project in February 1994, all potential collaborators 
agreed to participate in this project. Shortly after, all signed a collaborative agreement on 
the study protocol. Subsequently, guidelines for the data files to be sent were developed 
and circulated. The first data files arrived in Amsterdam in the summer of 1994. It took 
more than one year from that time for all data to be received and considered to be ready 
for analysis. Much time was spent constructing a joint database, rigorously examining 
and validating original data, asking for additional, inconsistent and missing data to be 
checked at the centre where the participants were followed, visiting sites to gain 
insight into the cohort and to assist in collection, computerisation and transfer of data, 
transforming data into a common format, and merging the data together. This process 
included a careful check for doubles, particularly for the Scottish cohorts as it was known 
that there was a considerable amount of overlap between these cohorts. Data from the 
Valencian HIV Seroconversion Study were added to the joint database later on because 
data collection on clinical endpoints was not yet finalised in the Valencian region by the 
end of 1995. 

The project is still ongoing. Annual joint meetings continue to be organised. Systematic 
updating of the joint database occurs every 2 years. All assumptions that have to be made 
to make variables compatible across sites are reported to the representatives from the 
participating cohorts and strict anonymity and confidentiality of their data is maintained. 
The joint data set is accessible to all contributing centres and collaborators are free to 
analyse this data set after mutual agreement on research topics and in collaboration with 
all participating centres. The first studies making use of the joint database are presented in 
the following chapters of the present thesis. In 1997 we began to build a central repository 
of sera from the registered IDU, in order to study the epidemiological link between the HIV 
epidemics in the different European counties based on sequence analysis of the envelope 
gpl20 protein. This and other studies are in progress. 

1.4 Pooling data from different cohorts 
In this thesis pooling of data is defined as merging together the raw data previously 
collected from individuals included in every single study, after which the merged data set 
is analysed in a pooled analysis. It has been suggested that this pooling is often unattain
able in epidemiological settings, in which case a meta-analysis has to rely on the data 
available in circulated research reports [48]. However, AIDS epidemiology appears to be an 
exception, since pooling of original data has become increasingly popular in this field 
[25,49-55]. 
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1.4.1 Advantages and disadvantages of pooling previously collected data 
Pooling of previously collected data from various cohorts might come across as an attractive job; 
simply asking for certain data from ongoing prospective cohorts, merging the files of the indi
vidual cohorts, running the analysis and there you have some nice results. However, one should 
realise that the whole process of collecting, cleaning and merging of data, and gaining insight 
into the data is a very time-consuming activity, which reguires close co-operation between study 
representatives and often several years to complete [56,57]. Although challenging, the fact that 
this process takes up a lot of time should be considered as one of the main disadvantages of these 
kinds of multicentre studies (see table 1) [56,58]. Nevertheless, this careful process is absolutely 
essential in order to obtain sufficient guality of the data, although in AIDS research some multi-
cohort studies do not seem to put in a great effort to make data from different cohorts comparable 
at a high-quality level. For example, some studies evaluating disease progression use the 
moment of right-censoring that is provided by each individual cohort without taking the trouble 
to make censoring strategies comparable across sites, which might lead to serious bias as 
explained below. 

The advantages of pooling include an increase in statistical power by enlarging the size of 
the study. Consequently, the relationship between exposures and outcomes can be studied with 
much more precision [56,58]. In addition, by pooling data from different geographical regions 
results can be generalised if consistent patterns across sites are identified (increase in external 
validity). In contrast, an objective of a pooled analysis might be the identification of variation in 
estimates across geographical regions because, for example, one would like to evaluate differ
ences in access to health care between countries. A disadvantage in this respect is that pooling 
will increase heterogeneity because units of analysis include the centre and the individual, which 
means an increase in the number of potential confounders and modifiers. 

On the one hand pooling of data from different cohorts is likely to widen the range of a 
cofactor of interest. For example, studies on the effect of age on HIV disease progression are 
sometimes hampered by the fact that the study population is homogeneous with respect to age. 
Even if this is the case for each individual study, pooling will result in a broader range, as it is 
very unlikely that all studies have a similar age distribution. On the other hand, making variables 
comparable across sites may result in loss of information if data have been collected at differen
tial levels of measurements because different protocols are used. Moreover, variables might refer 
to different time periods. Consider a variable measuring the frequency of drug use collected on a 
nominal scale and referring to the previous 6 months in one cohort, whereas in another cohort 
this item is a ratio-scale variable and refers to the period since the previous visit, which is 
scheduled to have taken place 3 months before. This example clearly illustrates that creating a 
common coding scheme leads to loss of information with respect to this variable in the latter 
cohort, and consequently to loss of precision in the pooled analysis [59,60]. Measurement differ
ences across sites are especially true for variables assessing behaviour, but laboratory markers 
are also subject to differences in measurements [61]. In addition, it should be noted that some 
variables of interest might not be recorded for single studies, in which case one has to assign a 
missing value code to all subjects from those studies. 

Following on from that, one of the drawbacks is the number of considerations and assump
tions needed to make information comparable across sites due to differences in study design and 
protocols. For example, regarding studies on the course of HIV infection, one has to judge 
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whether items from a questionnaire administered in every single study ask the same, whether 
laboratory methods and procedures are comparable, whether the same criteria are used to 
diagnose HIV-related events, whether cohorts use the same methods for obtaining information 
on vital status, etc. 

One of the main advantages of collecting raw data from every study, is that one has the oppor
tunity to make statistical methods comparable across sites, which facilitates the comparison of 
study results [58]. For example, it is known that the type of right-censoring strategy affects 
estimates of the incubation time from HIV to AIDS [52,62-66], and the use of different censoring 
strategies across cohorts might result in serious bias. However, through the pooling of raw data 
from every single study, one might apply the same censoring strategy for all sites, which will 
reduce potential sources of heterogeneity [56]. 

The fact that pooling previously collected data generally means pooling previously published 
data is one of the disadvantages of a pooled analysis. These 'second-hand' data limit the 
potential to obtain original, cutting-edge results. 

The process of pooling may reveal errors or inconsistencies in the original data that 
were previously unknown [58] and will therefore increase the quality of the data to be 
analysed. Finally, pooling will bring together research groups enabling the exchange of different 
expertise. 

Table 1. Advantages and disadvantages of pooling data previously collected from 
different cohorts 

ADVANTAGES 

Increase in statistical power and 
precision 

Generalisation of results 

Opportunity to evaluate geographical 
differences 

Broadening the range of cofactors of 
interest 

Opportunity to reduce sources of 
heterogeneity by applying comparable 
statistical methods across sites 

Increase in quality of the data 

Enlarged expertise by bringing together 
research groups 

DISADVANTAGES 

Time-consuming activity 

Increase in sources of heterogeneity 

Loss of information and precision by 
creating common variables 

Number of considerations and 
assumptions needed to make information 
comparable across sites 

'Second-hand' data 
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1.4.2 Methodological issues of pooling data to study HIV disease progression 
Once again, one has to apply considerable effort in order to gain an insight into the original data 
from the different cohorts to be merged. With respect to the pooling of data of seroconverters in 
order to study the course of HIV infection, the following methodological issues are of great impor
tance: 

Definition of seioconverter 
There are wide differences in the definition of seroconverters between studies. A seroconverter 
might be defined as (a) an HIV-seropositive person for whom a previous HIV negative test is 
available (sometimes required to have taken place within a certain period before the first HIV 
positive test), (b) an HIV-seropositive person without a negative test result who reported a 
previous limited period of risk behaviour, (c) an HIV-seropositive person with a previous sero
conversion illness but without a negative test on serum, (d) an HIV-seropositive person with an 
earlier inconclusive Western blot, and (e) an HIV-seropositive person without a negative test 
result for whom the moment of infection is estimated using the cumulative HIV seroincidence 
over calendar time or the moment that HIV was assumed to be introduced in a particular risk 
group in the geographical region under observation. In the European Seroconverter Study the 
first definition was used. However, if more types of seroconverters are included in a pooled 
analyses, sensitivity analysis should be conducted to investigate heterogeneity because several 
studies have shown that lack of documentation of a negative test might seriously bias estimates 
of HIV disease progression [66] [van Benthem B, personal communication, 1999]. 
(2) Imputation of seroconversion moment 
The estimated date of seroconversion is interval censored by the date of the last negative and 
the first positive test. Since the risk of becoming HIV-infected may not be constant over this 
interval, basing analysis on midpoint assignment could result in substantially biased estimates 
of the risk of progression if seroconversion intervals are longer than two years [67]. In these cases 
alternative methods that take into account the seroincidence distribution should be considered 
[68-70]. In a pooled analysis, one should preferably apply the same appropriate method to 
estimate the moment of seroconversion for every single cohort. 
(3) Design and protocols of each original cohort 
Differences in original study designs and procedures can make comparisons across different 
studies difficult. In a pooled analysis, these aspects might explain heterogeneity between studies 
that is not attributable to true differences [58,71], Because these sources of bias need to be tested 
against the data, systematically collecting details of each individual study is crucial [72]. Details 
should include information on the identification of seroconverters, the inclusion and exclusion 
criteria, the type of study centre, the start of the study, the procedures for determinations of 
clinical outcomes, the laboratory procedures, the linkage with AIDS and death registers, the 
completeness of registers, and the timing of introduction of expanded AIDS case definitions and 
therapy. 

(4) Late entry 
By including retrospectively identified seroconverters, there is a danger of survivor bias as the 
probability of such a person being identified is dependent on their vital status at a given time 
point, with those who died soon after seroconversion being less likely to be identified than those 
remaining alive [20]. In order to avoid this bias, it is essential that persons only contribute infor
mation following seroconversion from the time of active follow-up. This method is known as left 
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truncation or late entry. Failure to acknowledge truncation when estimating the incubation 
period leads to an overestimation of the median incubation time due to ignoring the shorter incu
bation periods [73]. Nevertheless, late entry does not overcome the danger of selection bias, as 
outlined in paragraph 1.2 of this chapter. 
(5) Right censoring strategies 

Right censoring of persons not known to have progressed to an endpoint varies between 
published studies. Regarding persons lost to follow-up before the cut-off date of the analysis, the 
most conservative approach is to censor these individuals on the date of the last study visit. The 
least conservative approach is to assume that persons not found when matched against AIDS and 
death registers, are AIDS-free and alive on the cut-off date. As mentioned before, the type of 
censoring strategy affects progression estimates and therefore one should preferably apply the 
same censoring strategy for every single cohort in a pooled analysis. However, this process is 
sometimes hampered by the fact that in some countries it is extremely difficult, if not impossible 
to obtain permission to crosscheck with AIDS and death registries for ethical reasons. 
Furthermore, differential completeness of registries, and differences between cohorts in other 
procedures to trace persons lost to follow-up complicate uniform censoring. 
(6) Competing events 

Competing events are intermediate outcomes that compete with the endpoint of interest. These 
events occur between HIV seroconversion and the endpoint of a study, whereby the individual 
exits risk for that endpoint [20,74]. Studying progression to AIDS, pre-AIDS mortality (i.e. 
mortality without being diagnosed with AIDS) is such a competing event. In standard survival 
analysis, pre-AIDS deaths are generally censored as withdrawn on the date of death assuming 
that those dying prematurely have the same prognosis for AIDS as those remaming in the study 
at a given time point. However, it has been shown that this independent-censoring assumption 
is violated for IDU dying from non-AIDS natural causes, which might lead to biased estimates 
[75]. And although the risk of pre-AIDS death is lower in homosexual men and haemophilic 
patients, pre-AIDS deaths in these exposure groups also appeared to be, at least partially, related 
to HIV disease progression [76]. Another example of a competing event is that in studying 
progression to a specific disease manifestation, patients may die without this disease (with or 
without AIDS) [77], Also other types of events, such as repatriating foreign people to their home 
country once they get HIV-related complaints, can be considered as a competing event that does 
not allow the censoring of people as withdrawn on the date of their last study visit, since it is 
likely that they would have soon developed AIDS or died, had they not been removed. Therefore, 
it is crucial to collect detailed information on every potential competing event one might experi
ence in order to be able to assess potential bias and to judge whether alternative methods that 
take competing events into account need to be used in the analysis. 

1.5 Scope of this thesis 
The research included in this thesis and presented in the following chapters addresses several 
topics on the natural history of HIV infection in IDU. The population studied in each chapter is 
displayed in table 2. 

As it cannot be assumed that HIV infection will necessarily manifest in the same way in all 
risk groups, the study outlined in chapter 2 examines whether HIV infection presents in the same 
way and has a similar rate of (non-)progression in IDU and homosexual men. 
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Chapter 3 comprises research on temporal changes in HIV disease progression in IDU, homo
sexual men and heterosexually infected individuals by evaluating the effect of year of serocon
version and calendar period of follow-up on HIV disease progression. 

Chapters 4 and 5 cover studies that evaluated the relationship between pre-AIDS mortality 
and HIV disease progression. First, in chapter 4, this topic was studied among IDU in whom non-
AIDS mortality is a common event due to their lifestyle. Second, in chapter 5, we also assessed 
the type and rate of pre-AIDS mortality, and its association with HIV disease progression in 
haemophilic and homosexual men. 

Chapter 6 comprises a detailed study on HIV disease progression in the group of IDU itself. 
In addition to assessing the effect of other socio-demographics, drug use and repeated HIV 
exposure, this study focuses on geographical variation in disease progression considering the 
confounding effect of study-design related variables and differential pre-AIDS mortality. 

The study presented in chapter 7 compares the CD4 cell count path for the entire course 
following HIV seroconversion between male and female IDU. Because the CD4 cell count is one 
of the laboratory markers most closely correlated to the stage of HIV infection and since therapy 
guidelines include a drop below a certain level as criteria for starting therapy, gender differences 
in CD4 lymphocyte counts might have implications for patient management. 

Finally, in chapter 8 the main findings will be further discussed in line with up-to-date 
knowledge regarding the course of HIV infection. This final chapter also includes recommenda
tions for future research. 

Table 2. The populat ion s t u d i e d in e a c h chapter . 

Study Name 

The European 
Seroconverter Study 
amongIDU 

The Tricontinental 
Seroconverter Study 

The French SEROCO 
Cohort 

The Royal Free Hospital 
Haemophilia Cohort 

The Amsterdam Cohort 
Studies 

Characteristics 
study population 

HIV seroconverters 
Data from 8 cohorts 
throughout Europe 
For details see paragraph 1.3 

HIV seroconverters 
Data from cohorts in 
Vancouver, Sydney, Amsterdam, 
and San Francisco (2x) 

Selection on HIV seroconverters 
recruited in the Paris region 
and the south of France 

Selection on HIV seroconverters 
followed in London 

Selection on HIV seroconverters 
followed in Amsterdam 

Risk group 

Injecting drug 
users 

Homosexual men 

Homosexuals & 
heterosexuals 

Haemophilic men 

Homosexual men & 
injecting drug users 

Chapter 

2,3,4,6 
and 7 

2 

3 

5 

5 
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Comparison of progression and non-progression in 
injecting drug users and homosexual men with 

documented dates of HIV-1 seroconversion 

Maria Prins and Paul J. Veugelers for the European Seroconverter 

Study and the Tricontinental Seroconverter Study 

Objective: To compare the progression and non-progression of HIV infection among 
418 injecting drug users (IDU) and 422 homosexual men with documented dates of 
HIV seroconversion from 1 2 cohorts. 

Methods: Seroconversion dates were calculated for each subject using a cohort-
specific estimate of the cumulative HIV seroincidence over calendar time. In 
survival analysis, we studied the progression from seroconversion to AIDS and death 
by risk group. We compared non-progression between both risk groups by 
evaluating annual CD4 decline over the 7 years following seroconversion among 
AIDS-free subjects. 

Results: The relative hazard (RH) of AIDS for homosexual men compared with IDU 
was 1.54 before, and 1.21 after, adjusting for age at seroconversion and year of 
seroconversion. The risk of death from any cause for homosexual men compared 
with IDU increased over time since seroconversion. Fifty IDU died prior to AIDS, 
compared with seven homosexual men (unadjusted RH for homosexual men 0.10). 
Ignoring this pre-AIDS mortality, the crude RH of death for homosexual men 
compared with IDU was 2.05. After adjusting for age at seroconversion and year of 
seroconversion in multivariate analysis, the RH became 1.42. No differences in 
progression between subgroups aged 24 years or older could be demonstrated, but 
subjects < 24 years were found to be at a decreased risk. Proportions of non-
progressors based on CD4 slope > 0 at 7 years following seroconversion were higher 
for IDU than for homosexual men. No differences were found in the proportion (= 
5%) classified as non-progressors by criteria of both slope > 0 and absolute CD4 
counts > 500 cells x 10'Vl, even if pre-AIDS deaths and losses to follow-up were 
included. 

Conclusions: We found little evidence for an effect of risk group on progression and 
non-progression. Pre-AIDS mortality was much higher among IDU than homosexual 
men. Pre-AIDS mortality and a nonlinear age effect should be considered in 
planning interventions as well as studies comparing risk groups and modelling the 
epidemic. 
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NON-PROGRESSION FROM HIV-SEROCONVERSION IN IDU AND HOMOSEXUAL MEN 

Introduction 

Knowledge of risk group variation in the progression of 

HIV disease contributes to the understanding ot the 

pathogenesis and may improve interventions. T o date, 

most studies have evaluated risk g roup variation in 

seroprevalent cohorts. However, risk estimates obtained 

in these studies may be biased by the unknown dura

tion of infection | l | . Hence , it is preferable to study 

disease progression in subjects tor whom HIV serocon

version is documented. Studies that have been able to 

eva lua te progress ion from HIV se roconve r s ion to 

A I D S , i m m u n o l o g i c a l e n d p o m t s or death in bo th 

injecting drug users (IDU) and homosexual men |2—8] 

are limited. The drawbacks of some of these studies are 

the small numbers ot subjects and limited durations of 

follow-up. Compared with cohort studies in homosex

ual m e n , most s tudies in I D U have s tar ted m o r e 

recently and attrition is higher because of the lifestyle 

ot this study population. 

Resul ts obtained from studies compar ing IDU with 

homosexual men are not consistent. O n e study showed 

that progression rates in cohorts of IDU are slower than 

those in cohorts of homosexual men after adjusting for 

potential confounders such as age at seroconversion [9], 

while other studies found no differences [2—6,8). 

Recently, various studies have attempted to character

ize HIV-infected individuals who have not experienced 

clinical or immunological progression over a prolonged 

period of HIV infection in order to better understand 

the pathogenesis of the virus. The proportions of these 

n o n - p r o g r e s s o r s , based on data from es tab l i shed 

cohorts , range from < 1-25% [1()-17| due to differ

ences in study design, length of follow-up and inconsis

tency of the criteria used to define non-progression 

[16]. Nonetheless, since a long duration ot follow-up is 

required, the most commonly studied risk groups are 

those that became infected first (i.e. homosexual men). 

T o date, the potential differences in estimates ot n o n -

progression between IDU and homosexual men have 

not been studied. 

In this study, we compared IDU and homosexual men 

with respect to progression from HIV seroconversion 

to AIDS and death, and non-progression. We merged 

data from HIV- in fec ted subjects wi th d o c u m e n t e d 

dates of seroconversion obtained trom 12 cohorts ot 

I D U or homosexual men. This large study group with 

a relatively long duration of follow-up has the potential 

to estimate risk group variation in the natural history of 

HIV infection more precisely and without the bias due 

to the unknown duration of infection. 

Materials and methods 

Study population 
T h e HIV-pos i t ive study popula t ion comprised 41 S 
IDU and 422 homosexual men in w h o m the dates of 
the last negative and first positive H1V-1 test were 
known. 

An IDU is defined as a person who , since 1979, had 
injected drugs before HIV-seroconversion. T h e IDU 
originate from seven ongoing prospective studies regis
t e r ed in the E u r o p e a n S e r o c o n v e r t e r S t u d y : the 
Edinburgh Drug Addiction Study and Edinburgh City 
Hospital Cohor t Study (total number of seroconverters, 
169); the Amsterdam Cohor t Study among drug users 
(n = 99); the Geneva HIV cohort study (n = 6(1); the 
French S E R O C O (HIV-Seroposit ive C o h o r t Study) 
(n = 38); the Scottish National Collaborative HIV test
ing Study from Glasgow (n = 31). and the Innsbruck 
AIDS Study (n = 21). For IDU, the study population 
was composed first of I D U w h o en te red the study 
HIV-negative and seroconverted during the follow-up 
(incident seroconverters. n = 195), and secondly IDU 
who were HIV-infected at entry to the study but who 
had earlier blood samples available to de termine the 
interval of seroconversion (retrospectively identified 
seroconverters, n = 313). For the latter, the blood sam
ples were mostly obtained for hepatitis B serology in 
the early 1980s and for regular HIV-testing thereafter 
because of knowledge ot risk behaviour. 

Homosexual men originate trom five cohorts registered 
in t h e T r i c o n t i n e n t a l S e r o c o n v e r t e r S t u d y ; the 
Vancouver Lymphadenopathy-AIDS Study (n = 132), 
the Sydney AIDS Prospect ive Study (n = 79) ; the 
Amsterdam C o h o r t Study a m o n g homosexua l men 
(n = 146); the San Francisco General Hospital Study 
(n = 19), and the San Francisco Men 's Health Study 
(n = 46). For 397 of the 422 homosexual men, sero
convers ion was found p rospec t ive ly . T w e n t y - f i v e 
h o m o s e x u a l men ot the A m s t e r d a m c o h o r t w e r e 
seropositive at study entry, but had earlier seronegative 
blood samples as they had previously participated m a 
hepatitis 15 vaccine trial. 

In all cohorts, participants underwent standardized clin
ical examination, blood testing and completed ques
t i o n n a i r e s eve ry 3 - 1 2 m o n t h s . T h e d e s i g n and 
me thodo logy of each study have been described in 
detail elsewhere [18—25). Information on AIDS diagno
sis ami the cause of death were obtained from review ot 
medical records and /o r through matching with local 
and national registers at each study location. In this 
analysis, AIDS was defined by the 1987 criteria of the 
Centres of Disease Control (CDC) |26 | . 

Among the IDU, we combined the Glasgow, French 
and Innsbruck data because of the small number of sero-
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converters included in each cohort. Among the h o m o 
sexual men, data for the two San Francisco cohorts were 
combined as in previous analyses [16,25,27]. 

Date of HIV seroconversion 
T h e estimated date of seroconversion is interval-cen
sored by the last negative and the first positive HIV 
test. Since the risk of becoming HIV-infected may not 
be constant over this interval, basing analyses on the 
midpoint could result in substantially biased estimates of 
risk of progression, especially if seroconversion intervals 
are longer than 2 years [28]. In the present analysis, 127 
II )U (30.4%) and 45 homosexual men (10.7%) had 
se roconver s ion intervals of more than 24 m o n t h s . 
Therefore , the expected date of seroconversion was 
calculated for each of the 41S IDU and 422 homosexu
al men by the following procedure. First, we estimated 
the cumulative HIV scroincidcncc over calendar tunc 
for each cohort separately by applying the methods for 
in te rva l -censored data [29,30], Secondly, using the 
cohort-specific scroincidcncc distribution, the expected 
date of seroconversion was calculated for each subject 
conditional upon the date of each subject's last negative 
,\]id first positive serological test. 

O n average, the estimated seroconversion dates were 
somewhat later than the midpoint be tween the last 
nega t ive and the first pos i t ive test tor I D U ( i .e . , 
increasing risk of b e c o m i n g HIV-infec ted over the 
s e r o c o n v e r s i o n interval) and s o m e w h a t earlier for 
homosexual men (i.e.. decreasing risk), although there-
was some heterogeneity across the cohorts, as well as 
between the late and early seroconvertcrs. 

Statistical analyses of progression 
W e estimated the cumulative incidence ot AIDS and 
death using Kaplan-Meier product-limit methods. 1 he 
effect of risk group on progression was evaluated using 
Cox proportional hazards models. Faltering risk group 
first, we evaluated various multivariate models to assess 
the effect of gender, age at seroconversion and date ot 
seroconversion as covariates. Furthermore, we exam
ined bias due to the length of the seroconversion inter
val and the interval b e t w e e n s e r o c o n v e r s i o n .\nd 
recruitment among retrospectively identified serocon
vertcrs. All these covariates had been evaluated within 
each risk group before pooled analyses ot the data were 
performed. 

I o study the effect of risk group on progression stratifi
cation by site was only possible for the Amsterdam 
cohor t since .ill seroconvertcrs from the o the r sites 
be longed to one risk group. H o w e v e r , to evaluate 
whether the effect of risk group showed heterogeneity, 
we repeated the analysis replacing risk group with a 
dummy variable representing each cohort. 

To evaluate the effect of gender, risk group was catego
rized as male II )U. female IDU and homosexual men. 
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Age at seroconversion and date of seroconversion were 
treated as continuous variables as well as categories. W e 
tested tor non-linear effects of the continuous variables 
by evaluating transformations. Categories of age at sero
conversion were defined by cutoff points at the 25th, 
50th and 75th percentile of the total group (24. 29 and 
35 years, respectively). Year of seroconvers ion was 
divided into the following five periods: before 1984, 
1984-1985, 1986-1987, 1988-1989 and after 1989. 

In Cox proportional hazards analysis, significance was 
de te rmined by l ike l ihood-ra t io tests. W e tested for 
interactions and verified the proportionality assumption 
for each covariate. The proportionality assumption was 
seriously violated for the effect of risk group on death 
from all causes. As shown by the survival curves in Fig. 
1. the risk of death from any cause for homosexual men 
compared with IDU increased over time since serocon
version. As this deviation is likely to be the result ot 
differential pre-AIDS mortality [31], we studied p ro 
gression from seroconversion to death separately for 
mortality prior to AIDS diagnosis (pre-AIDS death) 
and mortali ty with an AIDS diagnosis (death t rom 
AIDS). N o other deviations from proportionality were 
found. 

In survival analyses, the period ot risk was defined as 
the interval between the estimated date of seroconver
sion and the date of the event (AIDS. pre-AIDS death, 
death from AIDS). Event-free subjects were censored 
at the last date with information on AIDS-free and vital 
status, respectively. Depending on the closing date ot 
each data file merged and taking into account reporting 
delay of registries, the censoring date was ultimately 1 
January 1995. For the analysis of progression to AIDS 
und death from AIDS, we censored all subjects who 
died without AIDS at the date of death. For the analy
sis of pre-AIDS mortality, follow-up was additionally 
censored at the date of diagnosis for subjects w h o 
developed AIDS. 

Considering retrospectively-identified seroconvertcrs at 
risk for AIDS and death at the date of seroconversion 
could underestimate progression rates if subjects who 
progressed or died rapidly atter seroconversion were 
never recruited. Therefore, all retrospectively-identified 
seroconvertcrs were left-truncated in survival analysis. 
For these seroconvertcrs the date of enro lment was 
taken as the first date since seroconversion at which 
they were considered to be at risk tor AIDS and death. 

Statistical analyses of non-progression 
O n e definition of non-progression, adapted trom that 
of Muiioz el dl. [12|. was applied 7 years from serocon
v e r s i o n . In a p r e v i o u s e v a l u a t i o n ot five n o n -
progress ion def in i t ions w i th in the r r i c o i n i n c n t . i l 
Seroconvcrter Study |1(>|. this definition was found to 
he consistent across cohorts and the most stable over 
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t ime . T h e definition required subjects to be free of 
AIDS for 7 years and their annual C D 4 decline based 
on a linear least-square regression line to be > 0 (posi
tive slope). 

C D 4 counts in the first year after seroconversion were 
excluded from the linear regression analysis, since C D 4 
counts are known to drop considerably immediately 
after s e r o c o n v e r s i o n and m o r e s lowly t he r ea f t e r 
[32,33]. AIDS-free subjects for whom no C l ) 4 deter
minations were available in years 4 -7 and subjects with 
fewer than three C D 4 determinations were considered 
lost to follow-up. Pre-AIDS deaths within 7 years from 
seroconversion were also considered lost to follow-up. 

W e calculated the propor t ion of subjects who were 
classified as non-progressors among all subjects w h o 
theoretically could have had at least 7 years of follow-
up based on their estimated date of seroconversion, 
regardless of their clinical outcome. Seven years follow
ing seroconversion was chosen since this was close to 
t h e m e d i a n f o l l o w - u p t i m e of b o t h risk g r o u p s . 
Differences in proportions of non-progressors between 
risk groups were evaluated by Pearson's y_~ tests. 

For all statistical tests, a P value < 0.05 was considered 
significant. 

Results 

T h e study group consisted of 418 IDU, including 156 
(37.3%) women , and 422 homosexual men. The medi 
an follow-up time since seroconversion was 6.3 years 
[interquartile range ( IQR) 3.3-9.1 years] for IDU and 
7.9 years ( I Q R 5.3-8.9) for homosexual men. 

Characteris t ics ot the study popula t ion stratified by 
cohor t are displayed in Table 1. The median age at 
seroconversion was 25.5 years among I D U , ranging 
from 23.1 years for the Edinburgh cohort to 29.7 years 
tor the Amsterdam IDU cohort. For homosexual men. 

the median age at seroconversion was 33.8 years, rang
ing from 31.7 years for the Vancouver cohort to 35.6 
years for the San Francisco cohort. The median interval 
between the last negative and the first positive HIV test 
was 1.14 and 0.54 years for IDU and homosexual men, 
respectively. For 313 IDU (74.9%) and 25 homosexual 
men (5.9%) seroconversion was determined retrospec
tively with a median lag time between seroconversion 
and enrolment of 1.6 ( I Q R 0.69-2.7) and 1.4 ( I Q R 
0.97-2.8) years, respectively. O n average, homosexual 
men were infected earlier than IDU. Seventy-six IDU 
and 169 homosexual men developed AIDS. Nine ty -
five I D U and 137 homosexual men died, of w h o m 50 
and seven died without AIDS in the respective groups. 

Progression to AIDS 
N o statistically significant differences in progression 
from seroconversion to AIDS were found across IDU 
c o h o r t s a lone . T h e same was seen c o m p a r i n g t h e 
h o m o s e x u a l m e n c o h o r t s (data no t s h o w n ) . T h e 
7-year cumulative incidence of AIDS was 19.6% [95% 
confidence interval (CI) 15.0-25.3] for IDU and 33.8% 
(95% CI , 29.2-38.8) for homosexual men. For I D U . 
available follow-up was too short to estimate the medi
an incubat ion per iod t rom seroconversion to AIDS 
using Kaplan-Meier methods. Using the current data 
and censoring strategy, the median incubation time for 
homosexual men by Kaplan-Meier estimates was 10.5 
years (95% CI, 9.1^*>). 

AIDS-defming condit ions are presented in 'Fable 2. 
Most IDU (85.5% of the AIDS cases) and homosexual 
m e n (62.7%») had an A I D S - d e f m i n g o p p o r t u n i s t i c 
infection. T h e homosexual men (25.4%) were more 
likely to be diagnosed with Kaposi's sarcoma than IDU 
(1.3%). Opportunistic infections and HIV encephalopa
thy w e r e m o r e f requent a m o n g I D U than a m o n g 
homosexual men. 

Table 3 shows the results from Cox proportional haz
ards analysis. The risk of AIDS was 1.54-fold higher in 
homosexual men than IDU, but after adjusting for age 
at seroconversion and year of seroconversion the R H 

Table 1. Characteristics of 418 injecting drug users IIDU) and 422 homosexual men registered in the European Seroconverter Study and the 
Tricontinental Seroconverter Study, respectively, 1982-1995. 

Cohorts 

IDU (total) 
Edinburgh 
Amsterdam 
Geneva 
Other' 

Homosexual men (total) 
Vancouver 
Sydney 
Amsterdam 
San Francisco 

n 

418 
169 
99 
60 
'Ml 

422 
132 
79 

146 
65 

Age (years at 
seroconversion) 
median (IQR) 

25.5 (22.2-29.8) 
23.1 (20.4-27.9) 
29.7(26.5-35.2) 
25.5 (23.0-29.0) 
24.7 (22.3-28.0) 
33.8(29.1-39.5) 
31.7 (27.9-37.0) 
33.1 (29.0-39.6) 
35.0(29.6-40.0) 
35.6(32.0-41.7) 

Female 
n (%) 

156 (37.3) 
57(33.71 
45 (45.5) 
21 (35.0) 
33 (36.7) 

Seroconversion 
interval (years)* 
median (IQR) 

i 14 J I 
1.33 (0.52-2.4) 
0.77 (0.32-3.8) 
1.35 (0.60-3.2) 
0.9 1 (0.35-1.6) 
0.54I0.27-.98) 

0.84(0.58-1.17) 
0.53 (0.25-0.94) 
0.27 (0.25-0.50) 
0.59(0.52-0.97) 

Calendar year 
of seroconversion 

median (IQR) 

87.2 (84.2-90.0) 
84.1 (83.9-86.0) 
88.5 (86.3-91.1) 
86.8(85.1-89.2) 
89.8 (88.8-92.0) 
85.6 (84.9-87.1) 
85.1 (84.0-85.8) 
85.6 185.0-86.5) 
86.3 185. 1-89,9) 
86.0(85.1-87.8) 

AIDS 
n 

76 
41 
13 
11 
11 

169 
51 
35 
60 
21 

Deaths 
i ] 

95 
42 
23 

1 

16 
1 17 

16 
SI 
5 1 
17 

Pre-AIDS 
deaths 

i i 

50 
19 
15 
7 
9 
7 
2 

; 
i 

1 

*The interval between the date of the last negative and the first positive test. The French SEROCO study In = 18), the Scottish Collaborative 
HIV Testing Study (n = 31 land the Innsbruck AIDS Study (n = 21). IQR, Interquartile range. 
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Table 2. AIDS-defining conditions among injecting drug users (IDU) and homosexual men registered in the European Seroconverter Study 
and the Tricon tinental Seroconverter Study, respectively, 1982-1995 

IDU diagnosed with AIDS 
(n = 76) 

Homosexual men diagnosed 
with AIDS (n = 169) 

P value 

>1 AIDS-detining condition 
Type of diagnosis 

Opportunistic infection 
Kaposi's sarcoma 
Other malignancy 
HIV encephalopathy 
Wasting syndrome 

65 
1 
2 
9 
1 

85.5 
1.3 
2.6 

11.8 
1.3 

106 
43 
11 
4 

10 

62.7 
25.4 

6.5 
2.4 
5.9 

0.72 

< 0.001 
< 0.001 

0.34 
0.006 
0.20 

•Percentage among subjects diagnosed with AIDS. *Pvalue by x" lest comparing IDU with homosexual men. *Two IDU and five homosexual 
men with >1 initial AIDS diagnosis of different categories are presented twice. 

decreased to 1.21 and became non-significant (95% CI, 
0 .87-1 .67) . Restr ic t ing the analysis to subjects with 
seroconversion intervals of less than 2 years did not 
change the R H for risk group. Since the risk of devel
oping AIDS is known to be very small in the first year 
after seroconversion, we repeated the analysis for those 
who were recruited before or maximally one year after 
seroconversion. The adjusted R H for risk group hence 
became 1.63. 

The female I D U tended to progress slightly more slow
ly than male IDU (crude R H , 0 .77) , a l though the 
effect of gender was not significant. The risk of devel
oping AIDS for homosexual men compared with male 
I D U was 1.41 (95% CI , 1.03-1.92) before and 1.14 
(95% CI, 0.80-1.62) after adjusting for age at serocon
version and year of seroconversion. 

As Kaposi's sarcoma is a very c o m m o n and relatively 
ear ly AI D S - d i a g n o s i s a m o n g h o m o s e x u a l m e n 
[27,34,35], but is not common among I D U (Table 2), 
we re-analysed the data by cons ider ing subjects for 
w h o m only Kaposi's sarcoma defined AIDS lost to 

follow-up and AIDS-free at the date of Kaposi's sarco
ma. When compared wi th the R H in Table 3, the 
crude R H for risk group decreased and did not reach 
statistical significance ( R H , 1.20; 95% CI, 0.90-1.59). 
When we adjusted for age at seroconversion and year 
of seroconversion, the progression rates became similar 
( R H , 0.94; 95% CI, 0.67-1.32). 

Progression to death 
For IDU as well as homosexual men, the rates of p ro
gression to death did not differ significantly across 
cohorts (data not shown). The 7-year cumulative inci
dence of death from any cause was 23.6% (95% C I , 
18.8-29.4) for IDU and 22.5%. (95% CI, 18.5-27.2) for 
homosexual men. For I D U , median t ime from sero
conversion to death by Kaplan-Meier estimates was 
10.7 years (95% CI, 10.0-°°). For homosexual men the 
median time was 11.8 years (95% CI, 10.6-12.0). 

AIDS contributed to 45 deaths among I D U and 130 
among homosexual men. Fifty I D U and seven h o m o 
sexual men died without AIDS. Twen ty -one of the 50 
pre-AIDS deaths (42.0%) among I D U and three of the 

Table 3. Univariate and multivariate Cox proportional hazards analysis of progression from seroconversion to AIDS and death among inject
ing drug users (IDU) and homosexual men registered in the European Seroconverter Study and the Tricontinental Seroconverter Study, respec
tively. 

Cofactors 

Univariate analysis 
Risk group 

IDU 
homosexual men 

Multivariate analysis 
Risk group 

IDU 
homosexual men 

Age at seroconversion (years) 
< 24 
24-28 
29-34 
> 35 years 

Year of seroconversion 
before 1 984 
1984-1985 
1986-1987 
1988-1989 
After 1989 

MDS 
RH (95% CI) 

1 
1.54 (1.18-2.02) 

1 
1.21 (0.87-1.67) 

1 
2.34(1.51-3.63) 
1.78 (1.12-2.81) 
2.20(1.37-3.52) 

1 
1.00(0.70-1.42) 
1.10(0.73-1.67) 
0.85(0.47-1.55) 
1.00(0.47-2.14) 

Pre-AIDS death 
RH (95% CI) 

1 
0.10(0.04-0.22) 

1 
0.08 (0.03-0.20) 

1 
1.25 (0.64-2.44) 
0.64(0.25-1.63) 
1.88(0.85-4.17) 

1 
1.81 (0.83-3.97) 
0.98(0.35-2.73) 
1.11 (0.37-3.32) 
2.48(0.87-7.12) 

Death from AIDS 
RH (95%, CI) 

1 
2.05 (1.46-2.88) 

1 
1.42(0.96-2.11) 

1 
3.23 (1.80-5.79) 
2.45 (1.34-4.49) 
3.24 (1.76-5.99) 

1 
1.20(0.78-1.86) 
1.43 (0.85-2.38) 
1.53 (0.71-3.31) 
0.82 (0.19-3.63) 

RH, Relative hazard; CI, confidence interval. 
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seven p re -AIDS deaths (42.9%) a m o n g homosexual 
men were attributed to an overdose or suicide. For 
three I D U (6.0%) death was due to an accident or 
homicide. The remaining causes of death were non-
AIDS (infectious) diseases [n = IV (38.0%) a m o n g 
I D U ; n = 4 (57.1%) a m o n g h o m o s e x u a l men] or 
unknown |n = 7 (14.1)%) among I D U | . 

Since the hazard of risk group deviated from propor
tionality, we studied the progression to death by risk 
group separately for pre-AIDS death and death from 
AIDS. The crude and adjusted R H of pre-AIDS mor
tality (Table 3) showed that IDU were 10-fold more 
likely to experience pre-AIDS mortality than h o m o 
sexual m e n . Ignor ing this p r e - A I D S mortal i ty , the 
homosexual men were at greater risk for death than 
IDU. After adjusting for age at seroconversion and year 
of seroconversion in multivariate analysis, however, the 
R H of risk group for death from AIDS decreased and 
was of borderline significance. Restricting the analysis 
of time from seroconversion to death from AIDS to 
subjects with narrow seroconversion intervals, did not 
change R H substantially. Rest r ic t ing the analysis to 
those who were recruited before and just after serocon
version resulted in a crude and adjusted R H for risk 
group of 2.40 and 1.74, respectively. 

Pre-AIDS mortality rates did not differ between male 
and female IDU. As observed for progression to AIDS, 
female I D U tended to progress more slowly to death 
from AIDS than male I D U (unadjusted R H , 0.59), 
al though the effect was insignificant (/' = (). 14). The 
R H for homosexual men compared with male IDU 
was 1.75 (95% CI , 1.20-2.56) before and 1.26 (95% 
CI, 0.82-1.92) after adjusting for age at seroconversion 
and year of seroconversion. 

An age of less than 24 years was independently associated 
with slower progression to AIDS and death from AIDS 
(Table 3). The varying R H by increasing age categories 
(Table 3) indicates that the effect of age on progression 
was non-linear. This was confirmed by the fact that in 
the models that included age as a continuous variable 
and its quadratic term of age, the latter was significant. 
Since various transformations of age did not conform to 
the assumption of an exponential increase m relative haz
ard with concurrent increase in the continuous variable. 
we treated age as a categorical variable only. 

We did not observe an effect of year of seroconversion 
on p r o g r e s s i o n to A I D S and d e a t h from A I D S . 
Treating year of seroconversion as a continuous van-
able had a very minor influence on the presented R H 
of risk group. In an additional analysis, we evaluated 
the effect of calendar time (categorized as before 1991, 
1992-1993 and > 1993) because certain events which 
occurred at different calendar times, such as the intro
duction of HIV treatment, might have influenced pro

gression rates. Including calendar period instead of year 
of seroconversion as a t ime-dependent covariate in the 
multivariate model displayed in "Table 3, we did not 
find statistically significant trends over time and the R H 
for risk group did not change. 

Models that included cohort as a covariate instead of 
risk group showed similar trends, with the IDU cohorts 
progressing slightly more slowly to AIDS and death 
from AIDS, but faster to pre-AIDS death, relative to 
cohorts of homosexual men. There was some hetero
geneity for progression to AIDS and to death from 
AIDS, with the Geneva IDU cohort progressing slight
ly faster than the Vancouver homosexual men cohort, 
al though differences were not statistically significant 
(data not shown). 

N o significant interactions among the variables m the 
multivariate models presented in Table 3 were found. 

Because not all IDU cohorts registered in the European 
Seroconverter Study could match with AIDS or death 
registries, and to evaluate whe the r AIDS cases and 
deaths among cohorts who did match could have been 
missed, we reanalysed the data applying another cen
soring strategy. Subjects seen within 1 year before the 
ul t imate date of censor ing and not known to have 
progressed were considered event-free at the ultimate 
censoring date; subjects not seen within 1 year before 
the ultimate censoring date and not known to have 
progressed were censored at the date of their last visit; 
and finally, subjects known to have progressed were 
only regarded as such if the period between the last 
visit and the event did not exceed 2 years. 

Figures 1 and 2 show the Kaplan-Meier estimates when 
this censoring strategy was applied. Compared with the 
results of the censoring strategy mentioned in Materials 
and methods, progression rates were only slightly slow
er for I D U . For homosexua l men . progression was 
faster and the median incubation time from serocon
version to AIDS and death from AIDS became 9.0 
years (95% C I , 8 .0 -9 .9 ) and 10.6 years (95% C I , 
8.8—11.9), respectively. In comparison with the original 
censoring strategy, this strategy resulted in somewhat 
increased R H of AIDS and death from AIDS for 
homosexual men, relative to IDU (data not shown). 

Non-progression 
T w o hundred and twenty-four out of 418 IDU and 
339 out of 422 homosexual men theoretically could 
have been followed for 7 years based on their estimated 
date of seroconversion and the ultimate date of censor
ing, regardless of their clinical outcome. The clinical. 
vital and follow-up status tor these IDU and homosex
ual men at 7 years after seroconversion were as follows: 
Twenty-seven IDU (12.1%) and l l o homosexual men 
(34.2%) developed AIDS, and 24 IDU (10.7%) and five 
homosexual men (1.5%) died without an AIDS diagno-
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Time (years) Irom seroconversion 

Fig. 1. Kaplan-Meier estimates of the cumulat ive proport ion 

deceased among injecting drug users (-1 and homosexual 

men (—) registered in the European Seroconverter Study 

and the Tr icont inental Seroconverter Study, respectively. 

Deaths from all causes were taken into account. Curves are 

truncated when fewer than l ive subjects remain at risk. 
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Time (years) from seroconversion 

Fig. 2. Kaplan-Meier estimates of the cumulat ive proport ion 

wi th AIDS among injecting drug users (-) and homosexual 

men (—) registered in the European Seroconverter Study 

and the Tr icont inental Seroconverter Study, respectively. 

Curves are truncated when fewer than five subjects remain 

at risk. 

sis. A to ta l of 55 A I D S - f r e e I D U (24 .6%) and 
55 homosexual men (16.2%) were considered lost to 
follow-up because their immunological status could not 
be de te rmined due to missing or limited C D 4 data. 
The median number of C D 4 counts used in the linear 
least square regression analysis was nine ( IQR five—12) 
tor I IS IDU (52.7%) and 12 (IQR nine-22) tor 163 
homosexual men (48.1%) with three or more C D 4 
counts. The numbers and proportions of subjects classi
fied as non-progressors are displayed in Table 4. As in a 
previously published analysis on non-progression in the 
Tricontinental Seroconverter Study |16], we excluded 
subjects who were lost to follow-up or died without 
AIDS from the d e n o m i n a t o r of the p r o p o r t i o n s . 
However , because losses to follow-up and pre -AlDS 
deaths are more common among IDU than homosexu
al men. proportions are also presented with inclusion of 
all subjects who theoretically could have had 7 years of 
follow-up in the denominator. The definition applied 
identified I D U as having the highest p ropor t ion of 
non-progressors . This definition classified 15.2 and 
9.8% of IDU and 7.5 and 6.2% of homosexual men as 
n o n - p r o g r e s s o r s . 7 years fol lowing se roconvers ion 
when losses to follow-up and pre-AIDS deaths were 
excluded and included in the denominator of the pro
portion, respectively. Risk group differences decreased 
and became insignificant when losses to follow-up ,\nA 
pre-AIDS mortality were included in the denominator. 

In addition, we evaluated two definitions that required 
the subject's last available CD4 determination to be > 
500 cells X Kl'71 [13] and the 7-year calculated C D 4 
count based on a linear least-square regression line to 
be > 500 cells x lo'Vl [1 ft], respectively. These defini
tions yielded higher propor t ions of non-progressors 

Table 4. Numbers and proportions of non-progressors* among 
injecting drug users (IDU) and homosexual men in the European 
Seroconverter Study and the Tricontinental Seroconverter Study, 
respectively. 

n/total 

Losses to follow-up and pre-AIDS 
deaths excluded from the denominator 
Risk group 

IDU 22/145 15.2% 
Homosexual men 21/279 7.5% 

Pvalue* 0.02 

Losses to follow-up and pre-AIDS 
deaths included in the denominator 
Risk group 

IDU 
Homosexual men 

Pvalue* 

22/224 
21/339 
0.15 

9.8% 
6.2% 

•AIDS-free and a positive slope at 7 years after seroconversion. 
'Pvalue by X 'e s t comparing IDU with homosexual men. 

among homosexual men than among IDU (data not 
shown), but did not change considerably the results on 
risk group differences. For both IDU and homosexual 
men. about 5% of the subjects were identified as non-
progressors by the criteria of all three definitions and 
risk group differences were not significant, regardless of 
the denominator. 

Discussion 

C o m b i n i n g data on sc roconvcr te rs fo l lowed m 12 
cohorts of IDU or homosexual men enabled lis to eval
uate risk group variation in progression and n o n - p r o 
gression in a large group without bias due to unknown 
duration of infection. The major finding of the present 
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study is that our data do not show notable effects of risk 
g r o u p on the progression to AIDS and death from 
A I D S , and non-progress ion . In contrast , p r e - A I D S 
mortality was much higher in IDU than homosexual 
men . partly due to a high proport ion of suicide and 
overdose deaths among IDU. 

O u r results concerning the effect of risk group on pro
gression to AIDS are in agreement with the results of 
other studies among IDU and homosexual men with 
d o c u m e n t e d dates of seroconvers ion , s h o w i n g that 
I D U do not progress at a substantially slower or faster 
rate [2—6,8]. Only one study combining data from five-
cohor ts found that homosexual men had a twofold 
higher risk of developing AIDS than IDU after adjust
ing for potent ia l confounders [9], and one c a n n o t 
exclude the possibility that heterogeneity in the me th 
ods used to estimate seroconversion dates across the 
participating cohorts might have biased their estimate 
associated with risk group. 

W e examined whether the small difference in progres
sion to AIDS b e t w e e n I D U and h o m o s e x u a l men 
could be explained by the occurrence of' Kaposi's sar
coma, which is known to be an early AIDS diagnosis, 
and is much more common among homosexual men 
than IDU. Ignoring Kaposi's sarcoma, progression rates 
were similar. Because we did not have complete infor
m a t i o n on AIDS condi t ions fol lowing the pr imary 
AIDS-def inmg event, subjects with Kaposi's sarcoma 
were censored in the same manner as censoring due to 
withdrawal . In doing so, the assumption of indepen
dency of censoring and the outcome AIDS might be 
violated and the hazard for progression to AIDS might 
be underes t imated for homosexual men . H o w e v e r , 
o t h e r studies a m o n g se roconver te rs [2 ,4 ,22 ,36] , of 
which some did have information on the occurrence of 
second AIDS-defining illnesses, also showed that when 
Kaposi's sarcoma is ignored as an AIDS-defining illness, 
progression rates were similar be tween homosexua l 
men and other risk groups. 

In the present analysis, AIDS was defined by the 1987 
C D C criteria |26J. In 1993, recurrent pneumonia and 
pulmonary tuberculosis were added to the AIDS case 
definition [37]. Because these infectious diseases are 
m o r e c o m m o n in I D U than in h o m o s e x u a l m e n 
[38-40] , progression rates to AIDS are expected to 
appear even more similar in the near future. 

Only one other published study has compared the p ro 
gression from seroconversion to death between cohorts 
of I D U and homosexua l men | 7 ] , Cont ra ry to our 
findings, the Kaplan-Meier curves of progression to 
death from any cause did not cross in this study. An 
explanation for the conflicting results of both studies 
might be that pre-AIDS deaths and deaths from AIDS 
were more frequent among homosexual men and less 

frequent among IDU than in our study. 

Most studies among seroconverters showed significantly 
faster progression rates to AIDS or death with increas
ing age [6,41—45], but others could not confirm this 
trend [2,17|, probably due to a narrow age distribution. 
It is noteworthy that our data did not indicate a linear 
effect of age. W e found that subjects younger than 24 
years progressed more slowly than older subjects. For 
the older subgroups we did not find a significant effect 
of age. A comparable trend has been demonstrated by 
two studies [4,46], in which no differences in progres
sion be tween subgroups of y o u n g and middle-aged 
subjects could be demonstrated, but relatively old sub
jects (above about 44 and 50 years, respectively), which 
are not c o m m o n in our study, were found to be at 
increased risk. 

Gender differences in progression did not confound 
our observed small effect of risk group. Consistent with 
our observations, several previous studies reported a 
ven' marginal effect of gender among IDU 117,41,43]. 

In the analysis of progression to AIDS and death trom 
AIDS, we regarded p re -AIDS death as a censor ing 
event . Howeve r , n o n - A I D S mortal i ty is h igher for 
HIV-positive IDU than for HIV-negative IDU [47-50] 
and p r e - A I D S mortali ty rates a m o n g HIV- in fec ted 
I D U i n c r e a s e w i t h d e c r e a s i n g C D 4 c o u n t [51] , 
Therefore, independence of pre-AIDS death and (death 
from) AIDS is unlikely and the estimates of risk group 
are expec ted to be biased from uni ty , as has been 
shown for the two Amsterdam cohorts [2|. 

Despite left truncation, the inclusion of retrospectively 
identified seroconverters causes overestimates of p ro 
gression rates if fast progressors are over-represented, 
winch seems likely for clinically based cohort studies. 
O n the other hand, progression rates are underestimat
ed if slow progressors are over-represented among ret
rospectively identified seroconver te rs , which seems 
likely tor cohort studies that required subjects to be 
symptom-free at study entry. Therefore and because 
retrospectively identified seroconverters were more fre
quent among IDU than among homosexual men, we 
repeated our analysis tor those who seroconvcrted after 
study entry or, at the most, 1 year before study entry. 
The small increase in the R H of progression for h o m o 
sexual men compared with IDU indicate that fast pro
gressors, on average, are slightly o v e r - r e p r e s e n t e d 
among IDU for whom seroconversion was determined 
retrospectively. 

W e applied two censoring strategies and found that the 
hazard associated with risk group was higher for the 
strategy that censored event-free subjects that had not 
been seen within a year of the ultimate censoring date 
at the last follow-up visit, in comparison with the strat
egy that censored event-free subjects not known to be 
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lost to follow-up .it the ultimate date. It appeared that 
homosexual men progressed more rapidly using the 
former censoring strategy compared to the latter strate
gy. Probably not all AIDS cases and deaths are captured 
by follow-up procedures, and censoring all subjects not 
known to have developed AIDS, to be deceased or to 
be lost to fol low-up at the ul t imate censor ing date 
might be too optimistic. For 1DU, differences between 
both censoring strategies were small. Due to the fact 
that some 1DU cohorts were not able to match with 
AIDS and deaths registers, censoring was already more 
conservative for 1DU. Moreover , 1DU had a shorter 
follow-up period than homosexual men, and therefore 
missed events will have less effect. Another explanation 
may be that studies among 1DU put more efforts in 
ex t ens ive f o l l o w - u p p r o c e d u r e s because I D U are 
known to drop out frequently. 

Risk group differences in non-progression were studied 
by evaluating clinical and immunological criteria ot 
non-progress ion . T h e difficulty of using definitions 
based on absolute C D 4 counts is that C D 4 lymphocyte 
levels are known to vary widely within and between 
individuals and laboratories, and may fluctuate depend
ing on smoking, use of antiretroviral therapy, diurnal 
variation and being splenectomized. Therefore, a defin
ition based on a positive slope is expected to be more 
consistent across cohorts and risk gro»ps provided that 
the n u m b e r and t iming of C D 4 de te rmina t ions are 
more or less equal. Applying this definition, we found 
h igher p ropor t ions of non-progressors a m o n g I D U 
than among homosexual men. The higher proportions 
among I D U for this definition might be explained by 
differential timing of C D 4 determinations. Relative to 
I D U , homosexual men had more C D 4 determinations 
in the first few years following seroconversion (data not 
shown) and subsequently homosexual men would be 
more likely to have a negative slope. 

W i t h d r a w a l differed b e t w e e n the t w o risk g roups . 
Therefore, inclusion or exclusion of losses to follow-up 
and p r e - A I D S deaths in the d e n o m i n a t o r a l t e red 
results. By excluding losses to follow-up and pre-AIDS 
mortality from the denominator, we assume that wi th
drawal is independent of non-progression. As previous
ly m e n t i o n e d , p r e - A I D S m o r t a l i t y may n o t be 
i n d e p e n d e n t of p r o g r e s s i o n or n o n - p r o g r e s s i o n . 
Fur the rmore , it will depend on whe the r those w h o 
were not actively followed had a faster immunological 
progression than those who remained in the study. W e 
expect the ' t rue ' propor t ion to be in b e t w e e n bo th 
estimates. However , when taking the most stringent 
criteria for non-progression (i.e., based on both slope 
and absolute CD4 cell count), the proportions of non-
progressors were very similar for IDU and homosexual 
men. regardless of the denominator. 

L imi ta t ions on o u r s tudy inc lude the m u l t i c o h o r t 

design with differences in recruitment, selection crite
ria, setting of follow-up, frequency of follow-up visits, 
follow-up procedures, etc. Fur thermore , the effect of 
risk group could not be controlled for site differences 
because only Amsterdam provided data on both risk 
groups. Finally, we were not able to adjust for other 
potential confounders (e.g., symptomatic primary HIV 
infection, coinfections, HIV treatment, drug use and 
sexual behaviour). 

We conclude that little evidence was found for differ
ences m the rate of HIV disease progression or n o n -
progression between IDU and homosexual men. This 
suggests that the mode of acquisition does not play a 
major role in pathogenesis. However , pre-AIDS mor
tality and a non-linear effect of age should be consid
ered in planning in tervent ions , as well as in studies 
compar ing risk groups and model l ing the epidemic. 
Further studies comparing risk groups should also con
sider differences in the spec t rum of AIDS-def in ing 
conditions, and the influence of censoring strategies, 
the length of the seroconversion interval, inclusion of 
retrospectively versus prospectively identified serocon-
verters and loss to follow-up. 
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Appendix 

The following investigators participate in the European 
Seroconverter Study in injecting drug users: J.R. 
Robertson for the Edinburgh Drug Addiction Study; 
R..P. Brettle and A.M. Richardson for the Edinburgh 
City Hospital Cohort Study; J.A.R. van den Hoek 
(project leader) and R.A. Coutinho for the Amsterdam 
Cohort Study among drug users; B. Hirschel, B. 
Broers, and H. McArdle for the Geneva HIV Cohort 
Study: D.J. Goldberg and J. McMenamin for the 
Scottish National Collaborative HIV Testing Study; N. 
Carré for the French SEROCO Study; R. Zangerle for 
the Innsbruck AIDS Study, I. Hernandez Aguado for 

the Valencian HIV Seroconversion Study; D.A: 
Hawkins for the London St. Stephan's Clinic IV study. 

The following investigators participate in the 
Tricontinental Seroconverter Study in homosexual 
men: M.T. Schechter, S.A. Strathdee and K.J.P. Craib 
for the Vancouver Lymphadenopathy-AIDS Study; 
J.M. Kaldor, A. McNulty, J. Vizzard and D.A. Cooper 
for the Sydney AIDS Prospective Study; G.J.P. van 
Gnensven (project leader) and R.A. Coutinho for the 
Amsterdam Cohort Study among homosexual men; 
A.R. Moss and E. Charlebois for the San Francisco 
General Hospital Cohort; D. Osmond, W. Winkelstein 
Jr and K.A. Page-Shafer for the San Francisco Men's 
Health Study. 
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Objectives: To investigate whether the rate of progression to AIDS has changed over 
time by testing an effect of the year of seroconversion on AIDS onset (Centers for 
Disease Control and Prevention 1987 revised classification), next to an effect of the 
calendar period of follow-up. 

Design: French multicentre prospective study of 385 homosexual and heterosexual 
subjects and 231 subjects from a multicentre study of European injecting drug users 
(IDU), all with a documented date of HIV-1 seroconversion. 

Method: The effect of the year of seroconversion was compared by the log-rank test. 
Crude and adjusted relative hazard (ARH) were quantified using the Cox model. 
Calendar period of follow-up was studied separately for sexual exposure group and 
IDU and treated as a time-dependent variable in a Cox model. 

Results: In the 616 study subjects the year of seroconversion was not significantly 
related to AIDS occurrence (n = 108); the ARH was 0.88 [95% confidence interval 
(CI), 0.56-1.38] for those who seroconverted in 1988-1989, and 1.17 (95% CI, 
0.61-2.25) for those who seroconverted after 1989, compared with those who 
seroconverted before 1988. In the sexual exposure group, a clear trend towards less 
rapid progression to AIDS was observed in subjects followed in 1991-1992 (ARH, 
0.49; 95% CI, 0.24-0.99) and after 1992 (ARH, 0.54; 95% CI ; 0.24-1.21), 
compared with those followed before 1991. This favorable trend was not observed 
in IDU despite a significant decrease over time of Pneumocystis carinii pneumonia 
as AIDS-defining illness. Conversely to sexual exposure groups, the frequency of 
anti retroviral treatment (mainly zidovudine) prescription was still low during the 
most recent calendar periods in IDU when the CD4 count threshold of 200 x 10b/l 
was reached. 

Conclusions: No evidence was found of a change in the rate of progression to AIDS 
in subjects who seroconverted in recent years. Furthermore, conversely to sexual 
exposure groups, the lack of favorable trends in IDU users followed in recent years 
suggest that health-care systems are not always adapted to their lifestyles. 
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YEAR OF HIV SEROCONVERSION AND CALENDAR PERIOD 

Introduction 

AIDS occurs a median of 8—10 years after infection by 
HIV-1 [1,2]. Since the first cases were notified in the 
United States in 1981 [3], the incubation period may 
have changed over time for several reasons [4]. 

T h e worldwide spread ot HIV since the beginning of 
the ep idemic could have led to the e m e r g e n c e in 
recent years ot new HIV-1 strains [5], HIV-1 subtypes 
harbouring higher viral loads | 6 | , and transmission of 
res is tant strains | 7 | . A c c o r d i n g to Ewald [8] , the 
modifications ot the sexual partner rate exchange m a 
populat ion may also lead to an evolut ion of H I V - 1 . 
Since those events are likely to affect the host-virus 
response at the time of infection they raise the possibil
ity that progression might vary according to year of 
infection [9]. 

Nonetheless, the natural history of HIV infection has 
probably also been modified by several external factors 
du r ing the course of the disease. For example , the 
probable rise in the number of AIDS cases diagnosed 
after the extension of HIV disease classification [10] 
may have increased the rate of progression to AIDS 
after 1987. In contrast, improved medical management, 
especially the release of antiretroviral drugs, widespread 
primary prophylaxis for Pneumocystis carinii pneumonia 
(PCP), and possibly the earlier treatment of some less 
specific infections (e.g., thrush), probably slowed the 
occur rence of some AlDS-defming illnesses. At the 
population level, the overall effect of all these changes 
can be assessed by testing a calendar effect (i.e., period 
effect) on the progression to AIDS [9], 

Analysing data from a European multicentre study of 
injecting drug users ( IDU) and a cohor t of subjects 
infected by the sexual route , all with a documen ted 
date of seroconversion, we investigated whe the r tin-
rate of progression to AIDS has changed over t ime. 
First, the influence of the year of seroconversion on 
AIDS onset was studied, and then the influence of the 
calendar period of follow-up to determine the impact 
of medical management on the onset of AIDS. Since 
I D U like other marginalized groups [11-14 | may have 
failed to benefit fully from medical progress in this 
field, this later analysis was conduc ted separately for 
IDU and sextial exposure groups. 

Materials and methods 

The European Seroconverter Study among IDU 
I D U were defined as subjects w h o , since 1979, had 
injected drugs before their seroconversion to HIV |15]. 
They came from seven prospective cohorts (n = 418) 
in five European countries: Edinburgh Drug Addiction 

Stud>' and Ed inburgh Ci ty Hospital C o h o r t Study 
(n = 169); Amsterdam Cohor t Study among drug users 
(n = 99); Geneva HIV Cohor t Study (n = 6 0 ) ; French 
S E R O C O C o h o r t (n = 3 8 ) ; Sco t t i sh N a t i o n a l 
C o l l a b o r a t i v e H I V T e s t i n g S tudy (n = 3 1 ) ; and 
Innsbruck AIDS Study (n = 21). A total of 1(15 persons 
who were HIV-seronegative at enrolment subsecjuentlv 
seroconverted. A dated HIV-nega t ive screening test 
was available tor the remaining 313 subjects who were 
HIV-seropositive at enrolment. 

The SEROCO cohort 
Since 1 January. 1988, 1304 HIV-infected adults have 
been recruited in the Paris region and South of France 
[16,17]. All exposure groups except hemophiliacs were 
represented. A dated HIV-negat ive test was available 
for 482 persons infected by the sexual route, allowing 
us to determine the seroconversion interval. 

In the two cohorts (European study and S E R O C O ) , 
most of the retrospectively identified seroconverters 
were tested for reasons unrelated to disease progression. 

Study population 
In order to study the effect ot the year of seroconver
sion, this analysis focused on subjects whose date of 
seroconversion could be estimated accurately. Those 
whose date of seroconversion, estimated as the mid
point between the last negative test and the first posi
tive test, was known to be within an interval of less 
than 24 months (median, 6.1 months; 10th—90th per
centiles; 2.0—18.2 were therefore selected). T o limit 
any frailty selection bias due to the length of the inter
val be tween seroconversion and enrolment , subjects 
who were included less than 24 months after their esti
mated date of seroconversion were also selected. The 
study population comprised 281 homosexual men. 104 
heterosexual subjects from the S E R O C O Cohort , and 
231 I D U registered in the European Seroconver ter 
Study. The subjects who were HIV-positive at study 
entry were enro l led after a median of 7.H mon ths 
fo l lowing s e r o c o n v e r s i o n (10th—90th pe rcen t i l e s . 
2.7-18.5). 

Data collection 
HIV-1 infection was diagnosed by using an enzyme-
linked i m m u n o s o r b e n t assay m e t h o d and was con 
f i rmed by W e s t e r n b l o t . P a t i e n t s in all c o h o r t s 
underwent clinical and laboratory examinations every 
3-6 months. Lymphocyte subsets were determined by 
flow cytometry. Date of AIDS onset was obtained from 
review ot medical files of participating centres and from 
cross-checking with local and national AIDS registries 
when possible. AlDS- t ree subjects were censored at 
date ot death, last date k n o w n to be AIDS-free. or 
1 J anua ry 1995 ( the cut-off date of the analysis). 
I n f o r m a t i o n on the start ot t r e a t m e n t ( i n t e n t i o n 
to t r e a t ) , such as primary" p r o p h y l a x i s for P C P 
( p e n t a m i d i n e ae roso l s , t r ime thop r im—dapsone , or 
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co-trimoxazole) and antirctroviral drugs before the onset 
of AIDS was available for all subjects in the S E R O C O 
Cohor t and for 126 out of 231 IDU in the European 
cohort . For the remaining IDU, this information was 
missing at the date of analysis. The term antirctroviral 
treatment refers here to treatment with a reverse tran
scriptase inhibitor alone (i.e., zidovudine) or sometimes 
in combination, possibly in a therapeutic trial. 

Statistical analysis 
Analysis of variance, Pearson's X test or the Armitage 
trend test, and Fisher's exact test (extended version) 
were used to compare medical and demographic data. 
Age at seroconversion was categorized according to 
tertiles (< 25 years, 25 -30 , > 30 years) of the study 
population. The year of seroconversion was categorized 
in three periods (before 1988, 1988-1989, after'198V), 
the reference period being prior to 1988. The median 
( ' 1 )4 l y m p h o c y t e c o u n t m e a s u r e d at 24 m o n t h s 
(± 3 months) after the estimated date of seroconversion 
was compared according to these three periods of sero
conversion using the Kruskal-Wallis test. AIDS-free 
survival cu rves ( C e n t e r s for Disease C o n t r o l and 
Prevention 1987 revised classification) [7| were com
pared by the log-rank test. Crude and adjusted relative 
hazards were de termined by using the Cox p ropor 
tional hazards method and tested with the likelihood 
ratio statistics. Adjustment for exposure group and sex 
was carried out using a combined variable (homosexual 
m e n . heterosexual men . heterosexual w o m e n , male 
IDU, female IDU). 

'The calendar period of follow-up was categorized in 
t h r e e p e r i o d s [be fo re 199 1 ( r e f e r e n c e p e r i o d ) , 
1991-1992 , after 1992], and then treated as a t ime-
dependent variable in a Cox model. This allowed us to 
compare the risk of progression to AIDS during a given 
period relative to the calendar period of reference, tak
ing in to account the t ime since seroconvers ion. As 

expla ined previously, the influence of the calendar 
period on the progression to AIDS was studied sepa
rately for IDU and sexual exposure groups. All survival 
analyses were corrected for left-truncation. Hence, tor 
subjects who were HIV-positive at study entry, survival 
was calculated from the estimated date of seroconver
sion, but they entered the risk set at the date ot enrol
ment. 

Changes over time in the frequency of treatments were 
studied in AIDS-free persons who reached a first C D 4 
cell count of less than 200 X 10 71 during a calendar 
p e r i o d . For the reference ca lendar p e r i o d (be tore 
1991), only those w h o reached this threshold value 
after 31 December 1987 [i.e., the release of the first 
antirctroviral drug (zidovudine) and primary prophy
laxis of PC 1'| were included. The frequency of both 
ant irctroviral t rea tment and pr imary prophylaxis of 
P C P was ca lcula ted at the C D 4 c o u n t c u t - o f f of 
200 x 10'71 [18]. 

T h e median C D 4 + cell c o u n t at the A I D S onset , 
w i th in 3 m o n t h s of diagnosis [19] , was c o m p a r e d 
according to the calendar period ot follow-up by using 
the Kruskal-Wallis test. 

Results 

The first seroconversions occurred in 1986 among both 
homosexua l and heterosexual subjects in this study 
(Table 1). Amongst IDU belonging to the European 
cohort the year of infection was uniformly distributed 
from 1983 to 1994. Seroconversion occurred at a sig-
ni f icant lv y o u n g e r age in I D U than in the o t h e r 
groups. Contrary to homosexual and heterosexual sub
jects, in whom age at infection did not vary according 
to year of seroconversion (P — 0.20), 52% of I D U w h o 

Table 1. Description ot the study population. 

Homosexuals 
(n = 2811 

0 (0) 
74 (26) 

147 (52) 
49(18) 
11 (4) 

69 (25) 
101 (36) 
1 1 1 (39) 

- (0 ) 
4.6 (2.9-6.2) 

8 (3) 

17(6) 
24(9) 
24(9) 

Heterosexuals 
(n = 104) 

0(0) 
21 (20) 
54(52) 
1908) 
1000) 

35 (34) 
35(34) 
34 (32) 
74(71) 

4.9 (3.1-6.3 
5 (5) 

4(4) 
2(2) 
6(6) 

IDU 
(n = 231) 

Year of seroconversion |n(%)| 
< 1985 
1986-1987 
1988-1989 
1990-1991 
> 1992 

A^e at seroconversion (years) [n(%)l* 
< 25 
25-30 
> 30 

Women |n(%)|* 
Median (IQR) follow-up (years) before AIDS 
Pre-AIDS death |n(%)| 
No. of AIDS diagnoses |n(%)| 

< 1991 
1991-1992 
> 1992 

52 (23) 
36 0 5) 
58(25) 
37 06) 
48(21) 

100(43) 
76(33) 
55(24) 
97 (42) 
4.7 (2.3-6.9) 
22 110) 

12(5) 
7(3) 
12 (5) 

*P< 0.05. IQR. Interquartile range; IDU, injecting clru^ users. 
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Table 2. Crude and adjusted relative hazard (RH) for progression to 
AIDS according to period of seroconversion. 

Crude Adjusted* 

Year of seroconversion: 
< 1988 1.00 
1988-1989 1.09(0.70-1.69) 0.88(0.56-1.38) 0.57 
>1989 1.38 (0.73-2.62) 1.17 (0.61-2.25) 0.63 

*Period of HIV seroconversion, age at seroconversion, combined 
exposure group/sex variable included in the model. CI, Confidence 
interval. 

seroconverted before 1988 were under 25 years of age, 
compared with 34% in 1988-1989 and 33% after 1989 
(P< 0.001). 

Impact of the year of seroconversion 
The median CD4 lymphocytes count at 24 months 
since seroconversion was 480 X 10 VI for the those who 
seroconverted before 1988, 478 X 10('/1 for those who 
seroconverted in 1988-1989, and 451 x loVl for those 
who seroconverted after 1989 (P = 0.46). In each 
exposure group, no significant difference in the median 
CD4 count at 24 months was observed. AIDS was 
diagnosed after 1987 in each of the three exposure 
groups, with 65 cases among homosexuals, 12 among 
heterosexuals, and 31 amongst IDU. Progression to 
AIDS (Fig. 1) did not differ significantly according to 
year of seroconversion in the total study population 
(log-rank test, P= 0.61) nor in the different exposure 
groups. The relative hazards (RH) of progression to 
AIDS in the total study population was 1.09 [95% con
fidence interval (CI), 0.70—1.69] for persons who sero
converted in 1988-1989, and 1.38 (95% CI, 0.73-2.62) 
for those who seroconverted after 1989 (Table 2). After 
adjustment for age at seroconversion, exposure group 
and sex, the RH were 0.88 (95% CI, 0.56-1.38) and 
1.17 (95%, CI, 0.61-2.25) respectively. The distribution 
of AIDS-defining conditions did not differ according to 
year of seroconversion. Choosing an earlier reference 
period (before 1986), which was only possible in the 
group of IDU, did not modify the main results. 

100% 

90% 

80% 

70% 

60% 

50% 

4 0 % 

30% 

20% 

10% 

0% 

Years since HIV-1 seroconversion 

Fig. 1 . AIDS-free survival curves accord ing to per iod of 
seroconversion (curves truncated when fewer than 10 per
sons remained at risk). 

Impact of the calendar period of follow-up 

Sexual exposure groups 
Among the homosexual and heterosexual persons fol
lowed during the most recent calendar period (after 
1992), 21% had seroconverted before 1988, and 50% in 
1988-1989. A slowing of progression to AIDS (Table 3) 
was suggested in the course of calendar periods 
1991-1992 (RH, 0.51; 95% CI, 0.25-1.02) and after 
1992 (RH, 0.58; 95% CI, 0.26-1.30) relative to the 
reference period (before 1991). After adjustment for 
age, exposure group, and sex, the RH of progression to 
AIDS was 0.49 (95% CI, 0.24-0.99) in persons fol
lowed in 1991-1992, and 0.54 (95%. CI, 0.24-1.21) in 
those followed after 1992. These relative risks were 
unaffected by adjustment for the year of seroconver
sion. The median CD4+ cell count at the time of 
AIDS diagnosis declined from 179x 10'71 before 

1991, to 94 and 102 X 10*71 in 1991-1992 and after 
1992, respectively, although this decline was not statis
tically significant due to small numbers (n = 68). 

Table 3. Crude and adjusted relative hazard (RH) for progression to AIDS by calendar period of follow-up. 

Sexual risk group* (n 
Calendar period: 

< 1991 
1991-1992 
> 1992 

Injecting drug users+ 

Calendar period: 
< 1991 
1991-1992 
> 1992 

= 385) 

n = 231) 

No. persons 
at risk within 

calendar period 

(344) 
(309) 
(269) 

(170) 
(176) 
(181) 

0.51 
0.58 

Crude 

1.00 
(0.25-1.02) 
(0.26-1.30) 

1.00 
0.87 (0.33-2.30) 

1.38(0.57-3.33) 

RH (95% CI) 

Adjusted 

0.49 (0.24-0.99) 
0.54(0.24-1.21) 

0.70 (0.23-2.09) 
1.00 (0.32-3.12) 

P 

0.05 
I). I 4 

0.51 
0.99 

*For adjusted RH: calendar period, age at seroconversion, and exposure group/sex included in the model. fFor adjusted RH: calendar period, 
age at seroconversion, sex, and study sites included in the model. CI, Confidence interval. 
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Table 4. Prescription of reverse transcriptase inhibitors and primary 
prophylaxis of Pneumocystis carinii pneumonia (PCP) before AIDS 
onset, according to the calendar period of follow-up. 

No. subjects 
who reached 

CD4 < 200 x 10*71 PCP 
within calendar period Zidovudine* prophylaxis 

Table 5. Proportion (%) of opportunistic infections, including 
Pneumocystis carinii pneumonia (PCP), and frequency of Kaposi's 
sarcoma among all first AIDS-defining illnesses according to calen
dar period of follow-up. 

Opportunistic 
infections Kaposi's 

n (including PCP) PCP sarcoma 

Sexual risk groups 
Calendar per 

< 1991 
1991-1992 
> 1992 

Pvalue 

od 

Injecting drug users 
Calendar per 

< 1991 
1991-1992 
> 1992 

Pvalue 

od 

37 
40 
55 

4 
1 1 
7 

11 
48 
53 

0.001 

0 
9 

14 
0.99 

5 
33 
35 

0.004 

0 
9 

57 
0.05 

Sexual risk groups 
Calendar period 

< 1991 
1991-1992 
> 1992 

Pvalue 
Injecting drug users 

Calendar period 
< 1991 
1991-1992 
> 1992 

Pvalue 

21 
26 
30 

12 
7 

12 

57 
50 
77 

0.10 

100 
71 
83 

0.60 

29 
15 
17 

0.51 

67 
29 
17 

0.05 

33 
34 
17 

0.25 

-
-
3 

Proportion of subjects (%) receiving antiretroviral drugs and PCP 
prophylaxis at the CD4 count threshold of 200 x 107l among those 
who reached this threshold during calendar period of follow-up. 
Data on treatment were available for 126 injecting drug users, 22 
of whom reached a CD4 count < 200 x 1071 after 1987. 
'Zidovudine or other reverse trancriptase inhibitors. 

Antiretroviral treatment was prescribed earlier in the 
course of the infection after 1991 (Table 4). Indeed, 
11% of AIDS-free subjects w h o had reached the C D 4 
c o u n t th re sho ld of 200 X lü 'Vl before 1991 w e r e 
already receiving t rea tment , compared wi th 48 and 
53% of those who reached this threshold in 1991-1992 
and after 1992, respectively (P= 0.001). Primary p ro 
phylaxis for PCP also became more frequent from 1991 
onwards. W h e n the first CD44- cell count fell below 
200 X 10'Vl, 5, 33 , and 35% of AIDS-free patients in 
each calendar period respectively, were on prophylaxis 
( P = 0.004). Indeed, P C P was less frequently diagnosed 
as first AIDS-defining conditions from 1991 onwards, 
although the difference was not statistically significant 
(Table 5) . H o w e v e r , the fall in t h e f r equency of 
Kaposi's sarcoma in the most recent period led to an 
overestimation of the relative frequency of P C P during 
the same period. After censoring subjects not having 
developed PCP as first AIDS-def ining disease at the 
date of diagnosis, the risk of developing P C P fell from 
1991 onwards, the adjusted R H being 0.30 (95% CI , 
0 . 0 6 - 1 . 3 9 ) in 1 9 9 1 - 1 9 9 2 , and 0 . 2 9 ( 9 5 % C I , 
0.05-1.93) after this date. 

IDU 
Amongst IDU monitored during the most recent cal
endar period, 33% had seroconverted before 1988, and 
22% in 1988-1989. The crude R H of progression to 
AIDS was 0.87 (95% CI , 0 .33-2.30) m the calendar 
period 1991-1992, and 1.38 (95% CI , 0.57-3.33) in 
the following calendar period. After adjustment for age, 
sex and the participating centres, progression to AIDS 
was still stable dur ing the different calendar periods, 
w i t h r e s p e c t i v e a d j u s t e d R H of 0 . 7 0 ( 9 5 % C I , 
0 .23-2.06) and 1.00 (95% CI , 0 .32-3 .12) compared 

All P values calculated with Fisher's exact test (extended version). 

with the reference calendar period. N o decline in the 
C D 4 count at AIDS diagnosis (n = 22) was observed 
over time. Trea tment (intention to treat) was given in 
few I D U before their first C D 4 + cell count fell below 
200 X lO'Vl (0% before 1991, 9% in 1991-1992, and 
14% after 1992; P= 0.99). Six months after reaching 
this threshold, a more marked increase was observed 
over time (0, 27 and 43%, respectively). Primary pro
phylaxis of P C P was increasingly prescribed over the 
course of the study period (0, 9, and 57%, respectively, 
at the first C D 4 count < 200 X Kl'Vl, P = 0.05). Six 
months after reaching this threshold, those proportions 
w e r e 0, 2 7 , and 7 1 % , r e s p e c t i v e l y . A s ignif icant 
decrease of P C P as AIDS-defining illness (Table 5) was 
observed amongst I D U (P = 0.05). Consequently, the 
risk of developing P C P fell regularly over the three 
periods, the adjusted R H being respectively 0.31 (95% 
CI, 0.05-1.92) and 0.15 (95% CI, 0.02-1.20) after cen
soring those having developed another AIDS-defining 
disease at the date of diagnosis. 

Discussion 

This study conducted in various exposure groups did 

not provide evidence of a more rapid progression of 

the disease in subjects w h o seroconver ted in recent 

years compared with those w h o seroconverted between 

1983 and 1987. In contrast, investigating the effect of 

calendar period of follow-up, a clear although not sig

nificant trend towards less rapid progression to AIDS 

was observed in sexual exposu re g roup from 1991 

onwards, although we did not find this favorable trend 

in IDU. 
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The AIDS incubation period can be influenced by fac
tors linked to the immunological response [20,21] and 
to the virus itself [17,22]. T h e possibility of secular 
changes in HIV-I pathogenici ty has been raised by 
some authors [23,24]. Indeed, nearly 40% of US mili
tary personnel infected at the end of the 1980s reached 
the C l ) 4 count threshold of 500 X Kl'VI within months 
of HIV seroconversion. This unusual high percentage 
suggests that a large proportion of these subjects were 
likely to progress rapidly to AIDS and, by implication 
that progression rates to AIDS may vary according to 
the year of seroconversion. Nonetheless, large studies 
conducted in the United States in homosexual men and 
in Italy in various exposure groups suggested that dic
tate of decline in the C D 4 + cell coun t dur ing the 
months following infection remained stable between 
1984 and 1992 [5,25]. When comparing the median 
C D 4 + cell count at 24 months since seroconversion m 
our study popula t ion, we found very similar results 
according to year of seroconversion. However , using 
C.D4 cell measurement close to seroconversion to eval
uate secular changes in HIV-1 suppose an early effect 
of those changes on HIV infection, even though these 
effects might only be detectable at a later stage [25]. 
W e found no evidence of a more rapid progression to 
AIDS according to year of seroconversion. The use of 
another method to estimate the date of infection |15] 
or a different categorization of years of seroconversion 
did not affect the results (data not shown). However , 
our results were not in agreement with those recently 
published by Sinicco el al. [26], and further studies are 
needed to assess trends on longer periods and in differ
ent r eg ions of the w o r l d . T h e d i s c o r d a n t results 
obtained in studies of US army personnel [23,24] still 
raise the possibility of more pathogenic HIV-1 strains 
in o ther regions, as most of the personnel served in 
non-European areas. 

In contrast, progression to AIDS slowed among h o m o 
sexual and heterosexual subjects monitored from 1991 
onwards, as shown by the relative risks associated with 
the most recent calendar periods of follow-up and the 
fall m the C D 4 + cell c o u n t at A I D S onse t [27] . 
Adjustment for the year of infection did not influence 
the results . O u r obse rva t ions differ from those of 
Hessol el al. [9|. which suggested taster progression to 
AIDS in homosexual men moni tored in 1991-1992. 
However , the reference period (before July 1987) in 
this previous study was before the adopt ion of the 
extended AIDS classification of 1987. which enlarged 
the subsequent diagnosis of AIDS-defining illnesses. In 
our study, the first cases of AIDS occurred in 1988 in 
each of the exposure groups, ruling out this potential 
source of bias. 

The fall in the incidence of P C P among sexual expo
sure groups and IDU cannot alone explain the slowing 
of disease progression recently observed in the sexual 

exposure groups because there was no clear trend m 
favor of a recent slowing of progression to AIDS in 
IDU. Due to the limited number of AIDS cases among 
I D U , and the merg ing of different subcohor ts , this 
finding on the overall progression to AIDS must be 
interpreted with care. Nevertheless, there was no sig
nificant difference in progression to AIDS among the 
original cohorts [15] and no temporal trend in pre-
AIDS morta l i ty was observed (data not shown) . In 
addition, according to Graham et al. [28]. primary pre
vention of PCP significantly reduces the incidence of 
this opportunistic infection, but would not alone slow 
the progression to AIDS at a population level, contrary 
to zidovudine use. Among sexual exposure groups, a 
significant increase of antiretroviral prescription (mainly 
zidovudine alone) at the threshold of 200 X 10 /1 was 
observed in 1991-1992 and later, suggesting that anti
retroviral drugs were prescr ibed earlier from 1991 
onwards. In the United States, the fall in the incidence 
of AIDS among homosexual men observed after 1987 
and the lack of a favorable trend amongst IDU were 
at tr ibuted to differences in z idovudine prescription, 
alone or combined with other antiretroviral drugs [12]. 
Despite regular follow-up m a cohort, very few IDU 
were rece iv ing ant i re t rovi ra l t r ea tment when their 
C D 4 + cell count fell below 200 X Kl'VI. suggesting 
that treatment was delayed [29,30], Although the effect 
of zidovudine on the progression to AIDS is limited 
[31,32], t rea tment before the C.D4+ cell count falls 
below 200 x 10 VI is more effective than later treatment 
[33,34]. The efficacy of zidovudine before this cut-off 
is transient, however , and the improvement observed 
in the first year of treatment disappears thereafter [35], 
Indeed, m our study, the reference calendar period 
(before 1991) was essentially limited to follow-up dur
ing the first 5 years after seroconversion, as most sub
jects were infected after 1986. The comparison of the 
different calendar periods of follow-up is thus equiva
lent to estimating relative risks on the basis of data on 
subjects w h o are likely to d e v e l o p AIDS rapidly. 
Hence, in terms o f R H , the impact of this short time 
effect of early z idovudine use could be lower with 
much longer periods of follow-up. 

Contrary to sexual exposure groups, the proportion of 
IDU treated with zidovudine before their C D 4 + cell 
count reached 200 x Kl'71 was probably too small for a 
favorable trend to be observed during the recent calen
dar periods. In addition, compliance with these heavy 
treatments is probably poor in some patients, especially 
active IDU [28| and those not part of methadone pro
grammes [ I I ] . Finally, exclusion of IDU from clinical 
trials limits their access to early medical surveillance, 
including some non-specific treatments delaying the 
onset of opportunistic infections (e.g. the effect of flu
conazole on the onset of invasive candidiasis and cryp-
tococcal infection) |36[. This latter information was not 
available m our study population. 
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In conclusion, we did not observe a faster progression 
to AIDS in persons infected in recent years. A clear 
t r e n d t o w a r d s less rapid progress ion to AIDS was 
observed for those followed from 1991 onwards in the 
sexual exposure groups who had early medical manage
ment, including appropriate prescription of zidovudine 
or other reverse transcriptase inhibitors. This favorable 
trend was not found amongst 11 )U . who were treated 
later in the course of the disease. A fall in the incidence 
o f P C P was observed m all the three exposure groups. 
probably attributable to primary prophylaxis. 1DU did 
not appear to benefit rapidly from medical progress 
made since the beginning of the HIV epidemic, sug
gesting the fact that health-care systems are not always 
adapted to their lifestyles. In the promising era of early 
combined therapy including protease inhibitors, further 
investigations are urgently needed in IDU to improve 
their level of care. 
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Objectives: To study differences in pre-AIDS mortality between European cohorts of 
injecting drug users (IDU) and to evaluate whether pre-AIDS mortality increased 
with time since HIV seroconversion and decreasing CD4 count. 
Methods: The study population consisted of 664 IDU with documented intervals of 
HIV seroconversion from eight cohort studies. Differences in pre-AIDS mortality 
were studied between European sites; an evaluation of whether pre-AIDS mortality 
increased with time since HIV seroconversion and decreasing CD4 count was 
carried out using Poisson regression. 

Results: One hundred and seven IDU died, of whom 57 did not have AIDS. Pre-
AIDS causes of death were overdose/suicide (49%), natural causes such as bacterial 
infections/cirrhosis (40%), and unintentional injuries/unknown (11%). Considering 
pre-AIDS death and AIDS as competing risks, 14.7% were expected to have died 
without AIDS and 17.3% to have developed AIDS at 7 years from seroconversion. 
No statistically significant differences in pre-AIDS mortality were found between 
European regions, men and women, age categories and calendar time periods. 
Overall pre-AIDS mortality did not increase with time since seroconversion, but did 
increase with decreasing CD4 count. Evaluating cause-specific mortality, only pre-
AIDS mortality from natural causes appeared to be associated with time since 
seroconversion as well as immunosuppression. For natural causes, the death rate per 
100 person-years was 0.13 the first 2 years after seroconversion, 0.73 in years 2-4 
(risk relative (RR) to years 0-2, 5.6], 1.83 in years 4-6 (RR, 14.0) and 1.54 for > 6 
years (RR, 11.7). This rate was 0 for a CD4 cell count > 500 x 106/ l , 1.06 for 
200-500 x lO'VI and 4.06 for < 200 x 10'7I (RR versus > 200 x 106 / l , 7.0). In 
multivariate analysis, both CD4 count and time since seroconversion appeared to be 
independently associated with death from natural causes; CD4 count appeared to be 
the strongest predictor (adjusted RR, 5.9). 

Conclusions: A high pre-AIDS mortality rate was observed among IDU. No 
significant differences were observed across European sites. Pre-AIDS mortality from 
natural causes but not from overdose and suicide was associated with HIV disease 
progression. 

AIDS 1997, 11:1747-1756 

Keywords: Injecting drug users, pre-AIDS mortality, HIV disease progression 

From the Municipal Health Service, Division of Public Health and Environment, Amsterdam, The Netherlands, the 
"Valencian HIV Seroconversion Study, Department of Public Health, University of Alicante, Alicante, Spain, the Infectious 
Diseases Unit, City Hospital, the 'Edinburgh Drug Addiction Study, Muirhouse Medical Group, Edinburgh, UK, the Division 
of Infectious Diseases, Geneva University Hospital, Geneva, Switzerland, 'SEROCO Study Group, Inserm U292, Hópital de 
Bicêtre, Le Kremlin Bicêtre, France, the "Scottish Centre for Infection and Environmental Health, Ruchill Hospital, Glasgow, 
UK and the ftAIDS Unit, University of Innsbruck, Innsbruck, Austria. 
Sponsorship: This research was supported by the Dutch AIDS Foundation (Stichting AIDS Fonds), as part of the Stimulation 
Programme on AIDS Research of the Dutch Programme Committee for AIDS Research (94.008) and by the grants of the 
original studies. 
Requests for reprints to: Maria Prins, Municipal Health Service, Division of Public Health and Environment, Nieuwe 
Achtergracht 100, 1018 WT Amsterdam, The Netherlands. 
Date of receipt: 21 March 1997; revised: 3 July 1997; accepted: 11 July 1997. 

( 5 7 ) 



PRE-AIDS MORTALITY AND HIV DISEASE PROGRESSION IN IDU 

Introduction 

Because of their lifestyle, injecting drug users (IDU) are 
at increased risk of premature mortality compared with 
the general population [1—4]. In the last decade, death 
rates increased considerably for IDU in countries with a 
high HIV-1 prevalence amongst this group due to the 
impact of the AIDS epidemic [5—8]. 

An increase of non-AIDS deaths concomitant with the 
introduction of HIV epidemic was first noticed 
amongst IDU in New York City at the beginning of 
the 1980s [6,9]. Since then several studies have shown 
that deaths due to non-AIDS causes are higher among 
HIV-positive IDU than among HIV-negative IDU 
[2,4-6,10,11]. Among HIV-infected IDU, mortality 
before being diagnosed with AIDS (denoted as pre-
AIDS mortality) has been found to increase with a 
decreasing CD4 cell count [10], indicating that not 
accounting for pre-AIDS mortality could overestimate 
the AIDS-free survival curve. To date, all studies have 
evaluated pre-AIDS mortality in seroprevalent cohorts. 
To our knowledge, neither the probability of dying for 
the complete course from HIV-1 seroconversion to 
AIDS has been described, nor has an evaluation of 
whether the risk of pre-AIDS mortality increases with 
time since HIV-1 seroconversion. 

In the present study, data were merged from IDU with 
documented intervals of HIV seroconversion obtained 
trom eight cohorts in various European cities. 
Differences in pre-AIDS mortality rates between these 
regions, in which drug use, drug policy and access to 
health care might differ, were studied. The relationship 
between pre-AIDS mortality and time since HIV-1 
seroconversion as well as immunosuppression were also 

"Studied. 

Methods 

Study population 
The HIV-1-positive study population comprised 664 
IDU for whom the dates of the last negative and first 
positive HIV-1 test were known. An IDU was defined 
as a person who, since 1979, had injected drugs before 
HIV-1 seroconversion. 

These IDU originated from eight ongoing prospective 
studies of HIV infection participating in the European 
Seroconverter Study: the Valencian HIV 
Seroconversion Study (n = 246); the Edinburgh Drug 
Addiction Study and the Edinburgh City Hospital 
Cohort Study (total number of seroconverters of these 
two studies combined, 169); the Amsterdam Cohort 
Study among drug users (n = 99); the Geneva HIV 

Cohort Study (n = 60); the French SEROCO Study (n 
= 38); the Scottish National Collaborative HIV testing 
Study from Glasgow (n = 31); and the Innsbruck AIDS 
Study (n = 21). The study from Glasgow originally 
included Scotland-wide HIV-infected individuals, but 
in the present study predominantly included HIV-sero-
converted IDU from Glasgow and surrounding regions 
because those followed in the Edinburgh cohorts were 
excluded from these Scotland-wide data. 

The original studies started between 1982 and 1988. 
The design and methodology of each study have been 
described in detail elsewhere [12—19]. Briefly, partici
pants underwent standardized clinical examination, 
blood testing and most of them completed question
naires every 3—6 months. Lymphocyte subsets were 
determined by flow cytometry. Information on AIDS 
diagnosis and cause of death were obtained from 
review of medical records and/or through matching 
with local and national registers at each study location. 

The total study population was composed of IDU who 
entered the study HIV-negative and seroconverted 
during follow-up (prospectively identified seroconvert
ers, 351), and IDU who were HIV-infected at entry 
into the study but who had earlier blood samples avail
able to determine the interval of seroconversion (retro
spectively identified seroconverters, 313). For the latter, 
HIV-negative blood samples were mostly obtained for 
reasons unrelated to HIV disease progression, such as 
hepatitis B testing or knowledge of risk behaviour. 

In this analysis, AIDS was defined by the 1987 criteria 
of the Centers for Disease Control and Prevention 
(CDC) [20]. The Glaswegian, French and Innsbruck 
data were combined because of the small number of 
seroconverters included in each cohort. 

Statistical analysis 
The expected date of seroconversion was calculated for 
each IDU by the following procedure: first, the cumu
lative HIV-1 seroincidence was estimated over calendar 
time for each cohort separately applying methods for 
interval-censored data; second, using the cohort-
specific seroincidence distribution, the expected date of 
seroconversion was calculated for each subject condi
tional upon the date of each subject's last HIV-negative 
and first HIV-positive test [21-23]. 

Product-limit estimates of the cumulative pre-AIDS 
mortality and the cumulative AIDS-free incidence fol
lowing HIV seroconversion were calculated using a 
competing risk model based on influenced transition 
probabilities [24]. Kaplan-Meier estimates of the 
cumulative pre-AIDS mortality stratified by cohort 
were also calculated. In these calculations, as well as for 
the calculation ol person-years .it risk of pre-AIDS 
dying, subjects were considered at risk from the calcu
lated date of seroconversion for prospectively identified 
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seroconverters through the date of p re -AIDS death, 
AIDS, loss to follow-up or censoring. For retrospec
tively identified seroconverters the date of study entry 
was taken as the first date since seroconversion at which 
they were included in the risk set (i.e., left-truncation). 
Depending on the closing date ot each data file merged 
and taking into account report ing delay of registries, 
the date of censoring (i.e., cut-off date of the analysis) 
was ultimately 1 August 1995. 

T o evaluate differences in p re -AIDS mortali ty rates 
between the participating cohorts, and to examine the 
relationship of p r e - A I D S mortal i ty wi th t ime since 
HIV seroconvers ion and C D 4 lymphocy te coun ts , 
incidence rates and relative risks ( R R ) with their corre
sponding 95% confidence intervals (CI) were calcu
lated. T o calculate incidence rates, p re-AIDS deaths 
were divided by person-years according to study site, 
time since seroconversion (< 2, 2—4, 4—6 and > 6 years) 
and categories of C D 4 l y m p h o c y t e counts (> 500, 
2 0 0 - 5 0 0 and < 200 x 1 0 / 1 ) . Evaluat ing site differ
ences, the Edinburgh cohorts were chosen as the refer
ence category because these relatively large cohorts 
became infected earlier than the other cohorts. 

T o evaluate the association between C D 4 lymphocyte 
count and pre-AIDS mortality, the risk of pre-AIDS 
mortality was predicted from the C D 4 count at the 
preceding visit. T o limit misclassification of person-
time due to temporal changes in this marker, observa
tions were censored maximally 1 year after each visit 
with a CD4 count measurement. 

Gender, age and calendar time were also evaluated as 
covariates of p r e -AIDS mortal i ty. Categories of age 
were defined by cut-off points at the 33rd and 67th 
percenti le of the age at seroconversion for the total 
group (23 and 27 years, respectively). Calendar time 
was divided into the following three periods: < 1990, 
1990-1991, > 1992. Both calendar time and age were 
treated as t ime-dependent covariates. 

Poisson regression was used to test for significance and 
multivariate analyses [25], Significance was determined 
by likelihood ratio tests. Apart from C D 4 lymphocyte 
count, time since HIV seroconversion and site, all uni-
variately associated covariates (P < 0.10), were consid
ered for entry in the mu l t i va r i a t e mode l s using a 
forward stepwise procedure . In multivariate analysis, 
we tested for interactions be tween covariates in the 
final models and considered the confounding effect of 
covariates. Covariates had been evaluated within each 
c o h o r t be fo re p o o l e d ana lyses o f t h e data w e r e 
performed. Furthermore, bias due to the length of the 
seroconversion interval, and the interval between sero
convers ion and r e c r u i t m e n t a m o n g re t rospect ively 
identified seroconverters were examined by repeating 
the analysis for subjects with a seroconversion interval 

ot less than 2 years and those recruited before or maxi
mally 1 year after seroconversion. This did not change 
the main results substantially. 

Finally, in addition to studying pre-AIDS deaths from 
any cause, we repeated our person-time methods sepa
rately for p r e - A I D S deaths from natural causes (all 
deaths excluding deaths from overdose, suicide, unin
tentional injuries and unknown causes) and pre-AIDS 
deaths due to overdose or suicide. In these cause-
specific analyses, subjects w h o died from causes other 
than causes of interest were censored at the date of 
death. T h e small number of pre-AIDS deaths (n = 6) 
other than from natural causes, overdose and suicide 
precluded separate analysis. 

Results 

Characteristics of the 664 IDU stratified by cohort are 
displayed in Table 1. The median follow-up time from 
HIV seroconversion until pre-AIDS death, AIDS, OF 
the end of the study was 4.0 years [interquartile range 
( I Q R ) , 2 . 1 - 6 . 9 years) . T h e 313 I D U (47.1%) for 
w h o m seroconversion was determined retrospectively 
had a median lag t ime be tween seroconversion and 
enrolment of 1.6 ( I Q R , 0.7—2.7) years. Median age at 
s e r o c o n v e r s i o n r a n g e d f rom 23 .1 years for t h e 
Edinburgh cohorts to 29.7 years for the Amsterdam 
cohor t , and median calendar year of seroconversion 
r a n g e d f rom 1 9 8 4 in E d i n b u r g h to 1991 in t h e 
Valencian region. For all subjects, the median interval 
between the last negative and the first positive HIV test 
was 1.1 year; 296 I D U (44.6%) had seroconversion 
intervals of less than 1 year, 178 (26.8%) between 1 and 
2 years, and 190 (28.6%) of 2 years or more. A total of 
108 subjects died, of w h o m 57 died without AIDS and 
50 with AIDS. For one subject who died, the occur
rence of AIDS could not be ascertained. O f those not 
known to have developed AIDS or to have died, 28% 
of the total population had their last study visit more 
than 1 year before the cut-off date of the analysis. 

Causes of pre-AIDS death and CD4 counts 
preceding death 
Causes of p r e - A I D S dea ths are listed in Tab le 2. 
Natural causes c o n t r i b u t e d to 23 p r e - A I D S deaths 
(40.4%). Most of these deaths were attributable to bac
terial infect ions, fol lowed by cirrhosis / l iver failure. 
Twenty- four deaths (42.1%) from overdose occurred 
and four deaths (7.0%) were attributed to suicide. The 
documented suicides were committed by electrocution 
(n = 1), defenestration (n = 1), overdose accompanied 
by a farewell letter (n = 1), and by unknown methods 
(n = 1 ) . Remaining causes were accidents (n = 4) and 
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Table 1. Characteristics of 664 injecting drug users (IDU) registered in the European Seroconverter Study, 1982-1 995. 

Study site 
Valencia 
Edinburgh 
Amsterdam 
Geneva 
Other* 

Total 

i i 

246 
169 
99 
60 
90 

664 

Age (years) 
at seroconversion 

Imedian (IQR)I 

24.7(21.9-27.6) 
23.1 (20.4-27.9) 
29.7(26.5-35.2) 
25.5 (23.0-29.0) 
24.7(22.3-28.0) 
25.2 (22.2-29.1) 

Female 
In (%)| 

65 (26.4) 
57(33.7) 
45 (45.5) 
21 (35.0) 
33 (36.7) 

221 (33.3) 

Seroconversion 
interval* (years) 
Imedian (IQR)| 

1.1 (0.69-2.0) 
1.1 (0.52-2.4) 

0.77 (0.32-3.8) 
1.3 (0.60-3.2) 

0.91 (0.35-1.6) 
1.1 (0.49-2.3) 

Calendar year 
of seroconversion 

Imedian [IQR)| 

91.8(90.5-93.0) 
84.1 (83.9-86.0) 
88.5 (86.3-91.1) 
86.8 (85.3-89.2) 
89.8 (88.8-92.0) 
89.8 (85.8-92.0) 

AIDS 

1 1 
41 
13 
11 
1 1 
87 

n 

Pre-AIDS 
deaths 

8 
19 
14' 
7 
9 

57* 

Post-AIDS 
deaths 

5 
2 1 
8* 
7 
7 

50* 

•Interval between the date of the last negative and the date of the first positive HIV lest. *The French SEROCO Study (n = 38), the Scottish 
National Collaborative HIV testing Study (n = 31) and the Innsbruck AIDS Study (n = 21). 'For one subject from Amsterdam who died, 
neither cause of death nor development of AIDS could be ascertained; therefore, for the Amsterdam and total population, the total number of 
deaths are 23 and 108, respectively. IQR, Interquartile range. 

violence (n — 1). Cause of death was unknown for one 

subject. 

A m o n g the 57 I D U w h o died w i t h o u t A I D S . 33 

(57.9%) had a C D 4 cell count in the year preceding 

pre-AIDS death. For these 33 subjects, the median lag-

time between C D 4 determination and pre-AIDS death 

was 2.9 months ( I Q R . 1.2-4.1) and the median C D 4 

cell count 350 X 1()'71 ( I Q R . 193-580). 

Cumulative pre-AIDS mortality 
Considering pre-AIDS mortality and AIDS as compet

ing risks, at 3 years from seroconversion, 5.8% of all 

IDU were expected to have died without AIDS and 

4.3%> were expected to have developed AIDS (Fig. 1). 

At 5 years since seroconversion these figures were 9.4 

and 11.1%, and at 7 years 14.7 and 17.3%, respectively. 

As shown by the vertical distance between both lines 

(Fig. 1) at the 7-year t imepoint, 68 .1% of the popula

tion was still alive without AIDS. Median progression 

Table 2. Causes of pre-AIDS death among 664 injecting drug users 
registered in the European Seroconverter Study, 1982-1995. 

Cause of death 

Deaths from natural causes 
Pneumonia 
Endocarditis 
Bacterial sepsis 
Pneumococcal meningitis 
Brain abscess 
Brain haemorrhage 
Cirrhosis/liver failure 
Heart disease (not specified) 
HIV-related (not specified) 
Miscellaneous* 

Overdose/suicide deaths 
( Xerdose 
Suicide 

Other 
Accidents 
Homicide 
l nknown 

Total 

n (% among all pre-AIDS deaths) 

23 (40.4) 
5 (8.8) 
2(3.5) 
1 (1.8) 
1 (1.8) 
1 (1.8) 
1 (1.8) 

7(12.3) 
1 (1.8) 
1 (1.8) 
3(5.3) 

28(49.1) 
24 (42.1) 

4(7.0) 
6(10.5) 
4 (7.0) 
1 (1.8) 
1 (1.8) 

57 

time to pre-AIDS mortality or AIDS was 9.72 years. 

Using this competing risk model to calculate the rate 

ratio of p re -AIDS dying compared with developing 

AIDS, this ratio appeared to decrease slightly with 

increasing t ime since seroconversion from 1.02 at 2 

years to 0.79 at 10 years from seroconversion. 

By Kaplan—Meier estimates, considering AIDS not as 

competing risk but as censoring moment , the probabil

ity of pre-AIDS dying within 7 years from seroconver

sion was 16.0% (95% CI , 12.2-20.8). O n comparison. 

19.0% (95% CI , 14.8-24.1) developed AIDS within 

that t ime period by Kap lan -Me ie r estimates. Fig. 2 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

0 1 2 3 4 5 6 7 8 9 10 11 

Time (years) from HIV-1 seroconversion 

•Pneumonia and pulmonary tuberculosis (n = 1), pulmonary 
oedema and cirrhosis/liver failure (n = 1) and endocarditis and 
cirrhosis/liver failure (n = 1). 

Fig. 1 . Cumula t ive inc idence of pre-AIDS mortal i ty and 

AIDS-free status among 664 injecting drug users registered 

in the European Seroconverter Study, 1982—1995, estimat

ed by product- l imit methods for a compet ing risk model . 

The vertical distances between the both lines at a specified 

t imepoint corresponds to the estimated percentage of those 

alive and w i thou l AIDS. Curves were truncated when fewer 

than 10 subjects remain at risk. 
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shows the K.iplan-Meier curves o fp re -AIDS mortality 
for each cohort. Progression rates did not differ signifi
cantly across sites (l ikelihood ratio statistic by C o x 
proportional hazards analysis, P = 0.13). 

Mortality rates and risk factors for pre-AIDS 
mortality 
The total n u m b e r of person-years at risk until p r e -
AIDS death, AIDS, loss to follow-up or censoring was 
2454, resulting in a crude pre-AIDS mortality rate per 
100 person-years of 2.32 (95% CI, 1.79-3.01) for all 
1DU. ' fable 3 shows the p re -AIDS mortal i ty rates, 
crude R R and their 95% CI according to variables of 
interest. 

Pre-AIDS mortality from all causes 
In univariate analyses studying pre-AIDS deaths from 
all causes, an increasing trend in mortality with t ime 
s ince H I V s e r o c o n v e r s i o n was not d e m o n s t r a t e d , 
although pre-AIDS mortality rates more than 2 years 
after seroconversion were somewhat higher than in the 
first 2 years. Pre-AIDS mortality rates increased with a 
decreasing C D 4 cell count (P = 0.088). T h e risk of 
pre-AIDS mortality was about three times higher when 
C D 4 counts fell below 200 X 1 () ' 'cells/1, relative to 
C D 4 counts > 500 X II)' 'cells/1. Since the C D 4 cell 
count might fall temporarily immediately after serocon
version and this might cause some misclassifieation, we 
also examined the relationship between C D 4 lympho
cyte coun t and p re -AIDS mortality excluding C D 4 
coun t s in the first year after s e r o c o n v e r s i o n : R R 
became 1.44 (95% CI, 0.54-3.S3) and 3.30 (95% CI, 
1 .20-9 .08) for a C D 4 cell c o u n t of 2 0 0 - 5 0 0 and 
< 200 X lo'Vl. respectively (P = 0.053). The death rate 

Edinburgh 

Amsterdam 

Valencia 

Other 

Time (years) from HIV-1 seroconversion 

Fig. 2. Kaplan-Meiet estimates of the cumulat ive propor-

t ion deceased without being diagnosed wi th AIDS among 

6 6 4 i n j e c t i n g d r u g usets t eg i s te ted in t he European 

Seroconvertet Study, 1982-1995 , grouped by study site. 

Curves were truncated when fewer than 10 subjects remain 

at risk. 

of 1.96 per 100 person-years for t ime periods with 
missing C D 4 cell counts was very close to the rate for a 
C D 4 cell count > 500 X lo'Vl. An explanation might 
be that 4 1 % of the person-years with missing C D 4 cell 
counts took place in the first 2 years following serocon
version when C D 4 cell counts were relatively high. 

T h e lowest p r e - A I D S morta l i ty rate was found m 
Valencia, and the highest in Geneva, but both differ
ences did not reach statistical significance when com
pared with the Edinburgh cohorts. After adjustment for 

Table 3. Number of pre-AIDS deaths, person-years at risk (PY), pre-AIDS death rate per 100 PY (ratel and crude relative risk (RRI according lo 
selected characteristics, stratified by major categories of causes of dealb. 

Years since HIV-
< 2 
2-4 
4-6 
> 6 

CD4 lymphocyte 
>500 
200-500 
< 200 
Missing 

Study site 
Edinburgh 
Amsterdam 
Geneva 
Valencia 
Other' 

n 

All 

PY 

seroconversion 
13 
20 
10 
14 

count (x 
H 

15 
10 
24 

1') 
14 
7 
8 
9 

762 
682 
491 
519 

lo'yi) 
466 
568 
197 

1224 

918 
445 
150 
634 
307 

causes 

Rate 

1.71 
2.93 
2.04 
2.70 

1.72 
2.64 
5.07 
1.96 

2.07 
i.14 
4.68 
1.26 
2.93 

n = 571 

RR (95% CD 

1.0 
1.72 (0.85-3.46) 
1.19(0.52-2.72) 
1.58 (0.74-3.36) 

1.0 
1.54 (0.65-3.63) 
2.96 (1.17-7.48) 
1.14 (0.51-2.54) 

1.0 
1.52 (0.76-3.03) 
2.26 (0.95-5.38) 
0.61 (0.27-1.39) 
1.42 (0.64-3.13) 

n 

1 
5 
9 
8 

0 
6 
8 
9 

10 
5 
4 
3 
1 

Cause of death 

Natural 

Rate 

0.13 
0.73 
1.83 
1.54 

0 
1.06 
4.06 
0.74 

1.09 
1.12 
2.68 
0.47 
0.33 

causes* (n = 2.3) 

RR (957,, CI) 

1.0 
5.59(0.65-47.8) 
14.00(1.77-110.3) 
11.70(1.47-93.9) 

1.0* 

6.99 (2.43-20.2)* 
1.27(0.45-3.56)* 

1.0 
1.03 (0.35-3.02) 
2.46 (0.77-7.83) 
0.43 (0.12-1.58) 
0.30 (0.04-2.34) 

n 

9 
13 
0 
6 

5 
8 
2 

13 

9 
6 
1 
3 
7 

Overdose/suicide (n = 28) 

Rate 

1.18 
1.91 

0 
1.16 

1.07 
1.41 
1.01 
1.06 

0.98 
1.35 
2.01 
0.47 
2.28 

RR (95% CI) 

1.0 
1.61 (0.69-3.78) 
0.50 (0.1 8-1.41 )r 

1.0 
1.31 (0.43-4.01) 
0.95 (0.18-4.87) 
0.99 (0.35-2.77) 

1.0 
1.18 (0.49-3.86) 
2.05 (0.55-7.56) 
0.48 (0.13-1.78) 
2.32 (0.87-6.24) 

"All pre-AIDS deaths excluding deaths from overdose, suicide, unintentional injuries and unknown causes. Individual diseases are listed in 
Table 2. 'Because no death occurred at 4-6 years from seroconversion, the categories 4-6 and > 6 years were combined. Because no death 
occurred within the > 500 x 10'VI category, the categories > 500 and 200-500 x 1 ()''/! were combined and taken as reference category. "The 
French SEROCO Study, the Scottish National Collaborative HIV testing Study and the Innsbruck AIDS Study. 



C O PRE-AIDS MORTALITY AND HIV DISEASE PROGRESSION IN IDU 

time since seroconversion and C D 4 lymphocyte count, 
the R R for Valencia increased to 0 .68 (95% C I , 
0.27—1.70) and the death rate for Geneva became sig
nificantly different from that in Edinburgh ( R R , 2.55; 
9 5 % C I , 1 .02-6 .33) . T h e R R for the Amste rdam 
cohort and the other cohorts combined did not change 
substantially after adjusting for duration of infection and 
C D 4 cell count. Additional adjustment for gender and 
age had only a minor influence on the presented R R 
lor the sites. 

P re -AIDS mortality from all causes was not signifi
cantly associated with gender, age and calendar period 
of fol low-up: crude R R for women compared with 
m e n . 0.93 (95% CI , 0 .53-1 .61) ; R R for those aged 
23-27 years. 1.00 (95% CI, 0.41-2.43), and for those 
aged > 27 years, 1.45 (95"'., CI . 0.64-3.26) compared 
with those aged <23 years; R R for 1990-1991. 1.25 
(95% CI , 0.63-2.47) and for > 1992, 1.37 (95% CI , 
0 . 7 3 - 2 . 5 8 ) c o m p a r e d w i th < I 9 9 ( ) . C D 4 c o u n t 
appeared to be the only variable independently associ
ated with pre-AIDS death from all causes. None of the 
remaining covariates appeared to be confounders. C D 4 
log-transformed and treated as a cont inuous variable 
was found to be more predictive than absolute C D 4 
counts in categories. 

Pre-AIDS mortality from natural causes 
Both t ime since seroconversion and decreasing C D 4 
lymphocyte count were univariately significantly asso
ciated with death from natural causes (P = 0.003 and 
0.001. respectively). The mortality rates were 0.13 the 
first 2 years, 0.73 m years 2-4 ( R R , 5.59), 1 .S3 m years 
4—6 ( R R . 14.0) and 1.54 at 6 years or more after sero
conve r s ion ( R R . 11.7; Table 3). R R of 6.99 was 
found for a CD4 cell count < 200 X lo'VI, relative to a 
C l ) 4 c o u n t > 200 X Kl'71. Mor ta l i ty from natural 
causes was also found to be significantly associated with 
o l d e r age (P = 0 . 0 2 0 ) . R R was 1.75 ( 9 5 % C I , 
0.20-15.7) and 5.36 (95% CI, 0.72-40.2) for subjects 
aged 23—27 years and older than 27 years, respectively, 
relative to subjects aged 22 years or less. N o significant 
differences in pre-AIDS mortality from natural causes 
by gender and calendar period of follow-up could be 
demonstrated. 

In multivariate analysis, both time since HIV serocon
version and C D 4 cell count were independent predic
tors of pre-AIDS mortality from natural causes. Table 4 
shows the results when age and site were added to the 
model . Compared with R R for age obtained in the 
univariate analysis, R R decreased to non-significant 
values. As was the case for overall pre-AIDS mortality. 
Geneva had the highest risk of pre-AIDS death from 
natural causes. This association did not reach statistical 
significance, which may have been due to small n u m 
bers. Compared with the results from the univariate 
analysis, R R for t ime since HIV seroconversion and 

Table 4. Multivariate Poisson analyses predicting pre-AIDS mortali
ty from natural causes* and AIDS among 664 injecting drug users 
registered the European Seroconverter Study, 1982-1 995. 

Years since HIV-
< 2 
2-4 
4-6 

>(> 
CD4 lymphocyte 

>200 
<200 
Missing 

Study site 
Edinburgh 
Amsterdam 
( iene\.! 
Valencia 
Other' 

Age (years) 
<23 
23-27 
>27 

Adjusted RR (r 

Pre-AIDS mortality 
trom natural causes* 

seroconversion 
1.0 
5.I0IO.57-45.7) 

11.07 (1.22-100.3) 
6.86(0.68-69.1) 

count (x 10'yi) 
1.0 
5.90 (1.98-17.6) 
2.06(0.69-6.17) 

1.0 
1.33 (0.43-4.14) 
2.77 (0.82-9.40) 
1.38 (0.32-5.91) 
0.61 (0.07-5.06) 

1.0 
1.04(0.11-9.72) 
2.27 (0.27-18.8) 

5% CI) 

AIDS 

1.0 
2.97 (1.22-7.20) 
3.47 (1.34-8.95) 
4.16 11.57-11.00) 

1.0 
11.81 (6.39-21.8) 
2.71 (1.42-5.17) 

1.0 
0.94 (0.49-1.81) 
2.32 (1.16-4.67) 
1.20(0.55-2.63) 
1.72 (0.84-3.53) 

1.0 
1.52 (0.51-4.55) 
2.13 (0.73-6.25) 

*AII pre-AIDS deaths excluding deaths from overdose, suicide, 
unintentional injuries and unknown causes (see Table 2 for individ
ual diseases). fThe French SEROCO Study, the Scottish National 
Collaborative HIV testing Study and the Innsbruck AIDS Study. RR, 
Relative risk; CI, confidence interval. 

C D 4 lymphocyte count decreased slightly towards 1. 
H o w e v e r , the risk still increased considerably with 
decreasing C D 4 cell count and ongoing HIV infection, 
a l t h o u g h t h e risk > 6 years after s e r o c o n v e r s i o n 
appeared to be smaller than in years 4 - 6 . Log-trans
formed C D 4 values appeared to be more predict ive 
than categorized C D 4 count . When replacing C D 4 
count in categories with log-transformed C D 4 m the 
multivariate model , the elevated risks with ongo ing 
time since seroconversion decreased. T h e effect was 
larger for more prolonged duration of infection, with a 
decrease of 53% tor the category > 6 years since HIV 
seroconversion. 

Pre-AIDS mortality due to overdose and suicide 
N o n e of the variables studied, including tune since 
se roconver s ion and C D 4 l y m p h o c y t e c o u n t , we re 
found to be significantly associated with p r e - A I D S 
death from overdose or suicide. Regarding site differ
ences, a relatively low rate of overdose and suicide 
deaths was found in the Valencia region and a high rate 
for both the Geneva cohort and the combined cohorts 
(Table 3). The latter was due to a very high overdose 
death rate in the Glasgow cohort. 

In addition to parallel pre-AIDS mortality from natural 
causes with progression to A I D S , the p e r s o n - t i m e 
methods were carried out for progression from sero
conversion to AIDS. The incidence rate was small in 
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the first 2 years following seroconversion (0.92 per 100 
person-years) and rose rapidly thereafter (3.08, 4.28 and 
7.32 per 100 person-years for years 2 - 4 , 4—6, > 6, 
respectively; P< 0.001). T h e risk of developing AIDS 
was strongly related to a decreasing C D 4 lymphocyte 
count ( P < 0 . 0 0 1 ) . The rate was 0.21 for a C D 4 cell 
coun t > 500 X lo 'Vl , 2.47 for 2 0 0 - 5 0 0 X Kl'Vl and 
20 .30 for < 200 X Kl'Vl. Table 4 shows the results 
when time since seroconversion, C D 4 count , age and 
site were considered together in a multivariate model. 
It is clear from Table 4 that the results for pre-AlDS 
death from natural causes resembled the results for p ro
gression to AIDS, although the relationship between 
o u t c o m e and i m m u n o s u p p r e s s i o n was s o m e w h a t 
stronger for AIDS than for mortality. 

Discussion 

This study showed a high p r e - A I D S mortal i ty rate 
among 1DU in various European sites, with no signifi
cant differences between them. A striking result of this 
study was that pre-AIDS death from natural causes was 
found to be related with ongoing time since HIV sero
conversion and immunosuppression. T h e increase in 
these death rates by ongoing time since seroconversion 
and a decreasing C D 4 count showed similarity with the 
rates observed for A I D S . As already pos tu la ted by 
researchers in N e w York Ci ty in 1988 [6 .9] , this 
strongly suggests that p r e - A I D S death from natural 
causes is at least partially the result of HIV disease pro
gression. 

O u r findings confirmed the results obtained in a recent 
study in the Amsterdam cohort of drug users [10], In 
this previous study, which included seroprevalent sub
jects, crude R R for pre-AIDS mortality of 1.41 (95% 
CI, 0.43-4.57) and 2.66 (95% CI, 0.66-10.6) for C D 4 
count levels of 200-500 X 106 cells/1 and < 200 X 10f' 
c e l l s / 1 , r e s p e c t i v e l y , r e l a t i v e to a C D 4 c o u n t 
> 500 X 10 cells/1 were found, bu t n u m b e r s were 
small. These risk ratios are very close to those for over
all pre-AIDS mortality in our study. Since we studied a 
larger group, we were able to demonstrate a significant 
association. Furthermore, we could show that this asso
ciation was even stronger for pre-AIDS deaths from 
natural causes. In contrast, the association does not hold 
for pre-AIDS deaths from overdose or suicide. 

Because our study population consisted of subjects with 
well-estimated dates of HIV seroconversion, we were 
able to demonstrate that the risk of pre-AIDS mortality 
from natural causes also increased with ongoing time 
periods since seroconversion. Consider ing time since 
s e roconve r s ion and C D 4 cell c o u n t t o g e t h e r in a 

m o d e l , i m m u n o s u p p r e s s i o n was still f ound to be 
strongly associated with pre-AIDS death from natural 
causes. In contrast, after adjusting for log-transformed 
C D 4 count the elevated risk for increasing time since 
seroconversion reduced markedly, especially with more 
prolonged duration of infection. This suggests that at 
later timepoints C D 4 count is much more relevant than 
t ime since HIV se roconve r s ion . This f inding is in 
agreement with several studies showing that time from 
HIV infection to AIDS or death due to AIDS are 
largely explained by C D 4 lymphocyte count and not or 
to a lesser extent by the durat ion of HIV infection 
[26-281. 

Several studies found an increased overdose/suic ide 
death rate among HIV-posi t ive IDU compared with 
HIV-negative IDU [2-4,29,30], whereas one study did 
not [11]. It has been argued that the increased overdose 
death rate among HIV-positive IDU might be causally 
related to HIV infection by an increasing probability ot 
lethal outcome from drug use among seropositive IDU 
compared with seronegative I D U [3[. Another expla
nation might be that the increased risk among HIV-
positive IDU is the result of unrecognized HIV-related 
diseases [31]. In our study, we did not find any indica
tion that the evaluated overdose and suicide death rate 
a m o n g H I V - p o s i t i v e I D U is a c o n s e q u e n c e from 
disease progression, since the rate did not increase with 
time since seroconversion nor with a decreasing CD4 
count. T h e increased overdose mortality rate among 
HIV-positive IDU might be explained by a selection of 
popula t ion with a h igh-r isk lifestyle or psychiatr ic 
comorbidity that has already resulted in HIV infection. 
Nonetheless, an association be tween overdose/suicide 
mortality and disease progression after AIDS diagnosis 
might exist, since we studied only pre-AIDS deaths. 

W e stress that drawing firm conclusions about geo
graphic differences in pre-AIDS mortality among the 
general population of HIV-infected IDU is hazardous 
because we studied a selected group , namely cohort 
participants, and because numbers were small. W e can 
only be certain that pre-AIDS mortality was common 
among all IDU cohorts studied and that there were no 
significant differences across these cohorts. T h e risk in 
the Geneva cohor t tended to be increased for p re -
AIDS mortality as well as for progression to AIDS. A 
possible explanation is that fast progressors were slightly 
over-represented in this clinic-based cohort in which 
almost all seroconversions were determined retrospec
tively. The relatively high overdose death rate amongst 
the Glasgow cohort might be related to the increase in 
drug-related deaths in Glasgow in the beginning of the 
1990s, which was probably due to mixing heroin with 
b e n z o d i a z e p i n e s and a l coho l [32 ,33 ] . It has been 
hypothesized that the tendency of a low overdose/sui
cide death rate in Spain might be explained by a better 
supportive social network in the Valencian region than 
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in the other regions, but data to test this hypothesis are 
lacking. In general, drug use, methadone provision and 
social and medical cond i t ions vary in the different 
regions involved. For example, methadone has heen 
available in Ed inburgh since 1986 but is still very 
restricted in France; most IDU in Amsterdam do not 
l ive w i th the i r family in con t r a s t to I D U in the 
Valencian region, tor example. In other words, we can
not exclude the possibility that our results on site dif
ferences are confounded by factors that we did not take 
into account and that are often difficult to evaluate, 
such as drug use, psychopathology, poverty, methadone 
provision, social and medical care, study design-related 
factors (e.g., inclusion criteria, setting of follow-up). 
and completeness of mortality registers. 

In this study, AIDS was defined using the I9K7 C D C 
criteria [20], In 1993, recurrent bacterial pneumonia, 
pu lmonary tuberculosis and cervical neoplasia were 
added to the AIDS case definition in Europe [34]. 
Since diagnostic criteria (e.g., for recurrent pneumonia) 
are very strict, at most only for six (1 1%) of the 57 pre-
AIDS deaths in tins study, the cause of death might 
have satisfied this expanded definition. Of course, some 
subjects who died before AIDS might have met the cri
teria of the expanded defini t ion some tune before 
dying, regardless of the cause of death. In general, since 
pre-AIDS mortality and AIDS do not occur at random 
(i.e.. both p re -AIDS mortali ty and AIDS are more 
likely when subjects are immunosupprcsscd), the intro
duction of the expanded definition should result in a 
dec rease in p r e - A I D S m o r t a l i t y ra tes . H o w e v e r , 
because diseases such as infective endocarditis are not 
defined as AIDS according to this expanded definition 
and because for example overdose is associated with the 
lifestyle of I D U , we w o u l d still expec t to find a 
relatively high pre-AIDS death rate among this group 
when we apply the 1993 criteria. Fur thermore , the 
recent introduction ot early combination therapy (pro
tease inhibitors and nucleoside combinations), which 
should be initiated before immunological damage has 
occurred, might delay the diagnosis of AIDS and also 
pre-AIDS death from natural causes. Consequentie, the 
number of pre-AIDS death from other causes might 
increase because ot longer exposure to a high-risk 
lifestyle. 

Several limitations to our study should be noted. First, 
as mentioned previously, our results cannot be general
ized, because we studied a restricted group of H I V -
infected IDU. IDU not followed in cohor t studies 
might have poorer access to health care resulting in a 
h igher p re -AIDS mortal i ty rate. In addi t ion, o ther 
relevant characteristics might differ be tween cohort 
participants and non-participants. Second, the statistical 
power w.is not large in our study because ^f the rela
tively small number of p re -AIDS deaths. Therefore, 
causes ot death were grouped together, although the 

association b e t w e e n some cofactors and p r e - A I D S 
mortality may not be uniform. By combining overdose 
^\nd suicide deaths, misclassitication is expected to be 
small because t h e r e w e r e only four d o c u m e n t e d 
suicides, ot which one was an overdose with farewell 
letter. Furthermore, it is not known whether the docu
m e n t e d o v e r d o s e s w e r e a c c i d e n t a l or s u i c i d a l . 
Regarding pre-AIDS death from natural causes, death 
rates due to bacterial infections have consistently been 
found to be elevated a m o n g HIV-pos i t ive I D U in 
comparison with HIV-negat ive IDU [4-6,11,29,30] , 
Studies evaluating cirrhosis/liver failure death rates do 
not give concordant results; some have found a higher 
rate in HIV-positive IDU than in HIV-negative IDU 
[2,4,29,30], but one did not [ I I ] , Since seroprevalent 
groups « e r e studied, these inconsistent results might be 
due to differential time since infection. When we cal
culated death rates by time since seroconversion and 
immunosuppression separately lor deaths due to bacter
ial infections and deaths from cirrhosis/liver failure, in 
both cases increasing rates were observed over time and 
with a decreasing C D 4 count (data not shown). Finally, 
although assignment ot the cause of death represented 
the best j u d g e m e n t ot the investigators at each site 
based on all available information, the source of infor
mation (clinical diagnosis, post-mortem results, death 
certificate) differed across and within sites. H e n c e . 
some misclassitication might have been present, but we 
feel that it is very unlikely that this has seriously biased 
our results. 

We found strong evidence that pre-AIDS mortali ty 
among IDU underestimates the burden of disease in 
this population. Implications are that in survival analysis 
to AIDS or death from AIDS. pre-AIDS deaths from 
natural causes should not be treated as random censor
ing events because this might result in substantially 
biased progression estimates. P re -AIDS death from 
overdose and suicide does not violate the requirement 
for random censoring. 1 hose applying back-calculation 
m e t h o d s to e s t i m a t e t h e H I V i n c i d e n c e from 
serctprevaleuee and AIDS surveillance data as well as 
those using models such as Markov models to estimate 
the AIDS incubation tunc should consider all-cause 
pre-AIDS mortality. 

Although there are not many well-defined cohorts of 
IDU. further studies among large groups of HlV-sero-
converted IDU are needed to confirm our results and 
to s t udy t h e i m p a c t of the i n t r o d u c t i o n o f t h e 
expanded AIDS case definition on pre-AIDS mortality. 
Pre-AIDS mortali ty and its association with disease 
progression should also be studied amongst other popu
lations with a relatively high likelihood of pre-AIDS 
death, such as HIV-infected haemophilia patients | 35 | 
and HIV-infected individuals in sub-Saharan African 
countries [36]. 
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In practice, clinicians should be aware of the risk of 

premature death among HIV-infected IDU who do 

not yet have AIDS. IDU w h o have low C D 4 counts 

are at increased risk for premature death from natural 

causes. For these HIV-infected IDU, clinical check-ups 

should be intensified in order to detect diseases earlier. 

Increased attention to bacterial infections is warranted. 

Both C D 4 count and time since seroconversion may be 

useful for considering specific interventions (next to 

HIV therapy) di rected at the p reven t ion and early 

treatment of bacterial infections [e.g., vaccination and 

(prophylactic) antibiotics]. 
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CHAPTER ÖD 

PRE-AIDS MORTALITY AND ITS ASSOCIATION WITH 
HIV DISEASE PROGRESSION IN HAEMOPHILIC MEN, 
INJECTING DRUG USERS AND HOMOSEXUAL MEN 

Maria Prins1, Caroline A. Sabin2 , Christine A. Lee3, Helen Devereux4 , Roel A.Cout inho 1 5 

Objective: To study pre-AIDS mortality and its association with HIV disease progression in 

different exposure groups with known intervals of HIV seroconversion. 

Design and Methods: The type and rate of pre-AIDS deaths were assessed in 111 HIV-infected 

haemophilic men followed in London, and 118 injecting drug users (IDU) and 158 homosexual 

men followed in Amsterdam. In each group, the association be tween CD4+ T-cell count, HIV 

RNA and pre-AIDS mortality was studied using proportional hazards analysis. 

Results: By 10 years after seroconversion 7.3% of the haemophilic men had died without AIDS 

and 38.2% had developed AIDS. These figures were 20.2% and 30.5% for IDU, and 8.0% and 

55.0% for homosexual men. The major causes of pre-AIDS mortality appear to differ in the three 

exposure groups. The risk of pre-AIDS death tended to increase with decreasing CD4 counts and 

increasing HIV RNA levels in IDU and homosexual men. In men with haemophilia associations 

were less obvious, although the log transformed CD4 cell count was predictive for pre-AIDS 

death. 

Conclusions. Pre-AIDS deaths occur and are at least partially related to HIV disease progression 

irrespective of how individuals became infected. Because of the longer life expectancy due to 

HAART, pre-AIDS deaths are likely to further arise. Methods to incorporate these intermediate 

outcomes should be considered in the estimation of the size of the HIV epidemic and in the 

survival analysis of HIV infected individuals. Prevention and treatment of non-AIDS infections, 

especially HCV infection, and cancers will become increasingly important in HIV-infected indi

viduals. The interaction between these therapies and HAART should be closely monitored. 

Keywords: pre-AIDS mortality, HIV disease progression, CD4+ T-cell count, 
viral load, haemophilic men, injecting drug users, homosexual men 
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Introduction 
A substantial proportion of HIV-infected injecting drug users (IDU), heterosexually infected 
patients from developing countries, and haemophilic men die without having satisfied the 
formal AIDS definition [1-4]. Without precise data on these pre-AIDS deaths, it is impossible 
to accurately estimate the size of the HIV epidemic from seroprevalence and AIDS surveil
lance data. 

In both IDU and haemophilic patients, death rates from non-AIDS causes are higher 
among HIV-positive individuals than among HIV-negative individuals [1,4,5], suggesting an 
association between pre-AIDS mortality and HIV disease progression. A previous study 
among a large group of IDU demonstrated that pre-AIDS death rates from natural causes 
increased with ongoing time since HIV seroconversion and decreasing CD4 count [2]. 
However, to our knowledge no evidence is available on the relationship between pre-AIDS 
deaths and HIV disease progression from other HIV-infected exposure groups with a high 
likelihood of premature death. 

Amongst those infected with HIV, men with haemophilia and IDU are almost universally 
coinfected with hepatitis C virus (HCV) [6,7]. Whilst most individuals with acute HCV 
infection are symptom-free, HCV infection becomes chronic in about 85% and may cause 
progressive liver disease, cirrhosis or liver cancer in approximately 20% of chronic patients 
within 20 years of infection [8]. Furthermore, it has been shown that HIV infection accele
rates progression to hepatic decompensation [5]. Because most HIV-infected haemophilic 
patients became infected with HCV earlier in time than HIV-infected IDU, the impact of pre-
AIDS deaths due to HCV infection is likely to be most notable in the former group. Moreover, 
since the recent introduction of highly active antiretroviral treatment (HAART) delays HIV 
disease, pre-AIDS deaths from HCV and other causes are likely to take on greater signifi
cance. As the latter is also true for risk groups previously shown to be at low risk of pre-AIDS 
mortality, we assessed the type and rate of pre-AIDS deaths in haemophilic men and IDU 
with well-estimated dates of HIV seroconversion, as well as in HIV-infected homosexual men 
in whom pre-AIDS death and HCV infection are uncommon [9-12]. We investigated whether 
the three exposure groups share common causes of pre-AIDS death and whether pre-AIDS 
mortality is associated with HIV disease progression in each of these groups. 

Methods 
Study population 

The study population comprised patients with haemophilia registered at the Royal Free 
Hospital in London, and IDU and homosexual men participating in the Amsterdam Cohort 
Studies on HIV infection and AIDS. The Royal Free Hospital Haemophilia cohort consists of 
111 men infected with HIV between 1979 and 1985. All had a sample that gave a positive 
HIV serology, and 63 men (56.8%) had an earlier sample which tested negative. The first 
documented HIV seroconversion in a haemophilic patient in the UK was in October 1979 
[13], and in 48 men in whom no negative test result was available this date was used as the 
date of the last negative test. By April 1985, all clotting factor concentrates used in the UK 
were heat-treated and therefore it has been assumed that all seroconversions in the cohort 
would have taken place by this date. Therefore, in 15 patients with a positive test result 
after July 1985, the date of first positivity has been set at July 1985. From the Amsterdam 
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cohorts all IDU (n=118) and homosexual men (n-158) with a documented seronegative and 
seropositive HIV test were eligible for this analysis. IDU were defined as individuals who, 
since 1979, had injected drugs before HIV seroconversion. Eighty-one IDU and 134 homo
sexual men underwent HIV seroconversion during follow-up in the cohort studies, which 
started in December 1985 and October 1984, respectively. The remaining 37 IDU and 24 
homosexual men entered the cohort studies seropositive but had earlier seronegative blood 
samples. These samples were obtained for reasons unrelated to HIV disease progression, 
such as syphilis and hepatitis B testing or participation in a hepatitis B vaccine trial. 

The design of these three cohorts has been described in detail elsewhere [14-16] and 
are largely comparable. Briefly, participants were seen every 3-6 months for clinical exami
nation and laboratory review. Information on AIDS diagnosis and cause of death was 
obtained from review of clinical records or from local and national registers. 

Laboratory methods 
Sera were tested for antibodies to HIV with a commercial EIA and confirmed by immuno-
blotting. Lymphocyte subsets were determined by flow cytometry. Investigation for T-lym-
phocyte subsets started in November 1982 in the haemophilia cohort, October 1984 in the 
cohort of homosexual men and March 1989 in the drug users cohort and subsets were deter
mined at each subsequent study visit. 

In the haemophilia cohort, HIV RNA was measured using a reverse-transcriptase PCR 
assay (Roche Amplicor HIV-1 Monitor test: vl.0 plus add-in non-B primers, Roche Molecular 
Systems, Branchburg, New Yersey, USA) according to the manufacturer's instructions. The 
lower detection limit of this kit was 400 copies/ml. In the Amsterdam cohorts, HIV RNA was 
quantified by using a nucleic acid sequence-based amplification assay (NASBA HIV-1 RNA 
QT; Organon Teknika, Boxtel, The Netherlands) performed according to the manufacturer's 
instructions. The threshold of quantification was 1000 copies/ml. At both sites, HIV-RNA 
was retrospectively determined in stored serum samples, if available, taken at the first 
positive visit and at 1-year intervals until the end of the follow-up. Routine prospective 
testing of HIV RNA started at the end of 1997 in the haemophilic men, February 1997 in the 
IDU and July 1996 in the homosexual men. 

Statistical methods 
Product limit-estimates of the cumulative pre-AIDS mortality and AIDS incidence were 
calculated using a competing risks model based on influenced transition probabilities [17]. 
Follow-up time was calculated from the estimated time of seroconversion through pre-AIDS 
death, AIDS, loss to follow-up or censor date (i.e., 1 January 1998). The time of seroconver
sion was the midpoint between the last negative and first positive HIV test for haemophilic 
and homosexual men. For IDU, the cumulative HIV-seroincidence distribution was addi
tionally taken into account when estimating the expected date of seroconversion. Those 
who were seropositive at enrolment but who had an earlier blood sample available to 
determine HIV seroconversion were included in the risk set at the date of study entry 
(i.e. left truncation). AIDS was diagnosed according to the definition effective in Europe at 
the time of diagnosis. 

Cox proportional hazards analysis, allowing for late entry, was used to study the asso-

( 73 ) 



C 5 ) PRE-AIDS MORTALITY AND ITS ASSOCIATION WITH DISEASE PROGRESSION 

ciation between pre-AIDS death and disease progression. We studied the prognostic value 
of the CD4+ T-cell count, and HIV RNA on the risk of pre-AIDS death. In this analysis, these 
laboratory markers were treated as time-dependent covariates, and they were evaluated as 
continuous variables (raw values and logarithmic/square-root transformations) as well as 
after categorisation. CD4 counts were categorised as >500, 200-499 and <200 x 106 cells/1. 
RNA levels were divided into three groups: <3.00, 3.01-5.00, >5.00 log., copies/ml. If the 
interval between two consecutive marker measurements or between the last measurement 
and the date of end of the follow-up for pre-AIDS mortality exceeded two years, additional 
censoring took place two years after this measurement to limit misclassification due to 
temporal changes in markers. Individuals were re-entered into the risk set when their next 
measurement became available. Adjustment was made for age at seroconversion, gender 
(IDU only) and calendar period of follow-up. To correct, at the population level, for the 
release and use of nucleoside reverse transcriptase inhibitors and prophylaxis for 
Pneumocystis carinii Pneumonia (PCP), the changing AIDS case definition, and the intro
duction of HAART, respectively, the time-dependent variable calendar period of follow-up 
was categorised as: before 1990 (reference period), 1991-1993, 1994-1995, >1996. In the Cox 
analysis, categories of a variable were sometimes combined when no pre-AIDS deaths 
occurred in one of the different categories. 

All analyses were conducted separately for each exposure group. As a previous study 
demonstrated that pre-AIDS mortality from natural causes but not from overdose and 
suicide was associated with HIV disease progression [2], in IDU we repeated our analysis 
separately for pre-AIDS deaths from natural causes and those from other causes. A P-value 
< 0.05 was considered statistically significant. 

Results 
General characteristics of the 111 haemophilic men, 118 IDU (70 men (59.3%) and 48 
women) and 158 homosexual men are shown in Table 1. All haemophilic men seroconverted 
between 1979 and 1985 and therefore this cohort had a longer follow-up than both 
Amsterdam cohorts in which seroconversions continue to be observed. The haemophilic 
men seroconverted at younger age than IDU. Homosexual men had the oldest age at sero
conversion. 

By 1 January 1998, 57 haemophilic men, 27 IDU and 78 homosexual men had developed 
AIDS, and 60, 38 and 76 had died, respectively. Most haemophilic men, IDU and homosexual 
men with AIDS had an opportunistic infection, with PCP the most common infection among 
haemophilic men (35.1% of the AIDS cases) and homosexual men (26.9%), and oesophageal 
Candida among IDU (44.4%). Kaposi's sarcoma was frequent among homosexual men, 
whereas it was not seen in the haemophilic men or IDU. Of those not known to have died, 
76.5% of haemophilic men, 81.3% of IDU and 81.0% of homosexual men were seen in 1997. 
In this year, their median CD4 counts were 250 (IQR 55-343), 320 (IQR 202-428) and 404 x 
106 cells/1 (IQR 313-509), respectively. Of the indivdiuals seen in 1997, 23.1% of haemophilic 
men, 24.2% of IDU and 57.8% of homosexual men received antiretroviral therapy with 
protease inhibitors (intention to treat), 48.7%, 19.7% and 6.3% were treated with non-
protease inhibitors and 28.2%, 56.1% and 35.9% did not receive antiretroviral treatment, 
respectively. 
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Deaths 
At the end of the follow-up, there had been 48 deaths among haemophilic men with AIDS, 
19 among IDU and 65 among homosexual men (Table 2). Among IDU and homosexual men 
all these deaths were attributable to AIDS, although one IDU died from AIDS with liver 
cirrhosis and another from a cause unknown. Amongst haemophilic men, most deaths were 
AIDS-related, but three were due to liver failure and one of the deaths attributable to AIDS 
occurred in a men with liver failure. The median value of the last CD4 count measurement 
in the year before death with AIDS was 10 (IQR 0-40) for haemophilic men, 20 (IQR 10-50) 
for IDU and 50 x 106 cells/1 (IQR 10-100) for homosexual men. The median level of the last 
HIV RNA determination within two years preceding death was 4.89 (IQR 4.41-5.38), 5.16 
(IQR 5.02-5.12) and 5.08 (IQR 4.54-5.50) log]0 copies/ml serum, respectively. 

Twelve haemophilic men, 17 IDU and 11 homosexual men died without being diagnosed 
with AIDS. The majority of the haemophilic and homosexual men died from natural causes, 
whereas among IDU a substantial proportion died from (un)intentional injuries (overdose 
(n=4), suicide (n=2), accident (n=l) and homicide (n=l)). Among the 12 haemophilic men 
who died without AIDS, five died (41.7%) in liver failure. The most common cause of death 
among IDU who died from natural causes was a bacterial infection. Among homosexual 
men, non-AIDS cancer was the most common cause of pre-AIDS death; three cases of 
cancer were identified (melanoma, cancer of pancreas and cancer of bowel). Four of the 
remaining five homosexual men who died from natural causes, died with severe immuno
suppression (last CD4 count prior to death <40 x 106 cells/1) of exhaustion (n=3) or fever 
(n=l). The median CD4 count within one year preceding pre-AIDS death was 345 (IQR 60-
840) for haemophilic men, 380 (IQR 260-1060) for IDU and 30 x 106 cells/1 (20-560) for homo
sexual men. The median HIV RNA measurement was 4.54 (IQR 4.06-4.95), 4.68 (IQR 3.91-
5.15) and 4.49 (IQR 3.93-5.20) log10 copies/ml, respectively. IDU without AIDS dying from 
natural causes had a much lower last CD4 count and a higher RNA level than those dying 
from (un)intentional injuries (median CD4 count 190 and 430 x 106 cells/1; median RNA level 
4.99 and 4.36 log10 copies/ml, respectively). 

Comparing age at death between those dying without and with AIDS, the age distribu
tion appeared to be comparable between the two groups among IDU (median age 36.1 and 
38.2 years, respectively, p=0.384 by Mann-Whitney U test) and homosexual men (median 
age 40.9 and 41.5 years, respectively, p=0.707). Remarkably, haemophilic men dying 
without AIDS were much older (median 49.1 years, IQR 37.4-58.6) than those dying with 
AIDS (median 34.9 years, IQR 30.0-43.3) (p=0.05). 

Cumulative incidence of pre-AIDS mortality and AIDS 

Considering pre-AIDS mortality and AIDS as competing risks, by 10 years after seroconver
sion 7.3% of the haemophilic men had died without AIDS and 38.2% (100-61.8) had 
developed AIDS (Figure). These figures were 20.2% and 30.5% (100-69.5) for IDU, and 8.0% 
and 55.0% (100-45.0) for homosexual men. Among IDU, pre-AIDS mortality occurred from 
seroconversion onwards, whereas among men with haemophilia and homosexual men the 
risk of pre-AIDS death appeared to be very small in the first 5-8 years after seroconversion, 
but increased thereafter. Median progression time to pre-AIDS mortality or AIDS was 11.64 
years for haemophilic men, 9.93 years for IDU and 8.34 years for homosexual men. 
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The risk of pre-AIDS death was stable during the different calendar periods among 
homosexual men (p=0.964). Among IDU, the risk of pre-AIDS mortality tended to slow down 
over calendar time, although the trend was non-significant (p=0.146). Amongst haemophilic 
men, an increase in pre-AIDS mortality was suggested in the course of calendar periods, 
although effects were not significant; the crude relative hazard (RH) was 10.49 for the 
period>1996 (95% confidence interval (CI) 0.18-609.39), 3.08 for 1994-1995 (95% CI 0.15-
61.49) and 1.10 (95% CI 0.09-12.81) for 1990-1993 relative to the period<1990. 

Association between laboratory markers and pre-AIDS mortality 
T cell counts were available for all haemophilic men, 112 of 118 IDU (94.9%) and 154 of 158 
homosexual men (97.5%). The median number of CD4 count measurements available before 
pre-AIDS death or censoring was 17 (IQR 8-37), 10 (IQR 5-19), and 28 (12-41) respectively. 
HIV RNA levels were measured in 107 haemophilic men (96.4%), 90 IDU (76.3%) and 156 
homosexual men (98.7%). The median number of determinations was 7 (IQR 4-10), 5 (IQR 2-
8) and 12 (IQR 7-17), respectively. 

In univariate analysis, elevated risks for progression to pre-AIDS mortality were 
observed with lower CD4+ cell counts for IDU (considering deaths from natural causes) and 
homosexual men (RH 2.65 and 2.22 per 100 cells x 106/1 lower, respectively) (Table 3). After 
adjustment for age at seroconversion, gender (IDU only) and calendar period of follow-up 
the effect of the most recent CD4 count remained significantly associated with pre-AIDS 
mortality in IDU and homosexual men; a 100 x 10V1 lower CD4 cell count was associated 
with an 164% and 121% increase, respectively, in the hazard of pre-AIDS mortality. Among 
homosexual men and IDU, results using either the log or square root transformed CD4 
counts were comparable to those using the untransformed CD4 count; therefore these 
results have not been shown. Among haemophilic men, we found a significant relationship 
with the log transformed CD4 count (crude RH 2.55 per log]0 cells x 106/1 lower, 95% CI 1.48-
4.40), which remained after adjusting for age at seroconversion and calendar period of 
follow-up (adjusted RH 2.75, 95%CI 1.45-5.24). In univariate analysis, the relative hazards 
for the other transformations went in the same direction as that for the log transformation 
but were not significant. There was no relationship between the untransformed CD4 counts 
and pre-AIDS mortality (Table 3). 

The association between level of HIV RNA and pre-AIDS mortality in men with haemo
philia was of borderline statistical significance (p=0.06) in univariate analysis (Table 3). 
Adjusting for age at seroconversion and calendar period of follow-up reduced the RH from 
2.09 in the crude analysis to 1.55 for each 1 log10 copies/ml increase in HIV RNA level. In 
addition, we did not find an association with HIV RNA when modelled categorically. Among 
IDU and homosexual men, we found that the risk increased with increasing HIV RNA levels 
in both univariate and multivariate analysis, although the effect did not reach statistical 
significance (Table 3). When modelled categorically, RHs went in the same direction. 

Restricting the analyses to prospectively identified seroconverters with a time interval 
of less than two years between the date of the last negative and first positive test resulted 
in similar associations in the three exposure groups. 
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Discussion 
In the present study, as expected we demonstrated that both HIV-infected IDU and 
haemophilic men experience pre-AIDS mortality. Because we studied a well-defined popu
lation of subjects with documented intervals of HIV seroconversion, we were able to assess 
pre-AIDS death rates for the entire course from HIV seroconversion onwards. Surprisingly, 
the incidence rate observed in homosexual men was remarkably similar to that seen in men 
with haemophilia. 

In contrast to IDU where pre-AIDS mortality is present from seroconversion onwards, 
haemophilic men and homosexual men become at risk of pre-AIDS death at a much later 
stage in their infection. Amongst IDU, pre-AIDS mortality from overdose and suicide has 
been shown to occur at a more or less stable rate independently of the duration of HIV, 
whereas pre-AIDS mortality from natural causes has been shown to be positively asso
ciated with time since seroconversion and decreasing CD4 count [2]. Hence, this might 
explain why pre-AIDS mortality is found much earlier in infection in IDU than in haemop
hilic and homosexual men since almost all pre-AIDS deaths are attributable to natural 
causes in the latter two groups. 

Although the numbers are small, the major causes of pre-AIDS mortality appear to differ 
in the three exposure groups. As reported previously [18], HCV has led to substantial 
mortality in the cohort of men with haemophilia. Because progression of HCV is hastened 
by coinfection of HIV [5] and the recent introduction of HAART has increased the life expec
tancy of HIV-infected individuals [19], mortality from HCV is likely to further arise in 
haemophilic men as a result of the relatively long latency period of HCV. As IDU became 
infected with HCV later in time than haemophilic men, mortality from HCV infection is also 
likely to further increase among IDU. Moreover, chronic alcohol use and hepatitis B 
infection might additionally play a role in liver failure in IDU. At present overdose and 
suicide contributed to most pre-AIDS deaths in the IDU, and most pre-AIDS death from 
natural causes were attributable to bacterial infections. These infections, which are asso
ciated with the life-style of IDU (e.g. endocarditis, sepsis, a single episode of pneumonia), 
have not been included in the AIDS case definition, although these infections are clearly 
related to immunosuppression [20-26]. 

The unexpected finding of a substantial proportion of pre-AIDS deaths in homosexual 
men is in contrast with previous reports, which were based on shorter follow-up [9,10]. In 
homosexual men pre-AIDS deaths were mainly due to cancer and severe immunosuppres
sion. Cancer was the leading cause of death before 1990 (when AIDS became the leading 
cause) among men aged 25-54 years in Amsterdam [27] and therefore can be considered as 
a competing risk. In addition, several studies show an excess of malignancies that are not 
AIDS-defining in HIV-infected individuals [28-30], although an association with disease 
progression has only consistently been described for Hodgkin's disease. In our study the 
CD4 count prior to pre-AIDS death was much lower in the homosexual men than in the 
other groups, whereas HIV RNA levels preceding death were comparable. The fact that 
these seriously immunosuppressed homosexual did not develop AIDS might, therefore, be 
due to their moderate HIV-RNA levels. Another possibility is that AIDS-defining conditions 
close to death were missed because these men died at home. In contrast to the USA, 
European countries decided not to include a CD4 count<200 cells x 106/1 in the 1993 
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expansion of the AIDS case definition [31] partly because this would label a considerable 
group of asymptomatic individuals as having AIDS. Nonetheless, based on the results of the 
present study inclusion of a CD4 count<50 cells x 10V1 as indicator of AIDS should be 
brought up for discussion. 

Consistent with a previous study [2], pre-AIDS mortality from natural causes was signi
ficantly associated with decreasing CD4 counts in IDU. In addition, our data suggested that 
higher HIV RNA levels also are predictive for pre-AIDS mortality, although the relationship 
was not statistically significant partly due to small numbers. Moreover, in the short term 
(i.e., when fitted as time-dependent covariates) and with more advanced HIV infection CD4 
count has been shown to be a stronger predictor of disease progression than HIV RNA level 
(32,33]. Similar associations between these two markers and the risk of pre-AIDS death 
were found in homosexual men. In haemophilic men, however, these associations seem to 
be less consistent as results are dependent on the transformation applied. This finding may 
indicate that liver-associated deaths, whilst being higher in HCV co-infected individuals 
[5], are not associated with HIV disease progression itself. Unfortunately, numbers of 
specific causes of death were too small to investigate whether in haemophilic men the rela
tionship between laboratory markers and pre-AIDS mortality is the same for liver-asso
ciated deaths and deaths resulting from other causes. In conflict with this hypothesis, 
increasing rates of liver-associated deaths were observed with decreasing CD4 counts in 
IDU [2], but as mentioned previously, because of their life style and shorter HCV exposure, 
other hepatotropic viruses and alcohol-induced hepatitis are likely to contribute to liver-
associated deaths in this group. Further longitudinal studies with sufficient number of 
endpoints are needed to determine whether laboratory markers of HIV disease progression 
are also predictive for HCV liver-disease deaths in coinfected individuals. 

We are aware that different HIV RNA kits were used and that they may give different 
test results. In addition, the assay used in the Amsterdam cohorts has a higher detection 
limit than the assay used in London. However, it is very unlikely that the use of different 
assays has seriously biased our results because at both sites HIV RNA was determined in 
sera, in which lower viral load levels have been shown relative to plasma using PCR, and 
analyses were carried out separately for each exposure group. Furthermore, we compared 
the median HIV RNA levels at several time points from seroconversion (data not shown), 
and results appeared to be more or less comparable across exposure groups. And although 
we cannot rule out differences across assays, HIV RNA levels yielded similar prognostic 
information for progression to AIDS in all exposure groups (data not shown). 

We postulated that the risk of premature death might have taken on greater significance 
due to the introduction of HAART. However, since the risk of pre-AIDS death remained 
stable over time in the homosexual men, in whom HAART was mostly prescribed, the 
follow-up time might yet be too short to observe its effect on pre-AIDS death rates. The 
tendency of a temporal decrease in IDU is likely to be due to the inclusion of pulmonary 
tuberculosis and recurrent pneumonia, diseases that might have led to pre-AIDS deaths in 
IDU in the past [1,2], in the 1993 expansion of the AIDS case definition. Furthermore, the 
use of HAART might have delayed bacterial infections in this group. Since the haemophilic 
men became infected earlier in time than the IDU and homosexual men in the present study, 
many of these men had died in an era when there was little one could do to treat HIV 
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Conversely, haemophilic men might have been more compliant with therapy than IDU once 
prophylaxis became available and therefore this may have prevented some pre-AIDS 
deaths. The suggestion of an increase over time in haemophilic men could reflect their 
longer exposure to HCV, or may simply reflect a gradual ageing of the cohort. 

There are a number of methodological implications of our results. Firstly, Kaplan-Meier 
and Cox proportional hazards models are commonly used to study progression to AIDS. 
Often, in such analyses, follow-up on patients who die without AIDS is right-censored on 
the date of death. These methods make the assumption that these individuals, had they not 
died, would have had the same prognosis as those remaining in the study. If the risk of pre-
AIDS death is associated with more advanced disease, as in our study, then the hazard of 
AIDS will be underestimated and any estimates of relative hazards for AIDS will be biased 
if pre-AIDS mortality differs across covariate levels (e.g. exposure group). Alternative 
methods [17,34-37] should be further developed and more often considered. Secondly, those 
applying backcalculation methods to estimate the HIV incidence from seroprevalence and 
AIDS data should consider pre-AIDS deaths not only in IDU and haemophilic patients but 
also in other risk groups for which was assumed that their risk of premature death was low 
and not disease related. 

In conclusion, pre-AIDS deaths occur and are at least partially related to HIV disease 
progression irrespective of how individuals became infected with HIV. Because of the 
longer life expectancy due to HAART and longer exposure to hepatotropic viruses, the 
number of pre-AIDS deaths is likely to further increase in the coming years. Our findings 
suggest that therapy directed against hepatotropic viruses as well prevention and 
treatment of other infections and cancers that are not AIDS-defining will become increas
ingly important in HIV-infected individuals. The interaction between these therapeutic 
interventions and HAART should be closely monitored. 
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Geographical variation in disease progression 
in HIV-1 seroconverted injecting drug users 
in Europe? 
Maria Prins, 3 Raymond P Brettle, J Roy Robertson, 0 I ldefonso Hernandez A g u a d o , Barbara Broers, e 

Nicolas Carré, David J Goldberg , 8 Robert Zangerle, Roel A Cout inho 3 , 1 and A n n e k e van d e n Hoek a 

Background Human immunodeficiency virus (HIV) disease progression might vary by geo
graphical region due to differences in the spectrum of HIV-related illnesses and 
(access to) health care. Therefore, the effect of geographical region, next to the effect 
of other potential cofactors, on disease progression in 664 injecting drug users (IDU) 
with documented HIV seroconversion from eight cohorts in Europe was studied. 

Methods Kaplan-Meier methods and Cox proportional hazards analysis were performed 
to assess the effect of geographical region, other sociodemographics, drug use 
and repeated HIV exposure on progression from HIV seroconversion to immuno
suppression, AIDS and death with AIDS. We considered the confounding effect 
of study-design related factors (e.g. setting of follow-up), and accounted for pre-
AIDS death from natural causes by imputing when each endpoint would have 
occurred, had they not died without AIDS. 

Results Estimates of progression to AIDS and death with AIDS were substantially faster 
after taking pre-AIDS mortality into account. Median incubation time from sero
conversion to the first CD4 count <200 cells/ul was 7.7 years (95% CI : 7.1-8.3) 
and to AIDS 10.4 years (95% CI: 9.8-~). The 10-year survival was 70.3% (95% 
CI : 62.8-76.6). The relative hazards (RH) of AIDS for IDU from central and south
ern Europe compared with IDU from northern Europe was 1.9 (95% CI : 1.2-3.0) 
and 1.2 (95% CI : 0.6-2.3), respectively, before, and 1.5 (95% CI : 0.7-3.2) and 
1.1 (95% CI : 0.6-2.3) after taking differences in study-design related factors into 
account. Accounting for these factors, the RH of death with AIDS was 0.9 (95% 
CI : 0.3-2.5) for central and 1.2 (95% CI : 0.4-3.4) for southern Europe compared 
with northern Europe. For the first CD4 count <200 cells/|xl these figures were 
0.8 (95% CI : 0.5-1.4) and 0.8 (95% CI : 0.5-1.4). Age at seroconversion was the 
strongest predictor of disease progression. No statistically significant differences 
in disease progression were found by gender, foreign nationality, drug use and 
potential repeated HIV exposure. 

Conclusions We found no evidence for regional variability in HIV disease progression among 
European IDU. Future studies evaluating geographical differences should con
sider the confounding effect of study-design related factors and differential non-
AIDS mortality. As age is an important determinant of disease progression, it should 
be considered in recommending treatment. 

Keywords Geographical variation, HIV disease progression, seroconverters, drug users, Europe 

Accepted 17 September 1998 

3 Municipal Health Service, Division of Public Health and Environment. 
Nieuwe Achtergracht 100, 1018 WT Amsterdam. The Netherlands. 

b Infectious Diseases Unit, City Hospital. Edinburgh, UK. 
c Edinburgh Drug Addiction Study, Muirhouse Medical Group, Edinburgh, UK, 

On behalf of the Valencian HIV Seroconversion Study, Department of Public 

Health, Miguel Hernandez University, Alicante, Spain. 
v Division of Infectious Diseases, Geneva University Hospital, Geneva, 

Switzerland. 

1 SEROCO study group, Inserm U 292, Höpila! de Bicêlre, Le Kremlin Bicêtre, 
France. 

8 Scottish Centre for Infection and Environmental Health. Ruchill Hospital. 

Glasgow, UK. 

AIDS Unit. University of Innsbruck. Innsbruck. Austria. 
1 Academic Medical Centre. University of Amsterdam. Department of Human 

Retrovirology. Amsterdam, The Netherlands, 

(g) 



C6) GEOGRAPHICAL VARIATION IN HIV-1 DISEASE PROGRESSION? 

Surveillance data show that injecting drug users (IDU) have 
become the largest group of people with AIDS in Europe; IDU 
accounted for 40% of the 197 073 cases of AIDS reported 
through December 1997.' Yet, the majority of studies on disease 
progression have been conducted in cohorts of HIV-1 infected 
homosexual men. 

It has been postulated that immuno-activation associated 
with frequent and chronic infections, which IDU experience 
frequently as a result of their lifestyle, may accelerate HIV dis
ease progression. Nonetheless, a number of studies found little 
evidence for differences in the rate of disease progression 
between IDU and homosexual men. However, in IDU the 
spectrum of AIDS-defining conditions differs from that in homo
sexual men, pre-AIDS mortality is much higher and the start of 
antiretroviral treatment seems to be delayed. ' ' 

To better understand the course of HIV infection in IDU, 
further studies are needed to identify cofactors and markers 
that account for the wide variability in HIV disease progression 
within the group itself. Unfortunately, studies evaluating deter
minants of disease progression in IDU with well-estimated times 
of seroconversion—these studies avoid bias associated with 
the unknown duration of infection—are scarce because they are 
limited by the recent start of most cohorts, relatively small num
bers of newly acquired infections and a high attrition rate. 
Recognizing these limitations, a collaboration was initiated that 
pooled data of IDU with documented HIV seroconversion from 
eight cohorts within Europe. 

Using this unique data set, we examined the influence of socio-
demographic characteristics, drug use and surrogate markers 
for potential repeated HIV exposure on disease progression. We 
focused particularly on possible geographical trends in progres
sion from HIV seroconversion to AIDS, immunosuppression and 
death with AIDS, as a previous study among AIDS cases demon
strated shorter survival after the diagnosis of AIDS in southern 
Europe than in central and northern Europe. Geographical 
variation in disease progression might reflect differences in the 
spectrum of HIV-related illnesses and (access to) health care. 
•* Furthermore, in a recent study we found that pre-AIDS mor
tality from natural causes (all pre-AIDS deaths excluding deaths 
from overdose, suicide and unintentional injuries) but not from 
non-natural causes was associated with HIV disease progression 
in IDU.10 Consequently, performing survival analysis where 
these deaths from natural causes are censored as withdrawn 
violates the requirement for random censoring. This results in 
an overestimation of the (AIDS-free) survival curve and leads 
to biased relative risks if mortality differs between categories of 
a cofactor. Therefore, we accounted for pre-AIDS mortality from 
natural causes in the present study. In addition, we considered 
bias caused by study-design related factors (e.g. setting of follow-
up, inclusion of retrospectively identified seroconverters). 

Methods 
Study populat ion 

The HIV-1 positive study population comprised 664 IDU in 
whom the dates of the last negative and first positive HIV-1 test 
were known. This population of 664 IDU was the total number 
of IDU available and all were included in the present study. An 
IDU was defined as a person who, since 1979, had injected drugs 
before HIV seroconversion. The drugs most commonly injected 

in this population were either heroin or heroin together with 
cocaine. 

The IDU originated from eight ongoing prospective studies 
participating in the European Seroconverter Study: the 
Valencian HIV Seroconversion Study (n = 246); the Edinburgh 
Drug Addiction Study and the Edinburgh City Hospital Cohort 
Study (total number of seroconverters of these two studies com
bined = 169); the Amsterdam Cohort Study among drug users 
(n = 99); the Geneva HIV Cohon Study (n = 60); the French 
SEROCO Study (n = 38); the Scottish National Collaborative 
HIV Testing Study from Glasgow (n - 31), and the Innsbruck 
AIDS Study (n = 21). 

The original studies started between 1982 and 1988. The design 
and methodology of each study has been described in detail 
elsewhere.11- Briefly, participants underwent standardized 
clinical examination, blood testing and most of them completed 
questionnaires every 3-6 months. Lymphocyte subsets were 
determined at each site by flow cytometry. Information on AIDS 
diagnosis and cause of death were obtained from review of med
ical records and/or through matching with local and national 
registers at each study location. Settings where participants were 
recruited and followed up differed across sites and sometimes 
within sites. These settings include research units at municipal 
and regional health centres, public AIDS information centres, 
general practice surgeries, hospital-based (HIV) clinics and 
methadone centres. 

The study population was composed of IDU who entered 
the study HIV-negative and seroconverted during follow-up 
(prospectively identified seroconverters, n = 351), and IDU who 
were HIV-infected at entry into the study but had earlier blood 
samples available to determine the interval of seroconversion 
(retrospectively identified seroconverters, n = 313). For the 
latter, HIV-negative blood samples were mostly obtained for 
reasons unrelated to HIV disease progression, such as hepatitis 
B testing or knowledge of risk behaviour. 

Definit ion of variables 

Sociodemographic determinants examined included geo
graphical region, gender, age at seroconversion and foreign 
nationality. To study the effect of geographical region, countries 
were classified into three groups: northern Europe (The Nether
lands, UK), central Europe {Austria, France, Switzerland) and 
southern Europe (Spain). Age at seroconversion was categorized 
according to the tertiles of the study population. Foreign 
nationality was dichotomized as (yes/no) having the nationality 
of the country in which the cohort was established. 

Because two cohorts did not routinely collect information on 
self-reported behaviour, analysis evaluating the influence of 
drug use and repeated HIV exposure on disease progression were 
limited to six out of eight cohorts. In addition, only compatible 
items available for at least five of these six cohorts were used 
in the analysis; variables on drug use were time from first injec
tion to HIV seroconversion and continued injecting in the period 
between HIV-positive visits. Surrogate markers for potential 
repeated HIV exposure were continued borrowing of injecting 
equipment and having an HIV-positive steady sexual partner 
during HIV-positive follow-up. Categories of time since first in
jection were defined by cutoff points at the 33th and 67th per
centile. Due to disparate methods of collecting more precise data 
on frequency across cohorts, the variables continued injecting 
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and continued borrowing were dichotomized as (yes/no) 
having injected and borrowed at least once in the preceding 
period, respectively. For use in the analysis, responses on these 
items and on having an HIV-positive steady sexual partner 
were recoded for periods of 6 months. Then, for each IDU, these 
yes/no variables were compiled over the period beginning the 
day after the first HIV-positive visit through the third year from 
HIV-seroconversion, a period of time for which we assume 
behaviour is minimally affected by clinical manifestations. If 
AIDS or censoring took place before the third year from sero
conversion, variables were compiled through the end of the 
AIDS(-free) follow-up. The scores obtained indicate the average 
individual 6-monthly reported frequency of continuation of 
injecting, borrowing and having an HIV-positive steady sexual 
partner over the period studied. For example, for a subject who 
injected at least once in two out of six biannually intervals the 
score for continued injecting is 0.33. Scores were recoded into 
tertiles of the study population for use in the analysis. 

We evaluated the confounding effect of the following potential 
study-design related factors: setting of follow-up (research 
centre, hospital, other [e.g. methadone centre, general practice 
surgery], any combination), reason for the first study visit 
(regular HIV screening, HIV-related symptoms, other), length of 
the interval between the last negative and the first HIV positive 
test result (i.e. seroconversion interval: <1 years, 1-2, 5=2 years) 
and type of seroconverter (prospectively identified, lag time 
between HIV seroconversion and subsequent study entry <1 
and 5*1 year). 

Statistical methods 
The expected date of seroconversion was imputed for each 
IDU by the following procedure: first, the cumulative HIV-1 
seroincidence was estimated over calendar time for each cohort 
separately applying methods for interval-censored data; second, 
using the cohort-specific seroincidence distribution, the ex
pected date of seroconversion was calculated for each subject 
conditional upon the date of each subject's last HIV-negative 
and first HIV-positive test.5 '19 

Studying progression to AIDS, we accounted for pre-AIDS 
deaths from natural causes (i.e. all pre-AIDS deaths excluding 
death from overdose, suicide, unintentional injuries and un
known causes) by estimating when AIDS would have been 
diagnosed, had they not died. Therefore, after square-root trans
formation of absolute CD4 counts, we modelled the decline of 
CD4 counts prior to AIDS among the AIDS cases. This analysis 
was based on regression analysis for repeated measurements 
using a mixed linear model approach with an autoregressive 
moving average covariance structure (i.e. each CD4 count de
pended on the value of and the variation around the preceding 
CD4 count).20 The CD4 counts in the first year after serocon
version were excluded from this analysis since CD4 counts are 
known to drop considerably immediately after seroconversion 
and more slowly thereafter.21 We evaluated the effect of covariates 
on the intercept at AIDS and the decline before, and when the 
effect was found to be statistically significant, we incorporated it 
in the final (piecewise) linear regression equation. Then, by 
interpolation of the last available CD4 count before pre-AIDS 
death from natural causes in the obtained regression equation, 
the residual time to AIDS was calculated. For 7 of the 23 pre-
AIDS death from natural causes for whom no CD4 count after 

one year from seroconversion was available, the median estimated 
time from pre-AIDS death to AIDS was used. The same pro
cedure was repeated for the endpoints immunosuppression and 
death with AIDS. 

The Kruskal-Wallis test and the x2 test were used to compare 
baseline characteristics by geographical region. The effect of socio-
demographics, drug use and surrogate markers for repeated 
HIV exposure on progression from HIV seroconversion to AIDS, 
immunosuppression and death with AIDS were evaluated using 
Kaplan-Meier product-limit methods and Cox proportional 
hazards analysis. Significance was determined by the log-rank 
test and likelihood ratio test, respectively. Survival was cal
culated from the estimated date of seroconversion through the 
date of the outcome, loss to follow-up or censoring. Pre-AIDS 
deaths from causes other than natural were considered lost to 
follow-up at the date of death. For IDU for whom serocon
version was identified retrospectively, survival was calculated 
also from the time of seroconversion, but they were not in
cluded in the risk set until the date of entry into the study (i.e. 
left-truncation). Depending on the closing date of each data file 
merged and taking into account reporting delay of registries, 
censoring took place ultimately on 1 August 1995. 

In this analysis, AIDS was defined by the 1987 criteria of the 
Centers of Disease Control.22 Immunosuppression was defined 
as the first CD4 count <200 cells/ul. Because not all individual 
cohorts have routinely determined lymphocyte counts since the 
start of their studies, CD4 counts were available for 526 of the 
664 IDU (79.2%). To control for differences between cohorts and 
participants in the frequency of CD4 measurements, in this analy
sis we used only one CD4 measurement per 6 months with a 
maximum interval between two measurements of one year. If 
the interval between two consecutive measurements exceeded 
one year, subjects were additionally censored one year after the 
date of the first of these two measurements. 

P-values < 0.05 were considered statistically significant. In 
Cox analysis, we checked the assumption that the hazards were 
proportional by examining log-minus-log survival plots and by 
inserting time-dependent functions of covariates. No deviations 
from proportionality were found. 

Results 
Table 1 shows characteristics of the 664 IDU stratified by 
geographical region. The median age at seroconversion did not 
differ significantly by region (median 25.1 years for the total 
group). In southern Europe IDU started to inject at a somewhat 
younger age (median 17.7 years) than IDU in other parts 
of Europe (F = 0.038). A smaller proportion of women was 
observed among IDU in southern Europe (26%) than in central 
(39%) and northern Europe (35%) [P = 0.012). As a con
sequence of the differential start of the individual cohort studies, 
IDU living in southern Europe were infected latest (median 
calendar year of HIV seroconversion 1991), followed by IDU from 
central Europe (1988) and northern Europe (1985) (P < 0.001). 

The 664 IDU were followed for a median of 4.4 years (inter
quartile range [IQR] 2.1-7.5). At the end of the follow-up, 
87 IDU had developed AIDS and 108 IDU had died, of whom 
57 were without AIDS. Twenty-three of these 57 pre-AIDS deaths 
were attributable to natural causes (mainly bacterial infections 
and cirrhosis/liver failure). The most common single initial 
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Table 1 Characteristics of 664 injecting drug users (IDU) registered in the European Seroconverter Study by geographical region 

Nor the rn Europe 
n =299 

Central Europe Sou the rn Europe 
: 119 n = 246 

Total 
n = 664 

Age (years) a t seroconversion med ian (IQR) 

Age in years at first inject ion a m e d i a n (IQR) 

Female gender , n (%) 

Seroconvers ion interval , n (%) 

< 1 year 

25.8 (22.0-30.5) 

18.7 (16.2-23.6) 

115 (38.5%) 

24.9 (22.3-28.2) 

18.3 (16.3-21.3) 

41 (34.5%) 

24.7 (21.9-27.5) 

17.7 (15.7-20.5) 

65 (26.4%) 

25.1 (22.1-29.0) 

18.2 (15.9-21.6) 

221 (33.3%) 

135 (45.2%) 59 (49.6%) 102 (41.5%) 296 (44.6%) 

1-2 years 

^ 2 years 

Calendar year of seroconversion med ian (IQR) 

64 (21.4%) 

100 (33.4%) 

1985 (1983-1990) 

33 (27.7%) 

27 (22.7%) 

1988 (1986-1989) 

81 (32.9%) 

63 (25.6%) 

1991(1990-1993) 

178 (26.8%) 

190 (28.6%) 

1989 (1985-1992) 

Stage at e n d of fol low-up 

AIDS, n 

Pneumocystis carnii pneumonia 

Oesophageal candidiasis 

56 

21 

21 

20 

1 

3 

11 

4 

1 

87 

26 

25 

HIV encephalopathy 

Other 

4 

10 

5 

11 

10 

26 
Pre-AIDS d e a t h S n 

From natural causesd 

39 

15 

10 

5 

57 

23 

Other 

Dea th wi th AIDSC, n 

24 

33 

5 

12 

34 

50 

IQR - interquartile range. 
a 155 missing values. 
l) Time interval between the date of the last negative and the first positive HIV test. 
c For one individual from northern Europe that died, neither cause of death nor development of AIDS could be ascertained. This individual is not included in 

the number of deaths for northern Europe and the total group. 
All pre-AIDS death excluding deaths from overdose, suicide, unintentional injuries and unknown causes. 

AIDS defining illness was Pneumocystis carinii p n e u m o n i a (PCP) 

(29 .9% of the 87 AIDS cases), followed by oesophageal candidiasis 

(28 .7%) a n d HIV encepha lopa thy ( 1 1 . 5 % ) . We observed a de

crease over t ime of PCP as AIDS-defining illness (P = 0 .056) , 

wh ich most probably will be, at least partly, t he result of in

creased PCP prophylaxis over the course of t he s tudy pe r iod . 8 

Hence, since m a n y m o r e AIDS cases were observed earl ier in 

t he s tudy period in n o r t h e r n Europe than in central and sou th 

Eu rope because of t he m o r e recent start of t he part ic ipat ing 

cohor t s in t he central and sou the rn region, PCP was m o r e 

c o m m o n in n o r t h e r n Europe (P - 0 .054). However, w e found 

n o ev idence for geographical differences in the p ropor t ion AIDS 

cases d iagnosed w i t h PCP from 1990 o n w a r d s {P = 0 .436) . The 

p ropor t ion diagnosed with oesophageal candidiasis a n d HIV 

e n c e p h a l o p a t h y did not differ significantly by ca lendar t ime and 

geographical region. No statistically significant differences w e r e 

found in t he distribution of AIDS-defining condi t ions b e t w e e n 

m e n and w o m e n . The CD4 count at AIDS was es t imated to be 

71 ce l l s /u l The CD4 count at AIDS as well as t he CD4 decl ine 

before did not vary significantly according to geographical 

region. 

S u r v i v a l e s t i m a t e s 

Figures l a , l b and 1c show the Kaplan-Meier es t imates of p ro 

gression from HIV seroconvers ion to AIDS, i m m u n o s u p p r e s s i o n 

and dea th with AIDS, respectively. In each, figures for pre-AIDS 

morta l i ty unadjus ted (i.e. all pre-AIDS dea th a re censored as 

w i t h d r a w n at t he da te of death) and adjusted es t imates {see 

statistical me thods ) are displayed. 

For IDU w h o died from na tu ra l causes before AIDS, t he 

med ian t ime from pre-AIDS dea th to AIDS was es t imated to 

be 10 m o n t h s (IQR: - 4 m o n t h before unti l 18 m o n t h s after pre-

AIDS dea th ) , had they not died. Death with AIDS was es t imated 

to occur at a med ian of 28 m o n t h s (IQR 8-35) after pre-AIDS 

dea th from natura l causes. For ty-seven per cent of the IDU w h o 

died from natural causes wi thou t AIDS had a CD4 count < 2 0 0 

cells/ul before. For the remain ing IDU w h o died from na tura l 

causes, t he first CD4 count d ropp ing be low 2 0 0 cells/u.1 was 

es t imated to occur at a median of 16 m o n t h s after pre-AIDS 

dea th ( I Q R - 2 - 4 7 ) . 

As expected, account ing for pre-AIDS morta l i ty from na tura l 

causes resulted in faster progression rates wi th an es t imated 

probabili ty of progression to AIDS (Figure la) at 8 years of 

2 6 . 9 % ( 9 5 % CI : 22 .0 -32 .8 ) . The median incubat ion t ime from 

HIV seroconvers ion to AIDS was 10.4 years { 9 5 % CI : 9 .8^~) . 

Account ing for pre-AIDS mortal i ty from na tu ra l causes, the 

8-year probability of a CD4 count < 2 0 0 cells/ul (Figure lb) and 

dea th wi th AIDS (Figure Ic) was 5 5 . 1 % ( 9 5 % CI : 47 .8 -62 .7 ) 

and 16 .6% ( 9 5 % C I : 12.4-20.1) , respectively. The adjusted 

median incubat ion t ime to first CD4 coun t < 2 0 0 cells/u.1 was 

7.7 years ( 9 5 % CI : 7 .1-8 .3) . Available fol low-up was too short 

to es t imate the median incubat ion t ime from HIV serocon

version to death with AIDS by Kaplan-Meier me thods . 

E f f e c t o f g e o g r a p h i c a l r e g i o n a n d o t h e r c o v a r i a t e s 

Univar ia te analysis, in which w e accounted for pre-AIDS mor

tality from natura l causes, revealed thai progression to AIDS 

was faster in central Europe t h a n in n o r t h e r n Europe (relative 
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Figure 1 Plots of crude and for pre-AIDS mortality adjusted 
Kaplan-Meier estimates of the probability of developing AIDS 
(Figure la), the first CD4 count <200 cell/u.1 (Figure lb} and dying 
with AIDS (Figure lc). Curves were truncated when fewer than 
10 subjects remained at risk 

hazard [RH] = 1.86, Table 2), but progression rates in southern 
Europe and northern Europe were almost similar (RH = 1.17) 
(log rank test P = 0.034). Progression to AIDS was significantly 
associated with older age at seroconversion (P = 0.005), with 
IDU aged 23-27 and s=27 having a risk 1.57 and 2.14 times 
higher, respectively, than those aged <23 years. 

Progression to death with AIDS was also significantly asso
ciated with older age in univariate analysis (P = 0.002). The effect 

of geographical region did not reach significance, although 
again progression was faster in central Europe than in northern 
and southern Europe (RH = 1.79, Table 2). 

In contrast to progression to AIDS and death with AIDS, 
progression to the first CD4 count <200 cells/pi was not sig
nificantly associated with age at seroconversion as categorical 
variable in univariate analysis (P = 0.232). Fitting age as a con
tinuous variable, we found an RH of 1.31 per 10-year increment 
in age (P = 0.053). Progression to immunosuppression was 
comparable for the three geographical regions as shown in 
Table 2 (P = 0.802). 

Progression to each of the three endpoints did not vary 
significantly by gender and foreign nationality in univariate an
alyses. Neither variables on drug use, nor on potential repeated 
HIV exposure were significantly associated with progression 
(data not shown). Progression from seroconversion to death 
with AIDS tended to be slightly slower in IDU who continued to 
inject during HIV-positive follow-up than in those who stopped 
injecting (borderline significance; P = *0.059). Furthermore, 
progression did not differ substantially between IDU with and 
without data on behaviour. Restricting the analysis to those 
with behavioural data, the effect of geographical region showed 
the same trend as presented in Table 2. The same was true for 
those with and without CD4 counts. 

We considered the confounding effect of study-design related 
factors for each endpoint. Adjustment for each of these factors 
did not appreciably change the results obtained in univariate 
analysis for each of the covariates examined, except for geo
graphical region. Firstly, it appeared that IDU whose reason for 
the first study visit was other than regular follow-up—most of 
these IDU visited the site initially because of (HlV-related) 
symptoms—had a faster prognosis to AIDS (RH = 2.99, 95% 
CI : 1.18-7.61), immunosuppression (RH = 2.65, 95% CI : 1.06-
6.65) and death with AIDS (RH = 2.38, 95% CI : 0.71-7.79) 
compared with IDU who had their first study visit because of 
regular follow-up. Since all IDU who visited the sites initially for 
reasons other than regular follow-up (n = 12) originated from 
two cohorts in central Europe, inclusion of these IDU con
founded our results of geographical variation in disease pro
gression. Therefore, we excluded these 12 IDU from any further 
Cox analysis. In doing so, the crude RH for central Europe 
declined from 1.86 to 1.65 (95% CI : 0.98-3.18) for AIDS, from 
1.79 to 1.59 (95% CI : 0.82-3.09) for death with AIDS and 
from 0.97 to 0.82 (95% CI: 0.49-1.40) for first CD4 count 
<200cells/ul Secondly, we found that IDU exclusively followed 
in a hospital had a poorer prognosis with regard to AIDS and 
death with AIDS than the remaining IDU. Excluding also these 
IDU, the crude RH of AIDS became 1.48 (95% CI: 0.68-3.18) 
for central and 1.13 (95% CI: 0.56-2.31) for southern Europe. 
The RH of death with AIDS became 0.88 (95% CI : 0.31-2.54) 
and 1.15 (95% CI : 0.39-3.41), respectively. 

Multivariate models including geographical region and age 
are shown in Table 2. As setting of follow-up has been shown to 
be a confounder for the effect of geographical region but none 
of the IDU with residence in southern Europe were exclusively 
followed in a hospital, the effect of geographical region was 
quantified using a combination of these two variables. Table 2 
shows that IDU exclusively followed in a hospital in central 
Europe, independently of age, had about a three times higher 
risk of AIDS and death than those not exclusively followed in a 
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Table 2 Univariate and multivariate Cox proportional hazards models for progression from HIV seroconversion to AIDS, immunosuppression and 
death with AIDS in 664 injecting drug users (IDU) registered in the European Seroconverter. Estimates were adjusted for pre-AIDS mortality from 
natural causes 

CD4 count 
AIDS <200 cells/ul Death with AIDS 

RHa (95% CI) RH (95% CI) RH (95% CI) 

Univariate analysis 

Geographical region 

Northern Europe 1 1 1 

Central Europe 1.86 {1.16-3.00) 0.97 (0.60-1.56) 1.79 (0.97-3.28) 

Southern Europe 1.17 (0.60-2.31) 0.83 (0.48-1.44) 1.27 (0.45-3.56) 

Age in years at seroconversion 

<23 1 1 1 

23-27 1.57 (0.93-2.63) 1.21 (0.76-1.92) 2.81 (1.41-5.63) 

3*27 2.14 (1.35-3.39) 1.40 (0.95-2.05) 2.88 (1.49-5.59) 

Multivariate analysis1" 

Geographical region by setting of fol low-up 

Northern Europe, other 1 1 1 

hospital only 1.55 (0.95-2.54) 1.14 (0.73-1.76) 0.98 (0.52-1.85) 

Central Europe, other 1.56 (0.72-3.38) 0.74 (0.35-1.56) 0.97 (0.33-2.81) 

hospital only 2.80 (1.41-5.54) 1.01 (0.49-2.06) 3.02 (1.30-7.03) 

Southern Europe, other 1.37 (0.68-2.78) 0.84 (0.48-1.47) 1.29 (0.44-3.75) 

Age in years at seroconversion 

<23 1 1 1 

23-27 1.55 (0.91-2.65) 1.22 (0.75-1.99) 3.00 (1.46-6.18) 

^27 2.43 (1.50-3.93) 1.40 (0.95-2.08) 3.35 (1.67-6.72) 

a Relative hazard. 

12 IDU (all from central Europe) for whom the reason for the first study visit was other than regular follow-up were excluded from multivariate analysis. 

clinical sett ing in n o r t h e r n Europe . In n o r t h e r n Europe , IDU 

exclusively followed in a hospital also showed a somewhat faster 
progression to AIDS than those not so followed (RH = 1.55), 
although the effect was non-significant. For progression to death 
with AIDS, no difference within northern Europe was observed 
according to setting of follow-up. Older age was independently 
associated with faster progression to AIDS and death with AIDS. 
In multivariate analysis progression to first CD4 count <200 
cells/ul did not differ significantly by the combined variable of 
geographical region and setting of follow-up, and by age at sero
conversion as categorical variables. Age as continuous variable 
was of borderline significance (P = 0.053). 

The interaction between age at seroconversion and the 
variable combining geographical region with setting of follow-
up significantly improved the model for progression to death 
with AIDS; the effect of age appeared to be somewhat stronger 
for central Europe than for the other regions. Other sociodemo-
graphic and behavioural data did not add predictive power, nor 
did they confound the results presented. Finally, results from 
multivariate analysis concerning age were unaffected by adjust
ment for study site instead of adjustment for geographical region. 

Discussion 
Results of this study do not suggest appreciable differences in 
disease progression by geographical region. Results for pro
gression to AIDS and death with AIDS were strikingly similar. 
The initially observed geographical variability in HIV disease 
progression was largely explained by differences in study-design 

across regions. However, significant differences by age persisted 
after adjusting for other factors. Furthermore, the most common 
AIDS-defining illnesses did not differ by geographical region, 
although this analysis was hampered by small numbers. 

To our knowledge, among IDU, geographical differences in 
disease progression from HIV seroconversion onwards have not 
been evaluated previously. Evaluations of geographical differences 
in homosexual men with documented HIV seroconversion from 
various continents showed that progression to AIDS and death 
did not differ by geographical region. However, progres
sion to immunosuppression did.24 The authors pointed out that 
this was likely the result of differences in measurements 
between laboratories.24 We did not find evidence for large geo
graphical differences in laboratory measurements, even when 
we evaluated progression to first CD4 count <200 cells/ul by 
individual cohort (data not shown). These conflicting results 
might be explained by the fact that relative to the IDU in our 
study, the homosexual men seroconverted much earlier in time 
when measurement of CD4 cell counts was less standardized. 

A previous study among various risk groups followed in 
clinical centres demonstrated a shorter survival in AIDS cases in 
southern Europe than in those residing in northern and central 
Europe. Because this trend was similar in the subgroup of IDU, 
this study is not in agreement with our results. As in the study 
among the AIDS cases, geographical differences decreased over 
time (i.e. 1979-1989); one possible explanation for this dis
crepancy might be that in our study the IDU from southern 
Europe, who all seroconverted for HIV after 1987, were followed 
in a calendar period in which clinical care for HIV-infected 
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patients in all western European countries might have been 
optimized or was at least comparable. An alternative explanation 
might be that the IDU included in our study were regularly 
followed up, including a clinical examination, relatively long 
before the development of AIDS. This excludes geographical 
differences in referral of patients with AIDS-defining illness by 
health care facility, which has been suggested as explanation for 
the findings among the AIDS cases.9 Furthermore, AIDS survival 
might be influenced by factors that do not greatly influence the 
HIV incubation time. 

In our study, we adjusted for pre-AIDS mortality from natural 
causes. As this mortality has previously been shown to under
estimate the burden of disease in IDU,10 adjustment resulted in 
faster progression rates to AIDS and death with AIDS. Because 
CD4 count is one of the laboratory markers most closely 
correlated with the stage of HIV infection, imputation of the 
residual time to each endpoint if death had not occurred, based 
on the CD4 decline before each endpoint, appeared to be a use
ful technique. It should be noted that the adjusted progression 
rates given in our study reflect rates if premature death could 
be eliminated and can therefore be used for comparison of 
progression rates in other risk groups at low risk of pre-AIDS 
mortality (e.g. homosexual men). Rates are somewhat lower 
than observed for homosexual men in earlier reports, but com
parable taking the younger age of IDU into account.26 For 
future planning of interventions and costs, alternative methods 
need to be used to estimate net disease occurrence.27 As most 
IDU who experienced pre-AIDS death from natural causes were 
already suffering from immunosuppression before, taking these 
deaths into account did not substantially change progression 
estimates to first CD4 count <200 cells/u.1. In general, in adjust
ing for pre-AIDS mortality from natural causes our results on 
geographical differences cannot be biased by different death 
rates across regions. In addition, confounding by the unknown 
duration of infection was absent because we studied IDU with 
documented HIV seroconversion. 

We demonstrated that study-design related factors confounded 
our results on geographical variability in disease progression. 
Firstly, IDU whose reason for the first study visit was other than 
regular follow-up had a poorer prognosis. This confirms results 
described by Biggar.25 Secondly, it appeared that recruitment 
from hospital-based settings, in which HIV seroconversions 
are generally determined retrospectively, might result in an 
overrepresentation of fast progressors to AIDS and death with 
AIDS. As this was not consistently found within each region, we 
argue that clinic-based cohorts potentially, but not necessarily, 
overrepresent fast progressors. Researchers should be aware of 
this phenomenon and consider selection bias in interpreting 
results. 

In HIV-infected IDU and other risk groups with estimated 
times of HIV seroconversion, older age has consistently been 
found to be associated with a faster rate of disease progres-
sion.3 '7 '1 6 , 2 3 '2 8"3 3 We observed a weak association between 
age at seroconversion and immunosuppression, the earliest 
endpoint in our study. This could be explained by a steeper age 
gradient with more advanced stages of HIV infection (i.e. the 
effect of age is stronger for later endpoints), as demonstrated in 
this and previous studies.23 '34 '35 We found no substantial effect 
of gender on disease progression. This is consistent with most 
studies.29 '31 '35 '36 

Several in vitro studies and animal models have suggested an 
unfavourable effect of opiate use on HIV disease progression.37^10 

Some epidemiological studies also demonstrated that drug use 
accelerates progression,29 '41 but we and others did not find 
evidence for this.42"47 A recent epidemiological study48 found 
that use of mainly heroin resulted in a somewhat faster CD4 
decline only at the interval of seroconversion and not later 
on. So, the fact that this effect was of limited duration might 
reconcile discordant results.48 Two studies from Amsterdam 
evaluated the impact of borrowing of injecting equipment on 
disease progression and found evidence of a protective effect of 
a high frequency of borrowing prior to study entry43 and HIV 
seroconversion48 on disease progression. Continued borrow
ing of injecting equipment during HIV-positive follow-up, a 
surrogate marker for repeated HIV-exposure, was not associated 
with a slower CD4 decline in the Amsterdam study.48 In agree
ment, we did not find evidence for an effect of continued 
borrowing nor for having an HIV-positive steady sexual partner 
during HIV-positive follow-up (another surrogate marker for 
potential HIV re-exposure). However, lack of evidence might be 
due to sociaify desirable answers by participants and in our 
study to loss of information by creating common variables. 

Potential drawbacks of our study include the multicohort design 
with each cohort having their own study methods. Therefore, 
we considered bias caused by study-design reiated factors. In 
addition, individual cohorts were grouped together in geo
graphical regions, although associations between cofactors and 
disease progression may not be uniform. We did so because 
the aim of the present study was to evaluate large geographical 
differences. Results other than for geographical region were 
unaffected when we controlled for the individual sites. Further
more, we cannot rule out that other factors, such as lifestyle, 
the stage of HIV infection of the individual through whom IDU 
became HIV infected, completeness of AIDS/death registers, 
might have been of importance and might have biased the effect 
of the cofactors examined. As we studied cohort participants, 
our results cannot simply be generalized to IDU not followed in 
cohort studies, who might have poorer access to health care. 
Finally, although adjustment for calendar time of follow-up is 
crucial since certain events occurring at different calendar times 
(e.g. introduction of HIV treatment, improved diagnostics and 
therapy) might influence progression rates, we did not do so 
because calendar time effects on progression in these IDU were 
absent in previous evaluations. ' 

In conclusion, there appears little evidence for geographical 
differences in HIV disease progression in IDU closely followed 
up in Europe before highly active antiretroviral treatment became 
generally available. Future studies evaluating geographical dif
ferences should consider the confounding effect of study-design 
related factors and differential non-AIDS mortality. Cofactors 
are not fikely to play a major role in HIV pathogenesis with the 
exception of age at seroconversion, which is especially pre
dictive for progression to later endpoints. Therefore, age should 
be considered in recommending treatment. 
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Do gender differences in CD4 cell counts matter? 

Maria Prins3, J. Roy Robertson15, Raymond P. Brettlec, 

lldefonso Hernandez Aguadod, Barbara Broerse, Faroudy Boufassa, 

David J. Goldberg8, Robert Zangerleh, Roel A. Coutinho3'1 

and Anneke van den Hoeka 

Objective: To examine the effect of gender on disease progression and whether 
gender differences in CD4 lymphocyte counts persisted for the entire course from 
HIV seroconversion until (death from) AIDS. 

Methods: CD4 lymphocyte counts were modelled in 221 female and 443 male 
seroconverters following seroconversion, backwards from AIDS and backwards from 
death using regression analysis for repeated measurements. 

Results: In the period before use of highly active antiretroviral therapy (HAART), 
progression to AIDS and to death were marginally slower in women than in men as 
assessed by proport ional hazards analysis. Women seroconverted for HIV, 
developed AIDS and died at higher CD4 cell counts than men (women: 815, 146 
and 44 X 10('cells/I, respectively; men: 727, 49 and 22 X 106 cells/I, respectively), 
although differences were only statistically significant at AIDS onset. Declines in CD4 
lymphocyte counts were not significantly affected by gender and absolute 
differences between men and women were stable, with exception for the trajectory 
close to AIDS when the decline became steeper for men than women. 
Conclusion: These gender differences in CD4 lymphocyte counts suggest a delay of 
initiation of therapy in women compared with men (our model predicted that women 
reach the threshold of starting HAART at about 12 months later than men). If this 
delay unfavourably influences progression, treatment guidelines should be revised so 
that women can benefit equally from HAART. © 1999 tippincott Williams & Wilkins 

AIDS 1999, 13:2361-2364 
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Introduction lymphocyte cell counts [1-6]. The difference in absolute 
CD4 counts was found to be about 100 X 10 cells/1 in 

Relative to their male counterparts, both HIV-negative HIV-negative subjects [2] and in HIV-positive subjects 
and HIV-positive women tend to have higher CD4 shortly after HIV infection [3, 4|. Since the absolute 
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DO GENDER DIFFERENCES IN CD4 CELL COUNTS MATTER? 

C D 4 cell count is one of the markers most closely cor
related with the stage of HIV infection, one could argue 
that once infected, w o m e n should experience a more 
favourable course of disease than men. However, most 
studies found only a very marginal effect of gender on 
disease progression [7—10], suggesting that the higher 
C D 4 cell coun t s have no func t iona l s igni f icance . 
Alternatively, gender differences in C D 4 cell counts 
might diminish with ongoing time since HIV infection. 
A previous study conc luded that gender differences 
were not lost, but this study only included data up to 5 
years after infection [4]. 

Here , we report the results from a longitudinal study 
among seropositive individuals with documented inter
vals of seroconversion to investigate further the impor
tance of higher levels of C D 4 lymphocyte counts in 
w o m e n prior to and following HIV infection on subse
quent disease progression. W e evaluated the effect of 
g e n d e r on p rogress ion to different e n d p o i n t s and 
whether gender differences in C D 4 lymphocyte counts 
persisted for the ent i re course from seroconvers ion 
until (death from) AIDS. 

Subjects and methods 

The study population comprised 221 women and 443 
men infected with HIV for w h o m the dates of a last 
negative and first positive HIV test were known. These 
individuals originated from eight ongoing cohort stud
ies registered in the European Seroconver te r Study 
among injecting drug users [11]. A group of 111 HIV-
negative w o m e n and 240 HIV-negative men entered 
the original studies and seroconverted during follow-
up; 110 w o m e n and 203 men were infected with HIV 
at study entry but had earlier negative blood samples 
available to determine HIV seroconversion. For the lat
t e r g r o u p , n e g a t i v e b l o o d s a m p l e s w e r e m o s t l y 
obtained for reasons unrelated to disease progression. 
T h e original studies started between 1982 and 1988. 
Briefly, part icipants u n d e r w e n t standardized clinical 
examinat ion, b lood testing and completed quest ion
naires every 3—6 months . T cell subsets were deter
mined by flow cytometry. 

T h e expected date of seroconversion was calculated for 
each individual conditional upon the last negative and 
first positive test using a cohort-specific estimate of the 
cumulative HIV seroincidence over calendar time [11]. 
Progression from HIV seroconversion to AIDS (1987 
Centers for Disease Control AIDS case definition [12]) 
and to death from AIDS were studied using C o x pro
portional hazards analysis. For participants who were 
HIV positive at study entry, follow-up time was calcu
lated from the estimated m o m e n t of seroconversion, 
but they entered the risk set at the date of enrolment. 

The effect of gender on the C D 4 lymphocyte trajectory 
was assessed in two steps. First, the marker path was 
modelled by regression analysis for repeated measure
ments. A mixed linear approach was used [13] in which 
the rate of change of the CD4 cell count was allowed to 
differ from one time interval to another [14]. C D 4 lym
phocyte counts were modelled on the square-root scale 
up to 7 years after HIV seroconversion, backwards from 
AIDS diagnosis, and backwards from death from AIDS. 
A first-order autoregressive moving average w i t h i n -
person correlation structure (i.e. each C D 4 cell count 
depended on the value of and the variation around the 
preceding count) was applied because compared with 
various other plausible correlation structures it showed 
the highest likelihood in all three models. Second, the 
influence of gender on the intercept and slope in each 
of the obtained models was estimated and adjusted for 
potential confounders. 1' values < 0.05 were considered 
statistically significant. 

Results 

The median follow-up time was 4.4 years [interquartile 
range ( I Q R ) 2 .1-7 .5] and did not differ by gender 
(P = 0.290 by the Mann-Whi tney U test). In addition, 
the frequency of study visits was similar for w o m e n and 
men. Median age at seroconversion was 24.3 years for 
w o m e n ( I Q R 21.2-28.9) and 25.5 years for men ( I Q R 
22.4-29.0) ( P = 0.019). The median interval between 
the last negative and the first positive HIV test (this 
interval is henceforth denoted as seroconversion inter
val) was smaller for women (0.9 years; I Q R 0.4—2.4) 
than for men (1.2 years; I Q R 0.6-2.3) (P = 0.025). At 
the end of the follow-up (maximally August 1995), 26 
w o m e n and 61 men had d e v e l o p e d A I D S and 31 
w o m e n and 77 men had died, of w h o m 19 and 39, 
respectively, were without AIDS. T h e most frequently 
i d e n t i f i e d s ing le A I D S - d e f i n i n g c o n d i t i o n was 
Pneumocystis carinii pneumonia (PCP) (29.9% of the 87 
patients with AIDS), followed by oesophageal candidi
asis (28.7%) and HIV encephalopathy (11.5%). N o dif
f e r e n c e s w e r e f o u n d in the d i s t r i b u t i o n o f 
AIDS-defining illnesses between men and women . Six 
m o n t h s after their first C D 4 cell coun t fell b e l o w 
200 X 106 cells/1, 27% of the AIDS-free subjects were 
receiving antiretroviral treatment (mainly zidovudine 
m o n o t h e r a p y ) and 36% were on P C P prophylaxis . 
T h e s e p r o p o r t i o n s were c o m p a r a b l e for m e n and 
women . 

Accounting for pre-AIDS mortality from natural causes 
[14] and adjusting for age at seroconversion and site in 
Cox analysis, the relative hazard of AIDS tor w o m e n 
compared with men was 0.89 |95% confidence interval 
(CI) 0.58-1.35] and the relative hazard of death from 
AIDS was 0.71 (95% CI 0.40-1.26). Relative hazards 
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estimated for individuals with a seroconversion interval 
of less than 2 years and recruited before or maximally 
1 year after seroconversion (n = 372) were not substan
tially different from those for the group as a whole, 
though less accurate. 

In total, 4702 CD4 lymphocyte measurements from 3 
months prior to HIV seroconversion until the end of 
the HIV-posit ive follow-up were available for 
repeated-measurement regression analysis. Modelling 
the square root CD4 lymphocyte counts from serocon
version onwards, the slope did not appear to be 
approximately linear for the whole trajectory and a 
slope change was needed: the CD4 cell count appeared 
to decline rapidly for the first 7 months following sero
conversion and more slowly thereafter. Modelling the 
decline prior to AIDS, the decline accelerated 18 
months before AIDS. No notable change in decline 
was observed modelling the marker path prior to death 
from AIDS. 

Figure 1 shows the CD4 cell marker paths by gender 
obtained from fitting the basic mixed models including 
gender. Back transforming the predicted square root 
counts, the CD4 cell count at seroconversion was 
estimated to be 815 X 106 cells/1 for women and 727 X 
106 cells/1 for men (P = 0.121). Both the decline up to 
(26 X 106 cells/1 per month) and following 
7 months from seroconversion (5 X 10 cells/1 per 
month) did not significantly differ by gender 
(P = 0.709 and 0.992, respectively). Restricting the 
analysis to those with a HIV-seroconversion interval of 
less than 2 years and recruited before or maximally 
1 year after seroconversion did not alter these estimates 
appreciably. The CD4 cell count at onset of AIDS was 
estimated to be 146 X 10' cells/1 for women and 
49 X 106 cells/1 for men (P = 0.004). The monthly 

decline was approximately 6 X 106 cells/1 up to -18 
months before AIDS and was not significandy affected 
by gender (P = 0.920). However, 18 months prior 
AIDS, the moment when the decline slightly acceler
ated, the slope became steeper for men (10 X 10' cells/1 
per month) than for women (7 X 106 cells/1 per month) 
(P = 0.021). The CD4 count at death from AIDS was 
44 X 106 cells/1 for women and 22 X 106 cells/1 
for men (P = 0.347). The decline prior to death was 
5-8 X 10 cells/1 per month. The gender effect on this 
decline was not significant (P = 0.956), although the 
curves tended to converge slightly close to death (Fig. 
lc). Finally, controlling for age at seroconversion, site and 
time since seroconversion (the latter only when model
ling the marker path prior to AIDS and death) did not 
substantially change the results on the effect of gender. 

Discussion 

Women seroconverted for HIV, developed AIDS and 
died from AIDS at higher CD4 cell counts than men, 
although differences were only statistically significant at 
AIDS onset. The absolute difference did not appear to 
be stable close to AIDS and death from AIDS, which 
might be a consequence of the small number of obser
vations. As progression rates to AIDS and death from 
AIDS were marginally slower in women than in men, 
this suggests that following the higher level prior to 
HIV infection [2] women continue to have higher 
CD4 cell counts with ongoing HIV infection; how
ever, these higher counts seems to have no functional 
significance. Since our follow-up was limited, resulting 
in relatively small numbers of cases and observations 
prior to AIDS and death from AIDS, our results for 
later stages of HIV infection need to be confirmed by 

0 20 40 60 80 

Months from HIV seroconversion 

-30 -20 -10 0 

Months prior to AIDS 

-30 -20 -10 0 

Months prior to death from AIDS 

Fig. 1 . Predicted absolute CD4 lymphocyte counts (X 10b cells/I) (a) fo l lowing HIV seroconversion, (b) prior to AIDS and 

(c) prior to death from AIDS, by gender. The curves were created by back transforming the predicted square root CD4 lym

phocyte counts from the (piecewise) mixed linear regression models that included gender. The dashed lines depict the marker 

path for women and the solid lines the path for men. 
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studies with a longer follow-up period. Furthermore, 
CD4 lymphocyte counts may fluctuate depending on 
smoking, drug use, use of antiretroviral therapy, diurnal 
variation and the occurrence of splenectomy. 
However, because of the uniform study population (i.e. 
all drug users) and several additional analyses (data not 
shown), we think it is very unlikely that these sources 
of variability have seriously biased our results. 

The main question is whether the gender differences in 
CD4 lymphocyte counts have implications for patient 
management, especially with regard to initiation of 
antiretroviral therapy since guidelines include CD4 cell 
counts as criteria for starting therapy. Before highly 
active antiretroviral therapy (HAART) became avail
able, a CD4 count of 200 X 106 cells/1 was regarded as 
the level below which antiretroviral therapy and PCP 
prophylaxis should be started. Because of this relatively 
late start and because antiretroviral therapy was less 
powerful, the potential later start of treatment in 
women than in men as a result of gender differences in 
CD4 lymphocyte counts was unlikely to have largely 
influenced disease progression. However, since the 
more powerful HAART, which is initiated much ear
lier in infection when the CD4 cell count drops below 
500 X 10 cells/1 (our model predicted that women 
reach this threshold about 12 months later than men), 
became generally available in 1996, the situation might 
be different. Moreover, recent studies have shown that 
women have lower levels of plasma HIV RNA than 
men [16-18], while a viral load of > 10 000 copies/ml 
plasma is nowadays also used as a criterion for initiating 
antiretroviral therapy. This again suggests a delay of ini
tiation of treatment in women. Consequently, it is very 
important to study the effect of the later start of therapy 
in women compared with men on subsequent disease 
progression in the current era of HAART. If there is 
epidemiological evidence that women are going to do 
less well with HAART than men under current guide
lines, treatment guidelines will need to be revised so 
women can benefit equally from HAART. 
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CHAPTER (T) 

8. GENERAL DISCUSSION 

8.1 The natural history of HIV infection 
The European Seroconverter Study outlined in the introduction of this thesis was estab
lished to characterise the natural history of HIV infection in IDU. Although IDU play an 
important role in the HIV epidemic, studies on the course of HIV infection have predomi
nantly been conducted in cohorts of HIV-infected homosexual men and there has been 
comparatively little research on the natural history among IDU. Compared with studies in 
homosexual men, IDU are often hard to reach because of their lifestyle. Moreover, most 
studies in IDU have started more recently and attrition is higher, resulting in relatively 
limited durations of follow-up. However, by means of this European multicohort study we 
succeeded in contributing to the understanding of HIV disease progression in IDU. 

Estimates of the median incubation time from HIV seroconversion to AIDS range from 
8.3 in homosexual men to 16.5 years in men with haemophilia [1], Differences in progres
sion to AIDS and death from AIDS between risk groups can largely be explained by differ
ences in age, the only cofactor that has been consistently shown to be associated with 
disease progression. Variability in the estimates might additionally be due to differences in 
genetic factors, the spectrum of AIDS-defining conditions (e.g. Kaposi's sarcoma, which is 
known to be an early AIDS diagnosis, being common in homosexual men, but rare in 
others), study-design, and access to health care. In general, risk group, gender and 
ethnicity seemed to have only a very marginal effect on progression times [2]. The research 
on the incubation period, the effect of risk group on progression rates, and cofactors of 
disease progression in IDU themselves presented in this thesis confirmed these findings 
(chapters 2 and 6). 

Only limited data are available on non-progression in IDU [3]. We have shown that there 
are no differences between homosexual men and IDU in the proportion classified as non-
progressors at 7 years following seroconversion applying the most stringent definition for 
non-progression (chapter 2). Several years ago various research groups started to identify 
non-progressors. However, the interest in studying long term non-progressors has been lost 
since it has been shown that non-progressors have characteristics that are mostly exactly 
the opposite of those of fast progressors, while researchers were hoping to find new clues 
that could help towards a better understanding of the pathogenesis of the virus. 
Furthermore, further follow-up of these non-progressors demonstrated that it is likely that 
they do not form a discrete group who never progress, but simply represent slow progres
sors who will ultimately develop AIDS given enough time and who are just the right-hand 
tail of the distribution of survival times [1,4]. 

Although (non-)progression does not differ by risk group, the natural history of HIV 
infection in IDU is characterised by a high pre-AIDS mortality rate compared with other risk 
groups. In addition, morbidity, including the spectrum of AIDS defining conditions, is 
different from that observed among homosexual men (chapter 2). As risk group does not 
affect the incubation period, immunoactivation associated with frequent and chronic infec
tions due to the lifestyle of IDU does not seem to have resulted in faster progression. An 
alternative explanation could be a survival effect; when death had led to 'survival of the 
fittest' among IDU before they became HIV-infected, it might have led to an overrepresen-

(m) 



CO GENERAL DISCUSSION 

tation of slow progressors among HIV-positive IDU. However, this is unlikely as we demon
strated that risk group did not affect non-progression. 

By now many groups have reported results on the effect of risk group differences on 
AIDS and death rates, while differences in genetic and biological markers between risk 
groups have hardly been studied at all. In general, results obtained from studies on markers 
in homosexual men are all to often considered to be applicable to groups other than homo
sexual men, while this is not necessarily true. For example, in the Amsterdam cohorts it 
was found that the prevalence and incidence of the HIV-1 syncytium inducing (SI) 
phenotype was lower in IDU than homosexual men, although the prognostic value of the SI 
phenotype appeared to be similar for both groups [5]. Conversely, the prevalence of CCR5 
A32 and CCR2b 641 mutations were comparable in both groups, but no protective effect of 
these mutations on disease progression was found among IDU, whereas these genotypes 
were independent predictors among homosexual men [6-8]. Further studies on differences 
in viral and host factors are needed to confirm and explain these Amsterdam findings. 

Markers might also differ by gender, although progression rates are similar for men and 
women. We found that women seroconverted at higher CD4 cell counts and continue to 
have higher counts with ongoing HIV infection than men (chapter 7). If confirmed by others, 
then seroprevalent cohort studies that assess gender differences in progression and correct 
for baseline CD4 cell count as a surrogate marker for time since seroconversion, which is a 
common method, incorrectly imply that the CD4 cell count trajectory is the same for men 
and women. Moreover, recent studies have shown that women have lower levels of HIV 
RNA than men [9-13J, although it is not yet clear whether this difference either continues 
or diminishes with ongoing HIV infection. 

Future studies on the effect of cofactors should not only evaluate progression to clinical 
endpoints, but also investigate differences in marker paths in addition to the prognostic 
value of these markers. At least differences in the HIV RNA and CD4 lymphocyte count 
trajectories should be included in these types of studies, since current guidelines for initi
ation of antiretroviral therapy include these two markers as criteria for starting therapy, but 
do not draw any distinction between subgroups. However, if in the years to come the effect 
of a cofactor turns out to become differential under current treatment guidelines due to a 
deferred start, guidelines might need to be revised so everyone can benefit equally from 
therapy. Furthermore, a mechanism responsible for the observed differences (e.g. it has 
been suggested that oestrogen levels are responsible for the gender differences in HIV 
RNA levels and CD4 cell counts) in markers but not in progression rates or vice versa should 
be explored to gain more insight into the pathogenesis. 

8.2 Pre-AIDS mortality 
In this thesis much attention was paid to the phenomenon of pre-AIDS mortality. Data on 
pre-AIDS death rates are important to accurately estimate the size of the HIV epidemic from 
seroprevalence and AIDS surveillance data amongst populations with a relatively high risk 
of pre-AIDS mortality. We estimated that at 7 years from seroconversion, 15% of the IDU 
registered in the European Seroconverter Study had died without AIDS, and 17% had 
developed AIDS (chapter 4). Using a Markov model, it was estimated that eventually 24% 
of the IDU die without AIDS [14]. 
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The main objective of the two studies on pre-AIDS mortality included in the present 
thesis (chapters 4 and 5) was to study whether pre-AIDS deaths are the result of HIV 
infection. In studying progression to AIDS, investigators generally right-censor follow-up 
on patients who die without AIDS on the date of death assuming that the occurrence of this 
event is independent of progression to AIDS. We have shown that this assumption of inde
pendent censoring is not valid for pre-AIDS death from natural causes in IDU because the 
risk of pre-AIDS death is associated with more advanced disease (chapter 4). Among 
haemophilic and homosexual men we also demonstrated that pre-AIDS deaths are partially 
related to HIV disease progression (chapter 5). Therefore, censoring these deaths as 
withdrawn on the date of death in standard survival analysis results in an underestimation 
of the hazard of AIDS. In addition, it leads to biased estimates of relative risks if the risk of 
pre-AIDS death differs across covariate levels (e.g. if pre-AIDS death rates differ between 
risk groups). In contrast, when studying progression to death as a result of HIV infection, 
it is common to consider all-cause mortality including all pre-AIDS deaths as an endpoint. 
However, this results in an overestimation of the risk of death as a result of HIV infection 
because we showed that pre-AIDS mortality from overdose and suicide was not associated 
with HIV disease progression in IDU (chapter 4). 

We stress the point that pre-AIDS deaths from natural causes should be incorporated in 
survival analyses on HIV disease progression as this mortality underestimates the burden 
of HIV disease. The most appropriate method [14-17] to take these deaths into account 
depends on the research question (e.g. whether one aims to estimate either net disease 
occurrence or progression rates eliminating pre-AIDS deaths). In our survival analysis we 
attempted to adjust for pre-AIDS deaths from natural causes by estimating when each 
endpoint would have occurred, had they not died (chapter 6). However, further studies are 
needed to develop standardised methodology to account for this and other types of 
competing events that are partially related to HIV disease progression. 

Because of the longer life expectancy due to HAART, pre-AIDS deaths, especially deaths 
due to HCV infection in haemophilic men and IDU, are likely to further arise. On the other 
hand, HAART might also delay or even prevent some pre-AIDS deaths, particularly those 
caused by bacterial infections. Furthermore, mortality after AIDS diagnosis but not from 
AIDS is also likely to increase in the era of HAART, but its association with HIV disease 
progression has not yet been evaluated. In general, the use of AIDS as outcome of a study 
has become more and more complicated over time because the spectrum of illnesses differs 
between subgroups, the case definition has been extended several times, the adoption of 
these extensions and the timing of introduction of extensions differ across countries, and 
therapy including HAART has changed the spectrum of diseases. 

8.3 The era of HAART: 
Is there still a natural history of HIV infection? 

The studies included in the present thesis were based on data collected in the era prior to 
the widespread use of HAART. Up to 1996, when HAART became generally available in 
developed countries, treatments for HIV-infected individuals were of limited and transient 
efficacy [1,18], although they considerably changed the spectrum of AIDS defining condi
tions (e.g. the incidence of Pneumocystis carinii pneumonia is significantly reduced due to 
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prophylaxis) [19]. HAART has substantially improved the survival in HIV-infected individ
uals since [20-26]. Therefore, progression of HIV infection is not only determined by the 
natural history itself but also by access to health care, the availability of HAART, the 
(moment of) offer of HAART by clinicians, compliance with or adherence to therapy, and the 
occurrence of serious side-effects. 

Because of the success and widespread use of HAART, strictly speaking it is even no 
longer valid to talk about the natural course of HIV infection. The clinical course of HIV 
infection would be a better phrase. Consequently, results on disease progression obtained 
in absence of or with less effective treatment will no longer be applicable in developed 
countries. However, studies that consider the impact of HAART on progression rates at a 
population level (i.e. the hazard of progression in the calendar period after HAART became 
available is compared with that in the period before) are still relatively rare due to lack of 
follow-up since it has just been over 3 years since HAART was generally introduced [27]. 
In the present thesis we demonstrated that prior to the introduction of HAART, as opposed 
to sexual exposure groups, no favourable trends in progression over calendar time were 
found in IDU, who were treated with antiretroviral therapy later in the course of the disease 
than sexual exposure groups (chapter 3). Interestingly, recent studies including follow-up 
in the HAART era also show that IDU are less likely to initiate therapy, but this has not so 
far resulted in progression differences [25,28,29]. These findings suggest that deferring 
HAART results in the same benefits. Alternatively, the follow-up period after the introduc
tion of HAART might yet be too short to observe survival differences. Second, the IDU that 
are treated might be those most likely to be compliant or therapy naive (therapy response 
is better in previously untreated persons), whereas in other risk groups the proportions of 
non-compliant and previously treated individuals are much larger. Third, theoretically the 
decrease in all-cause mortality in IDU might actually be a reduction in deaths from 
overdose, suicide and unintentional injuries but not in deaths as a result of HIV infection. 
As far as survival differences by gender are concerned, a recent study from Italy showed 
that shortly after the widespread use of HAART the survival benefits were limited to men 
[26], whereas others did not observe gender differences [25,29]. 

To give a definitive answer to the question as to whether a delayed start results in a 
poorer prognosis, the continuation of observational studies among seroconverters like ours 
is of great importance. Findings from these studies will contribute to the current debate on 
the optimal time at which HAART should be initiated. If indeed deferring HAART results in 
the same survival improvement, this is an extremely important finding given the 
complexity of existing treatment regimens, the potential for serious side-effects and the 
fear of limiting future treatment options [30]. Furthermore, no large-scale randomised trials 
for comparing treatment regimens in terms of clinical progression are ongoing or planned 
at present. Therefore, in the years to come observational cohort studies will most likely be 
the only source of data relating drug regimens to the risk of clinical progression, adverse 
drug reactions and death [31]. Moreover, IDU are often excluded from clinical trials. Hence, 
observational studies should not only include details on the time of initiation of each 
treatment regimen, in addition to repeatedly measured markers values, but also details on 
compliance and occurrence of serious side effects at an individual level. It is known that 
observational studies are subject to selection bias with respect to therapy because prog-
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nostic factors and judgements about adherence mainly influence initiation. Therefore, 
serious bias can be present when comparing the clinical efficiency of antiretroviral 
regiments in observational studies. However, the sources of bias can be explored and taken 
into account when interpreting results [31). 

Furthermore, in contrast to clinical trials, surveillance data and observational cohort 
studies have the potential to estimate the extent to which HAART is implemented in a 
population of HIV-infected individuals. Various reports have been published on the low rate 
of HAART use in IDU [32-35]. A future question to be addressed is whether in IDU and other 
marginalized groups either initiation of HAART continues to be delayed, or HAART is less 
frequently used at all by those eligible for therapy. In this respect, identification of deter
minants of not receiving potent therapy is important in order to improve the level of care 
for groups that do not seem to take full advantage of medical progress. 

Other important areas for future research in the era of HAART for which observational 
cohort studies of HIV negative and HIV positive individuals are a potentially rich source of 
information include changes in risk behaviour and HIV incidence due to the success of 
HAART, and the impact of HAART on non-AIDS death rates. The latter topic has been 
discussed at the end of paragraph 8.2. Furthermore, these cohorts are essential for the 
monitoring of the transmission of HIV-1 strains resistant to drugs amongst recent serocon-
verters because there is some concern that the widespread use of antiretroviral agents may 
result in the increased transmission of drug resistant variants, which might limit the effec
tiveness of therapy [36-38]. Another question of central importance not yet considered in 
seroconverter studies, is whether characteristics previously found to be associated with 
progression and non-progression are still predictors of HIV disease progression among indi
viduals treated with HAART since the response to HAART might not be homogeneous. 
Furthermore, future research should evaluate the long-term outcomes for recent serocon-
verters who are the only ones that have the opportunity to benefit fully from HAART. 

It could be that to answer these epidemiological questions collaboration across cohorts 
is necessary because these questions cannot be adequately addressed through single 
studies. As discussed in the paragraph in chapter 1 on the advantages and disadvantages 
of pooling of previously collected data, we are aware that heterogeneity increases through 
pooling, particularly heterogeneity originating from different study designs and methods. 
In contrast, by obtaining original data, through using common definitions, coding and 
cutpomts, and through applying the same statistical methods, heterogeneity across studies 
will be reduced. In any case, investigators often pay insufficient attention to heterogeneity, 
while it is essential that in any epidemiological study potential sources of bias are system
atically explored and discussed. Moreover, the methods used to deal with these sources of 
bias, and the analysis strategies employed to examine their influence on the results 
obtained need to be systematically reported [39,40], as we tried to do (e.g. by describing 
sensitivity analysis), especially in the study described in chapter 6. As more pooled 
analyses are performed, the influence of methodological factors on findings will be better 
understood. With this increased awareness future standards of conduct and reporting of 
both single and pooled epidemiological studies should improve [41]. 

To summarise, the continuation of seroconverter cohorts is crucial for obtaining 
unbiased estimates of the incubation period in the era of HAART, to assess the long-term 
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impact of treatment regimens and to investigate the (opportunity of) uptake of therapy in 
various populations. These data are necessary for predicting the future course of the HIV 
epidemic, which is important for planning the utilisation of health care facilities, treatment 
strategies and other interventions to improve the level of care. 
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SUMMARY 

Most research on the natural history of HIV infection has been derived from cohorts of 
white gay men. However, it cannot be assumed that HIV infection will necessarily 
manifest in the same way in risk groups other than gay men. In this thesis several studies 
on the progression of HIV infection in injecting drug users (IDU) were described. 

To avoid bias related to the unknown duration of HIV infection, studies on the natural 
history should preferably be conducted in cohorts of HIV-infected individuals for whom 
HIV seroconversion is documented, so-called seroconverters (chapter 1). However, due to 
the relatively small numbers of seroconverters and outcomes within the Amsterdam 
Cohort Study among drug users, the European Seroconverter Study among IDU was 
established. In this collaborative study, data previously collected from 750 IDU with docu
mented seroconversion from 8 cohorts in 6 western European countries have been 
pooled. The advantages of this pooling include an increase in statistical power and 
precision, generalisation of results, the opportunity to evaluate geographical differences, 
the broadening of ranges of cofactors, the opportunity to reduce sources of heterogeneity, 
an increase in the quality of the data, and enlarged expertise. On the other hand, 
drawbacks include the fact that pooling takes up a lot of time, an increase in potential 
sources of heterogeneity, loss of information and precision by creating common variables, 
the number of considerations and assumptions needed to make information comparable 
across sites, and the fact that data obtained are often 'second-hand' data. 

To evaluate whether HIV infection presents in the same way and has a similar rate of 
progression and non-progression in different risk groups, data from IDU registered in the 
European Seroconverter Study were combined with data from the Tricontinental 
Seroconverter Study, a comparable multicohort study among homosexual men (chapter 
2). We found little evidence for an effect of risk group on progression to AIDS and death 
from AIDS. Subjects younger than 24 years progressed more slowly than older subjects, 
but no differences between subgroups aged 24 or older could be demonstrated, 
suggesting a non-linear effect of age. Homosexual men were more likely to be diagnosed 
with Kaposi's sarcoma as the primary AIDS-defining event than IDU, whereas oppor
tunistic infections and HIV encephalopathy were more frequent among IDU. Mortality 
without being diagnosed with AIDS (i.e. pre-AIDS mortality) was much higher among IDU 
than homosexual men. No differences were found in the proportion classified as non-
progressors free of AIDS at 7 years following seroconversion by criteria of absence of a 
negative CD4 cell slope and an absolute CD4 count exceeding 500 cells x 10VI. 

Temporal trends in HIV disease progression were evaluated in the study presented in 
chapter 3. In this study, data from the European Seroconverter Study among IDU were 
combined with data obtained in a French multicentre prospective study of HIV-infected 
homosexual and heterosexual individuals. First, the effect of year of seroconversion on 
progression to AIDS was studied. No evidence was found of a change in the rate of 
progression in subjects who seroconverted in recent years. Second, the effect of calendar 
period of follow-up was evaluated. As opposed to sexual exposure groups, no trend 
towards less rapid progression to AIDS was observed in IDU followed in the most recent 
periods (i.e. 1991-1995). It appeared that the frequency of antiretroviral treatment 
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prescription was still low during the most recent calendar periods in IDU compared with 
sexual exposure groups, suggesting that health-care systems are not always adapted to 
the lifestyles of IDU. 

Chapters 4 and 5 cover studies that evaluated the relationship between pre-AIDS 
mortality and HIV disease progression. In chapter 4 this topic was studied among IDU 
registered in the European Seroconverter Study. Considering pre-AIDS death and AIDS as 
competing risks, 15% of the IDU had died without AIDS at 7 years from seroconversion, 
whereas 17% had developed AIDS. Pre-AIDS mortality from natural causes but not from 
overdose and suicide was associated with increasing time since seroconversion and 
decreasing CD4 counts. Subsequently, we found that in HIV-infected men with 
haemophilia from London and in homosexual men from Amsterdam, pre-AIDS deaths 
were also, at least partially, related to HIV disease progression as the risk of death 
increased with decreasing CD4 counts and increasing HIV RNA levels (chapter 5). 
Surprisingly, the rate of pre-AIDS mortality in homosexual men was remarkably similar to 
that seen in haemophilic men. The major causes of pre-AIDS death appear to differ in the 
three exposure groups: deaths were mainly due to HCV infection in haemophilic men, to 
overdose/suicide and bacterial infections in IDU, and to cancer and immunosuppression 
in homosexual men. 

HIV disease progression within the European group of IDU itself was the objective of 
the study described in chapter 6. After taking pre-AIDS mortality into account, the 
median incubation time from seroconversion to the first CD4 count<200 cells x 106/1 
appeared to be 7.7 years, and to AIDS 10.4 years. The 10-year survival was 70%. 
Accounting for differences in study-design related factors (i.e. setting of follow-up and 
the reason for the first positive test), we found no evidence for geographical variation in 
disease progression. Age was a strong predictor of disease progression, especially for 
progression to later endpoints. Gender, foreign nationality, drug use and potential 
repeated HIV exposure had only a very marginal effect. 

In the study presented in chapter 7, we examined gender differences in CD4 lympho
cyte counts among IDU registered in the European Seroconverter Study. Women serocon-
verted for HIV, developed AIDS and died at higher CD4 cell counts than men, although 
differences were only statistically significant at AIDS onset. As progression rates to AIDS 
and death from AIDS were marginally slower in women than in men in the pre-HAART 
period, this suggests that following the higher level prior to HIV infection women 
continue to have higher CD4 counts with ongoing infection. However, these higher 
counts seem to have no functional significance. The gender differences suggest a delay 
in initiation of therapy in women compared with men (our model predicted that following 
HIV seroconversion, women reach the CD4-cell-count threshold of starting highly active 
antiretroviral therapy (HAART) 12 months later than men). If this delay unfavourably 
influences progression in the current era of HAART, treatment guidelines will need to be 
revised so women can benefit equally from HAART. 

In general (chapter 8), differences m progression rates can be explained by differ
ences in age, genetic factors, the spectrum of AIDS-defining diseases, study-design and 
access to health care. Risk group, gender and ethnicity have only a very marginal effect 
on progression rates. The effect of cofactors on marker paths have barely been studied 
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and should form part of future studies. Because of the longer life expectancy due to 
HAART, non-AIDS deaths are likely to further arise. Pre-AIDS mortality from natural 
causes should be incorporated in any survival analysis on HIV disease progression as this 
mortality underestimates the burden of HIV disease. Finally, because of the success and 
widespread use of HAART, we discussed whether there is still a natural history of HIV 
infection. In the HAART era, continuation of seroconverter cohorts is crucial in order to 
obtain unbiased estimates of the incubation period, to assess the long-term impact of 
treatment regimens and to investigate the (opportunity of) uptake of therapy in various 
populations. 
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SAMENVATTING 

Het meeste onderzoek naar het natuurlijk beloop van HIV infectie is verricht onder 
homoseksuele mannen. Er kan echter niet zonder meer worden aangenomen dat een HIV 
infectie zich op de dezelfde manier manifesteert in andere risicogroepen. Dit proefschrift 
bevat studies naar het natuurlijk beloop van HIV infectie in injecterende druggebruikers. 

Om het traject van ziekteprogressie na infectie met HIV volledig in kaart te kunnen 
brengen, dient men bij voorkeur HIV infecties te bestuderen onder personen met een 
bekende infectiedatum (hoofdstuk 1). Deze personen noemt men ook wel seroconverters. 
Omdat het aantal seroconverters en uitkomsten, zoals AIDS en sterftegevallen, in de 
Amsterdamse Cohort Studie onder druggebruikers relatief gering was, is de Europese 
Seroconverter Studie onder injecterende druggebruikers opgezet. In deze internationale 
studie zijn reeds verzamelde gegevens samengevoegd van 750 druggebruikers met 
bekende seroconversiedatum. Deze druggebruikers worden gevolgd in acht cohort 
studies in zes Westeuropese landen. De voordelen van het samenvoegen van deze 
cohort-gegevens zijn een vergroting van de 'power', een verhoging van de precisie, het 
generaliseren van de resultaten, en de mogelijkheid om geografische verschillen te 
evalueren. Tevens zijn het vergroten van de range van een cofactor (zoals leeftijd) en de 
kwaliteit van de gegevens, de mogelijkheid om bronnen van heterogeniteit te reduceren, 
en een grotere deskundigheid voordelen. Nadelen zijn het feit dat het samenvoegen veel 
tijd in beslag neemt, de toename in het aantal potentiële bronnen van heterogeniteit, het 
verlies van informatie en precisie door het creëren van gemeenschappelijke variabelen, 
het aantal overwegingen en aannames dat genomen moet worden om informatie 
vergelijkbaar te maken tussen studies, en het feit dat de verkregen data dikwijls 
' tweedehands' gegevens zijn. 

Ten einde te bestuderen of progressie van HIV infectie hetzelfde verloopt in verschil
lende risicogroepen werden gegevens van injecterende druggebruikers, geïncludeerd in 
de Europese Seroconverter Studie, bijeengevoegd met gegevens van de Tricontinental 
Seroconverter Studie, een vergelijkbare studie onder homoseksuele mannen (hoofdstuk 
2). Er waren weinig aanwijzingen dat de tijd die verstrijkt tussen infectie en AIDS en 
dood door AIDS verschilt tussen beide groepen. Personen jonger dan 24 jaar toonden een 
langzamere ziekteprogressie dan oudere individuen, maar er werden geen verschillen in 
progressie gevonden tussen de verschillende leeftijdsgroepen van 24 jaar en ouder. Dit 
suggereert dat de snelheid van progressie niet lineair toeneemt met de leeftijd. Wel bleek 
dat homoseksuele mannen vaker dan druggebruikers de diagnose AIDS kregen omdat ze 
Kaposi sarcoom hadden, terwijl een opportunistische infectie of AIDS dementie vaker de 
AIDS diagnose was onder injecterende druggebruikers. Injecterende druggebruikers 
overleden veel vaker zonder dat de diagnose AIDS werd gesteld dan homoseksuele 
mannen. Het percentage personen dat zeven jaar na HIV infectie nog geen AIDS had en 
geen symptomen van progressie vertoonde, gedefinieerd als het ontbreken van een 
afname in het aantal CD4 cellen over de loop van de tijd en een absolute CD4 aantal van 
meer dan 500 cellen x 106/1, was vergelijkbaar tussen beide risicogroepen. 

Of de tijd die verstrijkt tussen infectie met HIV en het ontwikkelen van AIDS veranderd 
is in de loop van de tijd werd nagegaan in de studie beschreven in hoofdstuk 3. In deze 
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studie werden gegevens van de Europese Seroconverter Studie onder injecterende 
druggebruikers bijeengevoegd met gegevens verzameld in een Franse cohort studie 
onder HIV geïnfecteerde homoseksuele en heteroseksuele personen. Allereerst 
bestudeerden we het effect van het jaar van infectie op ziekteprogressie. We vonden 
geen aanwijzingen dat ziekteprogressie sneller of langzamer verloopt onder personen die 
recentelijk besmet zijn geraakt. Vervolgens bestudeerden we het effect van het tijdvak 
van follow-up. Er werden aanwijzingen gevonden dat bij HIV geïnfecteerde heterosek
suelen en homoseksuele mannen die na 1991 gevolgd werden het langer duurde voordat 
zij AIDS ontwikkelden dan bij degenen die voor die tijd werden gevolgd. Deze trend werd 
niet waargenomen onder HlV-geïnfecteerde druggebruikers. Indien geïndiceerd kregen 
druggebruikers minder vaak antiretrovirale therapie voorgeschreven dan de andere 
groepen. Dit zou kunnen komen doordat de gezondheidszorg niet altijd toegankelijk is 
voor druggebruikers. 

Hoofdstuk 4 en 5 omvatten studies naar de relatie tussen sterfte voordat AIDS is ge-
diagnostiseerd (ook wel pre-AIDS sterfte genoemd) en ziekteprogressie. In de studie 
beschreven in hoofdstuk 4 werd deze relatie bestudeerd onder injecterende drugge
bruikers geïncludeerd in de Europese Seroconverter Studie. Wanneer pre-AIDS sterfte en 
het ontwikkelen van AIDS als uitkomsten die met elkaar concurreren worden beschouwd, 
bleek zeven jaar na infectie 15% van de druggebruikers zonder een AIDS diagnose te zijn 
overleden, terwijl 17% AIDS had ontwikkeld. De kans op pre-AIDS sterfte aan een natuur
lijke doodsoorzaak nam toe met een langere duur van infectie en een afnemend CD4 
aantal. Dit verband werd niet aangetoond voor sterfte aan de gevolgen van een overdosis 
of suïcide poging. Vervolgens toonden we aan dat ook onder HlV-geïnfecteerde hemofilie 
patiënten uit Londen en homoseksuele mannen uit Amsterdam pre-AIDS sterfte, althans 
tenminste ten dele, gerelateerd was aan ziekteprogressie, omdat de kans op pre-AIDS 
sterfte toenam met een afnemend CD4 aantal en een stijgende HIV-RNA concentratie 
(hoofdstuk 5). Tegen de verwachting in bleek de incidentie van pre-AIDS sterfte 
vergelijkbaar tussen HlV-geïnfecteerde hemofilie patiënten en homoseksuele mannen 
(De verwachting was dat de sterfte onder de eerstgenoemde groep hoger zou zijn gezien 
de kans op hemofiliegerelateerde aandoeningen en het feit dat deze patiënten dikwijls 
eveneens met hepatitis C zijn geïnfecteerd). De belangrijkste pre-AIDS doodsoorzaken 
verschilden tussen de drie groepen: Sterfte was met name het gevolg van infectie met 
hepatitis C onder hemofilie patiënten, het gevolg van een overdosis/suïcide poging en 
bacteriële infecties onder injecterende druggebruikers, en het gevolg van kanker en 
ernstige immunosuppressie onder homoseksuele mannen. 

In de studie beschreven in hoofdstuk 6 bestudeerden we ziekteprogressie onder de 
Europese groep druggebruikers zelf. Na correctie voor pre-AIDS sterfte, schatten we de 
mediane incubatie tijd van infectie tot een CD4 aantal<200 cellen x 106/1 op 7.7. jaar, en 
tot AIDS op 10.4 jaar. De 10-jaars overleving was 70%. We toonden aan dat er geen 
aanwijzingen zijn voor verschillen in de snelheid van ziekteprogressie tussen de verschil
lende Europese regio's na correctie voor verschillen in studieopzet tussen de cohorten 
(d.w.z. de plek van follow-up en de reden voor de eerste positieve test). Leeftijd was een 
sterke voorspeller, met name voor late uitkomsten, zoals sterfte. Geslacht, een buiten
landse nationaliteit, spuitgedrag en mogelijke herhaalde blootstelling aan HIV hadden 
weinig effect op de snelheid van progressie. 

(126) 
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De studie beschreven in hoofdstuk 7 had als doel geslachtsverschillen in CD4 
aantallen te evalueren waartoe de gegevens verzameld in de Europese Seroconverter 
Studie onder druggebruikers werden geanalyseerd. Op het moment van infectie met HIV, 
AIDS en sterfte hadden vrouwen een hoger aantal CD4 cellen dan mannen. Een statis
tisch significant verschil werd alleen aangetoond op het moment van AIDS. Omdat 
progressie naar AIDS en sterfte aan de gevolgen van AIDS nauwelijks langzamer verliep 
onder vrouwen dan onder mannen in de periode dat combinatietherapie met protease 
remmers nog niet beschikbaar was, impliceert deze bevinding dat vrouwen gedurende 
de gehele duur van hun HIV infectie een hoger aantal CD4 cellen hebben dan mannen. 
Dit hoger aantal lijkt geen profijt op te leveren. Ons model voorspelde dat vrouwen, na 
infectie, het moment waarop combinatie therapie zou moeten worden gestart (volgens 
hun CD4 aantal) twaalf maanden later bereiken dan mannen. Dit zou betekenen dat de 
start van behandeling in vrouwen een vertraging oploopt. Wanneer in de toekomst mocht 
blijken dat HlV-geïnfecteerde vrouwen in het tijdperk van combinatie therapie met 
protease remmers sneller ziek worden dan mannen, zullen richtlijnen voor het starten 
van therapie moeten worden aangepast zodat vrouwen evenveel baat hebben bij deze 
therapie als mannen. 

In het algemeen kan worden gesteld dat verschillen in progressiesnelheid toe te 
schrijven zijn aan verschillen in leeftijd, genetische factoren, het spectrum van AIDS-
definiërende ziektes, studieopzet, en de toegang tot de gezondheidszorg (hoofdstuk 8). 
Er is weinig onderzoek verricht naar het effect van cofactoren op het verloop van labora
torium markers van ziekteprogressie. Dit aspect zou in toekomstige studies moeten 
worden meegenomen. Doordat de levensverwachting van HlV-geïnfecteerde personen is 
toegenomen na het beschikbaar komen van combinatietherapie met protease remmers, 
zal onder HlV-geïnfecteerde personen de sterfte aan andere oorzaken dan AIDS verder 
toenemen. Omdat pre-AIDS sterfte aan natuurlijke doodsoorzaken de gevolgen van HIV 
infectie onderschat, moet deze sterfte worden meegenomen in de overlevingsduur-
analyse die HIV ziekteprogressie meet. Tenslotte, vanwege het succes van de combi
natietherapie en het gebruik hiervan op grote schaal, werd bediscussieerd of er nog wel 
gesproken kan worden van het natuurlijk beloop van HIV infectie. In het tijdperk van de 
combinatietherapie, is de continuering van cohort studies onder seroconverters nood
zakelijk om zonder vertekening schattingen van de incubatietijd te kunnen geven, om de 
lange termijn effecten van behandeling te kunnen meten, en om (de mogelijkheid tot) het 
gebruik van therapie in verscheidende populaties te kunnen onderzoeken. 
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