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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 

© 



Cl 2 INTRODUCTION 

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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