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Background In the era of highly active antiretroviral therapy (HAART) mortality has
decreased substantially among human immunodeficiency virus (HIV)-infected
people with access to HAART, but there are concerns regarding co-morbidities
and adverse effects of HAART, which may impair vital prognosis. The Mortality
2000 study examined the causes of death in HIV-infected adults at a national
level in France in the year 2000.

Methods All French hospital wards known to be involved in the management of HIV
infection were asked to notify prospectively the deaths that occurred in 2000
among HIV-infected adults. The causes of death were documented using a
standardized questionnaire.

Results The 185 participating wards notified 964 deaths. The main underlying causes of
death were AIDS-related (47%, non-Hodgkin’s lymphoma: 23%), viral hepatitis
(11%, hepatitis C: 9%, hepatitis B: 2%), cancer not related to AIDS or hepatitis
(11%), cardiovascular disease (7%), bacterial infections (6%), suicide (4%), and
adverse effect of antiretroviral treatments (1%). Among AIDS-related deaths,
HIV infection had been diagnosed recently in 20%. Smoking was recorded in
72% of cancer-related deaths and alcohol consumption in 54% of hepatitis-
related deaths. Among non-HIV related deaths between 25 and 64 years, the
proportion of infectious diseases (including HCV and HBV-related deaths) was
higher in HIV-infected adults than in the general population.

Conclusions Improved strategies for detecting HIV infection before AIDS-defining
complications occur are needed in the era of HAART. The prevention of non-
AIDS related cancers, especially lung cancer, the management of non-Hodgkin’s
lymphoma, and of viral hepatitis are also important priorities.
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In countries where highly active antiretroviral therapy
(HAART) is available, both mortality and the incidence of new
AIDS-defining diseases have dramatically declined among
human immunodeficiency virus (HIV)-infected people.1–3

Consequently, HIV infection has become a long-term chronic
disease. In addition to concerns about failure of HAART in the
long term, questions related to co-morbidities and adverse
effects, which may impair vital prognosis have emerged. In
this context, accurate data on the causes of death are of
great importance and should help to define priorities in the
prevention and management of lethal co-morbidities. Such
data have come from prospective studies of HIV-infected
patients.4–6 However, many cohort studies have not collected
detailed information on causes of deaths and may not be
representative of the HIV-infected population. The Mortality
2000 survey was set up to describe the distribution of causes of
death among those infected with HIV at a national level in
France in the year 2000.

Methods
Data collection

All hospital wards known to be involved in the management of
HIV infection in France were contacted. The mailing list was
compiled based on networks concerned with the management
of HIV infection in France (Appendix).

Physicians who agreed to participate were contacted every 4
months in 2000 and were first asked to report all deaths and
abstracted causes of death in HIV-infected adults (�18 years) in
2000. Second, they were asked to precisely describe the causes
of death using a standardized questionnaire, including all
contributing causes of death, diseases present at death and to
give a global assessment of the underlying cause of death. The
questionnaire also covered socio-demographic characteristics
(gender, date and place of birth, date and place of death and
socio-economic condition), co-morbidities and risk factors
(excessive alcohol consumption, smoking, drug use, hepatitis B
[HBV] and C [HCV] serological status), and data on the HIV
infection (date of diagnosis, transmission category, clinical stage,
last plasma HIV-RNA, last CD4 cell count, previous
antiretroviral treatment). HCV infection was defined as HCV-
antibody positive or HCV-RNA positive. Poor socio-economic
conditions were defined as one out of: no health insurance, no
employment, no accommodation, income �535 € per month,
immigrant in illegal situation.

Determination of the underlying cause of death

Information contained in the questionnaire was used to
determine one underlying cause of death according to the
International Classification of Diseases, 10th Revision (ICD-10)
rules.7 The underlying cause of death is the disease or injury
which initiated the train of morbid events leading to death. The
algorithm of determination was adapted to specific concerns in
HIV infection and allowed categorization of deaths as follows:
AIDS-related causes according to the 1993 clinical
classification;8 deaths related to infection with HCV or HBV,
including hepatocarcinoma; cancers and other causes not
related to AIDS or HCV/HBV, and adverse effects of treatment.
The latter was considered the underlying cause of death
only when this was the explicit conclusion of the physician.

AIDS-defining causes were grouped in one underlying cause of
death, followed by descriptions of individual AIDS-defining
pathologies. If the standardized questionnaire was missing, the
abstracted quarterly notifications were used to establish the
underlying cause of death, if possible.

Assessment of completeness of ascertainment and
national coverage

The completeness of death ascertainment was assessed by
examining the patients lost to follow-up and by reviewing
hospital charts in a sample of wards, and coverage was assessed
in a capture–recapture study using the national death registry.

We visited a random sample of wards to ascertain unreported
deaths and patients lost to follow-up. Calculation of the number
of wards needed to visit was based on the coefficient of
variation of the number of deaths and done in three strata
according to the number of patients followed.9 A patient lost to
follow-up was defined as seen in 1999, not seen in 2000 or
2001, and not recorded in the survey database. Vital status of
patients lost to follow-up was documented in the French
National Repertory for Identification of Physical Persons.10

For deaths that occurred in January 2000, a cross-match was
performed between the survey database and the French
national database of death certificates based on gender, date of
birth, and date of death. The total number of deaths in January
2000 was then estimated using the capture–recapture
method,11 assuming that these two sources were independent.

Comparison with the general population

We compared the distribution of non-HIV related causes of
death to the causes of death in the general population,
excluding HIV-related causes, as defined by AIDS-defining
causes, specific HIV-related causes such as nephropathy,
myelopathy, and cholangitis, and causes related to antiretroviral
treatment or treatment of AIDS-defining pathologies. The
population considered was the French general population in
1999 aged 25–64 years, stratified in 10-year age groups.12

Statistical analysis

We compared patient characteristics between causes of death
using χ2 and Kruskal-Wallis tests. We calculated exact 95% CI
for the estimated completeness of death ascertainment and
national coverage of the survey. All statistical analyses were
performed using Statistical Analysis System software (SAS,
version 8.2).

Results
A total of 185 wards participated in the survey and reported 
64 000 HIV-infected patients with at least one contact in 2000,
and 964 deaths. A questionnaire was completed for 924
deaths (96%).

Underlying causes of death

The underlying cause of death was an AIDS-defining illness in
456 patients (47%), non-AIDS related in 477 patients (50%),
and unknown in 31 patients (3%). The distribution of
underlying causes of death is shown in Figure 1. Among AIDS-
related deaths, the mean number of AIDS-defining diseases
reported at the time of death was 1.5 per case (range: 1–5). The
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most frequent underlying causes were non-Hodgkin’s
lymphoma (23%) and cytomegalovirus disease (20%, Table 1).
Among patients whose HIV infection was diagnosed within 6
months of their death, the most frequent AIDS-defining cause
was Pneumocystis carinii pneumonia (38%, Table 1).

Frequent non AIDS-related causes of death included cancers
not related to AIDS or HCV/HBV infection (103, 11%), HCV
infection (90, 9%), cardiovascular disease (67, 7%), bacterial
infections (57, 6%), and suicide (38, 4%). The two most
frequent types of cancers in this category were lung cancer (41)
and Hodgkin’s lymphoma (12). Other cancers included digestive
(9), eye-nose-throat (6), anal (6), central nervous system (4),
myeloid leukaemia (4), pleural (3), prostate (3), breast (3),
hepatocarcinoma (2), skin (2), sarcoma (2), uterus (1), bladder
(1), penis (1), multiple myeloma (1), and unknown (3).

Among the 90 HCV-related deaths and the 15 HBV-related
deaths, 10 and 7 were related to hepatocellular carcinoma,
respectively. Among the 67 cardiovascular-related deaths, 22
were related to coronary artery disease, 12 to a cerebrovascular
accident, 9 were related to heart failure, 6 to pulmonary

hypertension, 4 to venous thrombosis or pulmonary embolism,
4 to valvular disease or endocarditis, 2 to pericardial disease, 1
to arrhythmia, 1 to aortic aneurysm, and 6 suspected without
more precision. Among the 57 non-AIDS bacterial infections
reported as the underlying cause of death, the most frequent
were pulmonary infections (26, including 12 Pneumococcus
pneumoniae infections). In 10 patients (1%), antiretroviral
treatment was considered the underlying cause of death leading
to lactic acidosis (6), hepatitis (2), pancreatitis (1), or an allergic
reaction (1). In 47 additional cases, antiretroviral treatment was
mentioned as having contributed to the death, with the
following underlying causes of death: AIDS (23), HCV (8),
cardiovascular (7), cancer (2), infection (2), nephropathy (2),
accident (1), overdose (1), and suicide (1). Overall 7% of deaths
were related to accident, overdose, or suicide.

Characteristics of patients who died from different
causes

The characteristics of patients who died, based on the 924
completed questionnaires, are shown in Table 2. Median age at
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Figure 1 Distribution of the underlying causes of death in 964 HIV-infected people in 2000 in France
AIDS: acquired immunodeficiency syndrome; HCV: hepatitis C virus; HBV: hepatitis B virus; Cancer: other than AIDS and HCV-HBV-related
cancer; Bacterial infection: confirmed or probable, non-AIDS related; Liver disease: alcohol (n = 12), other than HCV, HBV or alcohol-related
(n = 5); Iatrogenic: antiretroviral: lactic acidosis (n = 6), hepatitis (n = 2), pancreatitis (n = 1), allergy (n = 1); other treatment (n = 4),
haemothorax (n = 1); Metabolic: metabolic acidosis following surgical intervention (n = 1), diabetes mellitus (n = 4), renal (n = 4), pancreatic
(n = 2): other than iatrogenic and HIV-related; Other infection: viral, fungal, parasitic infection: herpes zoster (n = 3), aspergillosis (n = 2),
pulmonary toxoplasmosis (n = 2), HTLV-I (n = 1), influenza (n = 1); Immuno-hematologic: Castleman disease (n = 1), refractory anaemia (n = 1),
erythrophagocytosis (n = 1), thrombotic microangiopathy (n = 1), antiphospholipid syndrome (n = 1); HIV-related disease: non-AIDS related:
nephropathy (n = 3), myelopathy (n = 1), cholangitis (n = 1); Other: gastro-duodenal ulcer (n = 1), emphysema (n = 1)

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/34/1/121/638504 by guest on 20 August 2022



death was 41 years; the last CD4+ cell count was �200/mm3 in
291 patients (32%) and HIV-1 RNA �500 copies/ml in 285 (33%);
149 patients (17%) had both a CD4 count �200/mm3 and a HIV-
RNA measurement �500 copies/ml. The median time between last
CD4 measurement and death was 1.9 months (interquartile
range: 0.9–3.6). Overall 263 patients (29%) never reached the
AIDS stage. About one-third had HCV co-infection and 12% were
HBs antigen positive. Half of the patients were smokers and one-
third were exposed to poor socio-economic conditions.

Patients dying from AIDS-related causes had lower median
CD4+ cell counts than those dying from other causes (27 versus
212 cells/mm3) and higher median HIV-RNA (5.0 versus 3.1
log10 copies/ml). They were less likely to be intravenous drug
users, died more frequently in French overseas areas and more
frequently had HIV infection diagnosed within the last 6 months.

Patients dying from cancers were older than those dying from
another cause, were more frequently male and smokers, had a
higher median CD4+ cell count (196 versus 80 cells/mm3) and
a longer known duration of HIV infection.

Compared to patients dying from another cause, patients
dying from a cause related to HCV and/or HBV hepatitis more
frequently had a history of excessive alcohol and tobacco
consumption. They had higher median CD4+ cell count (180
versus 78 cells/mm3) and a longer known duration of HIV
infection. Patients dying from cardiovascular disease were older
than those dying from other causes and had a higher median
CD4+ cell count (250 versus 83 cells/mm3); 24% had
dyslipidaemia compared with 11% among patients dying from
other causes. Among patients committing suicide, 43% had a
history of excessive alcohol consumption and 19% were active

drug users. Among patients whose cause of death was unknown,
30% were active drug users, 54% had excessive alcohol
consumption, and 50% had poor socio-economic conditions.

Causes in patients dying free of AIDS and with no
antiretroviral treatment

The main causes of death in patients dying without having
reached the AIDS stage were cancer (22%), HCV (21%),
cardiovascular disease (13%), and suicide (10%). In this group
the median CD4+ cell count was high (296 cells/mm3) and the
median HIV-RNA low (2.9 log10 copies/ml). Half were HCV co-
infected, 69% were smokers, and 45% had a history of
excessive alcohol consumption.

Compared with patients with previous antiretroviral treat-
ment, patients dying with CD4+ cell counts �200 cells/mm3

and no previous antiretroviral treatment had HIV infection
diagnosed within 6 months in 54% (versus 5%), were born
abroad in 44% (versus 23%), and died in French overseas areas
in 25% (versus 8%). Overall 92% had reached the AIDS stage
(versus 72%) and 84% died from AIDS (versus 45%). The main
reasons given for the absence of treatment were recent
admission to clinic (60%) and irregular follow-up (26%).

Completeness of ascertainment and national
coverage of survey

The completeness of ascertainment of deaths was examined in
a sample of 27 wards which had reported 114 deaths. Among
the 186 patients identified as lost to follow-up, the vital status
of 118 could be documented through the National Repertory for
Identification of Physical Persons, which identified 4 additional
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Table 1 Number and frequency of AIDS-defining illnesses among 456 human immunodeficiency virus (HIV)-infected people with AIDS-related
underlying cause of death in 2000 in France

Time since diagnosis of HIV infection

Total (n = 456) �6 months (n = 81) 6 months (n = 358)

n (%) n (%) n (%)

Non-Hodgkin’s lymphoma 105 (23.0) 11 (13.6) 89 (24.9)

Cytomegalovirus disease 89 (19.5) 17 (21.0) 72 (20.1)

Atypical mycobacterial infection 65 (14.3) 7 (8.6) 56 (15.6)

Pneumocystis carinii pneumonia 64 (14.0) 31 (38.3) 30 (8.4)

Toxoplasma encephalitis 55 (12.1) 14 (17.3) 40 (11.2)

Multifocal leukoencephalopathy 49 (10.7) 5 (6.2) 43 (12.0)

Kaposi’s sarcoma 46 (10.1) 9 (11.1) 36 (10.1)

Oesophageal or pulmonary candidiasis 38 (8.3) 6 (7.4) 32 (9.0)

Tuberculosis 35 (7.7) 6 (7.4) 28 (7.8)

HIV encephalopathy 35 (7.7) 5 (6.2) 30 (8.4)

Cryptococcosis 22 (4.8) 5 (6.2) 16 (4.5)

Cryptosporidiosis 21 (4.6) 3 (3.7) 18 (5.0)

Wasting 18 (3.9) 4 (4.9) 14 (3.9)

Histoplasmosis 11 (2.4) 4 (4.9) 7 (2.0)

Herpes 8 (1.8) 1 (1.2) 7 (2.0)

Cervical cancer 5 (1.1) – 5 (1.4)

Isosporidiosis 1 (0.2) – 1 (0.3)

Recurrent bacteria pneumopathy 1 (0.2) – 1 (0.3)
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deaths in 2000. Incorrect identification made it impossible to
check the vital status of the remaining 68 patients. Moreover,
during these visits, seven additional deaths were identified after
checking hospital files. Therefore, the estimated completeness of
death ascertainment for these wards was 91% (114 of 125, 95%
CI: 85%, 96%). The underlying causes of the 11 additional
deaths were AIDS (n = 7), cancer (n = 1), HCV (n = 1), suicide
(n = 1), and unknown (n = 1).

The capture–recapture exercise for January 2000 showed that
17 of 104 deaths identified in the survey could not be matched
to deaths in the national death registry whereas 38 of 120 deaths
whose death certificate in the national registry mentioned HIV
infection were not included in the survey database. Based on

these two sources, the estimated number of deaths in January
2000 was 149 (95% CI: 142, 156), resulting in an estimated
national coverage of the survey of 69% (95% CI: 62%, 78%).
Most of the 38 additional deaths identified in the national death
registry were reported by physicians not routinely involved in
the management of HIV infection. The underlying causes of
death included AIDS in 19 patients, cancer in 6, HCV in 4, and
non-specified sepsis or pneumonia in 3 patients.

Comparison with general population

Considering non-HIV related deaths in patients aged 25–64 years
(426 deaths), the proportion of infectious diseases (including HCV
and HBV-related deaths) was higher in HIV-infected adults than in
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Table 2 Characteristics of human immunodeficiency virus (HIV)-infected people dying in 2000 in France according to cause of death, analysis
based on 924 questionnaires

All causes AIDSa HCVb or HBVc Cancerd Cardio vascular Other
(n = 924) (n = 441) (n = 105) (n = 98) (n = 65) (n = 215)

Male gender (%) 78 77 73 87 82 77

Median age (years) 41 41 40 46 45 40

(inter-quartile range) (36–49) (35–49) (38–44) (40–54) (37–56) (35–48)

Known duration of HIV infection (years) 7.6 6.5 11.1 8.6 7.5 7.8

(inter-quartile range) (3.3–11.6) (1.5–10.2) (7.3–13.8) (5.8–12.2) (3.7–11.7) (4.0–11.7)

HIV infection diagnosed within 11 18 2 7 3 5
6 months (%)

HIV transmission group (%)
Heterosexual 34 40 15 37 32 32

Homo-bisexual 27 32 10 31 23 25

Injecting drug use 28 16 67 22 28 35

Other/undetermined 11 12 8 10 17 8

AIDSa stage (%) 71 100 40 42 46 50

Median CD4+ cell count (/mm3) 94 27 180 196 250 229

(inter-quartile range) (19–260) (8–90) (96–345) (89–356) (123–456) (73–417)

Median HIV-RNA (log10 copies/ml) 4.2 5.0 3.2 2.6 2.7 3.6

(inter-quartile range) (2.3–5.3) (3.5–5.6) (1.9–4.6) (1.7–4.2) (1.7–4.3) (1.9–4.9)

No prior antiretroviral treatment (%) 14 19 6 8 12 14

HAARTe (%) 78 78 77 84 83 75

HCVb antibodies (%) 35 21 88 24 41 37

HBs antigen (%) 12 8 29 13 11 10

Excessive alcohol consumption (%) 29 14 54 27 30 45

Smoking (%) 52 42 74 72 58 53

Active drug use (%) 11 8 19 1 15 19

Poor socio-economic conditionsf (%) 33 32 39 22 26 40

Non-native from France (%) 25 30 15 9 26 26

Death in French overseas areas (%) 10 14 4 8 9 7

Death at hospital (%) 83 91 94 91 63 63

a AIDS: acquired immunodeficiency syndrome; AIDS stage: 1993 CDC clinical stage C.
b Hepatitis C virus.
c Hepatitis B virus.
d Cancer: other than AIDS and HCV-HBV-related cancer.
e HAART: highly active antiretroviral therapy.
f Poor socio-economic conditions: at least one of the following items: no health insurance, no employment, no accommodation, income below 535 € per

month, immigrants in illegal situation.
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the general population in all age groups, and the proportion of
cardiovascular disease was higher �35 years (Figure 2). The
proportion of tumoural causes of death was higher in the general
population �35 years and the proportion of external causes of
death was higher in the general population �45 years.

Discussion
This collaborative survey of the causes of death among HIV-
infected adults in the era of HAART found that 47% of 964
deaths in France in 2000 were AIDS-related. Two reasons were
identified for the high proportion of AIDS-related causes: a late
diagnosis of HIV infection, particularly in immigrants and those
living in French overseas areas, and the persistence of non-
Hodgkin’s lymphoma. The most frequent non AIDS-related
deaths were cancer (11%), HCV infection (9%), and
cardiovascular diseases (7%). Smoking and excessive alcohol
consumption was present in many of these patients.

Strengths and weaknesses

Our survey was based on physicians involved in the routine
management of HIV infection, but the capture–recapture study
using the national death registry indicated that about 30% of
deaths among HIV-infected people were missed. The more
diverse morbidity in HIV-infected people in the HAART era may
have widened the number of physicians and specialties
involved. The distribution of the causes of death was similar for
reported and missed deaths and our sample may thus
nevertheless be representative of the target population.

The comparison of non-HIV related deaths with the general
population should be interpreted with caution, since the
number of cases was small in each age category. We
acknowledge that summarizing the course of events leading to
death in one underlying cause, according to ICD-10 rules, is
problematic. The use of an internationally standardized
definition will, however, facilitate comparisons with other
studies and populations. Moreover, we presented detailed
information on individual AIDS-related pathologies and on
causes related to antiretroviral treatment.

Relationship to other studies

Compared to a previous study performed in France in 1992 based
on a sample of death certificates that mentioned HIV or AIDS,13

death occurred at a younger age in 1992 (38 versus 41 years) and
mean CD4 cell count was lower in 1992 than in 2000 (43 versus
117 cells/mm3). The higher age may reflect two mechanisms:
ageing of HIV-infected people due to improving prognosis or
occurrence of new infections at a higher age. Considering the
higher CD4 cell count in 2000, improved management of HIV
infection appears to be the dominant factor.

Poor socio-economic conditions were reported in one of three
deaths. Despite universal health care in France, poor socio-
economic conditions are associated with higher mortality among
the HIV-infected as well as in the general population.14–16 A
decrease in the proportion of AIDS-related deaths since 1995 has
been reported among those with AIDS,17 and in cohort studies of
HIV-infected adults,5,6 reflecting the improved prognosis in the
era of HAART.1–3 Nevertheless, AIDS remains a frequent cause of
death, partly due to the late diagnosis of HIV: in France in 2001,
half of those with a new AIDS diagnosis were simultaneously
diagnosed with HIV infection.18

Since the advent of HAART, the incidence of non-Hodgkin’s
lymphoma has decreased,19,20 but less than the incidence of other
AIDS-defining diseases.2 Although its prognosis has improved in
the HAART era,19 non-Hodgkin’s lymphoma is the most frequent
cause of AIDS-related death.4 Before HAART, an excess of non-
AIDS cancers (Hodgkin’s lymphoma and anal cancer) was
demonstrated among homosexual men.21 Nevertheless, among
non-HIV related deaths, the proportion of cancers was lower in
HIV-infected adults than in the general population. In this survey,
the most frequent non-AIDS and non-HCV/HBV related cancer
was cancer of the lung, in accordance with other studies.17,22

These results will at least partly be the consequence of the high
prevalence of smoking among HIV-infected people.23 Finally, one
can anticipate that the incidence of cancer will increase in parallel
with the ageing of the HIV-infected population.

HBV and HCV infection accounted for 11% of deaths and
21% of non-HIV related deaths. Shared modes of transmission
of HIV, HCV, and HBV partly explain the higher proportion of
infectious causes of death not related to HIV infection in HIV-
infected adults compared with the general population. Because
of the dramatic improvement in the survival of HIV-infected
people, the long-term exposure to HCV infection required for
complications to develop in co-infected people is becoming
more common. Moreover, progression to HCV-related fibrosis is
accelerated by HIV infection.24,25

Although cardiovascular diseases accounted for only 7% of
deaths and coronary artery disease for 2%, they accounted for
14% of non-HIV related deaths. The proportion of deaths due
to cardiovascular disease among HIV-infected patients was
similar to the proportion in the general population, except for a
higher proportion in HIV-infected people �35 years (Figure 2).
Cardiovascular deaths will probably increase during the coming
years, as HIV-infected people age, and exposure to lipid
abnormalities associated with HAART accumulates.26 Coronary
risk is higher among HIV-infected adults than in the general
population.23,27,28 Fortunately, newer treatment combinations
may have fewer metabolic side effects than those including
protease inhibitors.29

Non-AIDS defining bacterial infections were the under-
lying cause in 6% of deaths. Despite the decrease in the incidence
of bacterial pneumonia since the advent of HAART, pneumonia
still occurs, particularly in injecting drug users or patients in
hospital care.30 Further research is warranted on the need to
maintain prophylaxis with trimetoprim-sulfametoxazole in
specific populations, like in resource-limited settings.31

Only few underlying causes were related to antiretroviral
therapy. This may be an underestimate since antiretroviral
treatment was mentioned as having contributed to death in an
additional 5% of deaths, bringing the figure close to that
reported by Valdez et al., who reported 4 deaths related to the
treatment of HIV infection among 52 patients (8%).32 External
causes of death (overdose, accident, and suicide) accounted for
7% of cases and 15% of non-HIV related causes. Interestingly,
the proportion of external causes was higher in the general
population �45 years (Figure 2).

Implications for prevention and research

The late diagnosis of HIV infection calls for increased screening
efforts, particularly in marginalized populations in France and
those living in the French overseas areas. Furthermore, specific
programmes for smoking and alcohol cessation should be
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developed for HIV-infected people. More research is needed on
early biological markers for non-Hodgkin’s and Hodgkin’s
lymphoma and on treatment strategies of HCV infection in HIV-
infected patients, as responses rates are half those reported in
non-HIV infected patients.33 Prevention policies set up in
France to decrease the transmission of both HIV and HCV
infection through injecting drug use may have led to a decrease

in the number of new co-infections. The adverse effects of
HAART did not appear to markedly affect vital prognosis in
2000, but ongoing surveillance is required and the development
of less toxic treatments is warranted.

HIV infection may be causally involved in other pathologies
such as cancer, bacterial infection, viral and parasitic infections,
cardiovascular disease, and aggravation of HCV infection.
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Figure 2 Distribution of the underlying causes of non-human immunodeficiency virus (HIV) related deaths in 426 HIV-infected adults aged
25–64 (France, 2000) compared with the distribution of the causes of death in the general population (France, 1999)
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Further data are needed to quantify the exact role of HIV. In the
context of surveillance, clinical trials, and cohort studies, our
results should be useful when developing algorithms for
determining the underlying cause of death in HIV-infected
patients, and in particular for distinguishing between HIV- and
non-HIV related deaths.

Finally, even in regions where HAART is currently available, the
distribution of the causes of death may vary considerably between
countries.5 Indeed, regional variations in the distribution of the
causes of death are likely considering the differing prevalence of
co-morbidities like HCV and HBV infections or risk factors for
cancers and cardiovascular diseases, such as smoking.

Conclusion
Improved strategies are urgently needed to ensure timely
detection of HIV infection, particularly in vulnerable and
marginalized populations in France and its overseas territories.

Moreover, prevention, screening, and management of non-
Hodgkin’s lymphoma and of non-AIDS related cancers,
especially lung cancer, prevention of cardiovascular diseases,
and management of viral hepatitis should be considered public
health priorities.

Acknowledgements
Financial support. Agence Nationale de Recherche sur le
Sida (ANRS)—Coordinated Action n� 5 (AC5), Sidaction—
Ensemble Contre le Sida—12th Call for Tender. 

Other support. Association des Professeurs de Pathologie
Infectieuse et Tropicale (APPIT), Fédération Nationale des Centres
de Lutte Contre le Sida (FNCLS), Société Nationale Française de
Médecine Interne (SNFMI), Société de Pathologie Infectieuse
de Langue Française (SPILF), Centre d’Information et de Soins de
l’Immunodéficience Humaine (CISIH), Réseau ville-hôpital (RVH).

References
1 CASCADE Collaboration. Survival after introduction of HAART in

people with known duration of HIV-1 infection. Lancet
2000;355:1158–59.

2 Mocroft A, Katlama C, Johnson AM et al. AIDS across Europe,
1994–98: the EuroSIDA study. Lancet 2000;356:291–96.

3 Palella FJ, Delaney KM, Moorman AC et al. Declining morbidity and
mortality among patients with advanced human immunodeficiency
virus infection. HIV Outpatient Study Investigators. N Engl J Med
1998;338:853–60.

4 Bonnet F, Morlat P, Chêne G et al. Causes of death among HIV-infected
patients in the era of highly active antiretroviral therapy, Bordeaux,
France, 1998–1999. HIV Med 2002;3:195–99.

5 Mocroft A, Brettle R, Kirk O et al. Changes in the cause of death
among HIV positive subjects across Europe: results from the
EuroSIDA study. AIDS 2002;16:1663–71.

6 Cohen MH, French AL, Benning L et al. Causes of death among
women with human immunodeficiency virus infection in the era of
combination antiretroviral therapy. Am J Med 2002;113:91–98.

7 World Health Organization. International Classification of Diseases. 10th
Revision. Geneva: WHO, 1993.

8 Centers for Disease Control and Prevention. 1993 revised
classification system for HIV infection and expanded surveillance case

definition for AIDS among adolescents and adults. MMWR
1992;41:1–19.

9 Levy PS, Lemeshow S. In: Sampling of Populations. Methods and
Applications. 3 Edn. New York: Wiley, 1999, p. 259.

10 INSERM—IFR69. Mise en oeuvre du décret n� 98–37 autorisant
l’accès aux données relatives au décès des personnes inscrites
au Répertoire National d’Identification des Personnes Physiques
(RNIPP) dans le cadre des recherches dans le domaine de la santé.
[cited 2002–09–25]. Available at �http://ifr69.vjf.inserm.
fr/svcd.html�

11 Hook EB, Regal RR. Capture-recapture methods in epidemiology:
methods and limitations. Epidemiol Rev 1995;17:243–64.

12 SC8 Service d’information sur les causes de décès. [cited
2003–03–04]. Available at �http://sc8.vesinet.inserm.fr:1080/�

13 Jougla E, Pequignot F, Carbon C et al. AIDS-related conditions: study
of a representative sample of 1203 patients deceased in 1992 in
France. Int J Epidemiol 1996;25:190–97.

14 Rapiti E, Porta D, Forastiere F, Fusco D, Perucci CA. Socioeconomic
status and survival of persons with AIDS before and after the
introduction of highly active antiretroviral therapy. Epidemiology
2000;11:496–501.

15 Lewden C, Raffi F, Cuzin L et al. Factors associated with mortality in
human immunodeficiency virus type 1-infected adults initiating
protease inhibitor-containing therapy: Role of education level and of

128 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

KEY MESSAGES

• Mortality has decreased substantially among human immunodeficiency virus (HIV) infected people with access to

potent antiretroviral therapy, but there are concerns regarding co-morbidities and adverse effects of HAART, which may

impair vital prognosis.

• The three main underlying causes of death in HIV-infected adults in France in 2000 were AIDS in 47% (of whom 23%

were non-Hodgkin lymphoma), viral hepatitis in 11%, and non-AIDS and non-hepatitis related cancer in 11%.

• Among AIDS-related deaths, 20% had HIV infection recently diagnosed.

• Smoking was recorded in 72% of cancer-related deaths and alcohol consumption in 54% of hepatitis-related deaths.

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/34/1/121/638504 by guest on 20 August 2022

http://ifr69.vjf.inserm
http://sc8.vesinet.inserm.fr:1080/


early transaminase level elevation (APROCO-ANRS EP11 study).
J Infect Dis 2002;186:710–14.

16 Jougla E, Rican S, Péquignot F, Le Toullec A. La mortalité. In: Leclerc
A, Fassin D, Grandjean H, Kaminski M, Lang T (eds). Les inégalités
sociales de santé. Paris: Editions La découverte et Syros, 2000,
pp. 147–62.

17 Louie JK, Hsu LC, Osmond DH, Katz MH, Schwarcz SK. Trends in
causes of death among persons with Acquired Immunodeficiency
Syndrome in the era of Highly Active Antiretroviral Therapy, San
Francisco, 1994–1998. J Infect Dis 2002;186:1023–27.

18 Institut de Veille Sanitaire. Surveillance du sida en France, situation
au 31 mars 2002. Bull Epidemiol Hebd 2002:133–39.

19 Besson C, Goubar A, Gabarre J et al. Changes in AIDS-related
lymphoma since the era of highly active antiretroviral therapy. Blood
2001;98:2339–44.

20 Kirk O, Pedersen C, CozziLepri A et al. Non-Hodgkin lymphoma in
HIV-infected patients in the era of highly active antiretroviral therapy.
Blood 2001;98:3406–12.

21 Koblin BA, Hessol NA, Zauber AG et al. Increased incidence of cancer
among homosexual men, New York City and San Francisco,
1978–1990. Am J Epidemiol 1996;144:916–23.

22 Herida M, MaryKrause M, Kaphan R et al. Incidence of non-AIDS-
defining cancers before and during the highly active antiretroviral
therapy era in a cohort of human immunodeficiency virus-infected
patients. J Clin Oncol 2003;21:3447–53.

23 Savès M, Chêne G, Ducimetiere P et al. Risk factors for coronary heart
disease in patients treated for human immunodeficiency virus
infection compared with the general population. Clin Infect Dis
2003;37:292–98.

24 Eyster ME, Diamondstone LS, Lien JM, Ehmann WC, Quan S,
Goedert JJ. Natural history of hepatitis C virus infection in
multitransfused hemophiliacs: effect of coinfection with human
immunodeficiency virus. The Multicenter Hemophilia Cohort Study.
J Acquir Immune Defic Syndr 1993;6:602–10.

25 Benhamou Y, Bochet M, Di Martino V et al. Liver fibrosis progression
in human immunodeficiency virus and hepatitis C virus coinfected
patients. The Multivirc Group. Hepatology 1999;30:1054–58.

26 Carr A, Samaras K, Thorisdottir A, Kaufmann GR, Chisholm DJ,
Cooper DA. Diagnosis, prediction, and natural course of HIV-1
protease-inhibitor-associated lipodystrophy, hyperlipidaemia, and
diabetes mellitus: a cohort study. Lancet 1999;353:2093–99.

27 Mary-Krause M, Cotte L, Partisani M, Simon A, Costagliola D.
Increased risk of myocardial infarction with duration of protease
inhibitor therapy in HIV-infected men. AIDS 2003;17:2479–86.

28 Friis-Møller N, Weber R, Reiss P et al. Cardiovascular disease risk
factors in HIV patients-association with antiretroviral therapy. Results
from the DAD study. AIDS 2003;17:1179–93.

29 Clumeck N, Goebel F, Rozenbaum W et al. Simplification with
abacavir-based triple nucleoside therapy versus continued protease
inhibitor-based highly active antiretroviral therapy in HIV-1-infected
patients with undetectable plasma HIV-1 RNA. AIDS 2001;
15:1517–26.

30 de Gaetano Donati K, Bertagnolio S, Tumbarello M et al. Effect of
highly active antiretroviral therapy on the incidence of bacterial
pneumonia in HIV-infected subjects. Int J Antimicrob Agents
2000;16:357–60.

31 Anglaret X, Messou E, Oaussa T et al. Pattern of bacterial disease in a
cohort of HIV-1 infected adults receiving cotrimoxazole prophylaxis,
Abidjan, Côte d’Ivoire. AIDS 2003;17:575–84.

32 Valdez H, Chowdhry TK, Asaad R et al. Changing spectrum of
mortality due to human immunodeficiency virus: Analysis of 260
deaths during 1995–1999. Clin Infect Dis 2001;32:1487–93.

33 Soriano V, Puoti M, Sulkowski M et al. Care of patients with hepatitis
C and HIV co-infection. AIDS 2004;18:1–12.

Appendix
Mortality 2000 Study Group

Scientific co-ordination: Geneviève Chêne, Thierry May, Philippe
Morlat, Dominique Salmon, Dominique Costagliola, Eric
Jougla. Observers: François Dabis, Jean-François Delfraissy,
Catherine Leport, Patrick Yéni. Corresponding physicians:
Laurence Héripret, Sibylle Bévilacqua, Fabrice Bonnet,
Charlotte Lewden. Technical team: Jean Boileau, Mallorie Dellac,
Sylvie Dutoit, Valérie Mazou. Technical support: Marthe-Aline
Jutand, Gérard Pavillon. Participant wards: Agen (Y Imbert), Aix-
en-Provence (T Allègre, M Marquiant), Ajaccio (JF Abino), Albi
(P Barel), Alès (A Lagier), Amiens (JL Schmit, JP Denoeux,
Poulain), Angers (JM Chennebault, J Loison), Annecy (JP Bru,
J Gaillat), Arcachon (A Dupont), Argenteuil (M Pulik), Arras
(JF Bervar), Avignon (G Lepeu), Bagnols-sur-Cèze
(C Guglielminotti), Bar-Le-Duc (P Evon), Basse-Terre (F
Boulard), Bayonne (F Bonnal), Bazas (M Amanieu), Beauvais
(JL Dutel, Y Courouble, K Ghomari), Belfort (JP Faller),
Besançon (H Gil, JM Estavoyer, B Hoen, R Laurent, DA Vuitton,
G Achard, F Cocquet), Bobigny (L Guillevin, M Bentata,
B Jarousse, P Honoré-Berlureau), Bondy (M Thomas, V Jeantils),
Bordeaux (J Beylot, P Morlat, F Bonnet, M Dupon, M Le Bras,
JM Ragnaud, F Moreau, B Portal, Renoux, Terrier, Guiguen),
Boulogne-Billancourt (T Hanslik), Boulogne (E Rouveix,
H Berthé), Bourg-en-Bresse (P Granier), Brest (M Garré,
MC Derrien, F Klotz, B Sassolas), Briançon (P Brousse), Caen
(C Bazin, P Letellier, P Feret), Cayenne (M Sobesky, P Coupié,
V Walter), Château-du-Loir (JP Boinet), Clamart (F Boué, AM
Delevalle), Clermont-Ferrand (H Laurichesse), Clichy
(B Fantin), Colmar (N Plaisance, JL Wiederkehr), Colombes
(P Vinceneux, E Mortier), Compiègne (P Veyssier, D Merrien),
Corbeil-Essonnes (A Devidas), Coulommiers (M Gatfosse),
Créteil (A Schaeffer, A Sobel, JD Magnier, M Choustermann,
V Garrait), Dax (P Loste), Digne-Les-Bains (P Granet-Brunello),
Dijon (H Portier), Dunkerque (F Bonnevie, Wetterwaud),
Epinal (H Jeanmaire), Fort-de-France (G Sobesky, A Cabié),
Fréjus (E Counillon), Garches (C Perronne, J Salomon),
Grenoble (JP Stahl, P Leclercq), La Roche-sur-Yon (P Perré,
O Aubry), La Rochelle (I Courbes, E Brottier-Mancini), Laval (JC
Hoel), Le Chesnay (JP Bedos, J Doll, J Laffay, A Greder-Brelan),
Le Kremlin-Bicêtre (JF Delfraissy, C Goujard, Y Quertainmont,
MT Rannou), Libourne (P Legendre), Longjumeau (Y Le
Mercier, B Mougeon), Lons-le-Saunier (D Baborier), Lure
(Y Selles), Lyon (JL Touraine, JM Livrozet, C Trepo, E Garcia,
V Guéripel, D Peyramond, C Lalain), Mantes-la-Jolie
(F Trémolières), Marmande (J Testaud), Marseille (JP Delmont,
J Moreau, X Lemaître, G Fabre, JA Gastaut, J Soubeyrand,
T Gamby, H Gallais, V Lecomte), Mende (P. Meissonier), Metz
(P Bernard, B Christian), Monaco (B Taillan), Montfermeil (M
Consoli, M Echard, N Delas), Montpellier (J Reynes, M Brunel,
V Faucherre, C Tramoni, C Merle), Mulhouse (G Beck-Wirth,
P Henon, M Benomar), Nanterre (M Ruel, K Chemlal), Nantes
(F Raffi, C Guerbois), Nevers (JC Lebas de la Cour, Musat), Nice
(JP Cassuto, P Dellamonica, C Senesi), Nîmes (JM Mauboussin),
Niort (JM Descamps), Nouméa (F Lacassin), Noyon (F Grihon),
Oloron-Ste-Marie (M Begorre), Orléans (T Prazuck, C Mille,
P Arsac, P Vilanou), Papeete (G Soubiran), Paris Alfred-Fournier
(F Lunel-Fabiani, Cergely) Bichat (JL Vildé, P Yéni, JP Coulaud,
B Régnier, E Bouvet, M Auburtin, Y Bennai, C Gaudebout,

CAUSES OF DEATH IN HIV INFECTION IN THE HAART ERA 129

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/34/1/121/638504 by guest on 20 August 2022



C Mandet), Boucicaut (B Patri, P Bellaiche) Cochin (D Sicard,
D Salmon, L Héripret), Croix-Saint-Simon (G Raguin) Fernand-
Vidal (F Questel) Georges-Pompidou (M Kazatchkine,
H Durand, W Lowenstein, L Weiss, D Batisse, Marinier-Roger,
D Tisné-Dessus), Laennec (JM Andrieu, FC Hugues, F Dendoune)
Lariboisière (C Caulin, JM Salord, N Bonfanty) Moulin-Joly
(M Bary) Necker (B Dupont, JP Viard) Pitié-Salpétrière
(S Herson, A Simon-Coutellier, F Bricaire, P Bossi, L El Hajj,
V Zeller, C Brançon) Rothschild (W Rozenbaum, S Thévenet)
Saint-Antoine (PM Girard, JC Imbert, O Picard, MC Meyohas,
JL Meynard, N Desplanques, D Berriot, B Gaujour) Saint-Louis
(P Morel, D Séréni, C Lascoux-Combes, JM Decazes, JM
Molina, D Ponscarme) Saint-Joseph (J Gilquin, A Cros) Tenon
(CY Mayaud, E Bergot, M Wislez, C Zurita), Périgueux
(P Lataste, M Roques), Perpignan (H Cros), Pessac (JL Pellegrin,
S Tchamgoué), Pointe-à-Pitre (M Strobel), Poissy
(H Masson), Poitiers (B Becq-Giraudon, G Le Moal), Pontoise
(O Danne), Quimper (P Perfezon), Reims (G Rémy, C Rouger,
I Béguinot), Rennes (C Michelet, C Arvieux, MC Delmont),

Roanne (G Chaumentin), Rochefort (MT Climas), Rouen (F
Caron, I Gueit, F Lecomte), Saint Brieuc (G Dien, C Devaurs),
Saint Denis (D Méchali, MA Khuong), Saint Denis de la
Réunion (C Gaud), Saint Etienne (F Lucht, A Frésard,
P Cathebras, V Ronat), Saint Laurent du Maroni (F Bissuel),
Saint Lo (P Hazera), Saint Mandé (R Roué, T Debord), Saint
Michel (M Bonnefoy), Saint Nazaire (C Micheau), Saint Omer
(H Monnot), Saint Pierre de la Réunion (P Poubeau), Saintes
(T Pasdeloup), Sarrebourg (E Grillat), Saverne (F Loth), Sète
(B Kitschke), Soissons (D Line), Strasbourg (JM Lang, P Fraisse,
G Ruellan, P Fisher), Suresnes (O Blétry, D Zucman), Tarbes
(J Petitou), Thionville (M Grandidier), Toulon (A Lafeuillade, JP
de Jaureguiberry), Toulouse (P Massip, L Cuzin), Tourcoing
(Y Mouton, F Ajana), Tours (P Choutet, JM Besnier), Troyes
(E Libbrecht), Valence (R Riou), Valenciennes (C Fontier),
Vandoeuvre-les-Nancy (T May, S Bévilacqua), Vernon
(Richard), Villejuif (D Vittecoq, M Malet, MH Salamagne,
C Boliot), Villeneuve-Saint-Georges (C Lafaix, O Patey),
Villeneuve-sur-Lot (E Buy).

130 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

IJE vol.34 no.1 © International Epidemiological Association 2005; all rights reserved. International Journal of Epidemiology 2005;34:130–131

Advance Access publication 13 January 2005 doi:10.1093/ije/dyh402

Commentary: Death in the era of potent
antiretroviral therapy: shifting causes, 
new challenges
Marcel Zwahlen1* and Jens D Lundgren2

Several studies have shown that the introduction of highly
active antiretroviral therapies (HAART) has lead to a substantial
reduction in HIV-associated mortality.1–4 This in turn has
resulted in a notable shift in causes of death among adults who
died with or due to HIV infection.5–11 In this issue Lewden et al.
present the results of a nation-wide survey of the causes of
death of 964 HIV-infected individuals who died in the year 2000
in 185 wards in France.12

Their study has several strengths. The investigators made
extensive efforts to ascertain all deaths among HIV-infected
individuals cared for in hospitals known to be involved in the
management of HIV infection in France. They visited sites to
check and enhance the completeness and accuracy of the
available information. Finally, they collected an array of
important and detailed information on the deceased HIV-infected

individuals, going far beyond what is available from routine
hospital records or death certificates.

AIDS/HIV infection was attributed to be the underlying cause
of the death in about half the cases, and cancer, cardiovascular
diseases, hepatitis C, and bacterial infections in a third. Of note,
only three quarters of deceased patients had received HAART
treatment prior to death and the excess of infections among the
causes of death of HIV-infected people compared with the
background population is remarkable. Most of these infections
are preventable by using HAART and effective chemopro-
phylaxis, including Pneumocystis pneumonia and tuberculosis.
One in nine had the HIV infection diagnosed only recently and
a third lived in poor socio-economic conditions. Clearly, HIV-
associated mortality is increasingly affecting individuals with
multiple risk factors, including social deprivation and reduced
access to health services. These important results reinforce the
notion that implementing equitable access to HIV diagnosis and
treatment is not only a challenge for the less developed
countries but also for economically developed societies, many of
whom suffer from substantial health and social disparities.

There are important concerns whether longer duration of
antiretroviral therapy, known to affect various metabolic
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