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Summary
Background—Combination antiretroviral therapy has led to significant increases in survival and
quality of life, but at a population-level the effect on life expectancy is not well understood. Our
objective was to compare changes in mortality and life expectancy among HIV-positive
individuals on combination antiretroviral therapy.

Methods—The Antiretroviral Therapy Cohort Collaboration is a multinational collaboration of
HIV cohort studies in Europe and North America. Patients were included in this analysis if they
were aged 16 years or over and antiretroviral-naive when initiating combination therapy. We
constructed abridged life tables to estimate life expectancies for individuals on combination
antiretroviral therapy in 1996–99, 2000–02, and 2003–05, stratified by sex, baseline CD4 cell
count, and history of injecting drug use. The average number of years remaining to be lived by
those treated with combination antiretroviral therapy at 20 and 35 years of age was estimated.
Potential years of life lost from 20 to 64 years of age and crude death rates were also calculated.

Findings—18 587, 13 914, and 10 854 eligible patients initiated combination antiretroviral
therapy in 1996–99, 2000–02, and 2003–05, respectively. 2056 (4·7%) deaths were observed
during the study period, with crude death rates decreasing from 16·3 deaths per 1000 person-years
in 1996–99 to 10·0 deaths per 1000 person-years in 2003–05. Potential years of life lost per 1000
person-years also decreased over the same time, from 366 to 189 years. Life expectancy at age 20
years increased from 36·1 (SE 0·6) years to 49·4 (0·5) years. Women had higher life expectancies
than men. Patients with presumed transmission via injecting drug use had lower life expectancies
than those from other transmission groups (32·6 [1·1] years vs 44·7 [0·3] years in 2003–05). Life
expectancy was lower in patients with lower baseline CD4 counts than in those with higher
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baseline counts (32·4 [1·1] years for CD4 cell counts below 100 cells per μL vs 50·4 [0·4] years for
counts of 200 cells per μL or more).

Interpretation—Life expectancy in HIV-infected patients treated with combination antiretroviral
therapy increased between 1996 and 2005, although there is considerable variability in subgroups
of patients. However, the average number of years remaining to be lived at age 20 years was about
two-thirds of that in the general population in these countries.

Introduction
Treatment with antiretroviral drugs of people infected with HIV-1 has improved
significantly since the introduction of combination antiretroviral therapy in 1996. In
treatment-naive patients, first-line combination therapy selection is generally derived from
two different forms of regimen, which contains either non-nucleoside reverse transcriptase
inhibitors (NNRTIs) or protease inhibitors (PIs).1 Both regimens function by suppressing
viral replication and rapidly increasing CD4 cell counts.2

Over the past decade, combination therapy regimens have become more effective, better
tolerated, and have been simplified in terms of dosing.3–8 Clinical trials and observational
studies have shown profound reductions in mortality and morbidity in patients infected with
HIV as a result of combination antiretroviral therapy.9–18 This decrease in mortality is
particularly apparent in industrialised, high-income countries where access to health care
and antiretroviral treatments is more readily available.19

Life expectancy and mortality are universally viewed as important population health
indicators. As such, several studies have displayed the negative relation between HIV
prevalence and life expectancy at a population level.20 However, the effect of HIV on life
expectancy in the era of combination therapy is not well understood because of the relative
novelty of this treatment. The objective of this study was to compare changes in mortality
rates and life expectancy among HIV-positive individuals on combination therapy in high-
income countries over three separate periods—1996–99, 2000–02, and 2003–05—and in
subgroups defined by patient characteristics at initiation of such treatment.

Methods
Participants

The Antiretroviral Therapy Cohort Collaboration (ART-CC) is a multinational cohort study
of antiretroviral-naive HIV-positive patients initiating combination antiretroviral
therapy.21–23 The collaboration was established in 2001, with datasets updated in 2004 and
2007, and includes cohort studies in Canada, Europe, and the USA.

Cohort studies were eligible to join if they had enrolled at least 100 HIV-1-infected
antiretroviral-naive patients aged 16 years or older who initiated potent combination therapy
with at least three antiretrovirals and had been followed up for median duration of at least 1
year. All prospective studies that joined the collaboration have been approved by their local
ethics committees or institutional review boards, use standardised methods of data
collection, and schedule follow-up visits at least once every 6 months.

Data collection
Patient selection and data extraction were done at the data centres of the participating cohort
studies. Non-nominal data from each cohort on a predefined set of demographic, laboratory,
and clinical variables were then pooled and analysed centrally. Cohort data managers from
EuroSIDA were asked to provide a unique study identification for each record, since
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EuroSIDA patients could also be members of other cohort studies and therefore could
potentially be included in the dataset twice. 14 cohorts were included in the analysis: the
1917 Clinic Cohort (USA; n=646), Aquitaine Cohort (France; 950), AIDS Therapy
Evaluation project Netherlands (ATHENA; Netherlands; 5661), British Columbia Centre for
Excellence in HIV (BCCfE-HIV; Canada; 1363), Köln/Bonn Cohort (Germany, 627),
Collaborations in HIV Outcomes Research US (CHORUS; USA; 1596), The Multicenter
Study Group on EuroSIDA (Europe and Argentina; 1658), French Hospital Database on
HIV (FHDH; France; 19 095), Frankfurt HIV Cohort (Germany; 1965), Italian Cohort of
Antiretroviral-Naive Patients (ICONA; Italy; 3003), Proyecto para la Informatización del
Seguimiento Clínico-epidemiológico de la Infección por HIV y SIDA (PISCIS; Spain;
2511), Royal Free Hospital Cohort (UK; 867), South Alberta Clinic (Canada; 407), and the
Swiss HIV Cohort Study (SHCS; Switzerland; 3006). Some cohorts participating in the
collaboration were excluded from this study because their data were not available at the time
of these analyses.

Information on all cause mortality was obtained either through linkages with Vital Statistics
agencies or through active follow-up of cohort participants. Patients were included in this
analysis if they were aged 16 years or older, were antiretroviral naive when initiating
combination therapy, and did not receive fusion inhibitors in their initial regimen. Patients’
analysis time started on the date they started combination therapy (after Jan 1, 1996);
follow-up was censored at Dec 31, 2005.

Statistical analysis
Crude (all ages) and age-specific mortality rates for individuals with age between 20 and 44
years were calculated. Rates of deaths (per 1000 person-years) were calculated by dividing
the total number of deaths by the total number of person-years of follow-up. Mortality rates
were stratified by sex, transmission group (injecting drug use vs other), and baseline CD4
cell count (<100, 100–199, ≥200 cells per μL). Rates in periods defined by period of
initiation of combination therapy and period of follow-up were internally standardised, by
including centred values of prognostic variables (values with mean zero) in Poisson
regression models.

Potential years of life lost (PYLL) were calculated as the sum of years that HIV-positive
participants in our analyses lost because of premature death.24,25 PYLL is calculated with
death before the age of 65 years being considered premature, since this is deemed to be the
age at which most people retire. PYLL were expressed as per 1000 person-years from age
20–64 years. Values were stratified by sex, transmission group, and baseline CD4 cell count.

Abridged life tables were constructed from age-specific mortality rates to compare life
expectancies at the age of 20 years in 1996–99, 2000–02, and 2003–05. Large populations
are needed to overcome systematic and random variations in mortality when building
complete life tables, therefore abridged life tables were used in this study. These tables
describe the mortality experience that hypothetical cohorts of HIV-positive individuals
would have had if they were subjected to the mortality rates in the observed calendar
periods. The life expectancy at an exact age is a demographic indicator that measures the
average number of additional years that will be lived by a person after that age, according to
the cross-sectional age-specific mortality rates for all causes of death during the study
period. Life expectancy values at exact ages 20 and 35 years were reported for the total
cohort as well as stratified by sex, transmission group, and baseline CD4 cell count. Detailed
information on the calculations of life tables, potential years of life lost, crude and age-
specific death rates can be found in webappendices 2 and 3.

Analyses were done using Stata version 10.0 and Microsoft Excel 2008.
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Role of the funding source
The study sponsors had no role in the design or conduct of this study, or in the collection,
analysis, or interpretation of the data. The corresponding author, Margaret May, and
Jonathan Sterne had full access to all the data. The corresponding author had the final
responsibility for the decision to submit for publication.

Results
Our analyses were based on 43 355 eligible patients and 2050 (4·7%) deaths from the 14
participating cohorts. Table 1 shows the distribution of baseline variables of interest
according to calendar period of initiation of combination antiretroviral therapy. Because of
the large sample size, there were statistically significant differences in the distribution of all
variables over the three periods studied, although the magnitudes of some differences were
small. Over time, there were increases in median age, and in the proportion of participants
who were women, who did not have a history of injecting drug use, who had CDC clinical
stage A/B disease (ie, no pre-antiretroviral therapy AIDS-defining event), and were on non-
PI-based regimens.

Table 2 shows mortality rates, PYLLs, and life expectancy at age 20 years for the entire
cohort. Overall rates (20 years and above) of death, rates of death between the ages of 20
and 44 years, and PYLLs declined between 1996–99 and 2003–05. Between 1996–99 and
2003–05, there was a gain in life expectancy for those at age 20 years of about 13 years;
similar gains in life expectancy in those aged 35 years were also seen. Table 3 reports crude
and internally standardised mortality rates by period of initiation and period of follow-up of
combination therapy. There were declines in mortality rates by both period of initiation and
period of follow-up.

Table 4 shows the same health indicators as in table 2 stratified by sex and transmission
group (ie, injecting drug use vs non-injecting drug use). Women had lower rates of mortality
and PYLLs and somewhat higher life expectancies than did men. Individuals with a history
of injecting drug use also had higher rates of mortality and lower life expectancy than did
non-injecting drug users. Life expectancy at age 20 years and at age 35 years was lower in
injecting drug users than in non-injecting drug users.

Table 5 displays rates of death, PYLLs, and life expectancy stratified by baseline CD4 cell
count. Overall mortality rates, mortality rates between the ages of 20 and 44 years, and
PYLLs decreased substantially with increasing CD4 count at baseline, as did life expectancy
at age 20 years and at age 35 years.

Sensitivity analyses were done to examine the effect of cohorts from France on our
estimates of life expectancy in the main analyses, since the two French cohorts (n=20 695)
represent nearly half our study population and the majority of people who initiated
combination therapy in France since 1996. The overall mortality rates in the French cohorts
were very similar to those reported in cohorts from other countries (webtable). Life
expectancy at 20 years was 43·6 years in the French cohorts and 43·0 years in non-French
cohorts, and 32·5 years in French cohorts and 31·5 years in non-French cohorts at 35 years.

Discussion
Our analysis of 14 cohort studies and 43 355 HIV-infected patients indicate that there has
been an improvement of outcomes with combination antiretroviral therapy between 1996
and 2005, characterised by a marked decrease in mortality rates and potential years of life
lost, and by corresponding increases in life expectancy and the proportion of patients
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surviving from age 20 to age 44 years. Life expectancy differs markedly between subgroups
defined by patient characteristics at initiation of combination therapy, and is notably lower
in patients with presumed transmission via injecting drug use and who initiated treatment at
lower CD4 cell counts.

Previous studies have shown similar decreases in mortality rates and increases in life
expectancy as a result of combination therapy.26–33 However, such findings have been
restricted to countrywide analyses, and have often been localised at the provincial or state
level.30,31 Additionally, all previous studies have been based on substantially smaller
sample. One of the larger studies, which took place in the USA, analysed a cohort of nearly
5000 HIV-infected patients and exhibited similar survival benefits for individuals being
treated with combination antiretroviral therapy.29 However, the study did not take into
account previous exposure to antiretroviral therapy before initiation of combination
treatment, which may be a confounding factor. By contrast, all patients in our analysis were
treatment naive at initiation of combination therapy.

The progressive reductions in mortality and gains in life expectancy over the three periods
studied here are probably the result of both improvements in therapy during the first decade
of combination therapy and continuing declines in mortality rates among individuals on such
treatment for long periods. These results lend further credence to earlier reports. In a recent
study by Lima and colleagues,31 2238 HIV-infected antiretroviral-naive patients initiating
therapy in British Columbia were surveyed over several periods between 1993 and 2004.
The authors noted the vast improvements in drug regimens since the pre-combination
antiretroviral therapy era as well as over the course of development of combination
treatment. In the early era of antiretroviral therapy, monotherapies were the main form of
treatment. Since the advent of combination antiretroviral therapy, triple antiretroviral
combinations have become the standard of care for HIV-infected patients in high-income
countries and have markedly improved as treatments developed. These advances in
treatment have transformed HIV from being a fatal disease, which was the reality for
patients before the advent of combination treatment, into a long-term chronic condition. In
fact, a number of studies have found that AIDS-defining illnesses as the cause of death are
declining dramatically:27,34,35 Because of improvements in treatment, fewer HIV-infected
patients are dying of characteristic HIV-related illnesses, such as non-Hodgkin lymphoma.36

Despite these reassuring results, there is still a large discrepancy between the life expectancy
of the general population and the life expectancy of an HIV-infected individual. A person
starting combination therapy can expect to live about 43 years at 20 years of age, about two-
thirds as long as the general population in these countries. This discrepancy in life
expectancy could be attributed to active HIV infection or to other underlying lifestyle,
socioeconomic, and health issues. Further research must be devoted to the ongoing
improvement of antiretroviral therapy to lessen the gap between the life expectancy of HIV-
infected patients and the general population, as well as to improve the quality of life of
individuals living with HIV.

There is also considerable heterogeneity between subgroups in life expectancy. For example,
the disparity in life expectancy between HIV-infected injecting drug users and non-injecting
drug users is very large. This finding is consistent with previous findings.32,37 There may be
several reasons for this discrepancy, such as issues of adherence, inadequate or unequal
access to treatment, active illicit drug use, hepatitis C co-infection, higher rates of smoking
and alcohol use, and socioeconomic status.38 The increasing proportion of women starting
combination therapy could be the result of migration of women infected through
heterosexual sex in sub-Saharan Africa: a number of settings have reported higher numbers
of sub-Saharan African women accessing therapy in the past few years.39 Higher life
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expectancy in women could be due the higher median baseline CD4 cell count in women,
because women tend to be diagnosed earlier in the course of their infection, in antenatal
settings.

Our life expectancy results are representative of all individuals who started combination
therapy, including those who did not remain on such treatment throughout follow-up.
Therefore, the changes in mortality and life expectancy over time might reflect not only the
long-term tolerability and diminishing side-effects of antiretroviral drugs, but also
reductions in rates of treatment discontinuation and non-adherence. A previous article40

found little evidence that short-term (1 year) survival had improved between 1996 and 2003,
despite an improvement in virological response after initiation of combination therapy. The
reductions in mortality rates and corresponding improvements in life expectancy seen here
probably reflect both improvements in 3 year survival apparent in the extended and updated
dataset analysed here, and the continuing declines in mortality rates among patients on
combination therapy for extended periods.

Our study is potentially limited by the under-reporting of deaths by some cohorts that do not
actively link to administrative records. Such under-reporting could imply that the mortality
rates reported here are underestimates. The reporting methods among the cohorts
participating in this study were not the same; some cohorts used record linkages done with
vital statistics, while others used self-reporting systems to monitor mortality rates. We were
reassured by the lack of difference in mortality rates between the French and non-French
cohorts. Furthermore, we were not able to distinguish between active and a history of
injecting drug use or the effect of subsequent changes in antiretroviral therapy over the
period of observation. We do not have detailed data on causes of death, although we are
currently collecting available information for all patients and, where possible, using this to
categorise causes of death. Preliminary data suggest that 85% of patients who died had some
information on cause of death. Of these, about 50% died of an AIDS-defining condition.
Other major causes of death included non-AIDS malignancy, heart disease, infection,
violent causes (including suicide and substance abuse), and liver-related causes. Lastly, the
estimation of mortality in the last open interval (65 years and more) is difficult because the
person-years of follow-up in this interval is limited—few patients in our study are over the
age of 65 years and those patients who are enrolled tend to be younger (within this age-
group) than those in the general population. Therefore, mortality rates were adjusted in this
open interval to limit the effect of the under ascertainment of deaths. Our results are similar
to those reported from Denmark for people on treatment since the mid-1990s.41 However,
extended follow-up of older HIV-infected patients treated with combination antiretroviral
therapy will be needed to produce reliable estimates of mortality rates in these groups, and
improved estimates of life expectancy for all patients.

In summary, the results of this study indicate that people living with HIV in high-income
countries can expect increasing positive health outcomes on combination antiretroviral
therapy. The marked increase in life expectancy since 1996 is a testament to the gradual
improvement and overall success of such treatment. Because there is still a large
discrepancy in life expectancy between the general population and HIV-infected individuals,
we encourage health planners to use these data to improve health services and living
conditions for such people. Cohort studies must continue to observe and monitor individuals
initiating combination antiretroviral therapy to monitor long-term effects and toxicities.

Acknowledgments
Funding UK Medical Research Council, GlaxoSmithKline.

Page 6

Lancet. Author manuscript; available in PMC 2011 July 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



We are grateful to all patients, doctors, and study nurses involved in the participating cohort studies. The ART
Cohort Collaboration is supported by the UK Medical Research Council (grant number G0700820) and
GlaxoSmithKline. Sources of funding of individual cohorts include the Agence nationale de la recherche contre le
SIDA (ANRS), the Institut National de la Santé et de la Recherche Médicale (INSERM), the French, Italian and
Swiss National Science Foundation, the Stichting HIV Monitoring, the European Commission, the British
Columbia and Alberta Governments, the Michael Smith Foundation for Health Research, the Canadian Institutes of
Health Research and unrestricted grants from GlaxoSmithKline, Roche, and Boehringer-Ingelheim.

References
1. Hammer SM, Saag MS, Schechter M, et al. Treatment for adult HIV infection: 2006

recommendations of the International AIDS Society—USA panel. JAMA. 2006; 296:827–43.
[PubMed: 16905788]

2. Grabar S, Moing VL, Goujard C, et al. Clinical outcome of patients with HIV-1 infection according
to immunologic and virologic response after 6 months of highly active antiretroviral therapy. Ann
Int Med. 2000; 133:401–10. [PubMed: 10975957]

3. Gallant JE, DeJesus E, Arribas JR, et al. Tenofovir DF, emtricitabine, and efavirenz vs zidovudine,
lamivudine, and efavirenz for HIV. N Engl J Med. 2006; 354:251–60. [PubMed: 16421366]

4. Lange JM. Efficacy and durability of nevirapine in antiretroviral drug naive patients. J Acquir
Immune Defic Syndr. 2003; 34 (suppl 1):S40–52. [PubMed: 14562857]

5. Montaner JS, Hogg R, Wood E, et al. The case for expanding access to highly active antiretroviral
therapy to curb the growth of the HIV epidemic. Lancet. 2006; 368:531–36. [PubMed: 16890841]

6. Robbins GK, De Gruttola V, Shafer RW, et al. Comparison of sequential three-drug regimens as
initial therapy for HIV-1 infection. N Engl J Med. 2003; 349:2293–303. [PubMed: 14668455]

7. Staszewski S, Morales-Ramirez J, Tashima KT, et al. Efavirenz plus zidovudine and lamivudine,
efavirenz plus indinavir, and indinavir plus zidovudine and lamivudine in the treatment of HIV-1
infection in adults. N Engl J Med. 1999; 341:1865–73. [PubMed: 10601505]

8. van Leth F, Phanuphak P, Ruxrungtham K, et al. Comparison of first-line antiretroviral therapy with
regimens including nevirapine, efavirenz, or both drugs, plus stavudine and lamivudine: a
randomised open-label trial, the 2NN Study. Lancet. 2004; 363:1253–63. [PubMed: 15094269]

9. Chiasson MA, Berenson L, Li W, et al. Declining HIV/AIDS mortality in New York City. J Acquir
Immune Defic Syndr. 1999; 21:59–64. [PubMed: 10235515]

10. Detels R, Munoz A, McFarlane G, et al. Effectiveness of potent antiretroviral therapy on time to
AIDS and death in men with known HIV infection duration. JAMA. 1998; 280:1497–503.
[PubMed: 9809730]

11. Hogg RS, O’Shaughnessy MV, Gataric N, et al. Decline in deaths from AIDS due to new
antiretrovirals. Lancet. 1997; 349:1294. [PubMed: 9142067]

12. Hogg RS, Heath KV, Yip B, et al. Improved survival among HIV-infected individuals following
initiation of antiretroviral therapy. JAMA. 1998; 279:450–54. [PubMed: 9466638]

13. Mocroft A, Vella S, Benfield TL, et al. Changing patterns of mortality across Europe in patients
infected with HIV-1. EuroSIDA Study Group Lancet. 1998; 352:1725–30.

14. Moore RD, Chaisson RE. Natural history of HIV infection in the era of combination antiretroviral
therapy. AIDS. 1999; 13:1933–42. [PubMed: 10513653]

15. Palella FJ Jr, Delaney KM, Moorman AC, et al. Declining morbidity and mortality among patients
with advanced human immunodeficiency virus infection. N Engl J Med. 1998; 338:853–60.
[PubMed: 9516219]

16. Vittinghoff E, Scheer S, O’Malley P, Colfax G, Holmberg SD, Buchbinder SP. Combination
antiretroviral therapy and recent declines in AIDS incidence and mortality. J Infect Dis. 1999;
179:717–20. [PubMed: 9952385]

17. Wong KH, Chan KC, Lee SS. Delayed progression to death and to AIDS in a Hong Kong cohort of
patients with advanced HIV type 1 disease during the era of highly active antiretroviral therapy.
Clin Infect Dis. 2004; 39:853–60. [PubMed: 15472819]

18. Sterne JA, Hernan MA, Ledergerber B, et al. for the Swiss HIV Cohort Study. Long-term
effectiveness of potent antiretroviral therapy in preventing AIDS and death: a prospective cohort
study. Lancet. 2005; 366:378–84. [PubMed: 16054937]

Page 7

Lancet. Author manuscript; available in PMC 2011 July 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



19. Braitstein P, Brinkhof MW, Dabis F, et al. for the Antiretroviral Therapy in Lower Income
Countries (ART-LINC) Collaboration and ART Cohort Collaboration (ART-CC) groups.
Mortality of HIV-1-infected patients in the first year of antiretroviral therapy: comparison between
low-income and high-income countries. Lancet. 2006; 367:817–24. [PubMed: 16530575]

20. McGuire AL, Barer JM, Montaner JS, Hogg RS. There and back again: the impact of adult HIV
prevalence on national life expectancies. HIV Med. 2005; 6:57–58. [PubMed: 15807710]

21. Chene G, Sterne JA, May M, et al. for the Antiretroviral Therapy Cohort Collaboration. Prognostic
importance of initial response in HIV-1 infected patients starting potent antiretroviral therapy:
analysis of prospective studies. Lancet. 2003; 362:679–86. [PubMed: 12957089]

22. Egger M, May M, Chene G, et al. for the ART Cohort Collaboration. Prognosis of HIV-1-infected
patients starting highly active antiretroviral therapy: a collaborative analysis of prospective studies.
Lancet. 2002; 360:119–29. [PubMed: 12126821]

23. May M, Royston P, Egger M, Justice AC, Sterne JA. Development and validation of a prognostic
model for survival time data: application to prognosis of HIV positive patients treated with
antiretroviral therapy. Stat Med. 2004; 23:2375–98. [PubMed: 15273954]

24. Gardner JW, Sanborn JS. Years of potential life lost (YPLL)–what does it measure? Epidemiology.
1990; 1:322–29. [PubMed: 2083312]

25. Selik RM, Chu SY. Years of potential life lost due to HIV infection in the United States. AIDS.
1997; 11:1635–39. [PubMed: 9365769]

26. Braithwaite RS, Kozal MJ, Chang CC, et al. Adherence, virological and immunological outcomes
for HIV-infected veterans starting combination antiretroviral therapies. AIDS. 2007; 21:1579–89.
[PubMed: 17630553]

27. Crum NF, Riffenburgh RH, Wegner S, et al. Comparisons of causes of death and mortality rates
among HIV-infected persons: analysis of the pre-, early, and late HAART (highly active
antiretroviral therapy) eras. J Acquir Immune Defic Syndr. 2006; 41:194–200. [PubMed:
16394852]

28. Egger M, Hirschel B, Francioli P, et al. Impact of new antiretroviral combination therapies in HIV
infected patients in Switzerland: prospective multicentre study. BMJ. 1997; 315:1194–99.
[PubMed: 9393221]

29. Fang CT, Chang YY, Hsu HM, et al. Life expectancy of patients with newly-diagnosed HIV
infection in the era of highly active antiretroviral therapy. Q JM. 2007; 100:97–105.

30. King JT Jr, Justice AC, Roberts MS, Chang CC, Fusco JS. Long-term HIV/AIDS survival
estimation in the highly active antiretroviral therapy era. Med Decis Making. 2003; 23:9–20.
[PubMed: 12583451]

31. Lima VD, Hogg RS, Harrigan PR, et al. Continued improvement in survival among HIV-infected
individuals with newer forms of highly active antiretroviral therapy. AIDS. 2007; 21:685–92.
[PubMed: 17413689]

32. Lloyd-Smith E, Brodkin E, Wood E, et al. Impact of HAART and injection drug use on life
expectancy of two HIV-positive cohorts in British Columbia. AIDS. 2006; 20:445–50. [PubMed:
16439879]

33. Walensky RP, Paltiel AD, Losina E, et al. The survival benefits of AIDS treatment in the United
States. J Infect Dis. 2006; 194:11–19. [PubMed: 16741877]

34. Lewden C, Bonnet F, Bevilacqua S, et al. Causes of death in HIV-infected French drug users,
1995–2000. Ann Med Interne (Paris). 2002; 153:2S4–10. (in French). [PubMed: 12518077]

35. 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. [PubMed: 11317251]

36. Bonnet F, Morlat P, Chene 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.
[PubMed: 12139658]

37. Sterne JA, May M, Sabin C, et al. Importance of baseline prognostic factors with increasing time
since initiation of highly active antiretroviral therapy: collaborative analysis of cohorts of HIV-1-
infected patients. J Acquir Immune Defic Syndr. 2007; 46:607–15. [PubMed: 18043315]

Page 8

Lancet. Author manuscript; available in PMC 2011 July 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



38. Arnsten JH, Demas PA, Grant RW, et al. Impact of active drug use on antiretroviral therapy
adherence and viral suppression in HIV-infected drug users. J Gen Int Med. 2002; 17:377–81.

39. Staehelin C, Egloff N, Rickenbach M, Kopp C, Furrer H. Migrants from sub-Saharan Africa in the
Swiss HIV Cohort Study: a single center study of epidemiologic migration-specific and clinical
features. AIDS Patient Care STDs. 2004; 18:665–75. [PubMed: 15635749]

40. May MT, Sterne JA, Costagliola D, et al. HIV treatment response and prognosis in Europe and
North America in the first decade of highly active antiretroviral therapy: a collaborative analysis.
Lancet. 2006; 368:451–58. [PubMed: 16890831]

41. Lohse N, Hansen A-B, Pedersen G, et al. Survival of persons with and without HIV Infection in
Denmark, 1995–2005. Ann Intern Med. 2007; 146:87–95. [PubMed: 17227932]

The Antiretroviral Therapy (ART) Cohort Collaboration
Writing and analysis committee—Robert Hogg (Faculty of Health Sciences, Simon Fraser
University, Burnaby, Canada; Division of Epidemiology and Population Health, British
Columbia Centre for Excellence in HIV/AIDS, Vancouver, Canada); Viviane Lima
(Division of Epidemiology and Population Health, British Columbia Centre for Excellence
in HIV/AIDS, Vancouver, Canada); Jonathan Sterne (Department of Social Medicine,
University of Bristol, Bristol, UK); Sophie Grabar (INSERM, U 720, Paris, F-75013 France;
Université Paris Descartes, Faculté de médecine, Paris, France AP-HP, Hôpital Cochin,
Paris, France); Manuel Battegay (Division of Infectious Diseases and Hospital
Epidemiology, Basel University, Switzerland; Mojgan Bonarek INSERM U897, Université
Victor Segalen, Bordeaux, France); Antonella D’Arminio Monforte (Clinic of Infectious
Diseases & Tropical Medicine, San Paolo Hospital, University of Milan, Italy); Anna Esteve
(Centre for Epidemiological Studies on Aids in Catalonia (CEESCAT), Hospital University,
Barcalona, Spain); John Gill (Division of Infectious Diseases, University of Calgary,
Calgary, Canada); Ross Harris (Department of Social Medicine, University of Bristol,
Bristol, UK); Amy Justice (Yale University School of Medicine, New Haven, CT, USA);
Mari Kitahata (Department of Medicine, University of Washington, Seattle, Washington,
USA); Fiona Lampe (Research Department of Infection and Population Health, Division of
Population Health, Royal Free and UC Medical School, London, UK; Population Health,
Division of Population Health, Royal Free and UC Medical School, London, UK); Amanda
Mocroft (Primary Care and Population Sciences, Royal Free and University College
Medical School, London, UK); Michael Mugavero (Division of Infectious Disease,
Department of Medicine, University of Alabama, Birmingham, AL, USA); Schlomo
Staszewski (Zentrum der Inneren Medizin, J W Goethe Universität, Frankfurt, Germany);
Jan Christian Wasmuth (Department of Internal Medicine, University of Bonn, Germany);
Ard van Sighem (HIV Monitoring Foundation, Amsterdam, Netherlands); Anna Hayden
(Division of Epidemiology and Population Health, British Columbia Centre for Excellence
in HIV/AIDS, Vancouver, Canada); Jodie Guest (HIV Research, Atlanta Veteran Affairs
Medical Center, Atlanta, GA, USA); Matthias Egger (Department of Social and Preventive
Medicine, University of Bern, Bern, Switzerland); Margaret May (Department of Social
Medicine, University of Bristol, Bristol, UK).

Correspondence to: Prof Robert S Hogg, Faculty of Health Sciences, Simon Fraser
University, Blusson Hall, Room 11300, 8888 University Drive, Burnaby, BC, Canada V5A
1SA, rhogg@sfu.ca

Steering committee
Jordi Casabona (PISCIS), Geneviève Chêne (Aquitaine), Dominique Costagliola (FHDH),
François Dabis (Aquitaine), Antonella D’Arminio Monforte (ICONA), Julia del Amo
(CoRIS-MD), Frank de Wolf (ATHENA), Matthias Egger (SHCS), Gerd Fätkenheuer

Page 9

Lancet. Author manuscript; available in PMC 2011 July 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(Koln/Bonn), John Gill (South Alberta Clinic), Jodie Guest (HAVACS), Robert Hogg
(BCCfE-HIV), Amy Justice (VACS), Mari Kitahata (Washington), Fiona Lampe (Royal
Free), Bruno Ledergerber (SHCS), Amanda Mocroft (EuroSIDA), Peter Reiss (ATHENA),
Michael Saag (Alabama), Schlomo Staszewski (Frankfurt) Coordinating Team—Matthias
Egger, Margaret May, Ross Harris, Jonathan Sterne.

French Hospital Database on HIV (FHDH)
S Abgrall, F Barin, M Bentata, E Billaud, F Boué, C Burty, A Cabié, D Costagliola, L Cotte,
P De Truchis, X Duval, C Duvivier, P Enel, L Fredouille-Heripret, J Gasnault, C Gaud, J
Gilquin, S Grabar, C Katlama, MA Khuong, J M Lang, AS Lascaux, O Launay, A Mahamat,
M Mary-Krause, S Matheron, JL Meynard, J Pavie, G Pialoux, F Pilorgé, I Poizot-Martin, C
Pradier, J Reynes, E Rouveix, A Simon, P Tattevin, H Tissot-Dupont, J P Viard, N Viget, N
Jacquemet, A Pariente-Khayat, A Rivet, V Salomon, S Abgrall, D Costagliola, S Grabar, M
Guiguet, I Kousignian, E Lanoy, L Lièvre, M Mary-Krause, V Potard, H Selinger-Leneman,
E Bouvet, B Crickx, JL Ecobichon, C Leport, S Matheron, C Picard-Dahan, P Yeni, D
Tisne-Dessus, L Weiss, D Salmon, D Sicard, I Auperin, J Gilquin, L Roudière, J P Viard, F
Boué, R Fior, J F Delfraissy, C Goujard, C Jung, P H Lesprit, N Desplanque, J L Meynard,
M C Meyohas, O Picard, J Cadranel, C Mayaud, G Pialoux, F Bricaire, S Herson, C
Katlama, A Simon, J P Clauvel, J M Decazes, L Gerard, J M Molina, M Diemer, P Sellier,
H Berthé, C Dupont, C Chandemerle, E Mortier, P de Truchis, M Bentata, P Honoré; V
Jeantils, S Tassi, D Mechali, B Taverne, F Gourdon, H Laurichesse, A Fresard, F Lucht, P
Eglinger, J P Faller, C Bazin, R Verdon, A Boibieux, D Peyramond, J M Livrozet, J L
Touraine, L Cotte, C Trepo, I Ravaux, H Tissot-Dupont, J P Delmont, J Moreau, J A
Gastaut, I Poizot-Martin, F Retornaz, J Soubeyrand, T Allegre, P A Blanc, A Galinier, J M
Ruiz, G Lepeu, P Granet-Brunello, J P Esterni, L Pelissier, R Cohen-Valensi, M Nezri, S
Chadapaud, A Laffeuillade, J Reynes, T May, C Rabaud, E Billaud, F Raffi, P Pugliese, C
Pradier, C Arvieux, C Michelet, F Borsa-Lebas, F Caron, P Fraisse, J M Lang, D Rey, E
Arlet-Suau, L Cuzin, P Massip, M F Thiercelin Legrand, Y Yasdanpanah, R Pradinaud, M
Sobesky, C Gaud, M Contant.

Italian Cohort of Antiretroviral-Naive Patients (ICONA)
M Montroni, G Scalise, A Costantini, A Riva, U Tirelli, F Martellotta, G Pastore, N Ladisa,
Bergamo: F Suter, C Arici, F Chiodo, V Colangeli, C Fiorini, G Carosi, G Cristini, C Torti,
C Minardi, D Bertelli Busto, T Quirino, P E Manconi, P Piano, L Cosco, A Scerbo, J
Vecchiet, M D’Alessandro, D Santoro, L Pusterla Cremona: G Carnevale, S Lorenzotti, P
Viganò, M Mena, F Ghinelli, L Sighinolfi, F Leoncini, F Mazzotta, M Pozzi, S Lo Caputo,
G Angarano, B Grisorio, A Saracino, S Ferrara, P Grima, P F Grima, G Pagano, G Cassola,
A Alessandrini, R Piscopo, M Toti, M Trezzi, F Soscia, L Tacconi, A Orani, P Perini, A
Scasso, A Vincenti, F Chiodera, P Castelli, A Scalzini, L Palvarini, M Moroni, A Lazzarin,
G Rizzardini, A d’Arminio Monforte, A Galli, S Merli, C Pastecchia, M C Moioli, P Cicconi
Modena: R Esposito, C Mussini, N Abrescia, A Chirianni, C M Izzo, M Piazza, M De
Marco, R Viglietti, E Manzillo, S Nappa, A Colomba, V Abbadessa, T Prestileo, S
Mancuso, C Ferrari, P Pizzaferri, G Filice, L Minoli, R Bruno, S Novati, F Baldelli, M
Tinca, E Petrelli, A Cioppi, F Alberici, A Ruggieri, F Menichetti, C Martinelli, C De
Stefano, A La Gala, G Ballardini, E Rizzo, G Magnani, MA Ursitti, M Arlotti, P Ortolani, R
Cauda, F Dianzani, G Ippolito, A Antinori, G Antonucci, M Ciardi, P Narciso, N Petrosillo,
V Vullo, A De Luca, M Zaccarelli, R Acinapura, P De Longis, MP Trotta, P Noto, M
Lichtner, MR Capobianchi, F Carletti, E Girardi, P Pezzotti, G Rezza, M S Mura, M
Mannazzu, P Caramello, G Di Perri, M Sciandra, GC Orofino, P A Grossi, C Basilico, A
Poggio, G Bottari, E Raise, F Ebo Vicenza: G Pellizzer, D Buonfrate, F Resta, K Loso, A
Cozzi Lepri.

Page 10

Lancet. Author manuscript; available in PMC 2011 July 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Swiss HIV Cohort Study (SHCS)
M Battegay, E Bernasconi, J Böni, H C Bucher, P Bürgisser, A Calmy, S Cattacin, M
Cavassini, R Dubs, M Egger, L Elzi, M Fischer, M Flepp, A Fontana, P Francioli, H Furrer,
C Fux, M Gorgievski, H Günthard, H Hirsch, B Hirschel, I Hösli, Ch Kahlert, L Kaiser, U
Karrer, C Kind, T Klimkait, B Ledergerber, G Martinetti, B Martinez, N Müller, D Nadal, M
Opravil, F Paccaud, G Pantaleo, A Rauch, S Regenass, M Rickenbach, C Rudin, P Schmid,
D Schultze, J Schüpbach, R Speck, P Taffé, A Telenti, A Trkola, P Vernazza, R Weber, S
Yerly.

AIDS Therapy Evaluation project Netherlands (ATHENA)
L A Gras, A I van Sighem, C Smit, F de Wolf, W Bronsveld, M E Hillebrand-Haverkort, J
M Prins, J Branger, J K M Eeftinck Schattenkerk, J Gisolf, M H Godfried, J M A Lange, K
D Lettinga, J T M van der Meer, F J B Nellen, T van der Poll, P Reiss, Th A Ruys, R
Steingrover, J N Vermeulen, S M E Vrouenraets, M van Vugt, F W M N Wit, T W Kuijpers,
D Pajkrt, H J Scherpbier, A van Eeden, K Brinkman, G E L van den Berk, W L Blok, P H J
Frissen, J C Roos, W E M Schouten, J W Mulder, E C M van Gorp, J Wagenaar, J Veenstra,
S A Danner, M A Van Agtmael, F A P Claessen, R M Perenboom, A Rijkeboer, M G A van
Vonderen, C Richter, J van der Berg, R Vriesendorp, F J F Jeurissen, R H Kauffmann, K
Pogány, B Bravenboer, C H H ten Napel, G J Kootstra, H G Sprenger, S van Assen, J T M
van Leeuwen, R Doedens, E H Scholvinck, R W ten Kate, R Soetekouw, D van Houte, M B
Polée, F P Kroon, P J van den Broek, J T van Dissel, E F Schippers, G Schreij, S van der
Geest, S Lowe, A Verbon, P P Koopmans, R Van Crevel, R de Groot, M Keuter, F Post, A J
A M van der Ven, A Warris, M E van der Ende, I C Gyssens, M van der Feltz, J L Nouwen,
B J A Rijnders, T E M S de Vries, G Driessen, M van der Flier, N G Hartwig, J R Juttman,
M E E van Kasteren, C Van de Heul, I M Hoepelman, M M E Schneider, M J M Bonten, J C
C Borleffs, P M Ellerbroek, C A J J Jaspers, T Mudrikove, C A M Schurink, E H Gisolf, S P
M Geelen, T F W Wolfs, T Faber, A A Tanis, P H P Groeneveld, J G den Hollander, A J
Duits, K Winkel, N K T Back, M E G Bakker, B Berkhout, S Jurriaans, H L Zaaijer, T
Cuijpers, P J G M Rietra, K J Roozendaal, W Pauw, A P van Zanten, P H M Smits, B M E
von Blomberg, P Savelkoul, A Pettersson, C M A Swanink, P F H Franck, A S Lampe, C L
Jansen, R Hendriks, C A Benne, D Veenendaal, H Storm, J Weel, J H van Zeijl, A C M
Kroes, H C J Claas, C A M V A Bruggeman, V J Goossens, J M D Galama, W J G
Melchers, Y A G Poort, G J J Doornum, M G Niesters, A D M E Osterhaus, M Schutten, A
G M Buiting, C A M Swaans, C A B Boucher, R Schuurman, E Boel, A F Jansz, A
Veldkamp, J H Beijnen, A D R Huitema, D M Burger, P W H Hugen, H J M van Kan.

The EUROSIDA study group
M Losso, A Duran, N Vetter, I Karpov, A Vassilenko, N Clumeck, S De Wit, B Poll, R
Colebunders, K Kostov, J Begovac, M Ristola, L Machala, H Rozsypal, D Sedlacek, J
Nielsen, J Lundgren, T Benfield, O Kirk, J Gerstoft, T Katzenstein, A-B E Hansen, P
Skinhøj, C Pedersen, L Oestergaard, K Zilmer, J Smidt, C Katlama, J-P Viard, P-M Girard, J
M Livrozet, P Vanhems, C Pradier, F Dabis, J Rockstroh, R Schmidt, J van Lunzen, O
Degen, H J Stellbrink, S Staszewski, J Bogner, G Fätkenheuer, J Kosmidis, P Gargalianos,
G Xylomenos, J Perdios, G Panos, A Filandras, E Karabatsaki, H Sambattakou, D Banhegyi,
F Mulcahy, I Yust, D Turner, M Burke, S Pollack, G Hassoun, S Maayan, A Chiesi, R
Esposito, I Mazeu, C Mussini, C Arici, R Pristera, F Mazzotta, A Gabbuti, V Vullo, M
Lichtner, A Chirianni, E Montesarchio, M Gargiulo, G Antonucci, F Iacomi, P Narciso, C
Vlassi, M Zaccarelli, A Lazzarin, R Finazzi, M Galli, A Ridolfo, A d’Arminio Monforte, B
Rozentale, P Aldins, S Chaplinskas, R Hemmer, T Staub, P Reiss, J Bruun, A Maeland, V
Ormaasen, B Knysz, J Gasiorowski, A Horban, D Prokopowicz, A Wiercinska-Drapalo, A
Boron-Kaczmarska, M Pynka, M Beniowski, E Mularska, H Trocha, F Antunes, E Valadas,
K Mansinho, F Maltez, D Duiculescu, V Babes, A Rakhmanova, E Vinogradova, S

Page 11

Lancet. Author manuscript; available in PMC 2011 July 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Buzunova, D Jevtovic, M Mokráš, D Staneková, J González-Lahoz, V Soriano, L Martin-
Carbonero, P Labarga, B Clotet, A Jou, J Conejero, C Tural, J M Gatell, J M Miró, P
Domingo, M Gutierrez, G Mateo, M A Sambeat, A Karlsson, P O Persson, L Flamholc, B
Ledergerber, R Weber, P Francioli, M Cavassini, B Hirschel, E Boffi, H Furrer, M Battegay,
L Elzi, E Kravchenko, N Chentsova, S Barton, A M Johnson, D Mercey, A Phillips, M A
Johnson, A Mocroft, M Murphy, J Weber, G Scullard, M Fisher, R Brettle, B Clotet, F
Antunes, B Clotet, D Duiculescu, J Gatell, B Gazzard, A Horban, Karlsson, C Katlama, B
Ledergerber, A D’Arminio Montforte, A Phillips, A Rakhmanova, P Reiss, J Rockstroh, J
Lundgren, O Kirk, A Mocroft, N Friis-Møller, A Cozzi-Lepri, W Bannister, M Ellefson, A
Borch, D Podlevkareva, C Holkmann Olsen, J Kjær, L Peters, J Reekie.

Collaborations in HIV Outcomes Research US (CHORUS)
S Raffanti, D Dieterch, A Justice, S Becker, A Scarsella, G Fusco, B Most, R Balu, R Rana,
R Beckerman, T Ising, J Fusco, R Irek, B Johnson, A Hirani, E DeJesus, G Pierone, P
Lackey, C Irek, A Johnson, J Burdick, S Leon, J Arch.

Frankfurt HIV Cohort
S Staszewski, E B Helm, A Carlebach, A Müller, A Haberl, G Nisius, T Lennemann, C
Stephan, M Bickel, M Mösch, P Gute, L Locher, T Lutz, S Klauke, G Knecht, P Khaykin, H
W Doerr, M Stürmer, E Babacan, N von Hentig.

Aquitaine Cohort, France
J Beylot, G Chêne, F Dabis, M Dupon, M Longy-Boursier, J L Pellegrin, J M Ragnaud, R
Salamon, F Dabis, G Chêne, R Thiébaut, C Lewden, S Lawson-Ayayi, M Dupon, P Mercié,
J F Moreau, P Morlat, J L Pellegrin, J M Ragnaud, N Bernard, D Lacoste, D Malvy, D
Neau, M J Blaizeau, M Decoin, S Delveaux, C Hannapier, S Labarrère, V Lavignolle-
Aurillac, B Uwamaliya-Nziyumvira, G Palmer, D Touchard, E Balestre, A Alioum, H
Jacqmin-Gadda, R Thiébaut, J Beylot, P Morlat, N Bernard, M Bonarek, F Bonnet, B
Coadou, P Gellie, D Lacoste, C Nouts, M Dupon, F Bocquentin, H Dutronc, S Lafarie, M
Longy-Boursier, P Mercié, A Aslan, D Malvy, T Pistonne, P Thibaut, R Vatan, J M
Ragnaud, D Chambon, C De La Taille, C Cazorla, D Neau, A Ocho, J L Pellegrin, J F
Viallard, O Caubet, C Cipriano, E Lazaro, P Couzigou, L Castera, H Fleury, M E Lafon, B
Masquelier, I Pellegrin, D Breilh, J F Moreau, P Blanco, P Loste, L Caunègre, F Bonnal, S
Farbos, M Ferrand, J Ceccaldi, S Tchamgoué, S De Witte, E Buy.

British Columbia Centre for Excellence in HIV (BCCfE-HIV), Canada
L Akagi, E Brandson, E Druyts, K Fernandes, N Gataric, P R Harrigan, M Harris, A
Hayden, R Hogg, V Lima, J Montaner, D Moore, A Palmer, E Wood, B Yip, W Zhang.

Royal Free Hospital Cohort, London UK
S Bhagani, P Byrne, A Carroll, Z Cuthbertson, A Dunleavy, A M Geretti, B Heelan, M
Johnson, S Kinloch-de Loes, M Lipman, S Madge, N Marshall, D Nair, G Nebbia, B Prinz,
L Swaden, M Tyrer, M Youle, C Chaloner, H Grabowska, J Holloway, J Puradiredja, D
Ransom, R Tsintas, W Bannister, L Bansi, A Cozzi-Lepri, Z Fox, E Harris, T Hill, F Lampe,
R Lodwick, A Mocroft, A Phillips, J Reekie, C Sabin, C Smith, E Amoah, C Booth, G
Clewley, A Garcia Diaz, B Gregory, W Labbett, F Tahami, M Thomas.

South Alberta Cohort, Canada
M J Gill, R Read, H Krentz, B Beckthold.

Page 12

Lancet. Author manuscript; available in PMC 2011 July 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Köln/Bonn Cohort, Germany
G Faetkenheuer, J Rockstroh.

PISCIS, Catalonia and Balearic islands, Spain
J Casabona, J M Miró, A Alquézar, J Casabona, A Esteve, A Alquézar, J M Miró, D
Podzamczer, J Murillas, A Romero, C Agustí, J M Gatell, F Agüero, C Tural, B Clotet, E
Ferrer, M Riera, F Segura, G Navarro, L Force, J Vilaró, A Masabeu, I García, M
Guadarrama, A Esteve, A Montoliu, N Ortega, E Lazzari, E Puchol, M Sanchez, J L Blanco,
F Garcia-Alcaide, E Martinez, J Mallolas M López-Dieguez, J F García-Goez, G Sirera, J
Romeu, A Jou E Negredo, C Miranda, M C Capitan, M Olmo, P Barragan, M Saumoy, F
Bolao, C Cabellos, C Peña, M Sala, M Cervantes, M Jose Amengual, M Navarro, E Penelo,
P Barrufet, M Guadarrama.

1917 Clinic Cohort, University of Alabama, Birmingham US
M S Saag, M J Mugavero, J H Willig, J L Raper, J J Allison, M-C Kempf, J E Schumacher,
A O Westfall, H-Y Lin, M Pisu, L Moneyham, D Vance, L Bachmann, S L Davies, E
Berner, E Acosta, J King, R A Kaslow, K Savage, C Nevin, F B Walton, M L Marler, S
Lawrence, B Files-Kennedy, D S Batey, M A Patil, U Patil, M Varshney, E Gibson, A
Guzman, D Rinehart.

Life table construction
Correspondence to: Prof Robert S Hogg, Faculty of Health Sciences, Simon Fraser
University, Blusson Hall, Room 11300, 8888 University Drive, Burnaby, BC, Canada V5A
1SA rhogg@sfu.ca

The constructed abridged life tables were based on techniques originally published by
Chiang1 and reported life expectancy from age 20 years to 65+ in 5-year intervals. The use
of larger intervals, such as 5 years, has the advantage over single years in that systematic
and random errors are reduced. Furthermore, we started from age 20 years because this was
the first complete 5-year grouping of data available in the collaboration.

The detailed computational procedures for these tables are treated under two separate
headings: the 5-year intervals starting from age 20 years and ending just before the open
ended interval or last age interval; and the last open-ended interval, 65+. These two groups
are given separate treatment because mortality assumptions incorporated in the construction
of an abridged life table are not the same in these various groupings of the age span.

The rows of our life tables refer to exact age groups while the columns, labelled in a
conventional form, include the following functions.

x, n: the period of life between two exact ages (x and x+n)—eg, when x=20 and n=5,
this means the 5-year interval between the 20th and 25th birthdays.

nmx: the death rate in the population between exact age x and exact age x+n.

nqx: the proportion of people in the population who reach exact age x who are not still
living at exact age x+n.

lx: the number of survivors from a hypothetical cohort at exact age x.

ndx: the number of members of a hypothetical cohort who die between exact age x and
exact age x+n.
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nLx: the number of person-years lived by members of a hypothetical cohort between
exact ages x and x+n.

Tx: the number of person-years lived by a hypothetical cohort above exact age x;

ex
0: the expected number of years that a person in this hypothetical cohort who reaches

exact age x will live.

In these column labels, the suffix x refers to an exact age and the prefix n refers to the length
of an age group, often 5 years. For example, 5q20 signifies the probability of death between
exact age 20 years and exact age 25 years.

The starting point for an abridged life table is the nqx column. This column is calculated
from the raw age-specific population and deaths data. There are a number of methods to
calculate these data, which depend to some extent on the nature of the input data and also on
the ages for which the calculation is to be done. The basic nqx formula in the construction of
our abridged table is as follows:

The age-specific death rate was expressed here in terms of mx, which is the quotient of the
number of deaths (Dx) in a given calendar interval between exact age x and x+n and the total
number of person-years at-risk in that age interval and time period (Px).

In all calendar periods, rates for the open age grouping (65+) age group could not be
meaningfully estimated, because population mortality rates increase steeply with increasing
age, and there are too few patients in this group to allow meaningful further stratification by
age. This was confirmed by examining age-specific mortality rates and rate ratios comparing
patients included in the ART-CC dataset with the French population (based on data obtained
from the Human Mortality Database for the same period; www.mortality.org or
www.humanmortality.de). Therefore the rate of death m65 in the 65+ age group was
adjusted by assuming that the rate ratio in the 65+ age group was the same as the average
rate ratio in the 55–59 and 60–64 groups.

The function ai depends neither of the values of qx or px, nor on the specific death rate mx,
but rather on the trend of mortality within the interval. Since the trend of mortality does not
vary much from one population to another, ai can be regarded as a constant at most ages.
The function is calculated empirically usually using national mortality data. In these
analyses ai was assumed to be 0·5, as we are that deaths are evenly distributed over the
interval. Finally, ni refers to the number of years in each interval, which in this case would
be 5. In the open interval qx is assumed to be 1.

The function lx denotes the survivors of a cohort of live born babies to the exact age x. The
initial value of this column, l0, is known as the radix, which was conveniently taken as 1000.
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The function dx denotes deaths experienced by the life table cohort within the interval x to x
+n. As noted below it can be obtained by taking the difference of the lx column starting with
the first value.

The function Lx is the number of person-years lived by the cohort during the interval
between x and x+n years. It is usually calculated in the following manner.

The function Tx is derived directly from the Lx column. This function is simply the
summation of the Lx column. Thus, this column, which is the cumulative distribution of the
Lx column, may also be used to derive individual values of Lx.

The final age interval in a life table is a half open interval, which is referred to as w. The
length of the interval is infinite and the necessary information for determining the average
number of years lived by an individual beyond this age is unavailable. The following
equations are used to estimate Lw and Tw.

The function e0
x is the expectation of life remaining to people who attain the exact age x.

The function is derived from the lx and Tx columns by the relationship:

The final column is referred to as the standard error around the function of e0
x. This

calculation was based on Chiang’s calculation of this function.1 An example life table for
our calculations of overall life expectancy is shown below.

Table

Abridged life table for the ART-CC, period of follow-up 1996–2005

x n Px Dx mx ax qx px lx dx Lx Tx e0
x SEi

20 5 4262 22 0·0052 0·50 0·0255 0·9745 1000 25 4936 43 065 43·1 0·33

25 5 14 025 83 0·0059 0·50 0·0292 0·9708 975 28 4802 38 129 39·1 0·25

30 5 29 917 271 0·0091 0·50 0·0443 0·9557 946 42 4626 33 327 35·2 0·22

35 5 40 793 426 0·0104 0·50 0·0509 0·9491 904 46 4406 28 701 31·7 0·21
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x n Px Dx mx ax qx px lx dx Lx Tx e0
x SEi

40 5 33 424 380 0·0114 0·50 0·0553 0·9447 858 47 4172 24 295 28·3 0·21

45 5 20 210 301 0·0149 0·50 0·0718 0·9282 811 58 3908 20 123 24·8 0·21

50 5 12 698 195 0·0154 0·50 0·0739 0·9261 753 56 3624 16 215 21·5 0·20

55 5 7783 156 0·0200 0·50 0·0954 0·9046 697 67 3318 12 591 18·1 0·18

60 5 4316 98 0·0227 0·50 0·1074 0·8926 630 68 2983 9273 14·7 0·14

65 + 3562 118 0·0894 0·50 1·0000 0·0000 563 563 6290 6290 11·2

Percent surviving from 20 to 44 years=81·1%.

References
1. Chiang, CL. Introduction to stochastic processes in biostatistics. New York: John Wiley and Sons;

1968. The life table and its construction; p. 189-214.

Crude and age-specific mortality and person years of life lost
Correspondence to: Prof Robert S Hogg, Faculty of Health Sciences, Simon Fraser
University, Blusson Hall, Room 11300, 8888 University Drive, Burnaby, BC, Canada V5A
1SA, rhogg@sfu.ca

Overall (20 years and above) and mortality rates between the ages of 20 and 44 years were
calculated from the number of deaths (Dx) in a given calendar interval between exact age x
and x+n and the persons-at-risk lived in that age interval and time period (Px). Rates were
expressed as deaths per 1000 person-years.

Potential years of life lost (PYLLs) before age 65 years were used to measure the effect of
diseases on premature mortality. PYLLs were a convenient summary measure that account
for not only the number of deaths but also the ages at which death occurs. To obtain PYLLs,
the total number deaths for a particular cause in each 5-year age group are multiplied by the
average number of years remaining in that age-group to age 65. This relationship can be
expressed as:

where Yi is the age at the midpoint of age group i.

To allow for comparison over calendar time, we expressed PYLLs as per 1000 person-years.
Changes in PYLLs per 1000 person-years are an expression of changes in the absolute
number of deaths, their distribution, and the average number of persons-at-risk in the
interval.

An example PYLL calculation for the full follow-up period is shown in the table. Pi refers to
the average number of persons-at-risk and di to the deaths observed in an interval.
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Table

PYLL for the ART-CC, period of follow-up 1996–2005

Yi 65–Yi Pi di PYLL

Age group

20 22·5 42·5 4262 22 935

25 27·5 37·5 14 025 83 3113

30 32·5 32·5 29 917 271 8808

35 37·5 27·5 40 793 426 11 715

40 42·5 22·5 33 424 380 8550

45 47·5 17·5 20 210 301 5268

50 52·5 12·5 12 698 195 2438

55 57·5 7·5 7783 156 1170

60 62·5 2·5 4316 98 245

65 3562 118

Total 170 990 2050 42 240

PYLL 0–64 per 1000 person-years=247·0; mortality rate per 1000 person-years=12·0; mortality rate ages 20–44 per 1000
person-years=9·7.

Correspondence to: Prof Robert S Hogg, Faculty of Health Sciences, Simon Fraser
University, Blusson Hall, Room 11300, 8888 University Drive, Burnaby, BC, Canada V5A
1SA rhogg@sfu.ca

Webtable

Health indicators stratified by French cohorts

French cohorts Other cohorts

Mortality rates (per 1000 person-years)

Overall 11·0 (10·3–11·7) 12·8 (12·1–13·6)

Between the ages 20 and 44 years 9·1 (8·3–9·9) 10·1 (9·4–10·9)

Potential years of life lost before age 65 years (per 1000 person-years)*

20 to 64 years 225·8 264·8

Life expectancy (adjusted)

Exact age 20 years 43·6 (SE 0·51) 43·0 (SE 0·43)

Exact age 35 years 32·5 (SE 0·30) 31·5 (SE 0·30)

Percent surviving from 20 to 44 years 81·4% 80·8%

Mortality rates are deaths per 1000 person-years (95% CI).
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Table 1

Baseline characteristics of patients initiating combination antiretroviral therapy by period of initiation

1996–99 (N=18 587) 2000–02 (N=13 914) 2003–05 (N=10 854)

Age (years)

Median 36 (31–43) 37 (31–44) 38 (32–45)

16–29 years 3106 (16·7%) 2481 (17·8%) 1935 (17·8%)

30–39 years 9039 (48·6%) 5916 (42·5%) 4181 (38·5%)

40–49 years 4248 (22·9%) 3614 (26·0%) 3123 (28·8%)

50+ years 2194 (11·8%) 1903 (13·7%) 1615 (14·9%)

Sex

Female 4045 (21·8%) 4133 (29·7%) 3572 (32·9%)

Male 14 542 (78·2%) 9781 (70·3%) 7282 (67·1%)

Risk factor for transmission

Injecting drug use 3495 (18·8%) 1836 (13·2%) 910 (8·4%)

Other 15 092 (81·2%) 12 078 (86·8%) 9944 (91·6%)

CD4+ cell count (cells μL)

<100 4848 (26·1%) 4104 (29·5%) 2769 (25·5%)

100–199 3165 (17·0%) 2943 (21·2%) 2395 (22·1%)

≥200 10 574 (56·9%) 6867 (49·3%) 5690 (52·4%)

Clinical CDC stage

A/B 14 258 (76·7%) 10 467 (75·2%) 8576 (79·0%)

C 4329 (23·3%) 3447 (24·8%) 2278 (21·0%)

Plasma HIV RNA level (log10 copies per mL)

<4·00 2533 (13·6%) 1798 (12·9%) 1439 (13·3%)

4·00–4·99 7543 (40·6%) 5403 (38·8%) 4260 (39·3%)

≥5·00 8511 (45·8%) 6713 (48·3%) 5155 (47·5%)

Initial drug regimen

PI-based 14 530 (78·2%) 5977 (43·0%) 5375 (49·5%)

NNRTI-based 3072 (16·5%) 5547 (39·9%) 4248 (39·1%)

Three NRTIs 620 (3·3%) 1994 (14·3%) 969 (8·9%)

Other 365 (2·0%) 396 (2·8%) 262 (2·4%)

Data are median (IQR) or n (%). NNRTI=non-nucleoside reverse transcriptase inhibitor. NRTI=nucleoside reverse transcriptase inhibitor.
PI=protease inhibitor.
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Table 2

Health indicators for overall (20 years or older) population by period of follow-up

1996–99 2000–02 2003–05 1996–2005

Mortality rates (per 1000 person-years)

Overall 16·3 (14·9–17·8) 12·4 (11·5–13·2) 10·0 (9·3–10·8) 12·0 (11·5–12·5)

Between the ages 20 and 44 years 13·1 (11·7–14·7) 10·3 (9·4–11·2) 7·5 (6·8–8·3) 9·7 (9·1–10·2)

Potential years of life lost before age 65 years (per 1000 person-years)

20–64 years 365·9 260·4 189·4 247·0

Life expectancy (years; adjusted)

At exact age 20 years 36·1 (SE 0·60) 41·2 (SE 0·52) 49·4 (SE 0·54) 43·1 (SE 0·33)

At exact age 35 years 25·0 (SE 0·42) 30·1 (SE 0·31) 37·3 (SE 0·37) 31·7 (SE 0·21)

Percent surviving from 20 to 44 years 75·5% 79·5% 85·7% 81·1%

Mortality rates are deaths per 1000 person-years (95% CI).
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Table 3

Crude and standardised rates of mortality by both sex, period of initiation, and period of follow-up

1996–99 2000–02 2003–05

Crude mortality rates

Initiated 1996–99 16·3 (14·9–17·8)* 11·4 (10·4–12·4) 9·9 (8·9–11·0)

Initiated 2000–02 14·7 (13·2–16·5)* 8·7 (7·7–9·8)

Initiated 2003–05 13·3 (11·5–15·4)*

Standardised mortality rates†

Initiated 1996–99 12·9 (11·8–14·2)* 9·2 (8·4–10·0) 8·1 (7·2–9·1)

Initiated 2000–02 11·1 (9·9–12·5)* 6·7 (5·9–7·6)

Initiated 2003–05 10·3 (8·9–12·0)*

Data are deaths per 1000 person-years (95% CI).

*
Follow-up restricted to the same period during which combination therapy was initiated.

†
Standardised rates were internally standardised by age at initiation of combination therapy, presumed mode of transmission (injecting drug use vs

other), and CD4 cell count.
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Table 4

Health indicators stratified by sex and injecting drug use

Men Women Injecting drug users Non-injecting drug users

Mortality rates (per 1000 person-years)

Overall 12·9 (12·3–13·6) 9·1 (8·2–10·1) 20·7 (19·0–22·5) 10·5 (10·0–11·0)

Between the ages 20 and 44 years 10·3 (9·7–11·0) 7·9 (7–8·9) 18·6 (16·9–20·6) 7·8 (7·2–8·3)

Potential years of life lost before age 65 years (per 1000 person-years)

20–64 years 257·8 214·4 505·5 202·5

Life expectancy (years; adjusted)

Exact age 20 years 42·8 (SE 0·45) 44·2 (SE 0·55) 32·6 (SE 1·06) 44·7 (SE 0·34)

Exact age 35 years 31·7 (SE 0·24) 32·5 (SE 0·44) 23·4 (SE 0·60) 33·0 (SE 0·22)

Percent surviving from 20 to 44 years 80·2% 83·1% 66·5% 84·1%

Mortality rates are deaths per 1000 person-years (95% CI).
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Table 5

Health indicators stratified by baseline CD4 cell count

<100 cells per μL 100–199 cells per μL ≥200 cells per μL

Mortality rates (per 1000 person-years)

Overall 21·4 (20·1–22·8) 13·4 (12·2–14·8) 7·0 (6·4–7·5)

Between the ages 20 and 44 years 19·7 (18·1–21·3) 10·7 (9·4–12·2) 5·0 (4·5–5·6)

Potential years of life lost before age 65 years (per 1000 person-years)

20–64 years 460·9 264·9 138·3

Life expectancy (years; adjusted)

Exact age 20 years 32·4 (SE 1·09) 42·0 (SE 0·62) 50·4 (SE 0·41)

Exact age 35 years 27·0 (SE 0·37) 30·4 (SE 0·45) 37·2 (SE 0·33)

Percent surviving from 20 to 44 years 59·8% 80·6% 89·9%

Mortality rates are deaths per 1000 person-years (95% CI).
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