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Abstract

Objectives—To estimate mortality directly attributable to HIV in HIV-infected adults in low and
middle income countries and discuss appropriate methodology.

Design—Illlustrative analysis of pooled data from six studies across sub-Saharan Africa and
Thailand with data on individuals with known dates of seroconversion to HIV.

Methods—Five of the studies also had data from HIV-negative subjects and one had verbal
autopsies. Data for HIV-negative cohorts were weighted by the initial age and sex distribution of
the seroconverters. Using the survival of the HIV-negative group to represent the background
mortality, net survival from HIV was calculated for the seroconverters using competing risk
methods. Mortality from all causes and ‘net” mortality were modelled using piecewise exponential
regression. Alternative approaches are explored in the dataset without information on mortality of
uninfected individuals.

Results—The overall effect of the net mortality adjustment was to increase survivorship
proportionately by 2 to 5% at 6 years post-infection. The increase ranged from 2% at ages 15-24
to 22% in those 55 and over. Mortality rate ratios between sites were similar to corresponding
ratios for all-cause mortality.

Conclusion—Differences between HIV mortality in different populations and age groups are not
explained by differences in background mortality, although this does appear to contribute to the
excess at older ages. In the absence of data from uninfected individuals in the same population,
model life tables can be used to calculate background rates.
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Introduction

Methods

Differences in the natural history of HIV across study sites and by age at infection have been
reported [1,2]. In both high income and low and middle income countries median survival
after HIV infection decreases with increasing age at seroconversion [1,2]. A comparison
across different study sites showed large differences between survival post-infection in
studies from Thailand compared with studies in east and South Africa [2].

The variation in the natural history of HIV infection by study site and by age at infection
could be caused, at least partly, by different levels of background mortality. Adult mortality
invariably increases with age [3] and varied considerably from country to country even
before the HIV epidemic [4].

In this paper we use data from six of the studies described in the paper by Todd et al. [2],
and investigate the effect of removing mortality from causes other than HIV in order to
compare the “net’ effect of HIV on survival post-infection across study sites and in
comparisons by age at infection and sex. We also explore the use of alternative methods for
eliminating background mortality, depending on data availability.

The study used data on individuals with known dates of HIV seroconversion from three east
African community studies with repeat serosurveys, and from cohorts of South African
mineworkers, Thai soldiers, and Thai blood donors and their partners. These studies are
described in detail elsewhere [2,5-10].

The methods used to estimate net HIV-related mortality varied by site. Five of the sites also
had data on survival in HIV-negative individuals. The other study had verbal autopsy
information on causes of death for all deaths occurring during the follow-up [10].

The three east African community-based studies all collected data on uninfected individuals
and follow-up procedures were identical for infected and uninfected people [5-7].

The South Africa miners cohort also followed up miners who had a negative HIV test; but
these observations were censored at 2 years to ensure that if there were any undetected
seroconversions the observation period would cover only the very early stages after infection
in which the impact on mortality would be minimal [8]. In order to obtain a survival curve
for uninfected individuals in the miners cohort over the whole period, the age-specific
mortality rates were calculated from the first 2 years of follow-up and were used to estimate
mortality rates up to 11 years post-infection, allowing for the ageing of the cohort over the
period using one-year age bands. As there were few miners over the age of 50 years, directly
measured mortality rates were unreliable. Therefore, for these older age groups, age-specific
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death rates were taken from the South African population in 1990 [11] (and I. Timaeus,
personal communication), which were assumed to be little influenced by HIV.

The Thai military cohort study followed up a comparison group of HIV-negative men
matched by time of induction into the Royal Thai Army and district of residence [9].
Uninfected individuals were not followed up in the Thai blood donor and partner cohort
[10], but verbal autopsy data were collected, which recorded whether HIV / AIDS was the
likely cause of death.

In order to allow comparison of HIV-positive and negative cohorts, allowing for any
differences in age and sex composition, the data in the HIV-negative cohorts were directly
standardized to the sex and age distribution at the time of seroconversion in the HI\V-positive
cohorts.

Net survival was calculated from the gross survival and survival of the (weighted) population
of uninfected individuals using the relationship:

where Sy (X) represents net survival up to time X, Sg(x) is the gross survival (i.e. the
observed survival) among seroconverters, and Sy(x) is the corresponding survival among
uninfected individuals. In some subgroups of the data, the survival of uninfected individuals
was less favourable than the survival of infected individuals. This can occur because of the
small numbers at risk, or in the period shortly after infection when events may be
unobservable as a result of left truncation. These are minor effects and in these cases the net
survival was taken to be equal to the survival during the previous interval, thereby satisfying
the logical requirement that a survival curve cannot increase over time.

For the Thailand blood donor and partner cohort, for which there was no HIV-negative
comparison group, net survival was calculated by two methods. The first method used verbal
autopsy data, censoring those who were reported to have died from causes other than HIV.
The second method makes use of general population life tables. A ‘without AIDS’ model
life table for Thailand by sex was taken from the U N Population Division estimates and
projections [12]. The tabulated 5-year life table was expanded to obtain yearly estimates, the
death rates within 5-year age groups are assumed to be constant and the annual mortality
hazard, |, in the interval between age x and age x + 5 is computed from the tabulated survival
function I at these ages:

L @)

The annual mortality hazards were applied to a population with a sex and age structure
equivalent to the seroconverter cohort at the time of seroconversion to estimate the survival
that would have been experienced by the cohort from the time of seroconversion if they had
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not been infected. Net survival was then calculated using Eq. (1). To assess the reliability of
this method, it was also applied to the Tanzanian and Ugandan data using the appropriate
country and sex-specific life tables in order to compare results with those directly measured
in the cohorts.

Kaplan—-Meier analysis was used to describe unadjusted survival functions. A piecewise
exponential regression based on single-year intervals of time since infection was used to
investigate adjusted rate ratios. Stata version 9.0 (Stata Corp., College Station, Texas, USA)
was used for all analyses.

Excess mortality was modeled using piecewise exponential regression [13]. This was
implemented in Stata in the framework of a generalized linear model using a customized
link function that scales the results in terms of excess mortality rather than total deaths [14].
The probabilities of dying by study site, age at infection and sex were generated for the HIV-
negative individuals. These were then applied to each year of follow-up for the seroconverter
cohort to obtain the expected number of deaths if the cohort of seroconverters had
experienced the same mortality as the uninfected cohort.

Table 1 shows the numbers of uninfected individuals for whom survival data were available.
Person-years are much larger in the community sites than in the occupational cohorts from
South Africa and Thailand.

Less than 12% of uninfected individuals died within 10 years of their first test. Figure 1
shows the age-specific mortality rates of the HIV-negative individuals by site. The Thai
military cohort shows a much higher mortality in the 20-29 year age range than the other
sites, with a mortality rate of 6.4 [95% confidence interval (CI) 2.7-15.4] per 1000 person-
years in the 25-29 year age group compared with 2.7 (95% CI 2.1-3.4) in the combined east
African sites. Mortality in Kisesa was generally lower at younger ages than in the other sites.
At older ages the South African miners cohort had higher mortality rates, but the confidence
intervals are wide as a result of the small numbers of person-years of follow up. Overall
mortality rates among the miners were slightly higher than in the combined east African
sites (age-adjusted mortality rate ratio 1.4, 95% CI 1.1-1.8).

Within each of the African studies the HIV-negative cohorts were older than the HIV-
positive cohorts at the time of origin of follow-up. Estimates of net mortality from HIV
within each study were adjusted for age differences by using the weighted rates for the HIV-
negative groups. Table 2 shows the measured gross survival patterns in each site, and the
estimated net survival after removing background mortality. Differences were small: less
than 5% even in sites with long follow-ups. The proportionate increase in survival at 8 years
ranged from 3 to 7%. In terms of years added, 25% net mortality was reached 0.2-0.6 years
later than the 25% gross mortality in each cohort.

To allow comparison between sites, net and gross survival curves were adjusted to age 25—
29 years at infection. Figure 2a shows the results for grouped studies. Table 3 shows rate
ratios by study population and sex, comparing the gross and net survival adjusted by age and
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site. It is clear that the differences between study populations seen when the gross survival is
compared are just as large using net survival. Differences between the sexes remain non-
significant.

The Thailand blood donor and partners cohort verbal autopsy data suggested that only three
of the seroconverter deaths were not caused by HIV. Figure 2b shows the estimated survival
of an uninfected population with the same sex and age structure as the seroconverters using
the ‘without AIDS’ life table for men and women. This gave a survival at 6 years post-
infection of 99%, predicting 2.1 non-HIV deaths in the seroconverters. Net survival
calculated using verbal autopsy data, in which non-HIV deaths were treated as censored,
gave a very similar survival to that calculated using the without AIDS life table, with
survival at 6 years post-infection at 67 and 66%, respectively.

After weighting by the sex and age distribution of seroconverters at the time of infection, the
Uganda national ‘without AIDS’ model life table implied that 95% would still be alive after
6 years of follow-up in Masaka and 96% in Rakai compared with 95 and 97%, respectively,
directly observed among the uninfected individuals in those two studies. Similarly, the
Tanzanian ‘without AIDS’ life table implies a 97% 6-year survival compared with 98%
directly observed. For the Thai military, the national life table would have predicted 99.9%
6-year survival compared with 97% estimated using cohort data. For the east African studies
this translates into a one percentage point increase in net survival at 6 years. For the Thai
military the difference is slightly larger, with net survival at 6 years decreasing from 73%
using the directly measured data to 71% using the weighted national without AIDS life
table.

Net and gross survival curves by age group for the pooled east African sites and the South
African miners are shown in Fig. 2c and d, respectively; the net and gross curves diverge
more for the older age groups. The proportionate increase in survivorship for the east
African populations at 6 years (the maximum follow-up available for all age groups) is 22%
in the 55+ year age group, followed by 8, 4, 3 and 2% for age groups 45-54, 35-44, 25-34
and 15-24 years, respectively. The South African miners show a similar pattern. The striking
differences in survival by age at infection seen in the gross survival data, however, persist
after the net survival adjustment for background mortality.

Rate ratios comparing mortality in older age groups with mortality in 15-24 year olds for the
uninfected population increase steadily with age in both pooled east African data and the
South African data (Table 4). In the east African data, the gradient of the increase in rate
ratio with age is very similar in the uninfected individuals and in seroconverters, apart from
the age group 55+ years, in which the ratio for the HIV-negative individuals (13.5) is much
higher than the corresponding ratio for seroconverters (4.9). In the South African dataset,
there is a suggestion that the gradient of the increase in rate ratio with age is steeper for the
uninfected individuals than for seroconverters. As a result, the net mortality rate ratios for
the pooled east African data are almost the same as the gross mortality rate ratios except in
the age group 55+ years, in which there is a slight narrowing in the net ratio (4.0) compared
with the gross ratio (4.9). This difference is, however, well within the 95% confidence
intervals for the ratio estimates. In South Africa the net ratios are somewhat smaller than the
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gross ratios throughout the age range, but again, none of the differences fall outside the
confidence range.

Discussion

This paper shows that differences in survival post-infection comparing the Thai studies with
the African studies are not caused by differences in background mortality. The small
differences between the African studies persist after accounting for background mortality;
but these differences are not statistically significant. The possible reasons for these
differences are discussed elsewhere [2].

We also showed that background mortality does not explain the differences between survival
post-infection by age group at the time of seroconversion, although there was some evidence
that in older age groups (45+ years in South Africa and 55+ years in east Africa), the
difference between net and gross survival is larger than in the younger age groups.

The ALPHA network collaboration [15] has allowed these issues to be explored in much
more detail than has previously been possible within single-site analyses [8,16,17]. Common
analytical methods were used as far as possible, but there were some differences between the
sites.

In order to avoid the inclusion of unknown seroconverters, the South African miners’ HIV-
negative cohort was censored at 2 years. Although the miners were followed up after leaving
the mines, by definition all would have been employed within the previous 2 years, and a
‘healthy worker’ effect is possible. Mortality rates may be low because of recruitment
strategies in the industry; but there could be a bias in the opposite direction from
occupational mortality. In practice, the measured mortality rates in the HIV-negative miners
were similar to those in South Africa before HIV was widespread, suggesting that the data
are reasonably representative of the wider population [8].

In the community cohorts in east Africa, the survival of uninfected individuals is based on
follow-up after the first negative test in order to achieve as long a period of observation as
possible. As individuals were re-tested at each survey round, the number of unidentified
seroconverters is likely to be small. The incidence of HIV is low in these countries, at less
than 2% per annum [16,18,19] so it is not necessary to censor at 2 years after the last
negative test. Only 23% of deaths of uninfected individuals in the pooled dataset occurred
more than 2 years after the last negative test. To estimate the maximum bias introduced by
undetected infections, a 2% incidence rate was assumed along with the fitted model
mortality rates of seroconverters in the pooled east African studies. These rates were applied
to the length of time the HIV-negative group was followed up after their last negative test.
With these assumptions, after 5 years of follow-up, 1% of the deaths in the HIV-negative
east African cohorts could have been caused by HIV/AIDS, rising to 3% at 14 years.

The two methods for calculating net survival in the Thai blood donor and partners cohort
gave similar results, with a slightly more favourable net survival obtained by using the
‘without AIDS’ model life table. The cohort was situated in northern Thailand so we assume
that the mortality of the whole of Thailand is the same as in northern Thailand, and that
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blood donors and their partners have the same mortality as the general population. In this
case this assumption appears to have been reasonable and either method could be used. The
use of verbal autopsy data to measure non-AlDS mortality among infected persons may,
however, in other circumstances, result in under or overestimates. When the HIV status of
the patient is known, it is possible that an interviewer or reviewer would be more inclined to
put HIV down as the cause of death, even when it could have been caused by another factor.
Underestimation could occur if the HIV status of the deceased is unknown or is not recorded
as a result of the stigma associated with HIV/AIDS [20]. Current work on the sensitivity and
specificity of verbal autopsy data questions designed to identify AIDS deaths, could improve
the reliability of verbal autopsy data for calculating net survival from causes other than HIV/
AIDS [21,22].

The use of model life tables purporting to represent ‘without AIDS’ mortality in east African
countries gave very similar survival rates to those directly measured from the cohorts,
suggesting that mortality among adults uninfected with HIV in these sites is close to the
models used to represent national mortality of uninfected individuals. On the time scale of
interest for estimating net mortality (6-12 years after infection) the small differences have
little impact on the net survival adjustments. The national ‘without AIDS’ life tables for
Thailand underestimate the observed mortality of uninfected individuals in the Thai military
cohort. This gives a slightly less favourable net survival rate than that calculated from the
directly measured survival of those uninfected in the cohort. In the absence of other data, the
use of model life tables is a useful alternative, although care must be taken in choosing a
model that is representative of the population.

Overall, adjustments for background mortality had a minor influence on patterns of
mortality seen in HIV seroconverter cohorts. Except for the oldest age groups, the
background rates are dwarfed by HIV-related mortality, so variations in the background have
little influence on overall mortality. Larger differences might be expected with longer
follow-up, as cohorts age, and background mortality should be considered when making
comparisons across populations in which it varies more widely, such as between high
income and low and middle income countries.
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Fig. 1.
Age-specific mortality rates for HIV-negative individuals, by study site. Kisesa;
Masaka; - _ _ _ _ Rakai; — — _ . _ South African miners; Thai military.
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Fig. 2.
Survival curves. (a) Net and grosssurvival curves adjusted to age 25-29 years at infection
(seroconversion), grouped for studies from east Africa (population cohorts), South Africa

(miners) and Thailand (military). East Africa population (gross); east
Africa population (net); South Africa miners (gross); — — — .- South Africa miners
(net); —_____ Thai military (gross); —_ __ __ Thai military (net). (b) Survival curves from

time since infection for Thai blood donor and partner cohort using a general population
lifetable method and verbal autopsy data to calculate net survival. Survival of HIV-
negative individuals using weighted U N Population Division ‘without AIDS’ life table;

gross survival of seroconverters; — — _ __ net survival using verbal autopsy data;

net survival using weighted U N Population Division ‘without AIDS’ life table. (c)
Net and gross survival curves by age at infection (seroconversion) for east African studies.
— 15-24 years (gross); — — — — 15-24 years (net); — 25-34 years(gross); — — — — -
25-34 years(net); — 35-44 years(gross); — — — — - 35-44 years(net); — 45-54
years (gross); 45-54 years (net); 55+ years (gross); 55+ years
(net). (d) Net and gross survival curves by age at infection (seroconversion) for South
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Table 1

Description of HIV-negative individuals in each cohort.

Ageat first test (years) Negative follow-up time
Study No. negative at first test Median Range Deaths Total person-years Maximum person-years
Kisesa, Tanzania 14 451 25 15-95 326 60 262 10.6
Masaka, Uganda 9067 27 15-95 644 52 299 14.1
Rakai, Uganda 27581 23 15-89 608 108 584 12.8
South African miners 6164 32 17-78 84 11777 2.0
Thailand military 251 22 20-30 8 1295 6.6
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Table 2

Gross (observed) and net (adjusted for non-HIV mortality) survival of seroconverters.

Kisesa M asaka Rakai SA miners Thai military

Yearsafter HIV  Gross  Net Gross  Net Gross  Net Gross  Net Gross  Net
Seroconver sion

0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2 94.1 946 955 96.2  96.9 975 973 98.6  96.9 98.0
4 85.4 86.6  86.1 876  87.7 89.1 912 938 909 93.1
6 79.2 80.8 718 739 723 743 782 818 707 73.1
8 77.0 786 613 639 541 56.3 655 69.8

10 50.4 53.0 53.9 58.8

12 38.7 41.2

SA, South African.
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Table 3

Rate ratios of ‘gross’ and “net’ survival of seroconverters in five studies with follow-up of uninfected
individuals.?

Gross Net
Adjusted for age, site and duration of Adjusted for duration of follow- Adjusted for age, site and duration of
follow-up up follow-up

Characteristic (95% ClI) (95% Cl) (95% ClI)
Study populations

East Africa 1 1 1

South Africa 0.80 (0.68-0.94) 0.75 (0.62-0.91) 0.84 (0.69-1.05)

Thailand 1.70 (1.25-2.32) 1.26 (0.94-1.68) 1.69 (1.19-2.39)
Sex (east Africa)

Male 1 1 1

Female 0.90 (0.69-1.18) 0.88 (0.65-1.20) 0.93 (0.69-1.28)

a ] . . . h . . .
Note that the gross figures differ slightly to those of Todd ef a/. [2]. A piecewise exponential regression was used here rather than Weibull
regression to enable direct comparison with adjusted net survival values.
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Table 4

Rate ratios for age at infection (or age at first negative test) for gross and net survival of seroconverters, and
survival of HIV-negative individuals.

Gross Net HIV-negative individuals
Adjusted for age, siteand duration ~ Adjusted for age, siteand duration Adjusted for age, site and duration of
of follow-up of follow-up follow-up
Characteristic (95% CI) (95% CI) (95% CI)
Age at infection (years)
(East Africa)
15-24 1 1 1
25-34 1.65 (1.16-2.35) 1.64 (1.11-2.45) 1.41 (1.18-1.67)
35-44 3.00 (2.03-4.44) 2.96 (1.90-4.61) 2.49 (2.10-2.95)
45-54 3.37 (2.06-5.51) 3.38 (1.94-5.90) 457 (3.83-5.46)
55+ 4.88 (2.72-8.73) 401 (1.89-8.51) 1351 (11.63-15.69)
(South Africa)
15-244 1 1 1
25-34 1.26 (0.99-1.60) 1.18 (0.88-1.58) 2.45 (0.75-7.98)
35-44 1.76 (1.35-2.29) 1.59 (1.16-2.20) 3.66 (1.12-12.01)
45+ 3.24 (2.28-4.59) 2.71 (1.71-4.30) 4.64 (1.35-15.93)

aFor seroconverters this group has 963 people, of whom only 37 are below the age of 20 years.
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