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Introduction

The southern Africa region represents one fifth of all HIV infections worldwide, and in
South Africa (RSA) alone, more than 6 million people lived with HIV in 2014 (UNAIDS,
2014, Delva and Abdool Karim, 2014). The advent of antiretroviral therapy (ART) has
brought great improvements in the survival of HIV positive individuals, and almost one
decade after full introduction of combined ART, mortality rates of people living with HIV
(PLHIV) have significantly declined (Reniers et al., 2014, Herbst et al., 2011). To date most
studies of the impact of ART on mortality come from clinical cohorts, and are not
population-based (Jahn et al., 2008, Johnson et al., 2013, Mills et al., 2011). One
population-based study from Kwazulu-Natal reports an 11.3 year-gain in population-wide
life expectancy (LE) between 2003 and 2011(Bor et al., 2013). In this study, we use the
same data source to describe (i) changes in cause of death structure as mortality declined,
and (ii) estimate the residual burden of HIV on adult mortality.

Methods

Data from an open population cohort of a DSS covering 93,650 individuals aged 15 and
above in rural Kwazulu-Natal were analysed. This site is maintained by the Africa Centre
for Health and Population studies; it covers an area of 434km? and is characterized by a
high prevalence of HIV (29%), as well as high levels of cardiovascular risk factors, trauma-
related mortality and temporary migration (Herbst et al., 2011, Reniers et al., 2014). The
DSS started in 2000 and the population-based HIV testing was included annually in 2003-
2004. Household surveys are done biannually and include data on household members,
civil status, deaths description, migration, membership or residency. Data are collected
from a key informant in the household. The serologic survey is done annually, directly to
household residents, including information about the HIV status, reason for not testing
and sexual behaviours (Tanser et al., 2008, Herbst et al., 2011). ART was introduced in
2004 and the program was fully implemented by 2006.

We describe mortality rates over time, by HIV status and age. We present non-parametric
estimates of adult life expectancy by sex, year and HIV status. Adult life expectancy is
defined as the number of additional years that a survivor to age 15 is expected to live
beyond that age if subjected to the mortality pattern observed in a specific period. To
limit bias associated with age over-reporting, we disregard person-years lived above age
100, so in effect we report the per-capita person years lived between ages 15 and 100, but
hereafter we refer to these estimates as the adult LE (Bor et al., 2013).



The gross or total gains in adult LE since the introduction of ART are the mere difference in
the LE between 2003 and the last year with available data(Reniers G., 2015). The adult LE
deficit in 2013 is estimated as the difference between adult LE of HIV negative population
and the whole population during that year and thus quantifies the public health impact of
HIV conditional on the health profile of its population. This interpretation presumes that
all of the differences in mortality between HIV negatives and the rest of the population
are attributable to HIV, either directly or due to a correlation between HIV and other risk
factors, such as socioeconomic status, violence, substance abuse or behaviour change
(Reniers G., 2015).

To better understand the contribution of age and specific cause of death to the overall
gains in adult LE and the current LE deficit, we decompose the differences following a
method described by Arriaga (Arriaga, 1984). The decomposition of the LE gains to date
highlights the contribution of mortality changes in each age to the overall change in life
expectancy between 2 periods: the period pre-ART (2000-04) and the period post full ART
implementation (2010-13). We decompose the LE deficit during the period 2011-13 by age
and cause of death to assess how much of the life years lost is explained directly by
HIV/AIDS related causes or indirectly by other probably associated causes. The age
decomposition of the LE deficit is also done by 3-year interval after ART introduction to
assess differences in age contribution to the deficit over time.

Information on the presumed causes of death comes from verbal autopsy interviews with
relatives of deceased individuals. Cause of death assignment has been done with the
interVA-4 instrument (Byass et al., 2012). ). Data presented here were produced by
individually matching CoD. The CoD are grouped as major categories adapted from the
Global Burden of Disease, including HIV/AIDS, pulmonary tuberculosis, life-style related
non-communicable diseases (NCD), other NCD, external injuries, maternal and nutritional
causes, other infectious diseases and indeterminate (Herbst et al., 2011).*

Preliminary results

Mortality trends:

There were 93645 individuals aged 15 to 100 years and 10340 deaths from 2000 to 2013.
Verbal autopsy interviews were completed for 9830 of these deaths, and a cause of death
could be assigned for 9659 cases with a completed VA. Overall mortality rate decreased
from 22.3 per 1000 person-years in 2000-04 (CI95% 21.6-22.9) to 19.7 per 1000 person-
years in 2005-09 (CI95% 19.1-20.3) and 14.5 per 1000 person-years in 2010-13 (CI95%
13.9-15.1). Comparing to the first period, overall mortality rate was reduced by 35% in
2010-13 (RR=0.65, 95%Cl 0.62-0.68). Mortality rate differed by sex: in men, the rate was
21.5 per 1000 (CI95% 20.9-22.1)) for all periods and in women 17.3 per 1000 (CI95% 16.9-

! This classification might change with further analysis

2 By the time of the conference, we will be in a position to extend our analysis to include data for 2014. We
will also discuss the methods and results with far greater detail.

*In the full paper we will quantify in detail how much of the total difference(s) in adult is explained by the
different CoD categories.



17.8). Overall, women had 20% lower mortality compared to men (RR=0.81, CI95% 0.78-
0.84). The adjusted mortality rate ratio did not change stratifying by period.

When comparing age-specific mortality rates by period, there is evidence of increased
mortality in age-groups 20-59 years in 2000-04 compared to 2010-13. These mortality
rates were more than halved for young adults (age-groups from 20 to 34 years) from
period 1 to period 3 (see table 1).

Mortality rate was 12.2 per 1000 (CI95% 11.4-12.9) in HIV negative individuals compared
to 35.8 per 1000 (CI95% 34.1-37.5) in HIV positive individuals and 13.9 per 1000 (CI95%
13.4-14.4) in individuals with HIV status unknown. Overall, between 2006 and 2013, HIV
positive individuals had 3.1 times higher mortality rates than HIV negative (RR=3.1, CI95%
2.87-3.35).

LE trends:

Figure 1 shows the overall adult life expectancy by calendar year from 2000 to 2013. In
women, LE decreased from 43.5 years in 2000 (CI95% 41.1-45.9) to 37.1 years in 2003
(CI95% 35.5-39.5) when it reached its lowest point. After the ART introduction it increased
to 53.7 years in 2013 (CI95% 51.2-55.9) (figure 1). For men, it decreased from 34.5 years
(CI95% 32.5-36.6) to 30.9 years (CI95% 29.1-32.4) from 2000 to 2003 and then increased
to 41.8 years (CI95% 39.7-43.9) in 2013. Life expectancy for HIV positive individuals
increased from 25.8 years in 2006 (CI195% 22.7-29.4) to 39.6 years in 2013 (CI95% 37.3-
44.6) in women and from 24.1 years (CI95% 20-29.5) to 33.6 years (CI95% 29.4-39.1) in
men (figure 2).

LE gains:

Compared to 2003, population-wide gains in adult LE by 2013 amount to 10.9 and 16.6
years for men and women, respectively. Individuals aged 25-39 years contributed the
most to the LE gain. By period, LE gains by 2010-13 are 11.9 and 8.2 years in women and
men respectively, compared to 2000-04. Persons aged 25-39 years contribute the most to
the gains in life expectancy and account for 60% of the LE change between both periods in
men and women. Across all ages, changes in TB and HIV/AIDS-related mortality explain
most of the LE gain between the two periods under consideration: 85.6% in men and
95.8% in women when using the first cause of death (see figure 3). 3

LE deficit:

Despite these impressive mortality reductions, the LE deficit is still 5.1 years for men and
9.7 years for women in 2013 (figure 1). For the period of 2011-13, it amounts 8.7 years in
men and 13 years in women. Variability in TB and HIV/AIDS-related mortality explains
most of the LE deficit in both men and women during that period. When adding the
contribution of each cause of death across all age groups, the four main causes that
contribute to the LE deficit in women in 2011-13 are: pulmonary TB (35%), HIV/AIDS
(23.5%), lifestyle associated NCD (17%) and other NCD (7.5%). In men, the four main
causes are: pulmonary TB (64%), HIV/AIDS (9%), other NCD (9%) and external injuries
(9%). This suggests that HIV positive men not only have higher mortality from HIV related
causes, but also from external injuries (see figure 2).



When comparing by three-year interval since the introduction of ART, there is a shift to a
larger contribution of older ages to the LE deficit in women in recent years: in 2005-07,
women aged 50+ contributed 36%. This decreased to 30% in 2008-10 and increased to
44% in 2011-13. This is not the case in men, where the contribution of men aged 50+ to
the LE deficit was 17% in 2005-07 and 8% in 2011-13.

Amongst individuals older than 75 years, HIV negative have a mortality rate of 65.8 per
1000 (CI95% 59.4-73.0) compared to 90.7 per 1000 (CI95% 85.5-96.2) for the rest of the
population above that age. The difference in mortality rates in old age is, however, only
apparent for women (RR= 1.6, CI95% 1.38-1.86). For men the relative rate of mortality is
the same for HIV negative and the rest of the population (RR=0.97, CI95% 0.80-1.17). This
could be due to the fact that relatively few HIV positive men have survived until old age.
We will explore this phenomenon in greater detail by the time of the conference.

Preliminary Conclusions

After full ART expansion, there has been a substantial increase in adult LE. Most of these
gains are due to mortality reductions in young adults, and a reduction of HIV/AIDS
(including TB) related deaths. Despite these important mortality reductions, the adult LE in
this population still falls short of the LE among HIV negative individuals. Again, it is HIV
related mortality among young adults that contribute most to that difference. These
results are highly relevant to evaluate the population impact of ART and support
continuing improvement in early HIV detection and ART coverage.

By the time of the conference we will be able to present and compare LE estimates for HIV
individuals on ART and not on ART. We will also present the results of weighted cause
decomposition by using population-based cause-specific mortality fractions and compare
them to the individually matched cause decomposition. We will also produce HIV-cause
deleted LE estimates to evaluate the impact of HIV as a cause of death on life years lived
(Bor et al., 2013).



Table 1: Age specific mortality rates and Rate Ratios for periods 2000-04 and 2010-13

Rate Ratio
2000-04 2010-13 2010-13,/2000-04

Age | Individuals | Deaths PY Rate* | Individuals | Deaths PY Rate* RR 95%CI
15-19 | 20046 108 42388 | 2.6 16784 69 32360 | 2.1 0.84 | 0.62-1.13
20-24 | 15346 262 29840 |88 14350 104 25935 | 4.0 0.46 | 0.36-0.57
25-29 | 10677 498 21071 |23.6 | 11022 199 20662 | 9.6 0.41 | 0.35-0.48
30-34 | 8135 533 17011 | 31.3 | 7813 212 15015 | 141 0.45 | 0.38-0.53
35-39 | 6777 454 15000 | 30.3 | 5879 209 12334 | 16.9 0.56 | 0.48-0.66
40-44 | 5976 415 13972 | 29.7 | 4780 170 10165 | 16.7 0.56 | 0.47-0.67
45-49 | 4597 332 10780 | 30.8 | 4212 153 9262 16.5 0.54 | 0.44-0.65
50-54 | 3578 227 8845 25.7 | 3910 153 8913 17.2 0.67 | 0.55-0.82
55-59 | 2828 189 6403 29.5 | 2980 126 6725 18.7 0.64 | 0.51-0.79
60-64 | 2638 240 7018 342 | 2341 145 5551 | 26.1 0.76 | 0.62-0-94
65-69 | 2176 219 5212 42.0 | 1745 135 3747 | 36.0 0.86 | 0.69-1.06
70-74 | 2019 253 5347 47.3 1604 197 3899 | 50.5 1.07 | 0.89-1.29
75-79 | 1100 164 2712 60.5 1101 152 2422 | 62.8 1.04 | 0.83-1.29
80-84 | 586 122 1493 81.7 |921 160 2124 | 75.3 0.92 | 0.73-1.17
85+ 459 177 1232 143.7 | 540 140 1356 |103.2 | 0.72 | 0.58-0.90

* per 1000 person-years

Table 1: Age specific mortality rates and rate ratios by periods
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Figure 1: Life years lived and Life years lost to HIV, from 2000 to 2013.
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Figure 2: Life years lived, all individuals and HIV positive, from 2000 to 2013

Age and CoD decomposition of LE gains (2000-04 to 2010-13)
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Figure 3: Age and cause decomposition of LE gain and LE deficit
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