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Abstract

Background

Women have better patient outcomes in HIV care and treatment than men in sub-Saharan

Africa. We assessed—at the population level—whether and to what extent mass HIV treat-

ment is associated with changes in sex disparities in adult life expectancy, a summary met-

ric of survival capturing mortality across the full cascade of HIV care. We also determined

sex-specific trends in HIV mortality and the distribution of HIV-related deaths in men and

women prior to and at each stage of the clinical cascade.

Methods and Findings

Data were collected on all deaths occurring from 2001 to 2011 in a large population-based

surveillance cohort (52,964 women and 45,688 men, ages 15 y and older) in rural KwaZulu-

Natal, South Africa. Cause of death was ascertained by verbal autopsy (93% response

rate). Demographic data were linked at the individual level to clinical records from the public

sector HIV treatment and care program that serves the region. Annual rates of HIV-related

mortality were assessed for men and women separately, and female-to-male rate ratios

were estimated in exponential hazard models. Sex-specific trends in adult life expectancy

and HIV-cause-deleted adult life expectancy were calculated. The proportions of HIV

deaths that accrued to men and women at different stages in the HIV cascade of care were

estimated annually.

Following the beginning of HIV treatment scale-up in 2004, HIV mortality declined

among both men and women. Female adult life expectancy increased from 51.3 y (95% CI

49.7, 52.8) in 2003 to 64.5 y (95% CI 62.7, 66.4) in 2011, a gain of 13.2 y. Male adult life

expectancy increased from 46.9 y (95% CI 45.6, 48.2) in 2003 to 55.9 y (95% CI 54.3, 57.5)

in 2011, a gain of 9.0 y. The gap between female and male adult life expectancy doubled,
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from 4.4 y in 2003 to 8.6 y in 2011, a difference of 4.3 y (95% CI 0.9, 7.6). For women, HIV

mortality declined from 1.60 deaths per 100 person-years (95% CI 1.46, 1.75) in 2003 to

0.56 per 100 person-years (95% CI 0.48, 0.65) in 2011. For men, HIV-related mortality

declined from 1.71 per 100 person-years (95% CI 1.55, 1.88) to 0.76 per 100 person-years

(95% CI 0.67, 0.87) in the same period. The female-to-male rate ratio for HIV mortality

declined from 0.93 (95% CI 0.82–1.07) in 2003 to 0.73 (95% CI 0.60–0.89) in 2011, a statis-

tically significant decline (p = 0.046). In 2011, 57% and 41% of HIV-related deaths occurred

among men and women, respectively, who had never sought care for HIV in spite of the

widespread availability of free HIV treatment. The results presented here come from a poor

rural setting in southern Africa with high HIV prevalence and high HIV treatment coverage;

broader generalizability is unknown. Additionally, factors other than HIV treatment scale-up

may have influenced population mortality trends.

Conclusions

Mass HIV treatment has been accompanied by faster declines in HIV mortality among

women than men and a growing female–male disparity in adult life expectancy at the popu-

lation level. In 2011, over half of male HIV deaths occurred in men who had never sought

clinical HIV care. Interventions to increase HIV testing and linkage to care among men are

urgently needed.

Introduction
The scale-up of HIV antiretroviral therapy (ART) in HIV-endemic settings has led to large
gains in adult life expectancy at the population level [1,2]. Yet in many parts of southern Africa,
HIV remains the leading cause of death [3]. Since 2004, South Africa has provided ART at no
charge to patients in public sector clinics and hospitals, and over 2 million South Africans are
currently receiving therapy [4].

This paper investigates the differential impact of mass HIV treatment on survival of men
and women in the general population. We assess sex-specific trends in adult life expectancy
and HIV-related mortality. To shed light on why men and women continue to die from HIV
when ART is widely available, we investigate where in the cascade of care HIV mortality
occurs, how these patterns differ by sex, and how they have changed over time with ART scale-
up.

Globally, female life expectancy is about 4.7 y longer than male life expectancy (70.9 versus
66.2 y) [5], yet this life expectancy gap varies across space and time. Female–male differences
in life expectancy are the product of biological, behavioral, and environmental factors, includ-
ing sex-specific patterns in exposure to disease risks and access to treatments. During the 1990s
and early 2000s, epidemic HIV/AIDS compressed the female–male life expectancy gap in
many of the hardest hit countries in sub-Saharan Africa (S1 Fig) [5]. Little is known about how
the expansion of HIV treatment has affected disparities in sex-specific survival.

Differential trends in life expectancy for men and women with ART scale-up may reflect
both differences in the underlying burden of HIV disease and differences in access to HIV care
and treatment services. Previous studies in southern Africa have documented sex differences in
rates of progression at specific stages in the HIV cascade of care. Women have higher rates of
HIV testing [6] and linkage to care [7–9] than men. Among patients not yet eligible for ART,
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women are more likely to be retained in pre-ART care [10]. Men tend to initiate ART at lower
CD4 counts and in worse health [11–13]. And there is evidence that men have worse adherence
[14] and lower retention on therapy [12] once initiated on ART. Sex differences have also been
widely reported in health outcomes among patients who have initiated ART, with male patients
experiencing higher mortality [12,15–17] and worse recovery of immune function [17].

The cumulative impact of these relative disadvantages for men and how they have evolved
over time has not been described. We assess changes in survival among men and women�15 y
in the general population in an entire community under continuous demographic and health
surveillance before and during the rapid scale-up of ART. This community is characterized by
very high HIV prevalence [18] and high ART coverage [1,19]. By taking a population-based
perspective, we capture the full cascade of HIV care and treatment, including persons who
have not yet accessed the medical system. This is critically important given the high proportion
of HIV-infected South Africans who are not aware that they are HIV-positive (62% of males
and 45% of females in 2012) [6] and who nevertheless may be at risk for death due to HIV.
Facility-based studies do not observe this important population, and cross-sectional HIV sur-
veillance studies do not measure mortality. The analysis presented here highlights opportuni-
ties for future interventions to reduce the lingering burden of HIV mortality in the context of
nominally free and widely available treatment.

Methods

Ethics
Ethical approval for data collection, linkage, and analysis by the Africa Centre for Population
Health (Africa Centre) was obtained from the University of KwaZulu-Natal Biomedical Research
Ethics Committee. Verbal informed consent was obtained from household respondents. The
analyses conducted for this paper consisted of secondary analysis of de-identified data.

Data
The Africa Centre is one of the Wellcome Trust's five major overseas programs. As one of its
core activities, the Africa Centre operates a large health and demographic surveillance site in
rural KwaZulu-Natal, South Africa. All members of all households located in a 438-km2 demo-
graphic surveillance area (DSA) are followed up longitudinally on a range of demographic,
health, and socioeconomic indicators through regular household surveys. The area has an
adult HIV prevalence of 29% [18], and just 34% of working age adults are employed [20]. Since
2000, the Africa Centre has conducted demographic surveillance through semi-annual house-
hold visits. Over 150,000 individuals in more than 20,000 households have been included in
the surveillance; household response rates exceed 99% [21]. The surveillance population
includes all members of all households—including household members who are not currently
residing in the surveillance area (non-resident household members), which is an important fea-
ture given high rates of migration in rural South Africa. Following every death in the surveil-
lance area that is recorded by the surveillance teams, the household of the deceased is visited by
a trained nurse who conducts a verbal autopsy interview to determine the probable cause of
death. Data on the events leading up to the death are recorded in a standardized form; these
data are fed into a computerized algorithm (InterVA), and a cause of death is probabilistically
assigned [22,23]. Response rates in the verbal autopsy data are very high. During the period
2001–2011, 93.0% of all deaths had a cause of death assigned by verbal autopsy, 5.3% were
missing/refused, and 1.7% were indeterminate.

In addition to the demographic surveillance, the Africa Centre maintains a clinical database
for all patients in the public sector HIV and Treatment program (Hlabisa HIV Treatment and
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Care Programme) that has served the DSA since the national HIV treatment program began in
2004. Clinical records have been linked at the individual level with the demographic surveil-
lance using national identification numbers, full name, age, and sex, enabling assessment of the
demographic implications of public sector treatment scale-up [19,20]. Private sector utilization
for ART is low in the community due to the high cost of ART outside the public sector and low
levels of private insurance coverage.

For this analysis, dates of birth, death, and residency episodes were obtained for the com-
plete population under surveillance from 1 January 2001 through 31 December 2011. Deaths
were coded as HIV-related or not HIV-related based on the verbal autopsy interviews. Since
tuberculosis (TB) is a common opportunistic infection and common immediate cause of death
for people with HIV in this community, TB-related deaths were coded as HIV-related, consis-
tent with previous analyses of these data [1,22,24,25]. The use of verbal autopsy to identify
HIV-related deaths has important advantages over approaches using HIV biomarker surveil-
lance, an alternate approach in the literature [2]. First, deaths occurring in HIV-infected per-
sons but due to other causes (e.g., vehicle accidents, non-communicable diseases) are not
attributed to HIV. Second, our approach is not vulnerable to the high rates of non-response in
HIV biomarker surveillance, which is likely to be correlated with true HIV status [26].

Into the Africa Centre’s demographic database were merged clinical data from the public
sector HIV care and treatment program: date of first recorded CD4 count—a proxy for the
date of entry into clinical HIV care—and date of ART initiation. We divided person-time into
four mutually exclusive, collectively exhaustive categories: (1) never sought care (no CD4
count); (2) sought care (CD4 count) but never initiated ART; (3) initiated ART within the pre-
vious year; (4) initiated ART more than 1 y ago. We distinguish between the first and later
years on ART due to widely documented higher mortality in the first year on therapy [27].

Study Population and Inclusion Criteria
The study population included all resident and non-resident adult (�15 y old) members of all
households under surveillance, 2001–2011. Dates and causes of death were ascertained through
household proxy for all members of the study population—regardless of whether they resided
in the surveillance area. Person-time was included from the date an individual was first
observed in the surveillance or their 15th birthday until the date that person exited the surveil-
lance, through death or because they ceased to be a member of a household under surveillance.
For analyses that disaggregated individuals by whether they had sought care or initiated ART,
we limited the study population to persons residing in the DSA for at least 90 days, because
non-resident household members would have been more likely to seek HIV care and treatment
outside the Hlabisa catchment area.

Data Analysis
Sex-specific trends in adult life expectancy. Life expectancy is a summary metric of the

mortality experience in a population and is widely used to compare mortality across popula-
tions and over time. Life expectancy is an expectation in the statistical sense: it is the mean
number of years a cohort would live if it were exposed to the full profile of age-specific all-
cause mortality rates observed in a population in a given period of time. Life expectancy is a
period measure and may differ from the average length of life for members of a birth cohort,
which is only observed after all members have died. For example, if age-specific mortality rates
declined with calendar time, then life expectancy would underestimate the average length of
life for a birth cohort.
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Adult life expectancy is the number of additional years of life expected, conditional on sur-
vival to age 15 y, and is commonly denoted e15. We calculated e15 separately for men and
women using a continuous-time approach[1]: for each calendar year in 2001–2011, we esti-
mated sex-specific survival curves beginning at age 15 y, using the non-parametric Kaplan-
Meier estimator. To obtain annual sex-specific estimates of e15, we numerically integrated
under the annual sex-specific survival curves. Due to sparseness of data beyond age 95 y, we
censored the annual survival curves at age 95 y and calculated the expected number of years
lived in the 80-y interval between ages 15 and 95 y (80e15). A correction factor equal to life
expectancy at age 95 y (e95) was estimated separately for each sex for the entire period 2001–
2011 and was added to our annual estimates of 80e15 to obtain annual estimates of e15.
Throughout this paper, we report adult life expectancy as e15 + 15 y, so that estimates corre-
spond to ages at death rather than years remaining at age 15 y [1]. To quantify the evolution of
sex disparities in adult life expectancy, we calculated the female-to-male gap in adult life expec-
tancy in each calendar year for 2001–2011, sex-specific changes in adult life expectancy
between 2003—prior to the beginning of ART scale-up—and 2011, and the difference in sex-
specific changes in adult life expectancy from 2003 to 2011. We bootstrapped at the individual
level (101 resamples) to estimate standard errors and constructed 95% percent confidence
intervals for each of these comparisons.

To assess the contribution of HIV-related mortality to trends in adult life expectancy, we
next estimated HIV-cause-deleted adult life expectancy, separately for men and women. HIV-
cause-deleted adult life expectancy was estimated using the approach described above, except
that HIV-related deaths identified in verbal autopsy were coded as censored on the date of
death rather than included as deaths. Mechanistically, trends in HIV-cause-deleted life expec-
tancy show changes in the rate and age distribution of mortality due to all other causes. Under
the assumption that mortality due to HIV and mortality due to other causes are independent,
HIV-cause-deleted life expectancy reflects the life expectancy that would exist if HIV-related
mortality were eliminated. Under this assumption, the difference between HIV-cause-deleted
adult life expectancy and adult life expectancy would reflect the years of life lost due to HIV.
Although the independence assumption cannot be tested directly, it is consistent with prior
evidence that HIV-infected persons on ART in sub-Saharan Africa have life expectancies close
to those in the general population [27,28]. Sensitivity analyses assessing the robustness of our
HIV-cause-deleted life expectancy estimates to deviations from the independence assumption
—as well as further discussion of this assumption—are presented in S1 Text.

Sex-specific trends in HIV-related mortality. We assessed trends in HIV-specific mortal-
ity rates by sex and estimated trends in female-to-male HIV mortality rate ratios. If ART scale-
up had the same proportional effect on HIV mortality for men and women, then the ratio of
HIV mortality for women to HIV mortality for men would be expected to be constant over
time. We estimated female-to-male HIV mortality rate ratios for each calendar year in 2001–
2011 using an exponential hazard model, in which time to HIV death was regressed on indica-
tors for each calendar year and the interaction of those indicators with sex. To test whether the
relative change in HIV mortality over time differed for men and women, we estimated a similar
hazard model but included a main effect for female, set calendar year = 2003 as the reference
category, and made inferences on the interaction between female and calendar year = 2011. To
control for potential confounding by age, we additionally controlled for age group indicators
(15–29, 30–44, 45–64, 65+ y) in an age-adjusted hazard model. Finally, we stratified the analy-
sis by age. We regressed time to HIV death on indicators for year-by-age strata and indicators
for sex-by-year-by-age strata. Annual age-specific female-to-male HIV mortality rate ratios
were obtained by exponentiating the coefficients on the latter terms, and we tested the null
hypothesis that the relative changes in HIV mortality for women versus men over the period
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2003–2011 were constant across age groups. In all models, person-time was censored at exit
from the surveillance, either because a person ceased to be a member of a household under sur-
veillance or because he or she died from another cause. To adjust for non-independence of the
person-time contributed by the same individuals in different years, we clustered standard
errors at the individual level in all regression analyses.

Sex-specific differences in progression through the HIV cascade of care and attribution
of HIV-related deaths across the cascade. Differences in HIV mortality trends may be due
to differences in access to HIV care and treatment. To assess sex differences in progression
through the HIV cascade of care, we calculated the proportion of all surviving adults (ages 15 y
and over) in the population residing in the DSA who (1) had ever sought care in the public sec-
tor ART program, as evidenced by a recorded CD4 count, or (2) had ever initiated ART in the
public sector ART program. Proportions were assessed annually for 2001–2011 at mid-year
(July 1), and exact 95% CIs estimated.

We disaggregated HIV-related deaths into four groups defined by whether the deceased had
ever sought care and/or initiated ART in the public sector ART program: (1) never sought care.
(2) sought care but never initiated ART, (3) initiated ART less than 1 y prior to death, or (4)
initiated ART more than 1 y prior to death. This analysis was limited to persons who were at
least 15 y old on their date of death. We also excluded persons who migrated into the DSA in
the 90 d before their date of death, in order to exclude people who died from HIV but might
not have had the opportunity to seek care for HIV in the local public sector ART program [29].
For each calendar year from 2001 to 2011, the distribution of deaths across these four care-
seeking categories was evaluated separately for men and women. Lastly, HIV mortality rates
were calculated for the population residing in the DSA on 1 January 2011, by care-seeking cate-
gory. Female-to-male HIV mortality rate ratios were estimated separately for each stage in
exponential hazard models adjusting for age (15–29, 30–44, 45–64, 65+ y). In alternate specifi-
cations, we additionally controlled for log(CD4 count at entry into care + 1) for stage 2 above
and for log(last CD4 count before ART initiation + 1) for stages 3 and 4 above. Person-time
was censored at exit from the surveillance, death due to a competing cause, or the date of tran-
sition to the next stage in the cascade of care.

The validity of our attribution of HIV-related deaths across the cascade of care depends on
the accuracy of verbal autopsy coding. Persons who died from other causes but whose death
was attributed to HIV might not have even been HIV positive and would have been less likely
to have sought care for HIV since they would have had no reason to do so. In robustness
checks, we limited the sample of deaths to those that specifically named HIV as a cause, those
that named HIV as a cause with an InterVA likelihood score> 90%, those that named either
HIV or TB as a cause, and those that named either HIV or TB as a cause with an InterVA likeli-
hood score> 90%. For further information, see S2 and S3 Texts.

Results
All adult person-time contributed by members of the demographic surveillance from 2001
through 2011 was analyzed. In all, 52,964 women and 45,688 men contributed a total of
615,075 person-years to the analysis (Table 1). Attrition from the population surveillance was
comparable for men and women, at 3.0 and 3.3 per 100 person-years, respectively. A total of
12,290 deaths were reported during follow-up, of which 7,229 (58.8%) were identified by verbal
autopsy to be HIV/TB-related.

Sex-specific trends in adult life expectancy are presented in Fig 1. For both men and
women, adult life expectancy fell in the early 2000s and then began to rise after ART scale-up
began in 2004. Women experienced substantially larger gains in survival than men, however.
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For women, adult life expectancy increased from 51.3 y (95% CI 49.7, 52.8) in 2003 to 64.5 y
(95% CI 62.7, 66.4) in 2011, a gain of 13.2 y 95% CI 10.7, 15.8). For men, adult life expectancy
increased from 46.9 y (95% CI 45.6, 48.2) in 2003 to 55.9 y (95% CI 54.3, 57.5) in 2011, a gain
of 9.0 y (95% CI 6.9, 11.1). Over this period, the female–male gap in adult life expectancy nearly
doubled, from 4.4 y in 2003 (95% CI 2.3, 6.5) to 8.6 y in 2011 (95% CI 6.1, 11.1) (Fig 2), a statis-
tically significant difference of 4.3 y (95% CI 0.9, 7.6).

During the period 2001–2011, HIV-cause-deleted life expectancy remained approximately
stable in both men and women (Fig 1), indicating that the changes in adult life expectancy

Table 1. Population demographic surveillance 2001–2011: summary statistics.

Summary Statistic Women Men

Individuals 52,964 45,688

Person-years 331,476 283,599

Deaths 6,140 6,150

Mortality rate (per 100 PY) 1.85 2.17

HIV/TB-related deaths 3,729 3,500

HIV/TB mortality rate (per 100 PY) 1.12 1.23

Persons lost from surveillance 10,976 8,529

Attrition rate (per 100 PY) 3.31 3.01

Study population includes all members of all households in the DSA over age 15 y. Individuals come under

observation when they turn 15 y old or when they join a household under surveillance. Individuals exit

observation when they cease to be members of a household under surveillance. Non-resident household

members were included in the assessment of mortality trends but were excluded from the analysis

decomposing HIV deaths across the cascade of care. PY, person-years.

doi:10.1371/journal.pmed.1001905.t001

Fig 1. Adult life expectancy and HIV-cause-deleted adult life expectancy, 2001–2011, by sex. Solid symbols are annual estimates of adult life
expectancy; open symbols are annual estimates of HIV-cause-deleted adult life expectancy. 95% CIs are shown. The black dashed line indicates the
beginning of ART scale-up in 2004.

doi:10.1371/journal.pmed.1001905.g001
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were indeed driven by changes in HIV-related mortality. As Fig 1 shows, however, HIV-cause-
deleted life expectancy is much higher for women than for men at about 75 and 65 y, respec-
tively, largely because of the high burden of mortality from injury for young men in this setting
[30]. Because of lower competing mortality risks, women have larger potential gains in years of
life from ART scale-up; in other words, the benefits of avoiding HIV mortality are greater for
women than for men. The “potential gains” in survival can be seen in the outermost curves in
Fig 3, which compares sex-specific survival curves for 2003, 2011, and HIV-cause-deleted sur-
vival. (S1 Table presents the risk table corresponding to Fig 3.) However, as shown in Fig 3, not
only do women have longer potential life expectancy: by 2011, women were also relatively
closer than men to recovering the HIV-cause-deleted estimate of their potential life expectancy,
vis-à-vis the 2003 nadir in life expectancy prior to the public sector scale-up of ART. Interpret-
ing HIV-cause-deleted life expectancy as the potential life expectancy that could be achieved in
the absence of HIV-related mortality depends on the assumption that HIV and other causes of
death are independent. In sensitivity analyses, in which we computed alternate estimates of

Fig 2. Female–male difference in adult life expectancy, 2001–2011. Solid blue circles display annual estimates of the gap between female and male adult
life expectancy. The red dashed line indicates the gap in HIV-cause-deleted life expectancy observed in 2011. The black dashed line indicates the beginning
of ART scale-up in 2004.

doi:10.1371/journal.pmed.1001905.g002
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HIV-cause-deleted adult life expectancy assuming very strong positive (or negative) depen-
dence between HIV and other causes of death, our results were not substantially changed (S1
Text).

Table 2 presents population HIV mortality rates for men and women for each calendar year
in 2001–2011, as well as female-to-male HIV mortality rate ratios. HIV mortality declined in
both men and women, but declined faster for women. Among women, HIV mortality declined
from 1.60 deaths per 100 person-years (95% CI 1.46, 1.75) in 2003 to 0.56 per 100 person-years
(95% CI 0.48, 0.65) in 2011. For men, HIV-related mortality declined from 1.71 per 100 per-
son-years (95% CI 1.55, 1.88) to 0.76 per 100 person-years (95% CI 0.67, 0.87) over the same
period. Whereas women were no less likely than men to die from HIV in 2003 (rate ratio [RR]
= 0.93; 95% CI 0.82, 1.07), by 2011 women were 27% less likely to die from HIV than men
(RR = 0.73; 95% CI 0.60, 0.89). The decline in the relative rate of HIV death for women vis-à-
vis men from 2003 to 2011 was statistically significant in both the crude (RR = 0.78; 95% CI
0.61, 1.00; p = 0.046) and age-adjusted analysis (RR = 0.77; 95% CI 0.61, 0.98; p = 0.036) (S2
Table).

Due to differences in age-specific HIV mortality rates for men and women, there is substan-
tial cross-sectional heterogeneity in age-specific female-to-male HIV mortality rate ratios.
Women have relatively higher HIV mortality at younger ages; men have higher HIV mortality
at older ages. Though we were underpowered to detect age-specific changes, the female-to-
male HIV mortality rate ratio appeared to decline in most age groups (Fig 4; S3 Table), and we
could not reject the hypothesis of a constant effect across age groups. Female sex has emerged
as a protective risk factor for HIV mortality as HIV treatment has become more widely
available.

Fig 3. Sex-specific survival curves: 2003, 2011, and HIV-cause-deleted. Sex-specific continuous-time Kaplan-Meier survival curves for 2003 and 2011
are shown. The HIV-cause-deleted survival curves pool person-time for 2001–2011. These are period (synthetic cohort) survival curves reflecting age-
specific mortality rates in a population in a given period of time; life expectancy is calculated as the area under the curve. A risk table showing persons at risk
and deaths at each age for each of the six survival curves is available as S1 Table.

doi:10.1371/journal.pmed.1001905.g003
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Although men and women had similar rates of HIV mortality at the population level before
the ART scale-up, men and women have had starkly different levels of utilization of HIV care
and treatment since then. In 2011, 9.0% (95% CI 8.6%, 9.4%) of all women in the population
had initiated ART, and an additional 7.9% (95% CI 7.6%, 8.3%) had sought care and had a
CD4 count recorded but had not yet initiated ART. Yet just 4.2% (95% CI 3.9%, 4.6%) of all
men had initiated ART, and only an additional 2.4% (95% CI 2.1%, 2.6%) of men had sought
care but not yet initiated ART (S2 Fig). Over twice as many women had accessed care or initi-
ated ART as men: 16.9% versus 6.6%.

To provide insight into some of the reasons behind these growing female–male disparities,
we decomposed deaths due to HIV across different stages in the cascade of care (Figs 5 and
S3). In spite of widespread access to ART free of charge at all local clinics, a large proportion of
deaths due to HIV occurred among persons who had never sought care for HIV in the public
sector treatment program. This phenomenon was particularly pronounced among men. In
2011, 39.8% (95% CI 31.0%, 48.7%) of female HIV-related deaths and 55.1% (95% CI 46.1%,
64.1%) of male HIV-related deaths were among persons who had never sought care (p-value
for difference in proportions = 0.019). Conditional on seeking care, the distributions of deaths
across the other categories—sought care but did not initiate ART (28.2% versus 28.3%), initi-
ated ART less than 1 y ago (35.2% versus 34.0%), initiated ART more than 1 y ago (36.6% ver-
sus 37.7%)—were similar for men and women. The proportion of deaths among those who
never sought care declined substantially over time for both men and women as access to HIV
care and treatment expanded (Fig 5; S4 Table). These results were robust to different defini-
tions of an HIV-related death as diagnosed by verbal autopsy. Restricting the sample to those
deaths that were>90% likely to be HIV-related according to the InterVA diagnostic algorithm
yielded proportions of 42% and 62% for the percent of HIV deaths occurring in women and
men who had never sought care for HIV (S5 Table).

HIV mortality rates were substantially higher for men than for women at each stage of the
cascade (Table 3). Among persons who initiated ART at least 1 y prior, HIV mortality was 1.31
per 100 person-years for women and 2.88 per 100 person-years for men in 2011. Rates were
3.37 and 8.49 deaths per 100 person-years for women and men, respectively, in their first year

Table 2. HIV mortality rates for females andmales, 2001–2011.

Year Female Male Female-to-Male Rate Ratio (95% CI)

Deaths PY/100 Rate Deaths PY/100 Rate

2001 379 278.3 1.36 347 237.6 1.46 0.93 (0.81, 1.08)

2002 413 288.4 1.43 403 245.6 1.64 0.87 (0.76, 1.00)

2003 465 291.0 1.60 423 247.4 1.71 0.93 (0.82, 1.07)

2004 440 293.9 1.50 371 249.7 1.49 1.01 (0.88, 1.16)

2005 421 296.6 1.42 341 252.2 1.35 1.05 (0.91, 1.21)

2006 354 301.0 1.18 301 256.7 1.17 1.00 (0.86, 1.17)

2007 369 308.2 1.20 339 263.7 1.29 0.93 (0.80, 1.08)

2008 264 309.9 0.85 268 265.9 1.01 0.85 (0.71, 1.00)

2009 235 312.0 0.75 263 268.4 0.98 0.77 (0.64, 0.92)

2010 211 316.6 0.67 234 273.5 0.86 0.78 (0.65, 0.94)

2011 178 318.9 0.56 210 275.4 0.76 0.73 (0.60, 0.89)

PY/100 = person-years divided by 100. The table includes all adult (15+ y) members of households in the demographic surveillance. Female-to-male rate

ratios were estimated in an exponential hazard regression model in which time to HIV-related death was regressed on calendar year and the interaction

between calendar year and female.

doi:10.1371/journal.pmed.1001905.t002
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of ART, and 0.76 and 2.45 deaths per 100 person-years for women and men in pre-ART care.
Although HIV mortality rates were lowest among persons who had not sought care for HIV—
0.21 for women and 0.34 for men—this group represented 83% of women and 93% of men in
the population, and hence contributed the largest number of HIV deaths at the population
level, as shown in Table 3 and Fig 5.

Discussion
Mass provision of free ART in public sector facilities in South Africa has coincided with dra-
matic reductions in HIV-related mortality for both men and women. However, the decline in
HIV mortality for women has substantially outpaced the decline for men. Prior to ART scale-
up, epidemic HIV had substantially compressed the female–male gap in adult life expectancy
because of women’s younger average age at infection and longer lifespan in the absence of
HIV. Access to life-prolonging treatment has led not only to the natural decompression of the
female–male adult life expectancy gap but also to the unanticipated emergence of male sex as a
significant predictive risk factor for HIV mortality at the population level in this setting. Since

Fig 4. Female-to-male HIV mortality rate ratios by age and calendar year, 2001–2011. Age-specific HIV mortality rate ratios for women versus men were
estimated in an exponential hazard regression model that included calendar year indicators for each age group and interactions for each age and year with
sex. The 45–64 y and 65+ y age groups were combined to improve precision at older ages. The pooled estimate is from a separate regression model.
Mortality rate ratios declined after 2004 in all age groups.

doi:10.1371/journal.pmed.1001905.g004
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the start of the ART scale-up in 2004, the female–male gap in adult life expectancy has nearly
doubled.

Is the emergent male disadvantage in HIV mortality a fleeting pattern, a blip on the road to
universal treatment coverage? Or are we on the path to sustained sex disparities in HIV mortal-
ity? To better understand the lingering mortality burden due to HIV, a critical question is
where in the HIV cascade of care HIV-related deaths are occurring. By linking data on dates
and causes of death from a large population surveillance system with clinical records from
South Africa’s national ART program, we decomposed the distribution of HIV deaths in this
population across the cascade of care and assessed differences by sex. In spite of the widespread
availability of ART, about half of all HIV-related deaths in 2011 occurred among persons who
had never sought care in the public sector HIV care and treatment program (55% for men;
40% for women). While previous studies have documented excess mortality among male ART
patients [12] and among men receiving pre-ART care [10], this study is the first, to our knowl-
edge, to document the relative significance of HIV mortality among persons who have never
sought care and substantial excess mortality among men in this difficult-to-access population.

There are a number of possible explanations for the growing disparity in HIV mortality
between men and women. Social norms regarding care-seeking and disclosure of HIV status
may present significant barriers to access and adherence for men [31], similar to male care-
seeking deficits observed in other settings and for other conditions [32]. Women may be more
familiar with local clinics because of their utilization for maternal and child health care. The
very successful national program to prevent mother-to-child transmission may encourage
HIV-infected women to access and remain in HIV care [33]. In a previous analysis of this
cohort, however, accessing care during pregnancy explained only a small fraction of the sex dis-
parity in HIV treatment uptake [8]. Men may also face specific social and cultural barriers to
participation in adherence-promoting activities like support groups [34]. Clinics are generally

Fig 5. Distribution of HIV deaths across cascade of care, 2001–2011.We excluded all deaths that occurred within 3 mo of migrating into the DSA, as the
deceased may not have had the opportunity to seek HIV care in the local health system.

doi:10.1371/journal.pmed.1001905.g005
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open only during working hours, and with higher employment rates among men than women
in this setting [20], this may be a contributing factor. Additionally, high rates of long-distance
labor migration may further complicate access to and retention in care for men [35].

We note that higher HIV mortality rates observed for men receiving HIV care and treat-
ment may result from sex differences in adherence and retention behaviors as well as from dif-
ferences between men and women in the composition of patients seeking care and initiating
ART. In previous research on this cohort, we found that men were less likely than women to
initiate ART when eligible [8] and that when men did initiate ART, they did so at lower CD4
counts [20]. Delayed care-seeking not only leads to excess mortality among men who have
never sought care, but also likely contributes to the excess mortality among men observed at
each subsequent stage in the cascade of care through its impact on the composition of patients
at each stage. CD4 count at entry into each stage of the cascade offers a noisy, but useful, proxy
for mortality risk. Although the male disadvantage in HIV mortality was somewhat attenuated
after controlling for CD4 count, men were still twice as likely to die from HIV at each stage in
the cascade.

We have documented that a substantial proportion of HIV-related deaths occur among peo-
ple who have never sought care. Further research is needed to understand the reasons that peo-
ple dying from HIV choose not to seek lifesaving treatment that is widely available and free of
charge. Given the higher risk faced by men, population-wide interventions could be imple-
mented to educate men about the benefits of timely ART initiation for one’s own health [36]
and economic productivity [20,37,38], the economic well-being of the household [39,40], and

Table 3. HIV mortality across the cascade of care in 2011 (ages 15+).

Parameter Sex Care-Seeking Category Total

ART >1 y ART 0–1 y Pre-ART Never Sought
Care

Number of HIV-related deaths Female 26 25 20 47 118

Male 20 17 15 65 118

Percent of HIV-related deaths (95% CI) Female 22.0% (14.5,
29.5)

21.2% (13.8,
28.6)

16.9% (10.2,
23.7)

39.8% (31.0,
48.7)

100%

Male 16.9% (10.2,
23.7)

15.3% (8.7,
21.8)

12.7% (6.7,
18.7)

55.1% (46.1,
64.1)

100%

Percent of at-risk population Female 6.80% 2.30% 8.10% 82.70% 100%

Male 3.40% 1.00% 2.30% 93.30% 100%

HIV mortality rate (per 100 person-years) Female 1.31 (0.89,
1.93)

3.37 (2.07,
5.50)

0.76 (0.47,
1.22)

0.21 (0.16, 0.27) 0.39 (0.33,
0.48)

Male 2.88 (1.86,
4.47)

8.54 (4.85,
15.04)

2.46 (1.36,
4.44)

0.34 (0.27, 0.44) 0.58 (0.49,
0.70)

Female-to-male HIV mortality rate ratio (age-
adjusted)

0.46 (0.25,
0.82)

0.39 (0.19,
0.83)

0.37 (0.17,
0.79)

0.51 (0.35, 0.74) 0.60 (0.46,
0.78)

Female-to-male HIV mortality rate ratio (age- and
CD4-adjusted)

0.50 (0.27,
0.92)

0.51 (0.23,
1.12)

0.47 (0.21,
1.03)

— —

HIV mortality rates were calculated for men and women who were residing in the DSA and at least 15 y on 1 January 2011. Care-seeking category was

defined on 1 January 2011; observations were censored on the date when individuals changed care stage. The group “never sought care” includes

persons who were not (yet) infected with HIV. Relative rates were computed in an exponential hazard model adjusting for the age categories 15–29, 30–

44, 45–64, and 65+ y. Pre-ART CD4-adjusted models were adjusted for log(earliest CD4 count); ART 0–1 y and ART >1 y CD4-adjusted models were

adjusted for log(last CD4 count before ART initiation). The female-to-male HIV mortality rate ratio reported here is lower than that reported in Table 2

because sex disparities in HIV mortality were larger for DSA residents compared with non-resident members of the surveillance; non-residents were

excluded in the analyses presented in this table.

doi:10.1371/journal.pmed.1001905.t003
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the health of one’s sex partners [41]. Messages could be targeted to settings that men frequent,
e.g., football pitches, workplaces, shabeens, and public taxis. Similarly, interventions could
emphasize the normalization of ART through sensitization of men to the large number of men
and women currently receiving therapy and the very large number of people (40% of the popu-
lation) who live with someone who has either sought care for HIV or initiated ART [19]. At
the same time, changes in public sector service delivery—e.g., by offering clinic hours on week-
ends rather than solely during working hours, or delivering antiretroviral drugs to non-clinic
pick-up points, such as workplaces or local shops—might reduce the costs of care-seeking and
encourage men to seek care[42]. Finally, we note the potential complementarity between inter-
ventions at different points in the cascade of care: interventions to reduce mortality and
improve quality of life among male patients receiving ART may improve community percep-
tions of treatment and increase uptake of HIV testing, care, and treatment services [43].

Our study assessed trends in adult life expectancy and HIV-related mortality in an HIV-
endemic setting in rural South Africa, in the context of South Africa’s national HIV treatment
scale-up. The quality of the data is a major strength of this analysis. Data on dates of death
were collected through semi-annual household surveys with>99% response rates [21]. Because
the data come from population-based surveillance, we observe individuals regardless of
whether they have ever sought clinical care and thus capture HIV mortality in individuals who
never linked into care or initiated ART. The population perspective also means that we observe
individuals and their survival regardless of whether they are retained in clinical care, a chal-
lenge in many clinical cohorts. Individuals even continue to be observed if they migrate out of
the surveillance area, so long as they remain members of households under surveillance. Verbal
autopsy data were collected by trained nurses for all deaths, with a 93% response rate, and
HIV/TB-related deaths were identified using a validated algorithm [22]. Results were robust to
different coding definitions of HIV-related deaths, as reported above. Dates of ART initiation
and CD4 counts were obtained from complete clinical records for the public sector ART pro-
gram that serves the surveillance area and were linked using individual identifiers [19].

Our study had some limitations. First, because of the nature of the data, we report on only
one rural setting in one province in South Africa. We note, however, that this area is in one of
the poorest districts in South Africa and has many features—high unemployment, high migra-
tion, complex household arrangements, low private sector utilization for HIV treatment—
common to rural areas with high HIV prevalence in southern Africa. Second, we report on
trends in adult life expectancy and HIV mortality before and during the scale-up of public sec-
tor HIV treatment in South Africa. Although the changes in mortality patterns observed coin-
cided with the beginning of ART scale-up in 2004 and progressive expansion of services
through 2011, we cannot rule out that other contemporaneous factors could have influenced
population mortality trends, such as survivorship effects. In a previous analysis, we simulated
the counterfactual path of the epidemic and demonstrated that no rapid increase in life expec-
tancy was predicted based on the internal dynamics of the HIV epidemic in the absence of
ART scale-up [1]. Additionally, HIV-cause-deleted adult life expectancy, a summary measure
of non-HIV-related mortality, was relatively constant for both men and women across the
study period. Third, our data on the cascade of HIV treatment services exclude patients seeking
care in the private sector. Though a limitation, we note that private sector care-seeking for HIV
treatment is rare in this setting, given the free provision of ART in the public sector. Fourth, we
divided the treatment cascade into four discrete, easily defined stages: never had a CD4 count
recorded, had a CD4 count recorded but never initiated ART, initiated ART less than a year
ago, and initiated ART more than a year ago. These definitions may be conservative: persons
who sought care or initiated ART may not still be in care. Investigating sex-specific patterns of
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clinical attrition and churning, and their contribution to survival disparities between men and
women on ART, is an important topic for future research.

As with all verbal autopsy approaches, our method of identifying HIV-related deaths may
have resulted in some misclassification. The quality of verbal autopsy data depends on the skill
of the interviewer, the willingness of household members to participate, the accuracy of their
recall, and the validity of the algorithm used to make diagnoses based on reported symptoms.
The underlying data for verbal autopsy at Africa Centre come from high-frequency (twice- and
later thrice-annual) demographic surveillance, with autopsy interviews conducted by trained
nurses on average 6 mo following a recorded death; in contrast, other surveys have used lay
health workers or field interview staff to conduct verbal autopsies and/or relied on longer recall
intervals following a death [24,25]. Response rates were very high, with 93% of all deaths
assigned a cause of death by verbal autopsy. An active literature has sought to develop and vali-
date verbal autopsy classification algorithms [22,25,44,45]. We used an algorithm (InterVA)
that is widely used and has been shown to have high validity in identifying HIV/TB-related
deaths in populations with high HIV prevalence [22,24,25]. In particular, the algorithm has
been validated locally against physician-coded verbal autopsies in the Africa Centre’s demo-
graphic surveillance [22]. TB is a common opportunistic infection in HIV-infected persons,
and it can be difficult to distinguish a TB-related death from an HIV-related death. Following
previous studies [1,22,25], we coded all TB-related deaths as HIV-related. We note as a limita-
tion that the inclusion of TB-related deaths may somewhat overstate the total number of HIV-
related deaths, but this effect is likely to be small: a prior analysis of the Africa Centre surveil-
lance calculated that out of the 53.5% of all adult deaths due to HIV or TB, just 5.3% were
attributable to TB without HIV [46]. Further, the inclusion of TB-related mortality is appropri-
ate given the potential spillover effect that ART scale-up may have in reducing the population
burden of active TB and transmission of TB to HIV-uninfected persons [47]. Our results were
robust to a variety of alternate codings of HIV-related deaths based on the InterVA algorithm.

As a final limitation, we note that our estimates of HIV-cause-deleted life expectancy are
interpretable as counterfactual life expectancy in a world without HIV mortality only if HIV
and non-HIV causes of death are indeed independent. Although we cannot test this formally
(individuals can die only once), we find supporting evidence from several sources. The near-
normal life expectancy of patients on ART in previous studies suggests that HIV patients do
not face substantially higher or lower mortality rates due to other causes than the general popu-
lation. The stability of our observed trends in HIV-cause-deleted life expectancy during a
period of rapidly falling HIV mortality is also consistent with such an interpretation. Finally, in
sensitivity analyses, we found that even very large violations of the independence assumption
would not substantially affect our inferences about HIV-cause-deleted life expectancy. Though
we cannot rule out dependence across causes, our estimates of HIV-cause-deleted life expec-
tancy likely provide a reasonable estimate of the potential adult life expectancy that would be
observed with the elimination of HIV mortality, e.g., through further advances in treatment
and prevention (see S1 Text for further discussion of these points).

This paper offers a population perspective on the gendered impacts of mass HIV treatment
[12,16,48,49]. Though population adult life expectancy has increased dramatically for women
during the scale-up of ART, the gains for men have beenmore modest. This difference is partially
explained by the fact that women had a larger number of years of life lost due to HIV than men
prior to treatment scale-up; ART has led to a “natural” decompression in the female–male life
expectancy gap as HIVmortality has declined. Yet this is not the whole story. HIV mortality has
declined significantly faster among women than among men, and male sex has emerged as a risk
factor for HIVmortality in this setting. A high proportion of HIV-related deaths occurred
among men who had never sought care or treatment for HIV in the public sector, despite the fact

Mass HIV Treatment and Sex Disparities in Life Expectancy

PLOSMedicine | DOI:10.1371/journal.pmed.1001905 November 24, 2015 15 / 21



that treatment is widely available and free at point of service. Gender-targeted programming has
often sought to improve health for women and girls. Our results suggest that further research to
understand male deficits in care-seeking and to design effective interventions to increase uptake
of HIV services among men is needed to realize the full benefits of mass ART provision. Without
better outreach to men, achievement of the Joint United Nations Programme on HIV/AIDS
2020 targets of 90% tested, 90% initiated, and 90% virally suppressed [50] is unlikely. Addition-
ally, given the prevention benefits of ART, male-sensitive programming may be necessary to
reduce the burden of HIV disease among men and women alike.
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Editors' Summary

Background.

AIDS has killed 39 million people over the past three decades, and about 35 million people
(including 25 million living in sub-Saharan Africa) are currently infected with HIV, the
retrovirus that causes AIDS. HIV destroys immune system cells, leaving HIV-positive
individuals susceptible to other serious infections. Early in the AIDS epidemic, most HIV-
positive individuals died within ten years of infection. Then, in 1996, effective antiretrovi-
ral therapy (ART) became available. For people living in high-income countries, HIV
infection became a chronic condition, but HIV/AIDS remained largely untreated and fatal
in resource-limited countries. In 2003, the international community began to work
towards achieving universal access to ART. Now, at least a third of people living with HIV
have access to ART, the global rate of AIDS-related deaths has fallen by more than a third
from its 2005 peak, and the life expectancy (how long a person is likely to live based on
their year of their birth, their current age, and other demographic factors) of HIV-positive
adults has markedly increased.

WhyWas This Study Done?

Although ART has been provided without charge to patients in South African public clin-
ics since 2004, HIV/AIDS remains the leading cause of death in many parts of South
Africa. Reducing the lingering burden of HIV mortality is a policy priority. Prior studies
have found worse outcomes among men in HIV care and treatment. Here, the researchers
assess the evolution of sex disparities in life expectancy and HIV mortality rates at the pop-
ulation level with the scale-up of ART in a rural region of KwaZulu-Natal, South Africa,
where 29% of the population is HIV-positive. Different trends in life expectancy for men
and women following ART scale-up may reflect differences in the underlying burden of
HIV disease—women tend to be infected and die at younger ages—as well as differences
in access to HIV testing, care, and treatment. The researchers also assess where in the cas-
cade of HIV care and treatment HIV mortality occurs for men and women. Knowing
more about sex-specific trends in population life expectancy and where the lingering bur-
den of HIV mortality occurs could help experts design strategies to further reduce HIV
mortality in regions where free ART is widely available.

What Did the Researchers Do and Find?

The researchers linked demographic data obtained through regular household surveys,
including all deaths occurring between 2001 and 2011, for nearly 100,000 adults living in
rural KwaZulu-Natal to clinical records held by the public sector HIV treatment and care
program. In addition, trained nurses visited households where there had been a death and
collected data that were used to determine the probable cause of death (verbal autopsy).
Analysis of these data indicated that, between 2003 and 2011, female adult life expectancy
increased by 13.2 years (from 51.3 years to 64.5 years), whereas male life expectancy
increased by only 9 years (from 46.9 years to 55.9 years). Thus, the gap between female
and male adult life expectancy doubled between 2003 and 2011. Moreover, although HIV-
related mortality among women and men was similar in 2003, in 2011 women were 27%
less likely to die from HIV than men. With the scale-up of ART, male sex has emerged as a
risk factor for HIV mortality at the population level. Finally, in 2011, 55% of all male HIV-
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related deaths and 40% of all female HIV-related deaths occurred among men and women
who had never sought care for HIV/AIDS.

What Do These Findings Mean?

These findings suggest that although the mass provision of free ART in South Africa has
coincided with a reduction in HIV-related mortality among both men and women, ART
scale-up has been accompanied by faster declines in HIV-related deaths among women
than men and by a growing female–male disparity in adult life expectancy. Notably, these
findings also indicate that despite the wide availability of ART, about half of all HIV-
related deaths in the study population occurred among people who had never sought care
for HIV. The use of verbal autopsy to determine the probable cause of death may limit the
accuracy of these findings, and factors other than the scale-up of ARTmay have influenced
the population mortality trends. Moreover, these findings may not be generalizable to
other populations. However, these results highlight the need for further research to under-
stand why men are not as likely as women to seek and adhere to HIV care and treatment,
and to design effective interventions to increase the uptake of HIV services among men.
Without better outreach to men, the researchers conclude, the full benefits of mass ART
provision will not be realized.

Additional Information.

This list of resources contains links that can be accessed when viewing the PDF on a device
or via the online version of the article at http://dx.doi.org/10.1371/journal.pmed.1001905.

• Information is available from the US National Institute of Allergy and Infectious Dis-
eases on HIV infection and AIDS

• NAM/aidsmap provides basic information about HIV/AIDS, summaries of recent
research findings on HIV care and treatment, and personal stories about living with
HIV/AIDS

• Information is available from Avert, an international AIDS charity, on many aspects of
HIV/AIDS, including information on universal access to ART and on HIV/AIDS in
South Africa; Avert also provides personal stories about living with HIV/AIDS

• TheWorld Health Organization (WHO) provides information on all aspects of HIV/
AIDS (in several languages), including its Consolidated Guidelines on the Use of
Antiretroviral Therapy for Treating and Preventing HIV Infection and information on
the WHO/UNAIDS Treatment 2.0 strategy, an initiative to expand access to HIV testing
and ART

• The UNAIDS Fast-Track Strategy to End the AIDS Epidemic by 2030 provides up-to-
date information about the AIDS epidemic and efforts to halt it, including progress
towards universal access to antiretroviral therapy; UNAIDS also provides detailed infor-
mation about HIV/AIDS in South Africa

• More information about the population-based surveillance cohort that provided the
data for this study is available from the Africa Centre for Population Health website
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