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Abstract

Adult mortality rates are poorly estimated in countries with high HIV prevalence
due to the lack of comprehensive vital registration. A common approach consists in
adding the number of AIDS-related deaths derived from epidemiological modeling on
top of AIDS-free mortality rates. The latter are often obtained by anchoring model
schedules of mortality to child survival. With such a counterfactual approach, age
patterns and sex ratios of adult mortality are largely driven by model parameters.
Here we compare UNAIDS all-cause mortality rates and orphanhood prevalence with
survey and census data to detect significant deviations between empirical and model-
based estimates. We also assess the sensitivity of model outputs to changes in the sex
ratio of incidence and age patterns of infection. Both sibling and orphanhood data
suggest larger sex ratios than in model-based estimates. Age patterns of mortality
also have a larger AIDS hump in model outputs than in surveys and censuses.1

1This paper is a revised and updated version of a paper presented at the 6th African Population
Conference in Ouagadougou. It focuses on countries with high HIV and also uses an extended set of data
sources to compare with model-based estimates of mortality.
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1 INTRODUCTION

All countries need timely and reliable estimates of mortality to monitor progress in the
health of their populations. This need is especially acute in African countries highly af-
fected by HIV/AIDS, where life expectancy at birth substantially declined in the 1990’s
and early 2000’s before increasing again in the last decade. Yet, there is still considerable
uncertainty as to mortality changes in these countries, and in Sub-Saharan Africa more
generally. This is because vital registration systems operating in the region fail to provide
full national coverage. Even in areas covered by registration offices, many vital events go
unreported or local registers are not used to produce regular statistics. Overall, less than
50% of deaths are reported in official records at the national scale, with only few excep-
tions (e.g. South Africa). As a result, mortality trends and patterns are reconstructed from
patchy and often discrepant estimates obtained from censuses and surveys.

The lack of reliable estimates is particularly egregious for adult mortality. More atten-
tion has historically been devoted to the measurement of child mortality, and methods to
synthesize various estimates and account for data quality issues are now well established
(Alkema et al. 2014). By contrast, the key developments in estimating adult mortality from
incomplete or deficient vital statistics date back to the 1970’s and early 1980’s, before the
onset of HIV/AIDS. The epidemic has since greatly complicated the estimation of mortal-
ity. For example, intercensal survival techniques have long been used to convert the cohort
attrition between two censuses into measures of adult survival (Preston 1983, Preston and
Bennett 1983). In countries suffering from large HIV epidemics, however, these techniques
are now useless, because the attrition due to net migration and the excess mortality due
to AIDS cannot be distinguished, since they are both concentrated in a narrow range of
adult ages. Death distribution methods, designed to evaluate the completeness of death
reporting, are also hazardous to apply because they assume that the completeness of death
reporting is invariant by age (Hill 1987, Bennett and Horiuchi 1984). AIDS deaths among
young adults could result in the dissolution of some households, which would violate this
key assumption. The orphanhood technique, another widely used method, is based on sur-
vey and census reports on the survival of parents (Brass and Hill 1973, Blacker 1977). This
method has been rendered obsolete in its original form because of the vertical transmission
of the virus and atypical age patterns of mortality (Timæus and Nunn 1997). Lastly, data
on the survival of siblings have been collected from women of reproductive age interviewed
in Demographic and Health Surveys (DHS) since the early 1990’s. Compared to other
approaches, the sibling method is less affected by HIV-related biases, but there is accumu-
lating evidence that deaths are omitted in sibling histories. Since the under-reporting of
sibling deaths appears to be particularly pronounced in the more distant past (Masquelier
et al. 2014), sibling histories could exaggerate the increase in adult mortality due to AIDS.

Overall, no method is fully satisfactory for estimating adult mortality in the absence
of vital registration. In addition, the available estimates do not always provide time series
needed to fully reconstruct past trends in mortality. They refer only to a few points in time,
often outdated and sometimes ill-defined. In some cases, they correspond to probabilities



of surviving only for specific segments of the adult ages (10p25, 10p35, etc.). In this context,
estimates of adult mortality developed by the UN and others continue to be somewhat
tied in with trends in child survival. Historically, the United Nations Population Division
(UNPD) obtained age-specific death rates by indexing a standard age pattern of mortality
to the probability 5q0 for most African countries. Over past rounds of estimates, the
UNPD has increasingly used a relational model to better reflect the observed relationship
between adult and child survival, but this is not done for countries highly affected by
HIV. In these countries, a counter-factual no-aids mortality scenario is first constructed,
based on trends in child mortality. The excess mortality due to AIDS is then explicitly
modeled using Spectrum/EPP, a program developed by the United Nations Programme on
HIV/AIDS (UNAIDS) to estimate key HIV indicators. From surveillance and surveys, a
smoothed trend in HIV incidence is generated and combined with age and sex patterns of
infection to obtain the number of people living with HIV. These people progress over time
to lower CD4 counts and are exposed to AIDS-related mortality. Those under ART benefit
from extended survival. At any stage, infected individuals are also exposed to non-AIDS
mortality rates, at a same rate as those not infected. On a country basis, UNPD analysts
then check the resulting all-cause mortality rates against available empirical data. When
important discrepancies are apparent with model outputs, the non-aids life expectancy is
revised and the procedure is repeated until a “reasonable agreement” is achieved (United
Nations 2005).

A different strategy was adopted in the Global Burden of Disease Study 2013, but still
based on a counter-factual scenario. Risks of dying between the ages 15 and 60 were derived
from all available empirical measurements, and then related to trends in child mortality in
a regression framework including covariates (income per person, education and crude rates
of death caused by AIDS). For countries affected by HIV/AIDS, these covariates were used
to obtain counterfactual non-HIV values of mortality in children (5q0) and adults (45q15).
These values served as entry parameters to generate a complete set of age-specific mortality
rates. For this part, empirical life tables of the same country were used if available, or other
countries with similar mortality profiles (GBD 2013 2014). The excess mortality due to
AIDS was later added to the free age pattern of mortality, using a set of relative risks due
to HIV by age and sex.

All model life-table systems used in the UNPD or the GBD thus refer to populations
that have not been affected by HIV, and the mortality impact of the epidemic is taken
into account in a second step. This is because changes in age patterns and sex ratios of
mortality in generalized HIV epidemics are difficult to synthesize in a parsimonious model.
However, more than 30 years after the onset of HIV/AIDS, this counter-factual approach
has become highly problematic. First, the reliability of risks of dying net of AIDS inferred
from the available surveys and censuses can be called into question, just as regression out-
puts from a limited set of covariates. In the case of the UN, the no-aids mortality rates are
mostly derived from trends in child survival, but these estimates are biased by the vertical
transmission of the virus (Walker et al. 2012). Even unbiased trends in child mortality may
not necessarily reflect trends in mortality of the uninfected adult population. In several
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Figure 1 – Trends in HIV prevalence and incidence for selected African countries

African countries with small HIV epidemic, adult mortality has stagnated even though
child mortality has dramatically declined (Masquelier et al. 2014). Second, there is some
circularity in the estimation process. For example, non-aids mortality rates developed by
the UNPD are key inputs of the modelling of the demographic impact of HIV/AIDS by
Spectrum. However, they are also revised depending on all-cause mortality rates coming
out of Spectrum. As for the GBD Study, it uses the UNAIDS estimates of crude rates of
death caused by HIV/AIDS as a key covariate; these rates are also obtained from Spec-
trum, and therefore in part based on UNPD estimates.

Considering the strong assumptions about key parameters such as age and sex patterns
of incidence over time in the modeling of AIDS-related deaths, there is a need for a more
systematic evaluation of model-based estimates of adult mortality in high-prevalence coun-
tries. In this paper, we focus on countries where the peak in HIV prevalence was higher
than 10%, plus the United Republic of Tanzania where HIV peaked at 9%. Because of
differences in the timing and magnitude of the epidemics, the 12 countries are split into
two groups: “high HIV -Eastern Africa” includes Kenya (KEN), Malawi (MWI), Mozam-
bique (MOZ), Uganda (UGA), Tanzania (TZA) and Zambia (ZMB). “High HIV Southern
Africa” includes Botswana (BWA), Lesotho (LSO), Namibia (NAM), South Africa (ZAF),
Swaziland (SWZ), and Zimbabwe (ZWE). Trends in HIV prevalence and HIV incidence
estimated by UNAIDS for these countries are presented in Figure 1.

First, we will present comparisons between model-based and empirical estimates of adult
mortality. Mortality rates derived from DHS sibling histories and censuses will be evalu-
ated against UNAIDS estimates of all-cause mortality. Secondly, proportions of orphaned
children reported in household surveys and censuses will be compared with orphanhood
prevalence estimated by Spectrum. Our working hypothesis is that empirical estimates



provide at best lower bounds, because of under-reporting of deaths and misreporting of or-
phanhood status. This extended abstract will present preliminary results for this first part.
We also plan to use regression analysis to detect any systematic differences in the mortality
levels and age/sex-patterns derived from different data sources (sibling data, recent house-
hold deaths, etc.). Second, we will explore the sensitivity of model outputs to different
assumptions as regards the early sex ratios of incidence and age patterns of infection. This
will be performed by generating different scenarios for a few countries in Spectrum and
evaluating how they relate to empirical estimates. Parameters changing over time will also
be explored.

2 DATA AND METHODS

2.1 UNAIDS ESTIMATES OF ALL-CAUSE MORTALITY

Our comparisons are based on the 2014 estimates of all-cause mortality developed by UN-
AIDS (extracted from Spectrum v5.29). These estimates are obtained by combining non-
aids mortality rates from the 2012 Revision of the World Population Prospects (WPP)
developed by the UNPD, with a complete modeling of the mortality impact of HIV/AIDS.

Non-aids mortality rates from the 2012 WPP are mainly derived from trends in child
mortality (5q0). Since 2004, several UN agencies2 collaborate within the Inter-agency Group
for Child Mortality Estimation (IGME) to obtain consistent and accurate child mortality
rates from surveys and censuses (www.childmortality.org). In order to generate a complete
no-AIDS life table that pertains to the uninfected population, trends in 5q0 were combined
with a uni-parametric model schedule in all the high prevalence countries considered here.
The North model of Coale et al. (1983) was used for all countries classified in the “High
HIV Eastern Africa” group, except Malawi, for which the South model was retained. By
contrast, in Southern Africa, the West model of Coale-Demeny life tables was used for
Botswana, Lesotho, Namibia and Swaziland. Estimates for Zimbabwe were based on the
North Model, while the Far Eastern pattern from the United Nations (1982) life tables was
used for South Africa.

It should be noted that a logit model, which has an additional parameter explicitly
related to adult survival, was used in 22 African countries in the 2012 World Popula-
tion Prospects. The UNPD has gradually moved away from one-parameter life tables and
adopted a relational model (United Nations 2014). Various data series were considered to
establish the level of adult mortality (45q15), including reports on recent household deaths
(adjusted for underregistration), orphanhood data, sibling estimates and intercensal sur-
vival ratios. However, this approach is not currently adopted for high HIV countries,
because of the complexity of modeling mortality increases due to AIDS.

The non-aids life tables were then introduced into Spectrum. This program starts with
country-specific estimates of HIV prevalence, obtained by fitting a smooth trend through
past estimates from surveillance and survey data (Brown et al. 2006; 2008; 2010). From

2UNICEF, WHO, The World Bank and UNPD.



the reconstructed trends in prevalence, incidence rates and AIDS-related deaths are com-
puted, based on assumptions about the age and sex patterns of infection, the patterns of
survival after infection (Todd et al. 2007), and data on ART treatment. The number of
children under five who contract the virus from their mother and will die of AIDS was then
estimated from the number of HIV positive mothers, accounting for a reduced fertility of
infected mothers, pediatric treatment, and interventions to prevent the vertical transmis-
sion (PMTCM).

This modelling of HIV/AIDS is the most important part of the mortality estimation for
countries hardest hit by the epidemic. However, estimates are also sensitive to the choice
of the age pattern used to infer background mortality. For a given level of child mortality,
model schedules can exhibit very different chances of surviving in adulthood. For example,
in the North model, the probability of a female surviving to age 5 (5p0) implied by a life
expectancy at birth of 50 years corresponds to a probability of dying between ages 15 and
60 (45q15) of 0.337. With the South model, the same proportion of females surviving to
age 5 corresponds to a life expectancy of 54 years and a probability 45q15 that is 30% lower
(0.243). The North and West models are closer to one another. For females, these two
models have a roughly similar child mortality (for a same life expectancy at birth), but
the West model encompasses a somewhat higher infant mortality. In adulthood, the West
model corresponds to slightly higher mortality rates for females when the life expectancy
is below 60. The ratio of North to West death rates increases steadily as the mortality
decreases. The differences between the West and North models are more pronounced for
males, as can be seen in Fig. 2 when life expectancy at birth reaches 65. Finally, the Far
Eastern pattern, known to reflect high rates of mortality from tuberculosis, exhibits extreme
levels of adult mortality for a given level of child survival. The reason why the North pattern
has historically been preferred for tropical Africa is because it has one feature - low infant
mortality relative to mortality at 1 to 5 - that is customary in African populations (Brass
et al. 1968, Ekanem and Som 1984). It also displays high death rates from tuberculosis,
though less extreme than the Far Eastern model. This second trait makes it attractive for
Africa, because the age pattern of mortality from tuberculosis is close to the age pattern
of mortality from malaria, a major cause of death in the region (Preston 1976).

2.1.1 Estimates of the number of orphans in childhood

UN agencies estimate the number of orphans from mathematical models relying on UNPD
fertility and mortality rates (UNICEF 2006). The estimation method, developed by Grassly
and Timaeus (2005), starts with the distribution of adult deaths by age and calendar year,
and consists in estimating how many children were born to those adults, and whether these
children are still alive and aged less than 18 years at the time of interest. To calculate the
number of maternal orphans due to AIDS, the method accounts for the vertical transmission
of the virus, the lower fertility of infected mothers, and the excess risks of mortality faced by
orphans3. The HIV status of mothers in the years preceding their death is back-calculated,

3Using data from demographic surveillance sites, Zaba et al. (2005) showed that, in addition to higher
death rates due to mother-to-child transmission, children under age 5 of both infected and uninfected
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using a standard pattern of disease progression. The number of maternal orphans due
to other causes than AIDS is calculated in a similar way, assuming that their mothers
remain uninfected. The estimation of paternal orphans is further complicated by the need
to account for the effect on child survival of HIV transmission (from mother to child and
between parents), as well as the reduced fertility of partners of infected men. This is
done by using DHS data on concordance of HIV status amongst heterosexual partners.
Because data on male fertility are seldom collected, a standard schedule is applied to
estimate the number of children who were born by age of fathers (Paget and Timaeus
1994). Finally, since survival chances of both parents are not independent, the excess risk
of dual orphanhood is predicted from a multi-level model fitted on proportions of maternal,
paternal and dual orphans observed in DHS4.This estimation method has been incorporated
within Spectrum. In 2014, it has been revised to account for ART and PMTCT programmes
(Stover et al. 2014).

2.2 EMPIRICAL ESTIMATES OF ALL CAUSE MORTALITY AND ORPHAN-
HOOD

This study makes use of a variety of data sources. First, age-specific mortality estimates are
obtained from 87 DHS with sibling histories collected in 36 countries (from 1992 to 2014)5.
We complement these with mortality rates calculated from reports on recent household
deaths in censuses and large-scale surveys, and with vital registration data when available.
Secondly, proportions of orphaned children among 5- to 9-year olds are derived from DHS
and MICS surveys, as well as census reports for 38 countries from 1965.

2.2.1 Sibling survival data from Demographic and Health Surveys

Sibling histories have been collected in a maternal mortality module included in DHS sur-
veys since 1988. A standardized set of questions is used to elicit an exhaustive list of siblings
born to the same mother by birth order. Information is collected about their gender and
survival status. Current age is recorded for surviving siblings, while age at death and years
since death are collected for the deceased. Some additional questions are aimed at identify-
ing pregnancy-related deaths. In addition to interviews with women of reproductive ages,
questions about sibling survival are included in the men’s questionnaires of some DHS on
a subsample of households. Sibling histories are also collected in other international survey
programs, such as the World Health Surveys and MICS surveys (Obermeyer et al. 2008).

The main advantage of sibling histories is that they provide direct estimates, since the
observed number of deaths can be divided by the corresponding person-years of exposure.

mothers experienced higher mortality risks in a 2-year period centered on the mother’s death.
4The estimation of the excess risk of being double orphans has no bearing on this analysis, since we are

only dealing with proportions of paternal or maternal orphans, irrespective of the survival status of the
other parent.

5Several DHS surveys are discarded: the DHS conducted in Sudan in 1990 because the dataset is not
standardized, the DHS for Nigeria 1999 because the data are not of very good quality (Pullum 2008), and
the DHS conducted in 1995 in Eritrea because the data is not in public domain.



Indirect techniques are also available to convert proportions of surviving siblings into sur-
vival probabilities (Hill and Trussell 1977, Timaeus et al. 2001), but they tend to smooth
out the trends in mortality. Sibling histories are also widely collected, they are standard-
ized, readily available, and similar format to birth histories. A single survey can give a
certain sense of past trends in mortality.

One limitation of the direct approach is that sample sizes do not allow for the calculation
of annual age-specific death rates without introducing some modelling. Estimates presented
in this paper are obtained after pooling surveys together within each country but fitting
separate models for each country. We used penalized thin-plate regression splines for the
trends. The age pattern and sex differences were allowed to change linearly with the
duration of each country’s HIV epidemic (starting 4 years after the onset of HIV/AIDS).
We also adjusted mortality rates upwards to account for the underreporting of deceased
children and siblings, based on a comparison of mortality rates obtained from successive
surveys for a fixed reference period. Further details on the methodology are provided
elsewhere (Masquelier et al. 2014).

Owing to poor quality of recall, the general consensus is that sibling histories gener-
ally provide lower bound estimates. For instance, using 14 DHS conducted between 1989
and 1995, Stanton et al. (2000) evaluated unadjusted probabilities of dying between ages
15 and 50 (35q15) derived from sibling histories against life expectancies estimated in the
1994 Revision of the WPP. Then they compared the relationship between the two indexes
of mortality with the corresponding relationship embodied in Princeton life tables. This
assessment revealed that several sibling estimates fell well below the level that would be
expected if the age pattern of mortality conformed to one of the mortality schedules. Sup-
plementing this analysis with additional comparisons with independent estimates deemed
to be of good quality, Stanton et al. (2000) concluded that sibling histories understated
mortality, especially in sub-Saharan Africa.

2.2.2 Recent household deaths

To complement sibling histories, we used reports on deaths that occurred in households
in the 12 months prior to a series of censuses and surveys, as well as data from vital
registration available in the Demographic Yearbook. Here we use raw mortality rates,
without adjusting for incompleteness of death reporting. Estimates should therefore be
considered as lower bounds. The database now covers 51 censuses, surveys or years of vital
registration for the 12 countries considered.

2.2.3 Orphanhood data in censuses and surveys

Questions about orphanhood were first included in retrospective surveys organized in Chad,
West Cameroon and Mauritania in 1964-65, as well as in the mortality module adminis-
tered in some of the World Fertility Surveys. They were aimed at allowing the indirect
estimation of adult mortality through the orphanhood technique, a method originally pro-
posed by Henry (1960) and refined, among others, by Brass and Hill (1973) and Timaeus
(1986), Timæus (1991;?), Timaeus (1991), Timæus (1992). In the early 1990s, questions
on orphanhood appeared in the DHS and MICS rosters of household membersHowever,



these questions were restricted to children under 15 (or 18), which indicates the focus had
moved to the vulnerability of orphans and vulnerable children (OVCs).

Many African countries have also included these questions in their census schedule since
the 1960s. Some countries have collected data on parental loss at each census round (e.g.
Gambia, Kenya, Sierra Leone), while other countries have never done so (e.g. Guinea or
Nigeria). As is the case of sample surveys, the primary purpose of these questions was to
allow the estimation of adult mortality. Later on, the HIV-TB epidemic spurred a renewed
interest in the number of orphans, their schooling attainments and living arrangements.
In a few countries, questions on parental survival were then restricted to people under a
certain age (18, 20 or 25).

This study draws on proportions of orphaned children under age 15 as observed in 61
censuses, 112 DHS, 43 MICS, and 18 additional surveys (such as Sexual Behavior Surveys
in Zambia or October Household Surveys in South Africa). Maternal orphans are defined
as children whose mother is dead, regardless of the survival status of their father. Paternal
orphans are defined in a similar way. Because causes of death of parents are not recorded,
it is not possible to distinguish between AIDS- and non-AIDS orphans.

It is widely recognized that observed proportions of orphans underestimate by a large
extent the true orphan prevalence. The most pervasive problem is the “adoption effect”,
which refers to the fact that some fostered orphans are misclassified as non-orphans. In
the presence of adults, interviewers may not probe whether they are the biological parents
of children observed in the household (Blacker 1984). Foster parents may also deliberately
or inadvertently claim adopted orphans as their own offspring. Often cited as a source of
confusion is the usage of terms pertaining to biological parents to refer to larger circles of
kins or to show respect to elders. In addition, many children in sub-Saharan Africa do not
cohabit with their parents but are fostered in the extended family (Renata 2009).

In the late 1980s and early 1990s, the adoption effect was identified as the main reason
for the implausibly low levels of mortality calculated from young orphans, compared to
those derived from older respondents (Blacker and Mukiza-Gapere 1988, Timaeus 1991).
The adoption effect is supposed to be more pronounced in reports relative to children, be-
cause they are less likely to know that they have been adopted, and because at older ages,
both biological and foster parents are more likely to be dead. Methods were later developed
to estimate mortality from orphanhood in adulthood or before and since marriage (Timæus
1991;?).

Robertson et al. (2008) analyzed the consistency of reporting of orphanhood status
across successive rounds of a cohort study in Manicaland (Zimbabwe). They found that,
out of 198 children reported as maternal orphans in the first round (and followed up to the
third round), 33% were reported as non-orphans at least once in the next two rounds (with
95% confidence intervals ranging from 26.7 to 39.9). In contrast with what was observed
in Senegal, the reports on paternal survival appeared to be more consistent, as only 13.4%
(10.9 - 15.9) of paternal orphans were later reported as having a living father. Higher



consistency of reports on paternal orphanhood status could be explained by a higher like-
lihood of paternal orphans to live with their surviving mother (as compared with maternal
orphans with their surviving father), as well as by higher remarriage rates among widowers.

In addition to the adoption effect, orphan prevalence can be biased by non-responses
and age misreporting. Proportions of missing responses on orphanhood status are usually
rather low, but they are of the same order of magnitude as proportions of orphans. Here,
missing or unknown responses are simply discarded, under the assumption that ignorance
of orphanhood status is not associated with the risk of being orphan (Beegle et al. 2010).

The first systematic comparison between Spectrum-based and observed orphan preva-
lence was conducted by Grassly et al. (2004). The proportions of maternal orphans in
MICS and DHS were consistently lower than model predictions (by 40% on average), irre-
spective of the HIV prevalence. Paternal orphan prevalence was more in agreement with
model outputs, with a closer congruence in countries with high HIV prevalence. Grassly
et al. (2004) ascribed these discrepancies to a combination of (1) overestimation of back-
ground adult mortality by the United Nations and (2) underreporting of orphanhood status
because of the adoption effect. Grassly et al. (2004) concluded that the North and West
model were inappropriate, and showed that reducing adult mortality from causes other
than AIDS would produce a closer agreement with survey data6.

More recently, Robertson et al. (2008) presented ratios of Spectrum orphan prevalences
over DHS estimates, for various countries of sub-Saharan Africa. Important discrepancies
were again noted with the 2006 revision of the WPP, albeit less pronounced than observed
with the 2000 revision. The proportions of fatherless children accorded closely with Spec-
trum estimates.

3 RESULTS

Descriptive statistics will be presented in this extended abstract. In the full paper, results
from linear-mixed effects models will be available.

Figure 3 compares the prevalence of orphanhood among 5- to 9-year olds observed in
surveys and censuses (y-axis) with Spectrum estimates (x-axis). On average, proportions
of maternal orphans obtained from Spectrum are higher than those derived from surveys
and censuses. The average ratios of model to observed proportions are 1.7 for low HIV
countries, 1.6 for Eastern Africa, and 1.5 for Southern Africa. There is a better agreement
for fathers, with average ratios of 1.5 for low HIV countries, 1.3 for Eastern Africa, and
0.85 for Southern Africa. However, it is difficult to explain why empirical proportions of
paternal orphans are higher than modeled by Spectrum in countries in Southern Africa
with high HIV prevalence. Ratios of paternal to maternal orphans should increase with

6At that time, model projections were based on the West pattern of Princeton life tables (UNAIDS
2002), in conjunction with life expectancies of the 2000 revision of the WPP. These life expectancies were
themselves mostly obtained by indexing the North model with levels of child mortality.
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Figure 3 – Comparison of prevalence of orphanhood among 5- to 9-year olds observed in surveys
and censuses (y-axis) with UNAIDS estimates (x-axis)

the magnitude of the epidemic; they tend to decline in model-based estimates. Figure ??
also indicates that the deviations from empirical estimates vary across countries.

When looking at probabilities 45q15 obtained from sibling histories, we can observe a
pattern consistent with what is apparent with orphanhood data (Figure 5). Overall, the
values of 45q15 from Spectrum (and WPP estimates) are higher than in DHS, especially for
female mortality. The mean ratios of UNAIDS to DHS estimates are 1.19 for females and
1.14 for males. However, in countries in Southern Africa with high HIV, many empirical
measurements are higher than modeled by Spectrum/WPP. This indicates that sex differ-
entials of adult mortality observed in surveys and censuses are larger than those embodied
in model-based estimates.

For orphan prevalence, this pattern can be ascribed to more pervasive misreports when
information is elicited about the survival of mothers, owing to the adoption effect. But
in the case of siblings, this cannot be readily explained by differential underreporting of
deaths by sex. Completeness of death reporting declines more rapidly for brothers as the
reference period extends further back in time, denoting a lower level of recall.

Figure 6 presents six country-specific trends. According to DHS, there does not seem
to be a reduction of the female advantage in adult mortality over time, and in the case of
Malawi, the sex ratio of mortality has even widened in the 2000s, compared to previous
decades. Yet, in UNAIDS estimates, the female probability 45q15 tend to be closer to that
of men, and even higher for some time in Zimbabwe, Namibia, and Malawi.

In addition, there is a large variation in the congruence of UNAIDS estimates with DHS
data when the ratios are broken down by age group and periods. Fig. 7 and 8 indicate that
UNAIDS estimates were much higher than DHS in the period 1980 to 1994 for countries
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Figure 4 – Comparison of prevalence of orphanhood among 5- to 9-year olds observed in surveys
and censuses (point estimates) with Spectrum estimates (lines) for selected countries
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Figure 5 – Comparison of estimates of 45q15 obtained from DHS (y-axis) with UNAIDS estimates
(x-axis)

in Eastern Africa with high HIV prevalence. The age patterns of mortality were fairly
comparable across series in this first period. The ratios then reduced, especially for males.
For the period 1995-2004, the age patterns of mortality increases due to AIDS were also
quite distinct in UNAIDS and DHS estimates. They tend to be lower for 15- to 19-year-olds
and 20- to 24-year-olds, then increase and decline again with age after the 35- to 39-year-
olds. This cannot be attributed entirely to misstatements of siblings’ age, because this
pattern should then be apparent in the previous period (1980-1994) as well. Rather, this
suggests that age patterns of mortality increases due to AIDS derived from sibling histories
differ from those embodied in UNAIDS estimates. According to sibling data, the “AIDS
hump” is wider; women aged 15-24 and women aged 45-59 experience higher mortality
rates than currently assumed in countries with generalized HIV epidemic, while mortality
rates faced by 25- to 35-year-olds are lower. The AIDS-hump in male mortality rates also
appears to be less concentrated at ages 25-39 than implied by model-based estimates, with
higher death rates among middle-aged adults. These observations also apply to Southern
Africa, albeit to a lesser extent. It is also worth noting that in this region, DHS estimates
were on average higher than UNAIDS estimates even before HIV had a very clear impact
on mortality levels.

4 CONCLUSION

The agreement between model-based and survey/census-based estimates varies greatly with
the region, and possibly the life expectancy of the non-aids scenario and/or HIV prevalence.
Both sibling and orphanhood data suggest larger sex ratios of adult mortality than in
model-based estimates in Southern Africa. In this region, mortality rates of adult males



1980 1985 1990 1995 2000 2005 2010

Zambia

Years

45
q 1

5
Sc: DHS  1996, 2002, 2007, 2014

Adjusted DHS sibling histories
WPP 2012
VR/Censuses
UNAIDS 2014

Female mortality in light blue/grey/red

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1980 1985 1990 1995 2000 2005 2010

United Republic of Tanzania

Years

45
q 1

5

Sc: DHS  1996, 2004, 2010

Adjusted DHS sibling histories
WPP 2012
VR/Censuses
UNAIDS 2014

Female mortality in light blue/grey/red

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1980 1985 1990 1995 2000 2005 2010

Malawi

Years

45
q 1

5

Sc: DHS  1992, 2000, 2004, 2010

Adjusted DHS sibling histories
WPP 2012
VR/Censuses
UNAIDS 2014

Female mortality in light blue/grey/red

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1980 1985 1990 1995 2000 2005 2010

Namibia

Years

45
q 1

5
Sc: DHS  1992, 2000, 2007, 2013

Adjusted DHS sibling histories
WPP 2012
VR/Censuses
UNAIDS 2014

Female mortality in light blue/grey/red

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1980 1985 1990 1995 2000 2005 2010

Lesotho

Years

45
q 1

5

Sc: DHS  2004, 2009

Adjusted DHS sibling histories
WPP 2012
VR/Censuses
UNAIDS 2014

Female mortality in light blue/grey/red

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1980 1985 1990 1995 2000 2005 2010

Zimbabwe

Years

45
q 1

5

Sc: DHS  1994, 1999, 2006, 2011

Adjusted DHS sibling histories
WPP 2012
VR/Censuses
UNAIDS 2014

Female mortality in light blue/grey/red

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

Figure 6 – Comparison of estimates of 45q15 obtained from DHS (blue lines) with UNAIDS es-
timates (dotted grey lines). Estimates from recent household deaths or vital registration are pre-
sented in red/orange.
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Figure 7 – Ratios of UNAIDS probabilities of dying to DHS estimates derived from sibling histories,
by sex, age group and period : high HIV Eastern Africa
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Figure 8 – Ratios of UNAIDS probabilities of dying to DHS estimates derived from sibling histories,
by sex, age group and period : high HIV Southern Africa



are underestimated in WPP/UNAIDS estimates, either because of erroneous sex ratios of
incidence/prevalence, or because the mortality of the uninfected population is too low.

Further research is required to better pinpoint the sources of these discrepancies. We
also plan to perform simulations with varying sex ratios of incidence and age patterns of
infection to assess the sensitivity of model-based estimates to these key parameters.

During the course of the HIV epidemic, the “AIDS hump” of mortality is expected to
broaden and gradually shift towards older ages (Sharrow and Clark 2010). In the coming
years, this shift will be mainly driven by a reduction of mortality following the increasing
availability of antiretroviral treatments, and the aging of the infected population, which are
both taken into account in models. But even prior to ART, such changes can be steered
by modifications in the age profile of HIV incidence. Little literature exists on the possible
modifications in the age profile of new infections as the epidemic matures.
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