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Abstract

In high-income countries, there is extensive evigeshowing that higher levels
of educational attainment, higher income and highegupational classes are
correlated with lower risks of dying among aduRar less is known on mortality
differentials in low- and middle-income countriesedto the lack of information
on the socio-economic characteristics of the dexkas

In this paper, we evaluate whether survey repamtshe survival of sisters can
help to fill this gap. We find that levels of edtioaal attainment are correlated
within families, and therefore characteristicstaf tleceased can be inferred from
those attained by their sisters responding to tineey. Because estimates of adult
mortality based on sibling histories have largeficemce intervals, we pool all
DHS together and fit a generalized liner mixed @ffemodels to capture
mortality differentials. In most surveys, higheuedtion is associated with lower
risks of dying, especially in urban areas, but resé gradients are observed in
several countries with high mortality and geneediH|V prevalence. There is
limited support for the hypothesis that this puzglipattern results from larger
underreporting of deaths by women with less edaoatinstead, we argue that
sibling histories truly reflect the complexity dfe relationship between adult
mortality and education, especially in countriese@kd by the HIV/AIDS
epidemic. Overall, the sibling approach offers ngessibilities for measuring
inequalities in adult mortality in low- and middiecome countries.

Keywords: Inequalities in mortality; Adult mortality; Siblirsg Educational
attainment; Demographic and Health Surveys

In high-income countries, the literature has largkicumented the existence of an education gradient
in adult mortality and morbidity (Kitagawa and Haud973; Kunst and Mackenbach 1994; Preston
and Elo 1995; Zajacova 2006; K.C. and Lentzner 26i6nmer and Lariscy 2011). The gradient has

widened in recent decades in the Russian Federatiédestern Europe and in the United States, and
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this adverse trend has rekindled interest in inltipgin mortality (Mackenbach et al. 2003; Murphy
et al. 2006; Meara et al. 2008). By contrast, éaslis known on inequalities in adult mortalityam-

and middle-income countries, due to education,mme®r occupation. Maternal education has been
established as the single most important deterrhiofdifferences in child survival (Caldwell 1979;
Fuchs et al. 2010), but there is limited evidenceh®e persistence of these differentials in adaitho
Some studies conducted in Asia document the usggltive relationship between education and adult
mortality, with a few exceptions, primarily relaténal deaths due to breast cancer or ischemic heart
disease (K.C. and Lentzner 2010). In Sub-Saharancaf comparable studies on mortality
differentials remain rare (Berhane et al. 2002) esslilts on morbidity gradients are more mixed,

especially as far as the link between HIV infectaon education is concerned (Fortson 2008).

This lack of conclusive research is mainly due lte incompleteness of vital registration systems,
which makes it difficult even to estimate the oVelavel of mortality in many low- and middle-
income countries (Mathers et al. 2005). Measuriiffgréntials is further complicated by the quasi
absence of questions on the socio-economic chaisditte of the deceased in censuses and surveys. In
addition, few demographic methods developed foronmglete data lend themselves to the
measurement of differentials. For example, meth@d®d on stable population theory and designed to
estimate the completeness of death reporting iauseEs or vital registration cannot easily be agile
sub-populations, especially when these sub-popuisitexperience varying rates of migration (Bennett
and Horiuchi 1984; Hill 1987). Intercensal survivaéthods - the second avenue to estimating adult
mortality - are also ill-suited to study differesl8 (Preston and Bennett 1983). Typically, with
intercensal survival methods, the number of wongedab0-54 in a census conducted in 2010 would
be compared with the number of women aged 40-4% ¢ensus conducted ten years earlier for each
level of educational attainment. When reconstrgcpopulations by age, sex and level of educational
attainment since 1970, Lutz et al. (2007) used &pgroach; they followed up women aged 40-49
across several censuses in 7 developing countiggd-gnce. They found an average increase in the
life expectancy at age 15 of one year from wometh wio education to women with primary
education, and of two years from women with primaducation to secondary education. This was
later used to compute education-specific mortaditgs to develop projection of populations by lefel
educational attainment (KC et al., 2010). Howeirggrcensal survival techniques are highly sensitiv
to age misreporting and changes over time in thmpbéeteness of the enumeration (Timaeus 1991).
They also require that the population is closecigration or that age-specific rates of net mignati

are available for the intercensal period. All thgseblems introduce errors which may greatly vary
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with education.

A third range of methods is probably more adequatestudy differentials; those based on data
collected on the survival of close relatives, tisatparents, spouses, or siblings. For socio-ecanom
characteristics that are highly correlated withamilies, the characteristics of those who provide
information can serve as proxies for the charasties of their relatives. Timeeus (1984) adopted thi
strategy with data on the survival of parents cbdd in a fertility survey conducted in Lesotho
(1977). He found consistent differentials by legéleducational attainment; the life expectancies at
age 15 of parents of respondents with no formakaiion was about 6 years lower than among
parents of respondents with secondary or highecathn. However, differentials derived from
orphanhood data are difficult to interpret becatise parent-child correlations in educational
attainment are affected by time trends such aseaonier time in education levels: if the distribatof
educational attainment is considerably modified tharacteristics of the children can be loosely
related to the education of parents. Because oftialer age difference between spouses, and the
potential indirect effects of characteristics obgpes on mortality (Jaffe et al. 2006), data rafgrto

the survival of first spouses could be used as.whifortunately, attempts to estimate mortalityegat
from widowhood data have been discouraging soefspecially when using men’s reports (Timaeus
1987; Makinson 1993; Bobak et al. 2002). Widowegens to underreport previous marriages or
conceal the death of their partner (Malaker 198&)nversely, respondents may prefer to report a
deceased partner rather than a divorce when disw@menot socially accepted. In sum, data on parent
or spouses are not very promising to explore dffgals. There is a third type of relatives for i
survivorship statistics can be computed: brothassasters. More than 110 Demographic and Health
Surveys (DHS) have included questions on siblinge@men aged 15 to 49 since the early 1990s.
These sibling histories are now central to the mmesmsent of adult and pregnancy-related mortality in

low- and middle-income countries (Rajaratham e2@10; Reniers et al. 2011).

In an inspiring paper entitled “The familial techue for linking maternal death with poverty”,
Graham et al. (2004) suggested using sibling hetdp go beyond levels and trends in mortality and
look into inequalities in mortality. They contendddht the educational level or the poverty status o
women interviewed in DHS can serve as proxies eirthisters’ characteristics. Quite surprisingly,
this familial approach has since been seldom wesqakct by Damien de Walque and colleagues. With
DHS data from Cambodia and several countries ifrcAfrde Walque showed that the educated adults

were more likely to be killed in conflicts than ettsegments of the population (de Walque 2005; De
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Walque and Filmer 2012; de Walgque and Verwimp 20118 Walque and Filmer (2013) also
performed a systematic analysis of DHS siblingdniss and presented mortality gradients by level of
educational attainment and urban/rural residenbeyTound the expected inverse relation between
adult mortality and educational attainment. Thegvetd that education-based gradients had widened
over time in countries affected by HIV/AIDS, esmdlyi for males. Their results, however, were
obtained by pooling together DHS surveys in modelsarating countries into three broad groups: (1)
Sub-Saharan African countries with low HIV prevalen(2) Sub-Saharan African countries with high
HIV prevalence and (3) countries in other regidrfgeir analysis thus obfuscates the heterogeneity in
mortality gradients across countries. De Walque Fifrder (2013) concluded that “on the whole, the
data do not show large gaps by urban/rural reselendy school attainment” (p.23). This finding is
somewhat at odds with other studies conducted w land middle-income countries in which
mortality differentials by education appear to Bepeonounced as in affluent societies (Berhané et a
2002; Huong et al. 2006; Hurt et al. 2004).

The present article focuses more on the methodmbgispects of the “familial approach” than on

substantive conclusions. Its purpose is to estallisether sibling data can provide valuable insight

on the direction and magnitude of inequalities dulamortality related with education. We address

four methodological questions:

(1) Is a woman’s educational level a good proxy forsthof her sisters in low- and middle-income
countries?

(2) Can sisters’ reports shed light on cross-countriatians in the mortality gradients by educational
levels?

(3) Is there some evidence that the quality of deaplortang varies across educational categories,
introducing biases in mortality differentials?

(4) Can DHS data support an analysis of trends in tityrgaadients?

We focus on educational attainment for two reasbirst, it is a stable characteristic across tfe li
span, and only a very small fraction of the popalahas not reached their highest educational level
by the age of 25 in low- and middle-income coustrieherefore, when working on mortality above
age 25, we avoid the problems associated withsstatanges, as they may arise in an analysis based
on occupations or households’ economic status. rieaducational attainment is highly correlated
within groups of siblings. In high-income countriepproximately 40 to 60% of the overall variation

in years of schooling can be accounted for by facghared by siblings (Bjorklund and Salvanes
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2010). Dahan and Gaviria (2001) also found highietations of schooling outcomes among siblings

in Latin America.

1. Sibling histories collected in DHS

Our analysis is based on 111 standard DHS condirctéd low- and middle-income countrfedhis
study essentially covers countries in sub-Sahar@icaA(82 DHS), but also includes other countries
such as Brazil, Haiti, Nepal, Cambodia, Timor-LesteBolivia.

DHS are nationally-representative surveys comgmidimee main questionnaires; (1) a list of all
household members collecting basic information dmiisehold characteristics, (2) a detailed
individual questionnaire designed for women of oglictive ages, and (3) a men’s questionnaire
administered in a subsample of households. Frone#nly 1990s, a “maternal mortality” (or “adult
mortality”) module has been included in some worsaguestionnaire and a few men’s questionnaire.
A standardized set of questions is used to eliciexhaustive list of siblings born to the same ranth
Information is collected by birth order about thgender and survival status. Current age is redorde
for surviving siblings, while age at death and gesince death are asked for the deceased. Direct
mortality estimates (occurrence / exposure ratas)tibus be obtained from sibling reports. Additlona
questions identify pregnancy-related deaths. /g thiploratory stage of our research, the analgsis i
restricted to female mortality. This is becausdirgiphistories are mainly collected from women aged
15-49; only a dozen of surveys have included gomestion siblings in the men’s questionnaire.
Women's reports on their brothers could be usedrfetring levels of educational attainment frore th

respondents is more problematic for siblings ofagite sex.

In the absence of a gold standard, it is diffitalevaluate how well sibling histories do in estiimg
adult mortality. A handful of studies compared theith estimates from the United Nations (Gakidou
et al. 2004; Stanton et al. 2000; Masquelier e2@lLl4). They all conclude that DHS data tend to
underestimate mortality, because deceased sikdirgslisproportionately omitted and some deceased
siblings are reported as alive. In a validationdgtwf DHS in Senegal, nearly 25% of female
respondents did not report deaths of one of thaultasisters (Helleringer et al. 2014). Other data

guality assessments are provided by Stanton @00) and Masquelier (2014). Moultrie et al. (2013

3 We discarded several DHS: (1) the DHS conducteligreria in 1999 because the data are known toftoor quality
(Pullum 2008), (2) DHS S&o Tomé and Principe in82@®ecause the sample size is too small to prockiiable estimates,
and (3) DHS Mozambique 1997 because the percewfageceased siblings with missing or unknown agdeatth was as
high as 24% and the percentage of deceased sihiiigunknown or missing information on the timin§ deaths was as
high as 59%. In addition, 4 DHS with sibling datattare not distributed in the public domain (Edtr1995, Guinea 1992,
Mauritania 2000/1, South Africa 2003).
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also discuss some limitations of sibling historiBespite these limitations, for reasons stated abov
sibling histories are one of the only availableiaps to explore mortality differentials in adultreival

in countries without comprehensive registrationleth.

2. Is awoman’s educational level a good proxy for trge of her sisters?

Our first question is whether the level of edugatid a respondent may be used as a proxy for that o
her sisters. Ideally, we should match adult sistegether (across households) and compare their
levels of educational attainment. This is impossiltlecause many sisters do not live in the sampled
household and even those who do are not easilyifidéenin the DHS questionnaire. Kinship ties can
only be established through the relationship withhousehold head, or, for children aged less1ban
(sometimes 18), through the identification numbietheir mother and father if they live in the same
household. Therefore, there is very limited infotimain DHS to link together adult sisters who have

completed their education.

We address this issue by focusing on women rep@sedaughters of the household head. For each
household counting at least two of these (above 18)e we randomly select a pair of sisters and
compare their level of education. In accordanceh wtiite classification used in DHS, educational
attainment is recoded in three categories: (a)duzaion, (b) primary education, (c) lower secogdar
education or higher. We first compute the propaortad women who are classified in the correct
category if the level attained by her sister isduae a proxy for her own. On average, 70% of women
are correctly classified when using data from ohdwer sisters. This proportion will obviously be
higher in settings with small inequalities in ediimaal attainment, so we also compute a weighted
Kappa coefficient to take into account the agrednwexurring solely by chance. 10% percent of
surveys have only a fair agreement on educatidtehenent of two randomly selected sisters (<=.0.4)
46% of surveys have a moderate agreement (0.48)-42% of surveys have a substantial agreement
(0.61 — 0.8), and 2 surveys have an almost pesdfgieiement. The scope of mismatching is probably
larger, because we retained daughters of housélealdls who cohabit with each other, which is a more
homogeneous sample than all sisters. Yet, in teerate of direct measurements, it seems wise to use
the respondent’ educational attainment as proxytat of her sisters. Random misclassification will
dilute the mortality gradients, because the differgroups will be more similar to each other than i
the absence of misclassification. Wide age rangésden sisters will also compromise the quality of

the approximation because older respondents agly lik be less educated than their younger sisters.



The reverse is true for younger respondents cordpaith their older sisters. Ideally, the distrilmxti
of age differences should be symmetrical, centarednd zero, and as narrow as possible. For this
reason, we discard deaths and exposure time baev2a and above age 40 for the remaining of the

analysi$.

3. Can sisters’ reports shed light on cross-country vé@ations in the mortality gradients ?

We now turn to mortality gradients associated veittucation. To compute mortality rate ratios, the
original data sets which have one row for each woaged 15-49 need to be reshaped so that the total
number of deaths and person-years of exposureatinung sisters can be computed for the period 0-6
years prior to the survey (data for periods mostadit in the past are discarded for reasons exgalain
below). This procedure is described in details ioultie et al. (2013). Once the person-years and
deaths have been aggregated across surveys antitedeigccording to the sample weights, a
regression analysis can impose some constraintmantality rates. Various strategies have been
employed in previous work, including logistic regg®mn (Obermeyer et al. 2010), Poisson regression
(Timaeus and Jasseh 2004), and generalized additidels (Masquelier et al. 2014). However, all
these approaches were designed to capture mottalitgls at the national level, and our objectiveehe

is to quantify the variation among surveys in tffea of education on adult mortality.

We use a Poisson mixed-effects model, which inaees both fixed-effects parameters and random
effects associated with each survey in the lingadiptor. An unpooled regression would produce
noisy estimates with large confidence intervalg,this model will “shrink” the estimates toward the
overall mean, especially when the surveys have al sample size. Another way to put it is to say
that surveys will “borrow strength” from each oth@m simplify the analysis, we only compare
women whose sisters had no education or had oalshrerimary school with women whose sisters
had been to secondary school or higher. The camftiassociated with the educational level among
the fixed effects, once exponentiated, corresptmagat can be called tlowerall mortality rate ratio

(the overall effect of education). Among the fbeftects, the regression model also includes thetog
exposure time as an offset parameter and the amep gvf sisters. The level and age pattern of
mortality are assumed to remain constant over tbey®ars period. The random effects consist in a
survey intercept and a varying slope for the edocat level of respondents. This varying slope is

supposed to capture variations across surveys nmhahty gradients. Because residents from urban

4 No restriction is imposed on the respondents, eweThis is because women aged 25-29 should asmeported by
younger sisters aged 15-24 - otherwise a negatie® &1 the age differences would be introduced. @osely, women aged
35-39 should also be reported by older sisters.
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areas have a higher educational attainment andftbet of education on adult survival could differ
across type of residence, we also stratify theessyon by urban/rural status of the respondents. Th

model is fit with thdmer package of R statistical software (www.r-proje)o
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Figure 1: Plot of the conditional modes of the random effects (exponentiated) showing the deviations to the
overall mortality rate ratio associated with education.

This model reveals several general patterns. kirdipth rural and urban areas, therall mortality

rate ratio for educational level is lower than 1 (estimatedpectively at 0.89 and 0.82) and both
coefficients are significantly different from unityt the 0.05 level. As expected, this means that
women with higher educational level face lower siséf dying overall. Second, the mortality
advantage for women with higher education is laigeurban areas, presumably because of greater
disparities in access to health care. In other sjambre educated women could be better able to take
advantage of health services available in urbamasar&hird, there is substantial heterogeneity in
mortality rate ratios. This is illustrated in Figut, which plots the conditional modes of the rando
effects for the fitted model (these modes are egpbtated to facilitate the interpretation). Values

the x-axis reflect the extent to which each surdeparts from the overall mortalitgvel. Surveys

located to the right (above 1) are those wherartbdality level is higher than the expected frora th
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fixed effects. The estimated values are represewitd squares if the survey was conducted in a
country where HIV prevalence had reached at |e€#staid with dots if the HIV prevalence was lower
at the time of the survey (UNAIDS 2012). The y-adsdicates how the mortality ratatios vary
across surveys. Values that are higher than 1 sjmrrel to mortality rates ratios that are highentha
the overall effect, that is, they indicate that thertality advantage of education is smaller irs thi
particular survey. Some values are located abozrad#ished lines; these correspond to cases where,
when combining the fixed and random effects, thetatity rate ratio turns to the advantage of less
educated women (hence a reversed gradient). Iti@ddsurveys where the mortality gradients differ
significantly from the overall mortality rate ratios (as compufeom prediction intervals on the
random effects) are indicated with dark dots antt dguares. In urban areas, this is the case fgr on
6 surveys, 4 of which suggesting that more educateden are disadvantaged. Based on reports from
rural residents, 17 surveys differ significantlgrir the overall mean, 13 of which are above the athsh
line indicating higher risks of dying among moreueated women. Interestingly, these surveys are
almost all located in the upper half of the digttibn of probabilities;sg,s, and a majority of them
were conducted in countries facing high HIV premake Several countries with the highest level of
HIV prevalence ever recorded in Africa are amorgséh Zimbabwe, Zambia, Uganda, Malawi, and
Swaziland. In sum, there are distinct variationsettucational differentials, but they are seldom
significantly different from the overall rate ratiand when they are, they do not all go in the etquke

direction.

For both urban and rural respondents, we obsegrefisant correlations between the random effects
and the HIV prevalence lagged by 5 years (~ 0.3~@nhd) (UNAIDS 2012) as well as the overall level

of mortality (~ 0.5). This confirms that the moityladvantage of education is reduced in high
mortality and high HIV countries. It should be eraptzed that there are large differences in theeshar
of the population which remains uneducated in tlvgeys considered here. One could think that the
mortality advantage of educated women is associai#d the proportion of the population that is

uneducated. However, we computed Spearman's raréaten coefficients between the percentages

and the two series of rate ratios and found nafsignt correlations.

The comparative advantage of women whose sistersdaehed secondary education conforms to our
expectations, but the opposite pattern observesbine DHS requires further investigation. It could
point to a disproportionate underreporting of dsdbly women with lower education, shifting the

overall rate ratio upwards. It could also poinatdetrimental effect of education on survival clenc
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in high mortality countries —potentially relatedtt@ HIV epidemic. We investigate this furthervot
directions in the following sections. First, we Bza how the quality of reporting of deaths varies
according to the educational attainment of respotsdé&Second, we evaluate how mortality gradients

have changed over time in countries where sevefd Bave included a module on sibling survival.

4. Does the quality of death reporting vary across ecdrational categories?

Because mortality gradients are analyzed from sp&otive data, there is a concern that recall rror
could be more pervasive among women with lower atioic. There is limited evidence on this issue,
because previous assessments of the quality afigibbata were not disaggregated by the educational
attainment of respondents. Using Pearson's chirsduasts, we first observed that completeness of
data on current age, age at death and the timinigath was associated with the educational level of
respondents in most surveys. However, it is unjikbht mortality differentials are heavily distaite
because proportions of missing responses remaigima&rin 3 DHS out of 4, the age at survey was
reported for more than 99% of surviving sisters, dige at death was reported for more than 96% of
deceased sisters and information was availableetirhing of deaths for more than 97% of cases.

We therefore use another standard indicator of gaddity - the consistency between estimates from
overlapping surveys - to look into this issue. tagiice, we retain only periods for which at leimab
surveys overlap, and pool them together in one Isinffpisson regression for each category of
educational attainment. This corresponds to 98eysrnout of the 111 DHS analyzed in this paper
(others surveys refer to countries with only one®hdith sibling histories or DHS conducted to far
apart). In addition to the age, time period andntgu the model also includes dummies for the time
elapsed prior to the survey. The coefficients @séhdummies quantify the decay in death reporting a
we move further back in time. Further details oa thethodology are provided in Obermeyer et al.
(2010) and Masqueliest al. (2014).

10



No education/primary Secondary education/higher

10 T 10 —
] —a— ] ——
H —e— H ——
7 —a— 7 —a—
[ —a— [ —_—
5 —g— 5 —a—
4 —e— 4 ——
3 —e— 3 —a—
z —= z T
; Ref. ; Ref.
0 —e— 0 —a—
T I T T T I [ T
0.6 08 10 12 0.6 08 10 12

Estimated rate ratios Estimated rate ratios

Figure 2: Mortality rate ratios in female mortality associated with the number of completed years prior to the
survey. Reference category: 1to 1.9 exact years before the survey. Estimates based on 98 DHS surveys.

Figure 2 displays rate ratios relative to the tgnier to the survey, for 10 completed years bettat
collection. This plot can be read as follows: tateratio for 8 completed year prior to the suraey

as low as 0.72 in the category ‘no education/prifnarhis means that about 30% of deaths were
either unreported or displaced, when compared to 2 years before the survey. This is why we
retained only the data for the period 0-6 yeargdtimate the mortality advantage of education,
because the extent of death reporting does not warsh in this period. The pattern is also quite
similar in both categories of educational attainméar these first few years. By contrast, the
completeness of death reporting declines rapidigvbé as the interval between deaths and the survey
increases above 5, and the decline is slightly mapil among women with less education. Of course,
this approach only captures the underreportgigtive to the period 1 to 1.9 exact years before the
data collection. Reports of less educated womeiddmel characterized by a larger underreporting of
deaths unrelated to the time prior to the surveys Tnethod also mixes omissions of siblings and
displacements of deaths. This can be seen witlp¢heds 5-6 and 10-11 years prior to the survey,
which present higher rate ratios than surroundiegogs, because of heaping on years since death.
Yet, this approach provides limited support for thgothesis that non-sampling errors are more

pervasive in reports from women with low educatmmen restricting the analysis to the data for the
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first few years before the survey.

5. Can DHS data support an analysis of trends in mortity gradients?

Finally, we use DHS surveys to investigate charigesiortality gradients for selected countries in
which several sets of sibling histories have beellected. From the Poisson mixed-effects model
described in section 3, we predict for each sutheylife table probability of a woman dying between
ages 25 and 40 by broad level of education (noathrdprimaryvs secondary/higher). Again, to limit
biases related to omissions of deceased siblingke&p only the data for the first 6 years befata d
collection and assume that the mortality is contsdaer this period. Figure 3 presents trends avee t
for 9 countries: Cambodia, Indonesia, Camerouriphii, Madagascar, Malawi, Namibia, Zambia and
Zimbabwe. These countries were selected becaugehtive conducted at least 3 DHS with a sibling
module, and they correspond to varying levels oftatity (note the change in y-axis scale).

In the first 4 countries, we find the expected swalvadvantage of more educated women. This
advantage is relatively small in Indonesia (witteraatios around 0.8 for more educated womens, it i
more pronounced and stable over time in CambodiaBaivia (with rate ratios around 0.6 in both
cases), and it has reduced as mortality ratesdeslned in Madagascar - except in the last survey.
We find this negative relationship between educatiod adult mortality in many others countries
with relatively low mortality and no generalized\HEepidemic such as Peru, Philippines, Senegal,
Nepal, and Dominican Republic.

The other 5 countries displayed in Figure 3 hacedaa generalized HIV epidemic. Owing to the high
fraction of mortality attributable to AIDS in thesmuntries, we expected that mortality gradients
would follow a common pattern, based on the litmaton the link between HIV and education.
Studies published on this topic prior to 1996 foeittier no association or a higher risk of HIV ammon
the more educated, whereas more recent studiesadimdl a lower risk of HIV infection among the
most educated (Hargreaves et al. 2008). This iausechighly educated individuals were more likely
to engage in risky sexual behaviors given the abdity of casual sex and the means to pay for it
during the first stages of the epidemic (Gregsoralet2001). Forston (2008) also found a robust
positive education gradient in HIV infection, afintrolling for a rich set of confounders and non-
response bias in HIV testing, where adults withe@rg of schooling were more likely to be HIV
positive than adults with no education. Later dnseems that more educated people have been
responding more adequately to behavioral changgrammmes (Glynn et al. 2004). As a result, we
should observe a reversed gradient between edoaatid mortality in the beginning of the epidemic,

followed by a return to small mortality differersathat tend to favor the more educated. We could
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argue that this pattern is observed in Cameroofesmand Zimbabwe.
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Figure 3: Trendsin the life table probability of a woman dying between ages 25 and 40 by level of education.

However, when looking at the set of trends preseimeFigure 3, there is a great heterogeneity & th

magnitude of inequalities in mortality and in thelirection, and no systematic pattern emerges. In
13



Namibia, there has been a massive rise in mortalitgng young adults, and more educated women have
benefitted from a survival advantage throughoutpgheod. In Zambia, a reversed gradient is observed
with more educated women facing relative excedssrid dying (estimated at about 1.2 in the three

surveys).

6. Discussion

The lack of research on size of mortality differem@ssociated with educational level is striking in
low- and middle-income countries. This is in pamedo the paucity of data on adult survival, but
perhaps some data sources regularly used to estrmattality trends should be more systematically
explored for the study of health inequalities. Wigua here that sibling histories can help to docume
empirically the relationship between educationtdiament and the level of adult mortality. Becaoke
the absence of information on the socio-economaratdteristics of siblings, the critical assumpti®n
that educational outcomes are correlated withishsgs, therefore the level of educational attainmen
of the respondent acts as a proxy for the levadofcational attainment of her siblings. In most DHS
we have confirmed that the correlations of schagplimtcomes among sisters are so high that this
assumption seems to hold, at least for femalegh&uresearch is needed to evaluate if the method
performs well for estimating differentials in maieortality. Including in DHS questionnaires a
question to link sisters living in the same houseghand additional questions on basic socio-economi
characteristics of the siblings would also be bier@fto have direct measurements and reduce
misclassification errors. These errors will redtive size of the differentials based on proxy report

and sensitivity analyzes should be undertaken amtify their impact.

When looking at our second set of results, i.e.rtt®s between mortality rates of women whose
sisters had at least reached secondary schoote® eaperienced by women whose sisters were less
educated, the protective effect of education ieplexl in a majority of surveys. However, a puzzling
pattern is seen in a dozen of surveys, where mdueated women appear to be disadvantaged,
especially when analyzing reports from rural resjgons. Surveys conducted in Cameroon, Zimbabwe,
Zambia, Malawi and Uganda were characterized byhigleest excess risks of dying among the more
educated women. These countries have all beentedfdxy large HIV/AIDS epidemics, albeit to a

varying degree.

These reversed gradients could be attributed tcerakvfactors, such as a disproportionate
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underreporting of deaths by women with lower edocaand/or a detrimental effect of education on
survival chances in high mortality countries — withis effect largely due to the impact of the
HIV/AIDS pandemic. To explore these two issuesifert we measured the completeness of data on
ages and the timing of death and found an assowciatith the respondent’s level of education in many
DHS, although the data remain remarkably completaast surveys. When evaluating the consistency
of mortality derived from successive surveys, wenib evidence of a massive underreporting of
deaths. When limiting our analysis to the 0-6 ygasod before the survey, there was no sign that
underreporting is more pervasive among women vatitel education. In sum, differentials in non-

sampling errors are unlikely to be large enougimvalidate the approach.

Finally, this study presented trends in female aiiiyt by level of educational attainment for 9
countries with several DHS (Indonesia, Cambodidivi2o Madagascar, Namibia, Cameroon, Malawi,
Zambia and Zimbabwe). The results point to a ldrgerogeneity which is both a function of the
overall level of adult mortality and the stage aimk of the HIV epidemic. In countries with relatiy

low level of adult mortality such as Bolivia and déascar, we found the expected negative gradient.
Some countries presented instead an evolving gradidich points towards the dynamic and
heterogeneous role of HIV as a confounding factisrawis the positive relationships between

educational attainment and survival gains.

Our results need to be interpreted with caution uthe existence of four important caveats. First,
confidence intervals around adult mortality estiesabften overlap, despite wide gradients in maytali
levels. Hence, DHS data lack statistical power pralide at best an approximate estimate of the
extent and direction of the observed gradients. él@w, sibling histories can provide a rough idea of
the extent and direction of the gradients. Thisitself, is a major contribution, considering thatal
constraints in this area. Second, selection biesakl be introduced by the retrospective collectbn
data, and they could affect the mortality rateosatiwe discussed these biases in greater detall
elsewhere (Masquelier 2013). We assumed here thetlity is unrelated to the number of sisters
surviving in adulthood. However, some clusteringaolult deaths within sibships could distort the
estimated gradients in mortality, even in the absesf an association between mortality and sibship
size. Third, we cannot really unpack the reasork raachanisms behind such gradients because no
data on causes of deaths or behaviors of siblmgsllected as part of existing DHS surveys. Anothe
survey program, the World Health Surveys, has nategl in the module on the survival of siblings

some questions about the circumstances of siblidgath and some symptoms, and future research
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could make use of such data. Fourth, the data miutesllow us to establish whether these gradiamts a
truly associated with education or other charasties which are closely related to education swh a

urban-rural residence or income.

Cognizant of these limitations, the use of theisginethod represents a valid contribution over the
techniques used so far to estimate the size of alityrtdifferences associated with education in
developing countries. In particular, sibling histsr could inform the reconstruction of population
trends and projections by level of educationalimttent (Lutz and Goujon 2001). These analyses
should at least take into account temporal chamgé®e relationship between education and mortality
which is conditional on context as well as pattayvhsauses of death. Further research should focus
the validation of the analysis presented in thisgpavith supplementary datasets for specific caemtr
that would allow triangulation of results. More geally, an understanding of the causal mechanisms
that drive the relationship between education andatity and lie behind such gradients is stillKiag)

for developing countries.
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