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Abstract

Under natural circumstances, the ratio of the male to female under-five mortality
rate is greater than one. However, deprivation of girls access to health care or proper
nutrition could lead to distorted ratios of under-five mortality. Monitoring of mortality
by sex is challenging because of issues with data availability and quality. Moreover,
the sex ratio is expected to vary with under-five mortality, which makes it challenging
to define “expected levels”. We present a Bayesian hierarchical model to estimate
the sex ratio of under-five mortality for all countries. In addition, we estimate the
relative difference between national sex ratios and expected sex ratios based on the
global relation between under-five mortality and the sex ratio. All estimates include an
uncertainty assessment to enable assessments of whether differences between countries
or within countries over time are significant or highly uncertain. Preliminary results
suggest that girls may be disadvantaged in several countries.
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1 Introduction

After birth, girls have biological advantages over boys with respect to survival up to age
five. Under natural circumstances, the ratio of the male to female under-five mortality rate
(U5MR, the probability of dying before age 5), is greater than one. However, deprivation
of girls access to health care or proper nutrition could lead to distorted ratios of under-five
mortality. A recent assessment found that a number of countries in southern and western
Asia, as well a number of developing regions in Africa, experience higher mortality for girls
compared to boys from one to four years old (Sawyer 2012).

Obviously, gender discrimination is in conflict with human right laws. Additionally,
increased mortality for girls as compared to boys (especially in combination with pre-natal
gender discrimination) may lead to “missing girls”; an under-representation of women in
the population. A spectrum of societal consequences may arise from a sex imbalance. At
the least, a “marriage squeeze”, whereby a surplus of single men (potentially the most
vulnerable men from low socio-economic standing) will not be able to find a wife, is one of
the unavoidable consequences (UNFPA 2012). The full spectrum of societal consequences
remains to be seen and is likely to depend on the extent of the imbalance.

Monitoring trends in sex differentials in under-five mortality is of key importance to
safeguard girls’ rights and avoid or modulate the societal consequences of gender imbalance.
Unfortunately, monitoring is challenging because of issues with data availability and quality.
This is illustrated in Figure 1(a), which shows observations on the ratio of male to female
U5MR in Jordan (denoted by SR5). The data do not provide a coherent story on levels and
trends.

The monitoring of trends in sex differentials is also complicated by the lack of a specific
“expected SR5 level”. The SR5 tends to vary with U5MR; as under-five mortality decreases,
the share of causes of death that more typically affect boys tends to increase and girls’
advantage tend to increase as well. The empirical relation between SR5 and U5MR is
illustrated in Figure 1(b). To pinpoint to countries where SR5 levels or trends divert from
“what is expected”, the expected levels first need to be defined, for example based on the
regional or global relation between SR5 and U5MR.

Sawyer (2012) presented statistical techniques to construct SR5 estimates for all coun-
tries. While the study provided a big step forward in international monitoring of SR5s,
there were some drawbacks to the estimation method related to the choice of the estimation
method and the extrapolation beyond the most recent data point. Additionally, there was
no uncertainty assessment of the estimates and the focus of the article was on regional and
global trends and not on country comparisons to a reference level. Lozano and colleagues
(2011) constructed estimates of sex-specific under-five mortality with an uncertainty assess-
ment but the approach did not provide insights into countries with outlying trends or levels
either; results were presented in plots only and levels or trends were not discussed. Moreover,
a validation of the estimation method was lacking and potential issues with data quality were
not accounted for.

Our objective is to develop a robust modeling approach for a comprehensive and replicable
analysis of SR5 levels and trends for all countries that includes an uncertainty assessment,
takes into account issues with data quality, produces calibrated uncertainty intervals and
allows for pinpointing to countries where levels divert from the expected levels. In this
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Figure 1: (a) Illustration of SR5 observations for Jordan. (b) Illustration of the empirical
relation between SR5 and U5MR. SR5 observations from all countries are plotted in black
versus U5MR (on log-scale), a loess smoother is added in green.

extended abstract, we present preliminary results from a Bayesian hierarchical modeling
approach. We first discuss available data in Section 2, followed by the presentation of
our model. We present preliminary results in Section 4 and discuss the next steps in the
Discussion.

2 Data

The data used in this study are observations of under-five mortality by sex from vital regis-
tration, surveys, or census. Vital registration systems with complete coverage are considered
the gold standard for mortality estimation. Most developing countries have less than com-
plete coverage in their vital registration systems. For this study, however, any available vital
registration data were used to compute sex ratios of under-five mortality for analysis, on the
assumption that under-registration does not vary significantly by sex. Data were also taken
from sample registration systems (India, Bangladesh) or surveillance systems (China). In a
few instances estimates come from household deaths by age and sex reported in a census or
survey.

Estimates were also taken from full birth histories collected in sample surveys. For Demo-
graphic and Health Surveys, World Fertility Surveys and selected surveys from the Pan-Arab
Programme on Family Health (PAPFAM), sex-specific estimates from full birth histories for
five-year periods preceding the survey were calculated according to the method in Peder-
sen and Liu (2012). For surveys and censuses in which only summary birth histories were
collected, sex-specific indirect estimates of U5MR were calculated using the Brass method
either from microdata or from published tabulations of children ever born and children liv-
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ing. In cases where microdata or tabulations were not available, direct or indirect estimates
were taken from published survey or census reports.

3 Method

Summary and notation The SR5, denoted by Sc,t for country c, year t, is expected to
vary with the under-five mortality rate, denoted by qc,t for the corresponding country-year.
In our statistical model, we used the global relation between SR5 and the U5MR to find the
expected SR5, denoted by Wc,t, for each country-year (given the U5MR level). The expected
SR5 is then multiplied by a second component Pc,t that represents the relative advantage
or disadvantage of girls to boys compared to other countries at similar levels of U5MR, as
indicated by the data in the country. This component is modeled for each country over time
by a linear trend combined with a time series model. The coefficients of the linear function
are estimated using a Bayesian hierarchical model.

Model details Sc,t is modeled as follows:

Sc,t = Wc,t · Pc,t,
Wc,t = exp(w0 + w1q̃c,t + w2q̃

2
c,t),

Pc,t = exp(αc + βct̃+ εc,t),

εc,t ∼ N(ρ · εc,t−1, σ
2),

where q̃c,t is log-transformed (and centered) U5MR qc,t and t̃ the centered version of year t.
The coefficients αc and βc that model the linear trend in Pc,t are estimated with a Bayesian
hierarchical model (Lindley and Smith 1972; Gelman, Carlin, Stern, and Rubin 2004):

αc ∼ t(µ = µα, σ = σα, ν = να),

βc ∼ t(µ = µβ, σ = σβ, ν = νβ),

to aid the estimation of the coefficients in countries with limited data. t-distributions are
used to allow for countries with outlying trends.

The data model is given by

log(yi) ∼ t(µ = log(Sc[i]),t[i], σ = σy/
√
ki, ν = νy),

where yi is the i-th observed ratio of male to female U5MR in country c[i], year t[i], and ki
is the weight assigned to observation i.

Spread out prior distributions are assigned to all hyperparameters. Samples from the pos-
terior distributions were obtained using Markov chain Monte Carlo sampling, implemented
in open source software packages R 2.15 (R Development Core Team 2011) and JAGS (Just
Another Gibbs Sampler, Plummer (2003)), using R-packages R2jags (version 0.03-07) and
rjags (Su and Yajima 2011; Plummer 2011).
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4 Preliminary results

Preliminary results illustrate the kind of insights on levels and trends that can be obtained
from this type of analysis. Unsurprisingly, Asian countries, notably China and India, top the
list of countries where there is a significant “female disadvantage” in the year 2000 (Figure 2),
referring to a SR5 that is lower than expected, based on the world level relation between
SR5 and the U5MR. The uncertainty intervals allow for pinpointing to additional countries
in which females appear to be disadvantaged relative to other countries at the same level
of mortality. The list includes several other Asian countries, but also countries from many
other world regions

Figure 3 illustrates estimates in Bangladesh, Iran and Jordan over time. The estimates
from the United Nations (2011) publication on sex differences are added for comparison
and referred to as UNPD estimates. Even though the estimates of the SR5 are above one
for Bangladesh and similar to the UNPD estimates, our analysis shows that relative to
other countries at similar U5MR levels, the ratio in Bangladesh is significantly lower than
expected. Iran is another example of a country where we find lower-than-expected SR5s in
2000. Additionally, while the UNPD estimates for Iran are given by the fit of a straight line,
our method provides a closer fit of the trend line to the data, thus providing more insights
into trends during the observation period. Lastly, for Jordan, our fit is similar to the linear
UNPD fit during the observation period, and tempers the extrapolation compared to the
linear fit for more recent SR5. The SR5 is comparable to other countries at similar U5MR
levels since the late 1990s.
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Figure 2: Preliminary estimates of Pc,t, the ratio of the estimated SR5 in a country
and its expected level based on its U5MR (·100%) for the year 2000. Ratios smaller
than 100% suggest a “female disadvantage”, referring to a SR5 that is lower than expected,
based on the global relation between SR5 and the U5MR.
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Figure 3: Examples of estimates over time for Bangladesh, Iran and Jordan. Left
column: SR5 (·100%). Right column: Pc,t, the ratio of estimated SR5 over the SR5 that is
expected based on the U5MR (·100%). Estimates from the United Nations (2011) publication
for SR5 are displayed in orange, estimates with the Bayesian hierarchical time series model
in blue. The shaded area represents the 95% uncertainty range. SR5 observations are
represented by colored dots.

7



5 Discussion and future work

We discussed a modeling approach to estimate the difference the under-five mortality rate
between girls and boys. We used the world level relation between SR5 and the U5MR to
find the expected SR5 for each country-year. A second “relative difference” component Pc,t
was included in the model to represent the relative advantage or disadvantage of girls to
boys compared to other countries at similar levels of U5MR, as indicated by the data in the
country. This relative difference was modeled for each country over time by a linear trend
combined with a time series model. The coefficients of the linear function were estimated
using a Bayesian hierarchical model.

The preliminary results provide interesting insights into levels and trends in the SR5,
and point to directions for model improvement. In the next steps in this project, we will
include an improved data model to account for differences in data quality and explore dif-
ferent estimation methods to improve the extrapolation of the SR5. For example for Iran in
Figure 3, the back-projections before 1980 seem to be driven only by the mean trend during
the observation period and might not be realistic at all. We plan to carry out validation
exercises by leaving out data series and checking how well the model predicts these left out
observations and whether additional data change the estimates significantly. Lastly, we plan
to investigate the relation between SR5 and U5MR in more detail and to analyze regional
differences.
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