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Abstract

In high-income countries, women increasingly remain permanently childless. Little
is known about the relationship between childlessness and socioeconomic develop-
ment in non-Western societies and particularly sub-Saharan Africa. At lower levels
of development, poverty-driven (i.e., involuntary) childlessness may decrease with
increases in levels of development, while at higher levels of development opportu-
nity-driven (i.e., voluntary and circumstantial) childlessness may rise with develop-
ment. Thus, we expect a U-shaped relationship between childlessness and develop-
ment overall. We examine this idea for sub-Saharan Africa. We further contribute
by differentiating between female and male childlessness; and between involuntary,
voluntary and circumstantial childlessness. Moreover, we construct new indicators
of subnational historical development to assess both inter- and intra-country varia-
tion, and distinguish between three components (health, education and income) to
investigate the drivers behind the hypothesized U-shaped relationship. Using 291
Demographic and Health Surveys between 1986 and 2018 from 38 countries and
384 regions, we find a U-shaped relationship between female childlessness and
development, and a linear relationship for men. The U-shape for women results from
negative associations of female involuntary childlessness with health and educa-
tional advancements, combined with positive correlations of voluntary and circum-
stantial childlessness with education and income improvements. While these posi-
tive associations are stronger among men than women, the negative relationships of
involuntary childlessness with health and education observed for women are absent
for men, resulting in an overall positive and linear relationship between development
and childlessness among men. Our findings have implications for how we might
expect childlessness rates to evolve with future levels of development.
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1 Introduction

Substantial increases in permanent childlessness have gained growing inter-
est from researchers and policy makers over the past decades. This interest has
mainly been expressed for developed regions such as Europe and the USA (see
for instance Frejka 2017; Kreyenfeld and Konietzka 2017). However, childless-
ness in less developed regions, and sub-Saharan Africa in particular, has hardly
been investigated. One reason for this is that fertility rates have historically been
high in sub-Saharan Africa, equal to almost seven births per woman on average
in 1980 (The World Bank 2018). Although fertility rates have been decreasing in
the region, they still equal almost twice the replacement level at an average of five
births per woman in 2017. These high fertility rates have led to the assumption
that childlessness is not significant in the region. While women in sub-Saharan
Africa still have relatively many children on average, there are also a substan-
tial number of women who never have children (Bongaarts and Casterline 2013;
Inhorn and Patrizio 2015; Larsen 1994). This is particularly problematic as pov-
erty may be the strongest driver of childlessness in sub-Saharan Africa (Baudin
et al. 2020). Additionally, severe stigma and consequences are often attached to
childlessness in the region, resulting in social exclusion, ostracism, divorce and
abuse (Inhorn and Patrizio 2015).

To better understand the extent to which childlessness can be viewed as a
response to structural socioeconomic conditions, we examine how childlessness var-
ies across levels of socioeconomic development. In the early 1980s, Poston Jr. and
colleagues (Poston and El-Badry 1987; Poston et al. 1985; Poston and Trent 1982)
hypothesized that there is an association between development and the share of indi-
viduals who do not have children before the end of the (female) reproductive period.
According to these researchers, the nature of this association changes with the level
of development, resulting in a U-shaped association. This hypothesis has been inves-
tigated previously for the USA and several developing (of which 14 sub-Saharan
African) countries (Baudin et al. 2020, 2015). However, in these studies different
reasons for childlessness are predicted from an economic model based on a set of
assumptions about childbearing conditions. Such indirect estimates may carry sub-
stantial uncertainty, which is why we deduce childlessness types from questions in
the data directly. Furthermore, Baudin et al. (2020, 2015) use education as a proxy
for development. However, we expect there to be heterogeneity in the distribution of
development across its main components (Permanyer et al. 2015). More importantly,
specific dimensions of development may influence various types of childlessness
differently. For example, health might be more strongly related to involuntary child-
lessness while education might be more influential for voluntary childlessness (Pos-
ton and Trent 1982). Therefore, we consider development across its three domains
of health, education and income. Finally, in the aforementioned studies (Baudin
et al. 2020, 2015), the macro-level hypotheses are investigated on the national level.
Nonetheless, levels of development vary significantly within countries, and particu-
larly low- and middle-developed countries (Permanyer and Smits 2020). To ensure
this variation is not lost, we investigate these hypotheses on the subnational level.
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In this study, we aim to fill the gaps in the literature by answering the follow-
ing three questions for sub-Saharan Africa. First, how are permanent childlessness
and indicators of development at the subnational level related? Second, how does
this association differ across types of childlessness (i.e., involuntary, voluntary and
circumstantial childlessness)? Third, are there gender differences with respect to
the first two questions? We answer these questions by using hierarchical models in
conjunction with data from 291 Demographic and Health Surveys (DHS) collected
between 1986 and 2018 throughout 38 sub-Saharan African countries and 384 sub-
national regions. We exploit various other data sets to construct innovative histori-
cal subnational-level development indicators and take into account other factors
that may be related to childlessness, such as HIV prevalence and marriage market
sex ratios. We define permanent childlessness as the percentage of individuals in a
region-year combination that “have never born any children before reaching age 40”.
This means that all infertile individuals, even those who have adopted children or
have stepchildren, are classified as childless and that individuals whose only child
or children died young are not defined as childless. In our framework, involuntary
childlessness is due to infertility,' voluntary childlessness refers to the choice not to
have children, and circumstantial childlessness is a consequence of not having (had)
a partner to have children with.

The contribution of our study is fourfold. First, we provide a comprehensive over-
view of childlessness levels across sub-Saharan Africa and how these levels relate
to development indicators. Previous research has shed light on the relationship
between development and childlessness at lower levels of development by examin-
ing a limited selection of low-income countries in Asia, Central and Latin America
and sub-Saharan Africa. These studies found support for the hypothesis that devel-
opment is negatively related with involuntary childlessness and positively related
with voluntary childlessness (Baudin et al. 2020; Poston and El-Badry 1987; Poston
et al. 1985; Poston and Trent 1982). However, to date very little is known about the
association between childlessness and development across the whole of sub-Saharan
Africa, a region that has seen substantial improvements in development over the last
decades. In this study, we shed more light on this association.

Second, by exploiting comparative data with large sample sizes, we can distin-
guish between involuntary, voluntary and circumstantial childlessness in the rela-
tionship with development. We may expect the association with development to be
negative for involuntary childlessness due to reductions in poverty and poor health,
but positive for voluntary and circumstantial childlessness due to economic and
educational expansion, individualization and changing norms on family forma-
tion, resulting in a U-shaped relationship between overall levels of childlessness
and development (Baudin et al. 2020; Poston et al. 1983). To understand the driv-
ers and mechanisms behind the potentially U-shaped relationship between overall
childlessness and development, it is crucial to distinguish between different types
of childlessness. However, hardly anything is currently known about the association

! In this paper, we define infertility as “the inability to bear any children, either due to the inability to
conceive or the inability to carry a pregnancy to a live birth” (Rutstein and Shah 2004, p. 3).
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between development and different types of childlessness in sub-Saharan Africa, as
the main focus has always been on infertility (e.g., Casterline and Han 2017; Inhorn
and Patrizio 2015; Larsen 2000, 2003; Mascarenhas et al. 2012; Rutstein and Shah
2004). Poston et al. (1983) have tried to distinguish between voluntary and involun-
tary female childlessness in Lesotho and Kenya, but their samples were too small
to draw robust conclusions. Baudin et al. (2020) have also aimed to distinguish
between poverty- and opportunity-driven childlessness, but by predicting these
indicators from economic models rather than estimating them from available data
directly. By constructing a decision tree and exploiting the richness of the DHS, we
are able to examine different types of childlessness besides infertility.

Third, we construct completely new historical indicators for development com-
ponents at the subnational-level. This allows us to study the relationship between
childlessness and development across a wider range of development than ever
before. Not only does the distribution of development vary across its components
(i.e., education, health and income), there is also substantial variation in develop-
ment levels between and within countries (Permanyer et al. 2015). These sources
of heterogeneity in development occur particularly in low- and middle-developed
countries (Permanyer and Smits 2020), and this variation is lost in most macro-level
studies. By harmonizing subnational information in our data and recovering histori-
cal indices of development at the subnational level, we can examine not only inter-
but also intra-country variation in childlessness and development.

Fourth, we analyze women and men separately to examine whether gender dif-
ferences exist in the relationships between types of childlessness and indicators of
development. For example, (female) educational and occupational attainment as well
as autonomy increases with higher levels of development (World Economic Forum
2018). As a result, voluntary childlessness may become more attractive for women
in particular because of the increased opportunity cost of having children (Becker
1960; Neyer et al. 2017). On the other hand, men may increasingly remain childless
by circumstance as a consequence of being left behind on largely hypergamous mat-
ing markets (Kreyenfeld and Konietzka 2017). Very little is currently known about
male childlessness in sub-Saharan Africa, as female surveys have been collected for
a longer period of time and childlessness research has usually focused on females
(Dyer et al. 2004). We aim to fill this gap by including men in our analyses.

2 U-shape of Childlessness and Development

In this section, we discuss mechanisms at play in the relationship between (differ-
ent indicators of) development and (different types of) childlessness. Some of these
mechanisms concern factors that affect childlessness directly; others may have indi-
rect effects as intentions for a smaller family size may lead to childlessness through
childbirth postponement (Burkimsher and Zeman 2017; Madsen et al. 2017).

At the lowest levels of development, childlessness is mainly caused by poverty-
driven infertility (Baudin et al. 2020; Poston and Trent 1982). Although fertility
rates have generally been high in sub-Saharan Africa, infertility has also been prev-
alent (Bongaarts and Casterline 2013). Infertility or involuntary childlessness may
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derive from for example malnutrition, famine, disease (mainly sexually transmitted
or pelvic inflammatory), female circumcision, exposure to chemicals and radiation
or a lack of good pre-, ante- and postnatal care (in the case of secondary infertility)
(Larsen 1994; Poston et al. 1983). Increases in development in terms of nutrition as
well as medical expertise and expenditure reduce the prevalence of poverty-driven
infertility through better prevention and treatment of diseases and other health prob-
lems (Inhorn and Patrizio 2015). With growing medical expertise and expenditure,
we also expect to see increasing usage of medically assisted reproduction (MAR),
which will reduce infertility rates directly, and also indirectly by assuring positive
birth outcomes despite postponement of childbearing (Marmot 2005; Casterline and
Han 2017). Although the influence of MAR on childlessness levels may still be neg-
ligible in sub-Saharan Africa, given that these technologies have remained largely
inaccessible throughout the region (Inhorn and Patrizio 2015), it may be of increas-
ing relevance for some of the most highly developed areas in our study.

At higher levels of development, especially driven by educational attainment and
economic well-being, we might expect a larger contribution of voluntary and cir-
cumstantial childlessness to overall levels of childlessness (Poston and Trent 1982).
Sub-Saharan Africa has seen an increase in overall gender equality, also in terms
of economic opportunity and educational attainment (World Economic Forum
2018). These improvements are expected to be positively related to childlessness
through two mechanisms. First, according to the ideas of Becker (1981), the qual-
ity of children is larger at higher levels of economic well-being, which results in a
lower demand for children. Lower fertility intentions may result in childbirth post-
ponement, which may in turn lead to age-related infertility or the choice to forego
having children (Burkimsher and Zeman 2017; Madsen et al. 2017). Second, higher
levels of development come with higher levels of female educational and occupa-
tional attainment. On the one hand, this phenomenon drives voluntary childlessness
particularly among women through increased opportunity cost of having children
(Neyer et al. 2017), higher levels of autonomy and self-sustenance (Oppenheimer
1994) and more diverse life opportunities (Rindfuss and Bumpass 1976; Surkyn and
Lesthaeghe 2004; van de Kaa 1996). On the other hand, this process may increas-
ingly leave men childless by circumstance, as they are left behind on the mating
market (Kreyenfeld and Konietzka 2017). That is, women tend to marry men with
similar (homogamy) or higher (hypergamy) levels of education while men tend to
marry women who are at most as highly educated as themselves (hypogamy), which
may lead to an imbalance in the marriage market (van Bavel 2012; Chudnovskaya
2019). Although this mechanism may not be commonly in place in sub-Saharan
Africa (yet), it could play a role in some of the most highly developed urban areas.

Further, higher levels of development, particularly through educational expan-
sion, bring exposure to global culture, which may affect cultural norms and values
about family formation and childbearing. In sub-Saharan Africa, there is a strong
desire for children and childbearing has been nearly universal (Bongaarts and Cast-
erline 2013). There is a strong stigma associated to remaining childless, often result-
ing in social exclusion, divorce and abuse (Inhorn and Patrizio 2015). Nevertheless,
with increases in development sub-Saharan Africa has also seen increases in ages at
first marriage (Shapiro and Gebreselassie 2014), divorce (Clark and Brauner-Otto
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Fig. 1 Overview of hypotheses regarding the relationship between childlessness types and components
of development

2015), fertility postponement (Moultrie et al. 2012), contraceptive use (Tsui et al.
2017) and cohabitation (Odimegwu et al. 2018) and a decline in the total fertility
rate (Bongaarts and Casterline 2013). Although this does not necessarily mean that
we should expect patterns of fertility and family behavior to simply follow a path of
convergence to patterns observed in high-income countries (Pesando and GFC team
2018; Thornton 2013), these observed transitions may come with increased desires
for feminism, autonomy and individualism. As a consequence, the concept of “child-
free” lives may emerge (Beaujouan et al. 2016; Letherby 2002), whereby desires for
recreational and luxurious opportunities can be met without the burden of children
(van Bavel and Kok 2010). This may also lead to postponement in marriage and
childbearing, increasing the share of people foregoing having children (Burkimsher
and Zeman 2017; Madsen et al. 2017). With such shifts in cultural values, voluntary
and circumstantial childlessness may become not only more prevalent but also more
socially accepted (van Balen and Bos 2009; Burkimsher 2014; van Balen 2008).

Summarizing, we might expect that involuntary childlessness is negatively asso-
ciated with development, and voluntary and circumstantial childlessness are posi-
tively associated with development (Poston and Trent 1982). Involuntary childless-
ness is expected to contribute most strongly to overall childlessness levels at lower
levels of development, while at higher levels of development voluntary and circum-
stantial childlessness are expected to drive overall childlessness levels (Baudin et al.
2020). Therefore, we hypothesize that childlessness declines with development at
lower levels of development and increases with development at higher levels of
development, resulting in a U-shaped relationship between childlessness and devel-
opment (see Fig. 1). Table 1 sums up expectations and mechanisms for the three
different components of development by childlessness type. In our analyses, we first
investigate whether there is indeed a U-shape between overall levels of childlessness
and overall levels of development, and then split childlessness into its different types
(i.e., involuntary, voluntary and circumstantial) and development into its different
components (i.e., health, education and income) to identify potential mechanisms
operating behind this U-shape.
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We need to consider two phenomena in our analyses that are particularly relevant
to sub-Saharan Africa: polygyny and HIV. Although the prevalences of polygyny
and HIV are not homogeneous across the region and both have started to decrease
over the past years (Fenske 2015; Steinbrook 2008), they may still be relevant for
childlessness. Polygyny prevalence and overall childlessness may be expected to be
negatively associated, because polygyny has been shown to increase both aggregate
and individual fertility via fertility contagion and rising marriage rates (Cahu et al.
2014). The influence of polygyny prevalence on childlessness may be different for
men and women, however. On the one hand, polygyny may decrease male child-
lessness through increased fertility via higher chances of pregnancy with multiple
wives (Cahu et al. 2014; Musham 1956; Rossi 2019; Schoumaker 2019). On the
other hand, female childlessness is likely higher in regions where polygyny is high,
mainly because of lower frequency of sexual intercourse, higher chances of venereal
diseases and the selection of infertile women into polygynous unions (i.e., female
infertility incentivizes husbands to practice polygyny) (Cahu et al. 2014; Lardoux
and van de Walle 2003; Musham 1956). Further, we may expect that higher HIV
prevalence increases childlessness and reduces fertility, especially in the presence
of other sexually transmitted diseases (van Leeuwen et al. 2006). As HIV is more
prevalent among (young) women in the region and may lead to AIDS and eventually
death when left untreated (Hegdahl et al. 2016), HIV epidemics may lead to short-
ages of women on the marriage market and potentially a larger share of men remain-
ing unmarried and childless.

3 Data

We use the Demographic and Health Surveys (DHS) Program data (ICF Interna-
tional, 1986-2018). Note that we do not make use of the World Fertility Surveys as
their sample sizes are too small for the purposes of our subnational-level analyses.
The main advantages of the DHS for our purpose are the large sample sizes; the
availability of both male and female surveys; and the possibility to assess inter- and
intra-country differences in childlessness. As only a relatively small percentage of
the population will remain permanently childless, large sample sizes are necessary
to be able to draw reliable conclusions for this small group of the population. Com-
parability across countries and subnational regions provides us with the necessary
variability in development needed for our analyses and also allows us to study differ-
ences across and within countries in the associations between types of childlessness
and development.

We use data from all DHS surveys for sub-Saharan Africa that have informa-
tion on childbirth and marital status as well as sufficient information on subnational
regions to harmonize these subnational regions over time. We do not consider sur-
veys that only interviewed ever-married women and men. A total of 291 individ-
ual-level (169 female and 122 male) surveys conducted between 1986 and 2018
throughout 38 sub-Saharan African countries and 384 subnational regions met these
criteria. These 291 surveys are comprised of 255 standard DHS surveys, 27 Malaria
Indicators Surveys (MIS) and 9 AIDS Indicator Surveys (AIS). A list of countries
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with sample sizes before and after data operationalization is included in Table S1
in Supplementary Information (SI) A. More information on all DHS surveys in our
analysis can be found in Figure S1 in SI B.

3.1 Aggregation

We aggregate the individual-level data in the DHS surveys to country- and subna-
tional region-level data. Our main units of analysis are region-year combinations.
We select individuals aged 40 and older because we aim to study permanent child-
lessness. The upper age limit for interviews is 49 for most female surveys and 59
for men. Two female and nine male surveys interviewed respondents up to age 64.>
While some men and women will have their first child after age 40, this group is
very small (see Figure S2 in SI C). Although a cutoff at age 40 might slightly over-
estimate childlessness, setting a higher cutoff age (e.g., 45) would limit the sample
size too much and result in inaccurate estimates. Using the lower bound of 40 for
both women and men therefore allows us to study permanent childlessness while
maximizing our sample size.

Our individual-level sample includes 269,514 women and 136,748 men. We have
1,749 subnational region-year combinations for women with an average sample size
of 154 women. Each subnational region on average has 4.6 observations (i.e., years)
ranging between 1986 and 2018. The rounded average most recent year of observa-
tion is 2014. For men, there are 1,213 subnational region-year combinations with an
average sample size of 113 men. The average number of observations (i.e., years)
per subnational region is 3.3. The years of observations vary between 1991 and
2018. The average most recent year of observation is 2013. Figure S6 in SI G shows
childlessness levels by sample size. Table 2 shows the descriptive statistics for our
sample.

In the upcoming sections, it is important to keep in mind that indicators for devel-
opment as well as HIV prevalence and marriage market sex balance are lagged to
reflect the year in which the average age of the respondents in the region-year com-
bination would have been 19 for women and 24 for men. These factors mostly play a
role for childlessness during partnership formation and the early childbearing ages,
and not so much after age 40 when the respondents are interviewed. We choose ages
19 for women and 24 for men, because these are the median childbearing ages in
our samples, corresponding to the numbers found by Dunlop et al. (2018); Westoff
(2003).

3.2 Childlessness

Our dependent variable represents the percentage of childless individuals aged 40+
in a particular subnational region-year combination. This variable has been con-
structed by aggregating individual-level dichotomous childlessness based on the

2 The age distributions for women and men per country are shown in Figure S3 in SI D.
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Fig.2 Decision tree for the classification of types of childlessness (DHS question number between
brackets)

number of total children ever born (i.e., “1” if the total number of children equals
zero and “0” if this number is larger than or equal to one). Stillbirths, miscarriages
and other forms of terminated pregnancies are not included as live births. We do not
take into account adopted and stepchildren.

Three different variables represent the percentage of involuntarily, voluntarily
and circumstantially childless individuals in a particular subnational region-year
combination. These variables have been aggregated from an individual-level cate-
gorical variable that has been constructed on the basis of the possible combinations
of responses to three questions, namely i) a question that asks about fertility pref-
erences; ii) a question regarding the ideal number of children one would have had
if they could turn back time and irrespective of fertility outcomes; and iii) marital
status. Figure 2 shows a decision tree for this classification. If respondents aged 40+
have never had any children and are not pregnant at the time of interview, they are
classified as childless. If these childless respondents report that they are not fecund
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(i.e., they/their partner cannot get pregnant regardless of whether they desire to have
children), or report that they are fecund, want to have children and are currently
married but still have not been able to get pregnant, they are classified as involun-
tarily childless. Voluntarily childless adults are those who do not want to have any
children. Those who are fecund, want to have children, but are currently not married
(either because of never having been married or because of having been separated,
divorced or widowed) are classified as circumstantially childless. Respondents who
do not know whether they want to have children and what their ideal number of chil-
dren is, have been classified as undecided. We do not make inferences for this group
because they would be uninformative and the group is relatively small.

3.3 Development

We construct our main independent variable by combining the national-level His-
torical Index of Human Development (HIHD) (Prados de la Escosura 2015a, b)
with the non-historical Subnational Human Development Index (SHDI) (Smits
and Permanyer 2019) to create our own Subnational Historical Index of Human
Development (SHIHD). The HIHD is a cross-country comparative indicator and a
composite measure of life expectancy at birth, educational enrollment rates, adult
literacy and gross domestic product per capita. The HIHD indicators are available
approximately every five years in the period relevant to us and we linearly interpo-
late the years in-between. The SHDI is constructed in the same way as the Human
Development Index (HDI) (UNDP 2015), namely from life expectancy at birth,
expected years of schooling, average years of schooling and gross national income
per capita, and coincides with the HDI on the national level. We further distinguish
between the three main components of development, namely education, income and
health, which are separately available for both the HIHD and SHDI. Both the HIHD
and SHDI components are measured on a zero-to-one scale.

For the overall SHIHD as well as its three components, we use the national-
to-subnational ratios of the earliest available year (usually 1990) of the SHDI
(component), and then we use these ratios in combination with the national-level
HIHD (component) to obtain subnational development indicators for years before
1990. For example, if we want to construct the SHIHD for the Atacora region
in Benin in 1950 and the SHDI for Benin in 1990 is 0.348 overall and 0.304 for
the Atacora region, and the HIHD for Benin is 0.055 in 1950, then we construct
the 1950 SHIHD for the Atacora region as 0.304/0.348 - 0.055 = 0.048. We thus
assume that during the years leading up to 1990, the ratios of subnational and
national development are homogeneous over time. The country-specific trends of
national and subnational SHDI components in SI E show that this is a reasonable
assumption for both indicators as these ratios are generally stable over the period
for which we do have data (1990-2017). Finally, for every subnational region-year
combination, we use the SHIHD indicator for the year in which the average age of
the respondents in that subnational region was 19 (women) or 24 (men), as afore-
mentioned. For example, the Rift Valley subnational region in Kenya in 2014 had
2,950 female respondents aged at least 40 with an average age of 43.8. For this
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subnational region-year combination, the relevant development indicator would
come from year (2014 — (43.8 — 19)) =~ 1989.

To obtain a better understanding of the substantive meaning of the SHIHD, it
is important to note that our SHIHD indicator as well as its components (educa-
tion, income and health) follow the scale of the HIHD (Prados de la Escosura
2015a, b), which is based on the UNDP’s version of the HDI (UNDP 2015). Fol-
lowing Prados de la Escosura (p. 227-228, 2015b), we use the same bounds as
the UNDP but apply a nonlinear rather than linear transformation to the 0-1 scale,
as explained below. Health is measured in terms of life expectancy at birth, i.e.,
the average number of years alive remaining for individuals reaching the speci-
fied ages if they were subjected to the mortality rates corresponding to the year(s)
these life expectancies relate to. Therefore, from here onwards we will refer to
the health component as “life expectancy”. Education is a composite measure
(i.e., unweighted geometric average) of the adult literacy rate (i.e., the share of
the population aged 15+ who are able to write and read) and gross enrollment
rate (i.e., the share of the population aged 5-24 enrolled in primary, secondary
or tertiary education). Income is expressed in terms of GDP per capita, measured
by 1990 dollars corrected for its purchasing-power (i.e., the difference in cross-
country price levels, Geary-Khamis 1990 $). The three measures are nonlinearly
transformed to a zero-to-one scale for comparability across countries and indices.
Life expectancy and education are transformed as

In (85 — 20) — In (85 — Life expectancy)

Life expectancy = In (85 — 20) v

and

In (100 — 0) — In (100 — Education)

Education =
ucation In (100 — 0) @

in order to take into account that increases of the same absolute size are more sig-
nificant at higher than lower levels of the index. Income is log-transformed by

In (Income) — In (100)
In (46949) — In (100) )

Income =

to ensure returns decline as the level of the index increases. The overall HIHD is
then computed as the geometric mean of these three transformed indices. The lower
and upper bounds for each indicator (“goalposts,” e.g., 20 and 85 for life expec-
tancy) are similar to those used to compute the HDI (United Nations Development
Programme [UNDP] 2019). Note, however, that because of the log transformations
of the SHIHD components, life expectancy and education are well-defined in the [0,
84] and [0, 99] ranges, respectively. While this means the indicators are ill-defined
beyond 84, respectively, 99, this does not pose any problems for our study as these
upper bounds are not reached anywhere in sub-Saharan Africa. Substantively, a high
score (close to one) on one of the indices means that the value of this indicator is
close to the upper bound (e.g., a life expectancy score close to one indicates life
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expectancy close to 84 years), whereas a low score (close to zero) indicates prox-
imity to the lower bound (e.g., an income score close to zero indicates GDP per
capita in G-K 1990 dollars close to log 100 $). To illustrate, the 2015 EU-28> and
sub-Saharan African averages on the indicators were 0.74, respectively, 0.27 for the
overall HIHD; 0.80 resp. 0.23 for education; 0.83 resp. 0.42 for income and 0.62
resp. 0.23 for life expectancy. Further, to obtain a sense of how the HIHD and its
components have developed since 1938 in sub-Saharan Africa, Figure S5 in SI F
shows the trends of the HIHD and its components per country.

3.4 Other Factors

The percentage of individuals living in an urban area is measured by the de facto
place of residence (rather than de jure place of residence, see Caselli et al. (2005))
and is calculated for each subnational region-year combination.

Marital status is reflected by the percentage of individuals who are i) never mar-
ried; ii) married, in a relationship or cohabiting; iii) divorced or separated; or iv)
widowed for a particular subnational region-year combination. Four variables are
constructed on the basis of responses to questions about current and former marital
status.

As an indicator for marriage market sex balance, we use the number of women
per 100 men in the age group between 15 and 24. We choose this age group because
in our data the median ages at which most women and men marry are 17 and 23,
respectively, which also corresponds with findings by Marston et al. (2009). This
variable is available only on the national level because of a lack of age- and sex-
specific population data at the subnational level. We use the sex-specific 2017 World
Population Prospects by the United Nations Desa/Population Division (United
Nations Desa/Population Division 2017a, b) for the year when the average age of all
individuals in the subnational region would have been 19 (women) or 24 (men) to
approximate the sex balance at the age at which childbearing usually takes place in
sub-Saharan Africa.

Polygyny is represented as the percentages of men and women in a particular sub-
national region-year combination who, respectively, report having multiple wives
or their partner having at least one other wife. As there seems to be more uncer-
tainty about polygyny in the female data, likely because women may not always be
aware of their husband having multiple wives, we impute polygyny prevalence for
region-year combinations from the male data when missing or mostly uncertain in
the female data. Respondents who are not in a relationship are classified as being
monogynous. There are seven surveys for which the polygyny variable only consists
of “not applicable” responses, of which five are standard DHS and 27 are MIS. No
further information is given by the data collectors as to why the polygyny informa-
tion is missing in the standard DHS samples. For all 27 MIS, the polygyny question
has not been asked.

3 Czech Republic and Luxembourg were excluded from these calculations because data on the HIHD
and its components were missing for these countries.
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We include three indicators to have an idea of family postponement: average ages
at first sex, first marriage and first childbirth. Postponement may play an important
role in childlessness. We use the average first ages for all individuals in each particu-
lar subnational region and year. We use the age at first cohabitation as a proxy for
the age at first marriage for surveys where the latter was not asked.

Sex-specific HIV prevalence indicators are added for every subnational region-
year combination. As most individuals in sub-Saharan Africa make childbearing
decisions around the age of 20, we use HIV prevalence indicators for individuals
aged between 15 and 24 and we match these to the year when the average age of the
respondents in the subnational region would have been 19 (women) or 24 (men).
We obtain national-level data from the Joint United Nations Programme on HIV/
AIDS (UNAIDS) (2017a) and subnational-level data for different sets of countries
from the US Agency for International Development (2018) and Joint United Nations
Programme on HIV/AIDS (UNAIDS) (2017b). As national-level data are avail-
able from 1990 to 2017 for the majority of the countries, we use a similar approach
as with the SHIHD. That is, we compute ratios of subnational HIV prevalence to
national HIV prevalence of the year closest to the year for which we have the indica-
tors available at both levels. We use these ratios to estimate subnational HIV preva-
lence from national HIV prevalence for the years when only national HIV preva-
lence data is available. For countries for which no subnational-level HIV data are
available (i.e., Central African Republic, Comoros, Madagascar, Sudan and Swazi-
land), we use national-level estimates for all regions in those countries. We extrapo-
late the data for years between 1970 and 1990 according to an exponential growth
model starting at zero in 1970, assuming that HIV spreads exponentially (Faria et al.
2014; Morris and Kretzschmar 1997). We set the HIV prevalence indicators to zero
for all years before 1970, as HIV was not identified before this time.

3.5 Missing Data

We use multiple imputation by chained equations (MICE) to deal with missing val-
ues. Figures S8 and S7 in SI H show aggregation plots for missingness in our aggre-
gated subnational-level data. The variables with the highest proportion of missing
values are the average ages at first marriage (18%) and sex (23%), polygyny (18%)
and marital status (18%) for women. For men, age at first birth has the highest pro-
portion of missingness (33%). Most of the missingness in our data is the result from
particular questions not being asked in certain surveys (such as the age at first child-
birth for men) or from missingness in external data (such as the HIV and SHDI/
HIHD data). MICE replaces missing values in a data set under certain assumptions
about the missingness mechanism, and imputes these values M times (creating M
different data sets) to take into account the uncertainty of imputation (for more
information, see Azur et al. 2011). The algorithm loops through the data, imputing
every variable by means of predicting it using the other variables, and repeating this
cycle as the data are updated. The statistical analyses are performed on each of these
M data sets and then combined (i.e., pooled) as explained in SI J. The number of
imputations used equals the percentage of incomplete observations (i.e., region-year
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combinations for which at least one variable is missing) in the female (M = 28) and
male (M = 34) data, as recommended by Bodner (2008); White et al. (2011). As
multiple imputation incorporates between-data uncertainty resulting from the impu-
tation (i.e., estimation) of missing values in the standard errors, accurate and unbi-
ased estimates will be produced.

4 Methods

Our analysis proceeds in four steps. First, we document descriptive levels and trends
of childlessness across sub-Saharan Africa. Second, we examine the bivariate rela-
tionship between childlessness and development on both the national and subna-
tional levels. Third, we estimate two-level hierarchical models to examine whether
childlessness and development relate according to a U-shape. Fourth, we split
overall childlessness into its types (i.e., involuntary, voluntary and circumstantial)
and overall development into its components (i.e., life expectancy, education and
income). We then examine the bivariate relationships between these types and com-
ponents to investigate the drivers and mechanisms of the association between overall
childlessness and development.

In the third part of our analyses, we estimate two-level hierarchical (i.e., multi-
level) models where subnational regions are nested within countries. We use hierar-
chical modeling to take the clustered structure of our data into account (for a more
detailed explanation, see Snijders and Bosker 2011). Our model is specified as

Childlessness,,, = ny. + z, SHIHD +7,X,  +e,, 4)

where r and ¢ represent subnational regions and countries, respectively, 7 represents
time (year minus sample minimum year) and underlined objects represent vectors.
Our independent

SHIHD, = [poly(SHIHD,,, 1), poly(SHIHD,,.,2)]|’ 5)
has dimension (2 x 1) and represents the second-order polynomials of the SHIHD
term. Note that we use orthogonal rather than raw polynomial terms of SHIHD in
the regression. As the raw polynomial terms of SHIHD (i.e., SHIHD,,, SHIHD?I_C,
SHIHDfrC, etc.) are highly correlated with each other, the resulting standard errors
would be inflated due to multicollinearity, yielding larger confidence intervals and
therefore biased significance tests for the regression coefficients. As a consequence,
the regression results might lead us to incorrectly conclude that there is no U-shape
in the relationship between SHIHD and childlessness, while in reality there is. To
avoid this from happening, we use orthogonal (i.e., uncorrelated) rather than raw
polynomial terms of SHIHD (see SI I or Kennedy and Gentle (p. 343-344, 1980) for
a more detailed explanation of how these terms are computed).

Note that Childlessness,,, . and e, are scalars, whereas z, and z are vec-
tors of length two and k, respectively. Further, X, is a matrix of dimension (k X 1)
containing k explanatory variables for time ¢, region r in country c. In our baseline
model (M1), X, only consists of the second-order orthogonal polynomials of the
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time variable (k = 2), which we add to the model to capture secular time trends (i.e.,
changes in childlessness over time that are not captured by changes in the SHIHD).
In models M2 through M4, we add sets of variables to the X, of M1, namely either
average age and proportion of urban residence in M2 (k = 4) marital status and
postponement in M3 (k = 8); polygyny and HIV prevalence as well as marriage
market sex balance in M4 (k = 6). In M5, X e contains all variables included in X e
throughout models M1 to M4. The correlation plots in Figures S9 and S10 in SI K
show that multicollinearity should not pose any problems in the analyses.

We allow the intercept 7, and coefficients z,. = [x,,,, 7},.] for the second-order
orthogonal SHIHD terms to vary across countries, as is standard procedure in mul-
tilevel modeling (Snijders and Bosker 2011). With this specification, the residual
variance can be partitioned into between-country (country-level) and within-country
(subnational-level) components. The country-level residuals stand for unobserved
country characteristics that result in correlated outcomes for regions within the same
country. More formally,

0c = Yoo + You Wie + g,

Tyie = Yot + Vi Wie + Uy 6)
Tioe = Vo2 + Y112 Wie + U1

Note that in this specification W, contains country-level variables, and so in our case
W,.1is a scalar containing the number of women per 100 men for country c at time ¢.

Our strategy for pooling the results from the regressions on all imputed data is
explained in SI J. Note that we assess model fit using the pooled Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC), following the pooling
approach of Knowles and Frederick (2018) according to IC = 2Z1 IC;. As recom-
mended by Burnham et al. (2011), we conclude one model is better than another if
the AIC difference between the models is larger than nine.

As population estimates are not available on the subnational level and our goal
is not necessarily to draw conclusions about the average sub-Saharan African case,
we do not age-adjust these childlessness levels nor weigh the regressions for coun-
try size. As the absolute difference between age-adjusted and raw childlessness lev-
els on the national level is 0.04% on average and 0.8% at maximum, this decision
should not affect our conclusions.

5 Results

We first document national-level childlessness trends by gender. Figure 3 shows the
level of childlessness for three periods: 1997-2001 (red circle), 2005-2009 (green
triangle) and 20112015 (blue square);* the raw trends are shown in Figure S11 in

* The first, second and third quartiles of the year of observation across surveys are 1999, 2007 and 2013,
respectively. As some surveys are collected not exactly in but close to these years, we consider surveys
collected as closely as possible to each of these quartiles within two years before or after one of the quar-
tiles, resulting in the ranges 1997-2001, 2005-2009 and 2011-2015.
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Fig.3 National childlessness levels for men and women in 1997-2001 (red circle), 20052009 (green
triangle) and 2011-2015 (blue square)

SI L. We observe that national levels of childlessness vary between almost one per-
cent and 12 percent. Some of these highest levels of childlessness occur among men
rather than women, and there is also more variation across time and place in male
than female childlessness. For each of the three periods considered, male childless-
ness is higher than female childlessness for about 60 to 65% of the countries for
which both female and male surveys were collected. There is substantial variation
across countries in the trends in childlessness. Over the periods considered, we
observe increases in male childlessness in 14 countries, whereas 11 countries show
a stable pattern or decrease. For female childlessness, we observe increasing trends
in 11 countries, and stable or decreasing trends in 16 countries. Note that while the
time between two surveys collected for a given country will usually be sufficient
(see Figure S1 in SI B), the time differences between the periods might be small in
some cases.

Moving to the sub-national level, Fig. 4 shows the most recently available level
of childlessness separately for men and women in 372 and 384 regions, respec-
tively. The unweighted average for male childlessness is 3.5%, slightly higher than
the average for females of 2.9%. Although there is substantial variation, particularly
among men, at least one fifth of the subnational regions have childlessness levels
exceeding 5%. Regions with some of the highest female childlessness levels (~16%)
include Addis in Ethiopia as well as Abia, Borno, Imo and Anambra in Nigeria.
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Fig.4 Male and female childlessness across 372 respectively 384 subnational regions in sub-Saharan
Africa

These regions have in common that they either include the country capital, or that
they are some of the most populated areas in their country. However, some of the
highest levels of childlessness do not occur among women, but rather among men.
In some regions in South Africa (Western Cape), Central African Republic (Basse
Kotto, Mbornou, Houte Mbormo), and Namibia (Omusati, Caprivi, Khomas and
Oshana), male childlessness levels achieve between 16 and 33%. These are regions
which are densely populated compared to other regions in the same country, or
regions where infertility has generally been high (Larsen 2003). In 215 (56%) of the
regions for which both male and female data are available, the most current levels of
male childlessness are higher than those for female childlessness. In 30 out of those
215 regions (14%), childlessness among men is at least 5 percentage points (p.p.)
higher than among women.

What does the relationship between overall levels of childlessness and develop-
ment look like, and (how) is this different on the national and subnational levels? In
Figs. 5a and 5b, we visualize the relationship between childlessness and develop-
ment on the national, respectively, subnational levels by means of scatter plots and
fitted lines representing the best performing of linear or quadratic bivariate models.
Note that in all scatter plots, the points represent combinations of countries or sub-
national regions with years and are slightly transparent to better distinguish between
overlapping points. We observe from Figs. 5a and 5b that on the subnational level,
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Fig.5 Relationship between male and female childlessness and development on the a national and b sub-
national level (fitted bivariate models)

we have much more variation in both childlessness levels and development than on
the national level. On the national level, the bivariate association between childless-
ness and development is best described as a quadratic U-shaped relationship for
men and a linear relationship for women. On the subnational level, where we have
much more variation, both female and male childlessness associate with develop-
ment according to a U-shape. These observations are supported by the model fits in
Tables S2 and S3 in SI M.
As we have a much larger sample of subnational region-year combinations
men = 1,213 and N,,,,... = 1,749) than we do of national country-year combina-
tions (N, = 119 and N,,,,.., = 165) and there is substantial within-country varia-
tion in both childlessness and development, we continue our analysis from a subna-
tional perspective. In doing so, we estimate five hierarchical models for women and
men separately. We allow the intercept and effect of the first-order orthogonal poly-
nomial term of SHIHD to vary across countries because it significantly improves
the model fit (see Table S5 in SI N). Further, the results for the controlled models
with random effects showed that linear models fit better for men, while quadratic
models fit better for women (Table S4 in SI M). Therefore, our multivariate mod-
els include only first-order orthogonal polynomials (1 OP) of SHIHD for men but
also second-order orthogonal polynomials of SHIHD (2"¢ OP) for women. Table S6
in SI O contains the random effects. These show that the effect(s) of the SHIHD
polynomial(s) vary substantially across countries—supporting our choice for ran-
dom effects models—and that there is a positive correlation between intercept and
the effect of the SHIHD polynomial(s), indicating that countries with higher lev-
els of childlessness at baseline also experience a steeper growth in childlessness as
development increases.

Does the relationship between childlessness and development remain when tak-
ing other factors into account? Fig. 6 shows the predicted relationship between
childlessness and development for the full control model (M5). We observe that the

(N
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Fig. 6 Fitted values for the multivariate regressions estimating male and female childlessness from devel-
opment on the subnational level (model M5)

relationship between female childlessness and development is indeed U-shaped. The
hierarchical model results in Table 3 further show that development is still related to
childlessness even when controlling for other factors. For men, this is not the case,
however. Instead of a U-shaped pattern, we observe that a positive linear function
describes the relationship between male childlessness and development (Fig. 6).
Additionally, in contrast with the results for women, overall levels of development
are not statistically significantly related to male childlessness when controlling for
other factors (Table 3). Further, there is no secular time trend for men, whereas the
first- and second-order orthogonal polynomials of time are generally statistically sig-
nificant throughout the models for women.

While overall levels of development are not statistically significantly associated with
male childlessness, do any of the other factors in our models show significant correla-
tions? Table 3 shows the regression coefficients for the subnational-level multivariate
hierarchical models estimating childlessness. Figure S12 in SI P shows the marginal
effect of each of the independent variables (ceteris paribus) for the full control model
(M35, linear for men and quadratic for women) to give a sense of the (relative) size and
nature of the model associations, given that the regression coefficients may be difficult
to interpret directly because of the hierarchical nature of the models and the use of
orthogonal polynomials. Among men, childlessness seems to be driven mainly by post-
ponement or even a complete lack of marriage, given that the effect of SHIHD is not
statistically significant in the models controlling for marital status and postponement
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indicators. Male childlessness is substantially larger in regions where singlehood and
divorce are more common relative to marriage. However, it is not only the lack of mar-
riage but also the postponement of marriage by men that leads to higher levels of male
childlessness, given the statistically significant positive coefficients for the average age
at first marriage or cohabitation for males. Taking into account the range of values
occurring in the data for each of the independent variables, Figure S12a in SI P shows
that the prevalence of male singlehood has by far the strongest relationship with male
childlessness: for example, an increase from 20% to 40% of never married men is asso-
ciated with an average increase from 12% to 22% in male childlessness. Similarly,
female childlessness is also driven by divorce, although among women the prevalence
of singlehood does not affect childlessness when controlling for other factors. Rather,
higher prevalences of HIV as well as urbanization are associated with female childless-
ness. Another factor strongly related to both male and female childlessness is polyg-
yny: childlessness is substantially lower in regions where polygyny is more common.
For women, however, SHIHD is most strongly related to childlessness compared to
other predictors, considering the realistically occurring values of these predictors (Fig-
ure S12b in SI P). To illustrate, while there is substantial variation across subnational
regions, on average the SHIHD across these regions increased from approximately 0.1
around 1990 to 0.2 around 2010. This increase in development would be associated
with an initial decrease from 4% to 2% followed by an increase to 3%. For some of the
more developed regions, which have gone from about 0.2 to 0.3 or 0.3 to 0.4 on the
SHIHD scale in the same period, female childlessness would have increased on average
from about 2-3% to 5-6%, respectively, 5-6% to 11-12%.

What drives the U-shape between female childlessness and development? And
why do we not observe such a U-shape among men? To answer these questions,
we estimate linear bivariate models between childlessness types (i.e., involuntary,
voluntary and circumstantial) and development components (i.e., life expectancy,
education and income) according to our hypotheses in Fig. 1. Figure 7 shows the
plotted fitted values and Table S7 in SI Q contains the regression coefficients. We
estimate linear models because we have no reason to believe that childlessness types
and development components are nonlinearly related, and we expect that these lin-
ear relationships together result in an overall U-shape in the association between
childlessness and development (as illustrated in Fig. 1). We observe that voluntary
and circumstantial childlessness are positively related with life expectancy and par-
ticularly education and income, especially among men. Further, involuntary child-
lessness and income are positively associated for both men and women. The associa-
tions of involuntary childlessness with education and life expectancy are different
for men and women, however: while female involuntary childlessness decreases with
education and life expectancy, male involuntary childlessness remains unchanged
with life expectancy and even increases slightly with education.
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Fig. 7 Fitted values for the regressions estimating male and female childlessness types from development
components on the subnational level

6 Discussion and Conclusion

Although childlessness has gained increasing interest from researchers and policy
makers, little was known about childlessness in sub-Saharan Africa. We filled this
gap by presenting the first comprehensive overview of male and female childless-
ness in relation with development in sub-Saharan Africa. Moreover, we constructed
a subnational historical index of development to examine the relationship between
childlessness and development at the subnational level. We were able to exploit
maximum variation in development and take into account substantive within-coun-
try variation in development and childlessness. We also analyzed the relationship
between different types of childlessness and development components as well as the
gender differences in this relationship.

We have firstly shown that permanent childlessness in sub-Saharan Africa is
substantial, particularly among men. This finding contradicts the common percep-
tion that childlessness in sub-Saharan Africa is mainly a female “issue” and that
it hardly occurs among men (World Health Organization 2014). This evidence
stresses the importance not only of further expanding research on childlessness in
sub-Saharan Africa, but also focusing on males besides females in doing so. Addi-
tionally, we have been able to distinguish between different types of childlessness
to shed more light on the prevalence of childlessness not stemming from infertility.
We have shown that although involuntary childlessness is still the most common
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type of childlessness in sub-Saharan Africa (Baudin et al. 2020), particularly among
women, voluntary and especially circumstantial childlessness also prevail, and more
so with increasing levels of development. By distinguishing between different types
of childlessness and different components of development, we were also able to
further investigate the drivers behind the observed U-shaped relationship between
overall levels of female childlessness and development. We found that involuntary
childlessness is negatively associated with life expectancy and education, although
only among women, and that voluntary and circumstantial childlessness positively
relate with life expectancy and particularly education and income among both men
and women. These findings are in line with previous studies for other low-income
regions (Poston et al. 1985; Poston and Trent 1982; Poston and El-Badry 1987; Bau-
din et al. 2020) and seem to suggest that the observed U-shape indeed is the result
of involuntary childlessness declining with life expectancy and education, and vol-
untary and circumstantial childlessness associating positively with life expectancy
and particularly education and income. On the one hand, these findings highlight the
importance of taking additional measures to further reduce poverty and infertility.
On the other hand, increasing shares of individuals not partnering or choosing not
to have children might support speculations that the drivers of childlessness in high-
income countries are operating, although perhaps to a smaller extent, in sub-Saharan
Africa too (Wilson 2011).

For men, however, we do not find any evidence for a U-shaped relationship, but
rather a positive linear association. This may perhaps be the result of the absence
of negative associations of male involuntary childlessness with life expectancy and
education, which we do observe for women. Why might we not observe these nega-
tive associations for men? Under-reporting infertility may be more common among
men as infertile men even more than women carry the burden of being stigmatized
for a lack of virility and sexual impotency (Agarwal et al. 2015; Runganga et al.
2001). Additionally, male infertility may actually have increased with development
as a consequence of rises in chemical exposure, stress, psychoses, drug and alcohol
abuse, epidemics, hormone imbalance and tobacco consumption, a phenomenon we
have also observed in more developed regions (Poston and Kramer 1983; Sengupta
et al. 2017). Interestingly, the positive relationships of voluntary and circumstantial
childlessness with life expectancy, education and income are stronger among men
than women. This finding corresponds to the expectation that more low-status men
will be left behind on the marriage market as women emancipate (van Bavel 2012;
Chudnovskaya 2019; Kreyenfeld and Konietzka 2017), but contradicts our hypoth-
eses that advancements in education and income have a greater impact on women
and advancements in life expectancy affect men and women to a similar extent. A
possible explanation for this finding may be perhaps that sub-Saharan Africa still
knows relatively low levels of gender equality, and that the positive effects of educa-
tion and income are still more pronounced among men than women (Browne and
Millington 2015).

While for female childlessness the positive relationship with overall levels of
development remains even when controlling for other factors, male childlessness can
rather be explained, in a statistical sense, by changes in marital status and polygyny.
Our multivariate models suggest that male childlessness in sub-Saharan Africa is
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mainly driven by a lack of marriage, which seems plausible because childbearing
in sub-Saharan Africa is usually higher among married couples than among sin-
gle or divorced individuals (Rutstein and Shah 2004). Another important driver for
childlessness is polygyny. Higher polygyny prevalence is associated with lower male
childlessness, which makes sense simply because men in polygamous unions have
more female partners and thus chances to have children with (Rossi 2019; Schou-
maker 2019). Surprisingly, we find that higher polygyny also relates to lower female
childlessness, while we had expected polygyny to positively associate with female
childlessness through lower frequency of sexual intercourse, higher chances of vene-
real diseases and the selection of infertile women into polygynous unions (Cahu
et al. 2014; Lardoux and van de Walle 2003; Musham 1956). Perhaps in regions
where polygyny is common, childbearing is much more important and desired and
daughters are seen as a good investment, thereby increasing the willingness to have
a child as well as the competition between co-wives to bear children (Rossi 2019;
Tertilt 2005).

Our study has some limitations that need to be considered. First, a common dif-
ficulty is to assess permanent childlessness among men, as the end of the reproduc-
tive period is not as clearly marked for men as it is for women. To retain sufficient
sample sizes, we used a cutoff age of 40. Although our results are robust to using
higher cutoffs up to the mid-40s, we cannot fully rule out that this early cutoff age
produces a small upward bias in our estimates, especially for men. Second, and per-
haps more importantly, our estimates of childlessness may be downwardly biased as
a consequence of over-reporting fertility due to the stigma attached to childlessness
in sub-Saharan Africa (van Balen and Bos 2009; Larsen 1989). Similarly, volun-
tary childlessness may be overestimated as a consequence of ex-post rationalization,
whereby responses to questions about fertility ideals are aligned to one’s actual fer-
tility outcomes to mitigate social and individual hardship that may stem from child-
lessness (Pritchett 1994). Although men may equally over-report fertility, they may
also under-report fertility if they are not aware of having produced children (Rendall
et al. 1999; Schoumaker 2017). Under-reporting may also occur when parents do
not include the birth of a child who has died. Note, however, that the DHS explicitly
ask for all live births regardless of survival. Moreover, while this may affect the total
number of children, it is unlikely to affect childlessness status. To limit bias from
misreporting fertility, we use the “total number of (own) children ever born” vari-
able to estimate childlessness, which has been shown to be the most accurate vari-
able to be used for estimating fertility in the DHS data (Schoumaker 2017). Finally,
we may have overestimated childlessness because we cannot include women who
deceased during pregnancy or delivery. We were not able to account for such selec-
tion because accurate measures of maternal mortality were not sufficiently available.
We refrain from speculating about the sum of these limitations; they may cancel
each other out or produce a small bias.

What are the implications of our results for how we might expect childlessness rates
to evolve with future levels of development in sub-Saharan Africa? It seems plausi-
ble that involuntary childlessness will continue to decrease with further progress in
life expectancy and education. One of the most interesting questions is whether cir-
cumstantial and voluntary childlessness will follow patterns observed in high-income
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countries, especially among higher educated women in urbanized areas. On the one
hand, we might expect similar patterns and some level of convergence as the main driv-
ers of childlessness in high-income countries — female education and labor market posi-
tion, technological change, increasing wealth and autonomy, and urbanization — seem
to be operating in sub-Saharan Africa too (Wilson 2011). On the other hand, despite
similarity in these large socioeconomic forces, it has been both argued and documented
that patterns observed in more developed countries need not simply apply in a straight-
forward way to low- and middle-developed countries as they become more developed
(e.g., Esteve and Florez-Paredes 2018; Furstenberg Jr 2013; Thornton 2013). Moreover,
although our analyses highlight the important role marriage systems play in childless-
ness, heterogeneity in family change within and between African countries (Pesando
and GFC team 2018) suggests we should not expect a pattern of universal convergence
of childlessness types across the region. Our study has shown that (changes in) child-
lessness in sub-Saharan Africa are associated with development, but that there is much
variation herein. Both observations call for further analyses with a focus on heterogene-
ity in developments within sub-Saharan Africa. Empirical and conceptual challenges
have to be addressed to make progress on this topic. Conceptually, we need a frame-
work that acknowledges that structural change in development is embedded in different
contexts and therefore may result in different outcomes. Empirically, for instance, we
may need to turn to other data sources that provide enough statistical power to explore
sub-populations and geographic variation in sufficient detail. Still, for our current level
of analysis, new rounds of DHS will show us whether the U-shape becomes more pro-
nounced or not with increasing levels of development.
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