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We advance a set of population-level indicators that quantify the
prevalence of mothers who have ever experienced an infant,
under 5-y-old child, or any-age child die. The maternal cumula-
tive prevalence of infant mortality (mIM), the maternal cumula-
tive prevalence of under 5 mortality (mU5M), and the maternal
cumulative prevalence of offspring mortality (mOM) bring theo-
retical and practical value to a variety of disciplines. Here we
introduce maternal cumulative prevalence measures of mortality
for multiple age groups of mothers in 20 sub-Saharan African
countries with Demographic and Health Surveys data spanning
more than two decades. The exercise demonstrates the persis-
tently high prevalence of African mothers who have ever expe-
rienced a child die. In some African countries, more than one-half
of 45- to 49-y-old mothers have experienced the death of a child
under age 5, and nearly two-thirds have experienced the death
of any child, irrespective of age. Fewer young mothers have ex-
perienced a child die, yet in many countries, up to one-third have.
Our results show that the mIM and mU5M can follow distinct
trajectories from the infant mortality rate (IMR) and under 5
mortality rate (USMR), offering an experiential view of mortality
decline that annualized measures conceal. These measures can
be adapted to quantify the prevalence of recurrent offspring
mortality (mMROM) and calculated for subgroups to identify
within-country inequality in the mortality burden. These indica-
tors can be used to improve current understandings of mortality
change, bereavement as a public health threat, and population
dynamics.

child mortality | sub-Saharan Africa | bereavement

Dramatic reductions in the infant mortality rate (IMR) and
under 5 mortality rate (USMR) over the past half-century
are among the global health community’s most notable achieve-
ments (1). The trends are clear, and the message is positive: the
world today is healthier and safer for young people than
ever before.

Sub-Saharan African countries have experienced some of the
swiftest reductions in the IMR and USMR (2). However, the
all-time low IMRs and USMRs conceal the pervasiveness with
which contemporary populations experience children die. The
IMR and U5SMR provide annualized snapshots of a population’s
mortality regime; these measures are, by design, amnesiac to any
legacy of higher mortality. Yet, African mothers today had chil-
dren under higher mortality conditions, and these conditions
persist in surviving mothers’ lives. Moreover, because each live
birth exposes mothers to the risk of a child dying, high fertility
multiplicatively increases African mothers’ lifetime likelihood of
experiencing a child’s death. The clustering of deaths among sib-
lings in high-mortality countries is well documented (3), yet we
lack population-level measures that summarize the mortality
burden from the perspective of parents.

We present population-level mortality measures that estimate
the proportion of mothers in a population who have experienced
the loss of a child. Specifically, we calculate the cumulative
prevalence of mothers who have ever experienced an infant
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death, the death of a child under age 5, or the death of a child
of any age (i.e., offspring mortality) for distinct age groups of
mothers in 20 sub-Saharan African countries over two decades.
We express these estimates per 1,000 mothers and term them as
follows: the maternal cumulative prevalence of infant mortality
(mIM), the maternal cumulative prevalence of under 5 mortality
(mU5M), and the maternal cumulative prevalence of offspring
mortality (mOM). By comparing the mIM and mUS5SM with their
orthodox counterparts, the IMR and USMR, we demonstrate that
the mIM and mUS5M can follow trajectories that deviate from the
annualized measures. The mOM summarizes high levels of mor-
tality among older children and adolescents. Each indicator can
be expanded to estimate recurrent offspring mortality (mROM),
or it can be tailored to particular subpopulations and used to
evince within-country inequality in the mortality burden. Mater-
nal cumulative prevalence indicators offer an experiential view
of how annualized mortality rates are manifest in the lives of
ordinary mothers.

Quantifying mothers’” experiences of child death is valuable for at
least three reasons. First, these estimates offer evidence that can
shape our understanding of global inequality. Recent scholarship
from high-income settings identifies death in one’s family as an un-
derappreciated source of social inequality (4, 5). The death of a child,
in particular, is a major life stressor with long-term consequences (6).
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Over the past half-century, infant and under 5 mortality rates
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many low-income settings, the death of a child remains a
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mortality indicators that estimate the prevalence of mothers
who have ever experienced an infant, under 5-y-old child, or
any-age child die. The maternal cumulative prevalence of in-
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mothers have experienced the death of at least one child.
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distributions of the mortality burden.
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In the West, bereaved parents are at elevated risk of serious and
persistent psychological problems (7-9), physical health deterioration
(7, 10, 11), and relationship strain (7). The generalizability of these
results to African contexts is unknown, but select studies similarly
conclude that bereaved mothers in sub-Saharan Africa are vulnerable
in myriad ways. Even where mothers are accustomed to and skilled at
navigating uncertain environments (12), a child’s death can lead to
guilt and blame, stigma, stress, and relationship strain (13-17).

Second, clarifying the burden of child death among mothers
has theoretical significance for understanding population change
(18-20). Demographic transition theory links declining death
rates, driven primarily by reductions in the IMR and USMR, to
subsequent declines in birth rates (21-24). A presumed bridge be-
tween these processes is mothers’ experience of child mortality—
both personal experience and what women witness among the
mothers around them (25-28). Even as microlevel studies show
that women’s observations of mortality in their networks and
communities inform their child mortality perceptions, their fer-
tility desires, and related behaviors (27-32), the link between the
IMR and fertility is weak at the macrolevel (33, 34). Mother-
centered measures of child mortality may better operationalize
an average woman’s mortality perceptions and thus, more ac-
curately estimate the relationships between a population’s mor-
tality conditions and women’s fertility behaviors.

Third, mother-centered measures facilitate a shift from the
global community’s intensive focus on under 5 mortality and
consider child deaths more comprehensively. The prioritization
of infant and child survival in sub-Saharan Africa is warranted.
Yet, childhood, adolescent, and young-adult mortality rates are
also high across the region (35). The region’s mortality condi-
tions are so harsh that there is a unique pattern of positive health
selection into adulthood—unlike other world regions, only the
healthiest survive in Africa (36). Mortality conditions at age 6
and beyond suggest that a sizeable proportion of mothers will
experience older children or adolescents die.

Materials and Methods

To construct the maternal cumulative prevalence indicators, we use De-
mographic and Health Surveys (DHS) data from 20 sub-Saharan African
countries.* S| Appendix, Fig. S1 provides a list of countries, survey years, and
analytic sample sizes.

Our calculations are based on women who have ever had a child beginning
with the mIM: the prevalence of mothers who have experienced the death of
at least one infant. We sum the number of mothers who had a child die
before age 1 among those who ever had a live birth and express this per 1,000
mothers. We calculate these indicators separately for women of reproductive
age (20 to 44 y old) and those completing their reproductive years (45to 49y
old). Note that we exclude mothers younger than 20 y old from our primary
analyses but report estimates of the mIM among 15- to 19-y-old mothers in S/
Appendix, Fig. 52.7

In supplementary analyses, we disaggregate mothers into 5-y age groups
(20 to 24, 25 to 29, 30 to 34, 35 to 39, 40 to 44) to explore differences by age
and cohort (S/ Appendix, Figs. S3 and S4).

Next, to estimate the mU5M, we do the same for mothers who have ever
had a child die before reaching age 5. Comparisons with the IMR and USMR
rely on published DHS estimates (37). Finally, we estimate mothers’ experi-
ence of offspring mortality (mOM): that is, the prevalence of mothers who
have experienced a child death, regardless of the child’s age at the time of
death. We calculate the mOM for 45- to 49-y-old mothers and extend the

*Because of our interest in trends, we present only the analyses for countries in which
DHS data have been collected since the late 1980s/early 1990s through 2000s. Estimates
from all other countries with DHS data available since 2010 are in S/ Appendix, Fig. S1.

"In no country-years have one-half of this age group even had a child; in recent years,
fewer than 15% have. Because the populations of 15- to 19-y-old mothers are small and
composed of highly selected mothers, we exclude them. As shown in S/ Appendix, Fig. S2,
these estimates are nearly identical to the IMR: young mothers have had only one child,
and they did so recently under current mortality conditions. Nonetheless, that more than
50 teenage mothers per 1,000 have had an infant die in multiple countries raises ques-
tions about vulnerabilities associated with bereavement at such a young maternal age.
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measure to estimate the cumulative prevalence of mMROM among this same
age group.

Maternal cumulative prevalence indicators are susceptible to three mea-
surement concerns. First, estimates are based on self-reports, which tend to
undercount deaths. Our estimates are thus conservative, especially for older
mothers who tend to provide incomplete data (38). Because we use the same
data source to generate IMRs and U5MRs, this bias applies equally to
these measures.

Second, some of the world’s highest maternal mortality rates are in sub-
Saharan Africa (39), and our estimates omit deceased mothers who may
have experienced higher levels of offspring mortality than surviving mothers.
Survivor bias will also lead to conservative estimates. Moreover, because
HIV/AIDS causes joint maternal—-child deaths, our estimates may be especially
conservative in countries with severe HIV epidemics.

Third, the maternal cumulative prevalence indicators are subject to mul-
tiple sources of censoring and are sensitive to the fertility conditions (e.g., age
at first birth, fertility rate, birth spacing) that characterize each country-year.
To address the biases introduced by one type of censoring, in supplementary
analyses we adopted a probability-based approach, wherein we adjust for
variation in the duration of motherhood (i.e., exposure) using the inverse of
the Kaplan-Meier survivor function to estimate the probability of a mother
experiencing an infant, under 5-y-old child, or any-age child die by a specific
age. Mothers begin the hazard at the year of first birth and fail when they
experience an infant, under 5-y-old child, or any-age child die. This approach
produces slightly higher estimates for mothers age 20 to 44* and almost
identical estimates for mothers age 45 to 49 (results available at Harvard
Dataverse, https://doi.org/10.7910/DVN/3FGPTM; ref. 40.), confirming that
the simple proportions provide accurate but conservative estimates of the
cumulative burden of child death on mothers.

Results

Fig. 1 depicts trends in the mIM among reproductive-age mothers
(20 to 44 y old) and mothers age 45 to 49 relative to the IMR over
three decades for 20 African countries. The magnitude of the shift
from a live birth-oriented perspective on mortality conditions to a
mother-focused view is stark.

During the late 1980s and early 1990s, approximately one-
third of surviving mothers age 20 to 44 in almost all countries had
experienced the death of at least one infant. For example, in
Niger and Malawi, the IMR stood at roughly 100 deaths per
1,000 live births during the early 1990s, which corresponds to
roughly 400 mothers having lost an infant per 1,000 reproductive-
age mothers. The mIM for mothers age 45 to 49 is far higher. In
Benin, Burkina Faso, Liberia, Malawi, Mali, and Niger, having had
at least one infant die was a more common experience than having
had all of one’s children survive infancy. Only in Namibia is the
mIM lower than 100 among reproductive-age mothers (90 per
1,000 in 2013). In no country has the mIM fallen below 100 per
1,000 for mothers age 45 to 49, and only in Benin, Kenya,
Namibia, and Zimbabwe has it fallen below 200 per 1,000.

Fig. 2 depicts comparable trends in the mUSM and the
US5SMR. Throughout the 1980s and 1990s, about one-fifth of live
births in sub-Saharan Africa ended in death before age 5. In the
vast majority of countries, however, the mUS5SM for mothers age
45 to 49 exceeded 500—more than one-half of mothers. The
mUS5M was as high as 750 per 1,000 mothers age 45 to 49 in
Benin, Burkina Faso, Malawi, Mali, Niger, and Senegal.

US5SMRs have dropped precipitously in recent years; mUSM
levels, however, remain astonishingly high. As recently as 2010,
the mUS5M was above 500 per 1,000 mothers age 45 to 49 in
Burkina Faso, Liberia, Malawi, Niger, Nigeria, Rwanda, Tanzania,
and Uganda. In all countries save five (Benin, Ghana, Kenya,
Namibia, Zimbabwe), more than 200 per 1,000 mothers age 20 to
44 had lost a child under age 5.

*The projected probabilities are based on older mothers’ past mortality experiences;
against the backdrop of dramatic mortality, and in some cases fertility, decline, this is
problematic. Due to reductions in mortality and fertility, current 20-y-old mothers are
unlikely to experience the same level of child loss as older mothers. This concern moti-
vated us to adopt a parsimonious estimation strategy that requires fewer assumptions.
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Fig. 1.
live births (IMR) and 1,000 mothers (mIM).

Figs. 1 and 2 also depict the complex correspondence between
standard, live birth-oriented mortality measures and these cu-
mulative, mother-centered indicators. Generally speaking, where
the reduction in the IMR has been steep, the mIM tends to
follow a similar trajectory. Yet, the two measures diverge in
some countries. In Uganda, for example, the mIM remained
stable even as the IMR fell (Fig. 1). A similar pattern is evident
in Niger where, for a select period, stable mortality rates were
accompanied by distributional shifts that show even higher
prevalence of child death among surviving mothers (Fig. 2). The
opposite pattern characterizes Kenya, Rwanda, and Zimbabwe:
as the IMR increased, the mIM declined. These divergences
could be driven by a complex set of adjacent population changes,
including changing causes of death manifesting in shifts in the
number of mothers affected; fertility change, which can alter
both a mother’s exposure and her children’s risk of mortality
(41); reductions in joint maternal-neonatal deaths; changing
patterns of sibling death clustering (3); or a combination.

Because the 20 to 44 age range is wide, it conceals consider-
able variation in factors like duration of motherhood, number of
children, and age profile of children. We calculate the mIM and
mUSM for 5-y age groups (SI Appendix, Figs. S3 and S4), which
allows us to index the experiences of specific age groups. Com-
pared with older mothers, few young mothers have experienced
child loss. Even so, the mIM and mU5M often exceed the IMR
and USMR. For instance, as recently as 2010, the mU5M stood
at 200 per 1,000 young mothers (age 25 to 29) in eight countries
(Burkina Faso, Cameroon, Cote d’Ivoire, Liberia, Mali, Niger,
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mIM (20-44 yr olds)

IMR and mIM for mothers age 20 to 44 and age 45 to 49 in 20 sub-Saharan African countries between circa (c.) 1990s and c. 2010. Expressed per 1,000

mIM (45-49 yr olds)

Nigeria, and Uganda) and exceeded 300 per 1,000 mothers in
two (Burkina Faso and Niger). Even if the USMR could be re-
duced immediately (i.e., aligned with European levels), decades
from now large shares of mothers in these populations will have
experienced the death of at least one small child. ST Appendix,
Figs. S3 and S4 show that mortality improvements are dissimilar
across distinct age groups of mothers, revealing heterogeneity
that our conventional mortality metrics do not capture.

Beyond Infancy and Early Childhood: mOM and mROM. Fig. 3 depicts
the prevalence of surviving mothers (age 45 to 49) who ever
experienced a child die, regardless of the child’s age at death. To
offer a sense of scale, we simultaneously plot the corresponding
mIM and mU5M. The mOMs show that deaths of older chil-
dren and adolescents are prevalent and essential to fully cap-
turing the magnitude of child loss in sub-Saharan Africa. As
recently as 2010, in 12 countries (Burkina Faso, Cameroon, Cote
D’Ivoire, Liberia, Malawi, Niger, Nigeria, Rwanda, Senegal,
Tanzania, Uganda, and Zambia), more than one-half of mothers
age 45 to 49 had lost at least one child. In some countries,
relatively few mothers (10%) who see all of their children
survive to age 5 experience an older child die; in other settings
(e.g., Kenya, Namibia, and Zimbabwe, which have relatively
low U5SMRs), however, about 20% of mothers who experience
offspring mortality by age 45 to 49 never experienced an under
5 death.

The indicators presented thus far capture the prevalence of
mothers who experienced at least one child die; we now adapt
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Fig. 2. U5MR and mU5M for mothers age 20 to 44 and age 45 to 49 in 20 sub-Saharan African countries between circa (c.) 1990 and c. 2010. Expressed per

1,000 live births (IMR) and 1,000 mothers (mU5M).

this approach to estimate the prevalence of mROM. Fig. 4 de-
picts the mROM as a share of the mOM for 45- to 49-y-old
mothers. In the 1980s and 1990s, more than 500 mothers per
1,000 in Benin, Burkina Faso, Liberia, Malawi, Mali, Niger,
Rwanda, and Senegal had experienced two or more children
die. As recently as 2010, the figure stood at around or above
200 per 1,000 mothers in every country but Kenya, Namibia,
and Zimbabwe. Viewed alongside the mOM, we see that
changes in the prevalence of child loss do not always track
neatly with shifts in the prevalence of mothers experiencing
recurrent losses.

Calculating Maternal Cumulative Prevalence Indicators for Additional
Populations. Our analyses focused on a subsample of 20 sub-
Saharan African countries in which the DHS program has
collected data from the early 1990s through 2010, allowing for
an analysis of change over time. SI Appendix, Fig. S1 includes
estimates for 16 additional African countries that fielded a
DHS survey in the past decade. Population health researchers
can easily calculate the mIM, mU5M, and mOM annually and
publish them alongside standard measures like the IMR and
US5MR to offer a new, distinct view of mortality conditions.
Because they draw on routinely collected data, their addi-
tion adds little burden to measurement systems in low-income
countries.

Where nationally representative data on mothers’ age and
child loss are unavailable, researchers can estimate mother-
centered mortality measures indirectly by adapting the equation
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used for estimating the lifetime risk of maternal mortality
(42).% Supplementary analyses demonstrate that the indirect
method estimates the mU5M within ~10% of the mUSM
values shown in SI Appendix, Fig. S1, although this approach
generates estimates that are less accurate for the mIM.
Nonetheless, this approach generates rough estimates in set-
tings where the minimally requisite reproductive histories are
unavailable.

Conversely, where microdata are available, these measures
can be calculated at smaller aggregates, allowing researchers to
investigate the more immediate subnational or community con-
texts within which mothers live. To illustrate, SI Appendix, Fig.
S5 displays the mOM for each of the 20 focal countries by sub-
national region, revealing stark subnational differences in the
prevalence of mothers who have experienced a child die. Mother-
centered indicators further illuminate inequality in the mortality
burden across social groups: for example, by wealth quintile (S/
Appendix, Fig. S6). As depicted in SI Appendix, Fig. S6, mortality
change has benefited mothers in certain social strata more than
others: in many countries, only mothers in the wealthiest house-
holds are meaningfully insulated from child loss.

Discussion

Focusing on sub-Saharan Africa, we show that, even in the wake
of notable improvements in mortality conditions, the death of a

5The equations are mIM = 1 — ((1 — IMR)™) and mU5M = 1 — ((1 — USMR)™™).
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Fig. 3. mIM, mU5M, and mOM among mothers age 45 to 49 in 20 sub-Saharan African countries between circa (c.) 1990 and c. 2010. Expressed per 1,000 mothers.

child remains an extraordinarily common experience: between
one-quarter and one-half of mothers in contemporary African
populations have experienced the death of at least one child. These
findings have implications for public health and population theory.
Given the mOM in contemporary Africa, the limited empirical
work on its consequences is problematic. A rich literature details
the far-reaching and long-lasting consequences of child death for
parents in high-income countries (6), yet research on African
settings primarily concerns itself with whether child mortality af-
fects women’s subsequent fertility—with the exception of a few
studies (13-17), the subsequent disadvantages for African mothers
remain understudied. Bereavement should be prioritized as a
scholarly issue on a global scale, and it should be engaged in policy
circles as a true threat to public health in sub-Saharan Africa.
By summarizing a mortality regime from the perspective of
mothers, these indicators can inform theories of population
change, especially to the extent that they approximate the mor-
tality burden that women perceive. Mortality perceptions are
notoriously complex; they are strongly informed by the experi-
ences of similar others (32) and tend to be overassessed in
comparison with true mortality levels due to cognitive biases
(43). For example, cognitive research on negativity bias suggests
that child survival in one’s network is a forgettable, null event,
whereas a child’s death registers as memorable and influential.
Cognitive research on the primacy effect suggests that time is
also a factor: women’s mortality perceptions may be anchored in
their own childhood conditions, giving more weight to earlier
experiences and less weight to contemporary patterns and
events. Insights from this study suggest yet another possible
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explanation: elevated mortality perceptions among women could
be driven by their treatment of the denominator when assessing
risk. Psychologists frequently point to “denominator neglect”
in puzzles of risk assessment (44), but we posit that cognitive
egocentrism may mean that women perceive child death as a
fundamentally maternal phenomenon—placing themselves and
other mothers in the denominator. From this perspective, it
follows that mothers’ mortality perceptions are calibrated to the
prevalence of mothers who have experienced children die rather
than the number of live births that have ended in death.

To explore this idea, we turned to a population-based study in
Malawi. Tsogolo la Thanzi (45) measured young women’s per-
ceptions of infant mortality using an interactive elicitation method
(46) in which interviewers gave respondents 10 beans and asked
the women to shift from one plate to another the number of beans
representing the likelihood that a child born today would die
within the year. In 2009, the mean response was two beans, which
we interpret as women perceiving that, on average, 20% of infants
would die—a major overassessment because at this time, the IMR
stood at 58.4 deaths per 1,000 births (47). The mIM for mothers age
20 to 44 in Malawi, however, was 237 in 2010. This close corre-
spondence between perceived survival probability and the mIM
suggests that, when contemplating the risks that infants face, women
may be thinking of the mothers around them, not about live births.

By quantifying the burden of child death on African mothers,
mother-centered indicators of mortality add a dimension to
contemporary and historical portraits of mortality decline. These
measures quantify the extent to which a legacy of high mortality
lives on in surviving mothers: even though mortality rates have
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Fig. 4. mOM and mROM among mothers age 45 to 49 in 20 sub-Saharan African countries between circa (c.) 1990 and c. 2010. Expressed per 1,000 mothers.

declined, the number of African mothers who have lost a child
remains very high. If these measures truly approximate the mortality
perceptions held by surviving adults in a population, they may
possess more predictive power vis-a-vis fertility behaviors than the
IMR. These measures could be leveraged to shed light on fertility
decline and the unique patterns of family change that characterize
sub-Saharan Africa (48-50). The simultaneous deployment of these
maternal cumulative prevalence measures alongside standard an-
nualized measures will be valuable descriptively for scholars of
global health and analytically relevant for research on inequality,
mortality trends, child bereavement, and population dynamics.

Data Availability. All data used in this study are publicly available.
DHS data are available at https://dhsprogram.com/ and https://
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