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{ Background Identifying the modifiable risk factors for
i childhood mortality using population-attributable frac-
! tions (PAFs) estimates can inform public health planning
i and resource allocation in low- and middle-income coun-
tries (LMICs). We estimated PAFs for key population-level
modifiable risk factors of neonatal, infant, and under-five
i mortality in LMICs.

© Methods We used the most recent Demographic and Health
Survey data sets (2010-22) from 48 LMICs, encompassing 35
sub-Saharan African countries and 13 countries from South
and Southeast Asia (n=506989). We used generalised linear
latent mixed models to compute odds ratios (ORs), and we
i calculated the PAFs adjusted for commonality using ORs
i and prevalence estimates for key modifiable risk factors.

{ Results The highest PAFs of neonatal mortality were at- :
i tributed to delayed initiation of breastfeeding (>1 hour of
i birth) (PAF=23.9; 95% confidence interval (CI)=23.1, 24.8),
uncleaned cooking fuel (PAF=6.2; 95% CI=6.4, 7.8), infre-
quent antenatal care (ANC) visits (PAF=4.3; 95% CI=3.3,
5.9), maternal lack of formal education (PAF=3.9; 95%
CI=2.7, 5.3), and mother’s lacking two doses of tetanus in-
jections (PAF=3.0; 95% CI=1.9, 3.9). These five modifiable
risk factors contributed to 41.4% (95% CI=35.6, 47.0) of neo-
{ natal deaths in the 48 LMICs. Similarly, a combination of
these five risk factors contributed to 40.5% of infant deaths.
i Further, delayed initiation of breastfeeding (PAF=15.8; 95%
CI=15.2,16.2), unclean cooking fuel (PAF=9.6; 95% CI=8.4,

10.7), mothers lacking formal education (PAF=7.9; 95%

CI=7.0, 8.9), infrequent ANC visits (PAF=4.0; 95% CI=3.3,
4.7), and poor toilet facilities (PAF=3.4; 95% CI=2.6, 4.3)
were attributed to 40.8% (95% CI=36.4, 45.2) of under-five
{ deaths.

Conclusions Given the current global economic climate,
policymakers should prioritise these modifiable risk fac-
i tors. Key recommendations include ensuring that women
enter pregnancy in optimal health, prioritising the pres-
i ence of skilled newborn attendants for timely and proper
breastfeeding initiation, and enhancing home-based care
during the postnatal period and beyond.
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The Sustainable Development Goals (SDGs) target 3.2 aims to reduce neonatal mortality to as low
as 12 per 1000 live births and under-five mortality to as low as 25 per 1000 live births by 2030 [1].
Despite these targets, an estimated five million children aged <5 years lost their lives worldwide
in 2021, with over 80% (4.1 million) of these deaths occurring in just two regions - sub-Saharan
Africa (SSA) and South Asia [2]. With no additional health care investments, nearly 40 million
children are projected to lose their lives before 2030, putting many countries in SSA and South
Asia at risk of falling short of meeting the SDG targets for neonatal and under-five mortality [3].

Many low- and middle-income countries (LMICs) have made substantial progress in reducing
under-five mortality rates over the past three decades [2]. LMICs, including Ethiopia, Malawi, and
Uganda in SSA and Bangladesh, Mongolia, and Uzbekistan in Asia, have successfully exceeded
the 59% global decline in under-five mortality by achieving reductions of over 75% between
1990-2021 [2]. This success highlights the feasibility of reducing child mortality and underscores
its achievability across countries with diverse socio-economic and political contexts.
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The improved socioeconomic conditions in some of these countries have naturally contributed
to the decrease in under-five mortality rates [4,5]. However, several LMICs still face challenges
due to slow-developing economies and political landscapes [6]. These difficulties extend to inad-
equate public health and health care responses, resulting from inadequate prioritisation and
resource allocation to improve the health of the mother and child. To effectively address the
persistent burden of under-five mortality in LMICs, policymakers and public health experts
should have access to crucial information on modifiable risk factors at the population level. This
information can guide targeted resource allocation and prioritising public health interventions.

Several studies in SSA and Soth Asia have examined sociodemographic, health service, and
behavioural risk factors associated with childhood mortality using relative measures of associ-
ation (e.g. odds ratios (ORs), relative risk (RR), and hazard risks) [7-11]. However, exclusive reli-
ance on these relative measures, as indicated by ORs and RR, might not be the most efficient
approach for appropriate public health planning and resource allocation [12,13]. For instance,
a strong association between a risk factor and an outcome may have minimal public health
importance if the factor is rare, while an association could have a more significant impact if
the factor is more common [14].

To address this gap, several earlier studies have advocated for using population-attributable
fraction (PAF) estimates to provide a more comprehensive understanding of the impact of mod-
ifiable risk factors [14,15]. The PAF methodology estimates the proportion of cases that could
be prevented if the risk factor were eliminated, offering a more actionable approach to public
health planning [12,13,16]. PAFs integrate both the relative risk (‘seriousness’ of a risk factor)
and the prevalence of the risk factor (frequency and level of exposure) in a particular popula-
tion, allowing for an assessment of what risk factors are most important for population health.
In resource-limited settings, where policymakers must make difficult decisions about allocat-
ing scarce resources, PAF is critical in translating epidemiological findings into effective pol-
icy interventions.

Accordingly, in this study, we aimed to determine the key population-level modifiable risk fac-
tors for neonatal, infant, and under-five mortality in LMICs and to what extent these mortalities
can be reduced by addressing these risk factors. The findings from this study would be instru-
mental in informing the policy development targeting the reduction of the burden of childhood
deaths in LMICs and achieving the SDGs target 3.2 by 2030 [1].

METHODS

Data sources

We used the nationally representative Demographic and Health Survey (DHS) data sets to esti-
mate the PAFs for modifiable risk factors associated with neonatal, infant, and under-five mor-
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tality in 48 LMICs. Over the past three decades, DHS has been conducted in more than 90 LMICs
across Africa, Asia, Latin America and the Caribbean, and Eastern Europe to facilitate informed
public health decisions by providing accurate data on population, health and nutrition [17].
Health ministries or governmental agencies in each country conduct DHS surveys, with tech-
nical assistance provided by Inner-City Fund International, funded by the United States Agency
for International Development.

In this study, we focused on 48 LMICs, including 35 SSA and 13 South and Southeast Asia (SSEA)
countries. We selected these two regions based on their substantial contribution to global under-
five and neonatal mortality [2] and data availability (Table S1 in the Online Supplementary
Document). We followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline for cross-sectional studies.

PAPERS

Sampling procedures and sample size

The DHS uses a two-stage stratified cluster sampling method to recruit the study participants.
In the initial stage, the first administrative units (such as states and regions) were categorised
into urban or rural strata, and enumeration areas (EAs) were then selected proportionally to
the population size of each urban/rural stratum. A complete household census was conducted
in each selected EA. In the second stage, a fixed number of households were chosen using the
household list as a sampling frame.

Data were collected from eligible women, encompassing all females aged 15-49 years residing
permanently in households or present on the night before the survey. For this study, we pooled
the latest available DHS survey data sets (2010-22) from 48 SSA and SSEA countries (Table S1 in
the Online Supplementary Document). The study involved a weighted sample of 506 989 single-
ton live births that occurred in the five years before each country survey across the 48 countries
[18]. Our analyses were restricted to the youngest live births to minimise recall bias.

Outcome variables

The main outcomes of this study included neonatal, infant and under-five mortality, calculated
as deaths within specific age groups among live births in the five years preceding the survey. We
calculated neonatal mortality as deaths within the first month of life, infant mortality deaths
before the first birthday, and under-five mortality deaths before the fifth birthday. A death
within the specified periods was coded as ‘1’ while no death was coded as ‘0.’ All mortality rates
were expressed per 1000 live births.

Modifiable risk factors

We broadly grouped the modifiable risk factors as child, maternal, and household factors. Child
factors included perceived baby birth size and early initiation of breastfeeding. Maternal fac-
tors encompassed maternal education, antenatal care (ANC) visits, place of birth, and mater-
nal tetanus toxoid vaccination. Household factors included wealth index, toilet facility, source
of drinking water, and type of cooking fuel. The modifiable factors were selected based on past
literature [19-22], their importance for the outcomes, availability of data, and the amenability
for policy interventions in improving child health and survival. (Table 1; Appendix S2 in the
Online Supplementary Document).

Potential covariates

We considered the following potential covariates: the sex of the child (grouped as ‘female’ or
‘male’), the child’s birth order (grouped as ‘first child,” ‘2 to <5 births,” or ‘>5 births’), maternal
age (grouped as ‘15-24 years, ‘25-34 years,’ or ‘35-49 years’), family size (grouped as ‘2-3 mem-
bers,’ 4-5 members,’ +6 members’) and place of residence (grouped as ‘rural’ or ‘urban’).
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Table 1. Definitions for modifiable risk factors of neonatal, infant, and under-five mortality

Modifiable risk factors Definitions

Child factors
Perceived birth size 1 - below average birth size, 2 - average and above birth size
EIBF 1 - initiated breastfeeding within 1 h of birth, 2 - not initiated breastfeeding within 1 h of
birth
Maternal factors
Maternal education 1 - no or low schooling, 2 - secondary education or higher
x Maternal employment Not working or working
E Frequency of ANCvisits 1 -no or low ANC visits, 2 ->4 visits
Ay Place of birth Home or health facility birth
E Maternal tetanus toxoid

1-<2doses, 2 ->2 doses

vaccination

Household factors

Household wealth index 1 - poor or medium households, 2 - rich households

Source of drinking water

and type of toilet facility 1-improved, 2 - not improved

Type of cooking fuel 1 - cleaned, 2 - not cleaned

ANC - antenatal care, EIBF - early initiation of breastfeeding

Statistical analysis

We initially calculated frequencies and percentages to present an overview of the study popula-
tion. We also calculated estimates for neonatal, infant, and under-five mortality. Subsequently,
we used generalised linear latent and mixed models in the pooled data to compute ORs with 95%
confidence intervals (CIs) for the modifiable risk factors associated with neonatal, infant and
under-five mortalities. The decision to use ORs in this study was based on the rarity assumption
(prevalence <10%) observed in cases of neonatal, infant, and under-five mortalities, where there
is a tendency for ORs and RRs to converge [23].

We implemented our generalised linear latent and mixed models in two levels, individual (e.g.
child, maternal, and household factors) and community levels (place of residence), to account
for the hierarchical nature of the data, wherein children aged <5 years were nested within geo-
graphic clusters. Multilevel models offer distinct advantages compared to classical single-level
logistic regression models. First, it acknowledges the hierarchical nature of data, recognising
that children aged <5 years (Level I) are nested within clusters (Level II). Failure to account for
this hierarchy results in underestimated standard errors of regression coefficients, leading to
an overstatement of statistical significance [24,25]. Second, multilevel modelling addresses the
dependence of observations within the same clusters; children within the same cluster tend to
be more similar than those in different clusters [24,25]. Lastly, it allows for the simultaneous esti-
mation of cluster-level effects (random effects) and the assessment of associations for communi-
ty-level predictors, such as place of residence.

We constructed the multilevel models in three steps. Initially, we developed a null unconditional
model in stage one without any study variable. In stage two, we incorporated individual-level fac-
tors (including child, maternal, and household factors) into the model. In stage three, we intro-
duced community-level factors and presented the results, which encompassed both individual
and community-level factors. This final model, which included individual and community-level
factors, was chosen due to its minimal deviance and superior ability to explain the variation in
the outcome variables. Detailed statistical analyses (including assumption checks) procedures
are provided in Appendix S3 in the Online Supplementary Document.

Upon identifying the modifiable risk factors associated with neonatal, infant, and under-five mor-
talities using the generalised linear latent and mixed models, our analysis involved the computa-
tion of PAFs using Miettinen’s formula. We chose Miettinen’s formula based on several reasons.
First, Miettinen’s formula is generally preferred when ORs are used to measure association, par-
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ticularly in rare outcomes. Second, the formula incorporates the prevalence of exposure among
cases (Pc), making it suitable when the overall population prevalence is not well-known. Third,
Miettinen’s formula offers greater flexibility for adjusting confounders, particularly when using
adjusted ORs from multivariable models [26]. The PAF serves as a metric indicating the propor-
tion of childhood deaths in LMICs that could potentially be mitigated by addressing the identified
modifiable risk factors within the population [26]. We calculated PAF using the following formula:

pAF:w

Where Pc is the prevalence of the modifiable risk factor among cases, and OR is the adjusted
ORs of neonatal mortality associated with the modifiable risk factors [26]. Given the modifiable
risk factors occur simultaneously within individuals, aggregating the PAF for each specific risk
factor may lead to an overestimation of their combined effects [21,27]. Based on previously pub-
lished studies [28], we employed communality weights to correct for the overlap of risk factors
among participants [28].

PAPERS

To calculate the commonalities, we started by looking at how different modifiable risk factors
are related using a tetrachoric correlation. This helps us understand how these risk factors inter-
act and overlap within individuals. Next, we used a principal components analysis to identify
the main patterns in the data. This analysis allows us to see which risk factors are most impor-
tant and how they group. For each risk factor, we calculated its communality, which tells us how
much of its variation is explained by these main patterns. Specifically, we did this by adding up
the squares of the values (loadings) associated with each risk factor from the principal compo-
nents with a significant impact (those with values >1). After calculating the communalities, we
determined a weight for each risk factor using the formula: communality weight for each risk
factor (We)=1-communality. This means that if a risk factor is highly explained by the com-
mon patterns (high communality), its weight will be lower, reflecting its shared influence with
other factors.

Following this, we calculated a combined PAF across the modifiable risk factors using the spec-
ified formula:

R
PAF(combined) =1-] J(1- WePAFe)

r=1

Where ‘e’ represents each modifiable risk factor, PAFe represents PAF for each risk factor, and
‘We’ represents the communality weight of each risk factor. Finally, we estimated the adjusted
PAF for each risk factor using the formula:

PAFe
> PAFe

To address potential imbalances and unequal probabilities in household selections and non-re-
sponses and to account for clustering and stratification, we applied survey weighting to the data
using the ‘svy’ command in STATA, version 18.0 (Stata Corp, College Station, TX, USA) [29]. We
computed the neonatal, infant and under-five mortality rates using the ‘SYNCMRATES’ and regres-
sion analysis using the ‘GLLAMM’ package for STATA [30]. We present the association between the
modifiable risk factors and the outcome variables in terms of ORs along with 95% CIs.

adjustedPAFe = ( jx combinedPAF

Ethical considerations

Ethical approval was obtained for all DHS surveys from the relevant authorities in each country.
In each DHS, verbal informed consent was obtained from participants (or their parents/guardi-
ans) before data collection began, ensuring privacy and confidentiality throughout the process.
The DHS data set is anonymised and publicly accessible, containing no identifiable information
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about participants. Data access was granted by the Measure DHS following a formal request for
permission to use the data.

RESULTS

Participants

This study included a weighted total sample of 506989 under-five children with a mean age of
24.2 months (standard deviation=16.3). Of these, 52.0% were males. Regarding maternal charac-

Table 2. Characteristics of the study participants (n=506989)*

Variables Male Female Total
EIBF

No 135722 (51.5) 123272 (50.6) 258994 (51.1)
Yes 127829 (48.5) 120167 (49.4) 247996 (48.9)
Birth order

1 71665 (27.2) 66096 (27.2) 137761 (27.2)
2-4 141445 (53.7) 128831 (52.9) 270276 (53.3)
<5 50441 (19.1) 48511 (19.9) 98952 (19.5)
Maternal age in years

15-24 79490 (30.2) 73837 (30.3) 153327 (30.2)
25-34 135169 (51.3) 122285 (50.2) 257454 (50.8)
35-49 48892 (18.6) 47317 (19.4) 96208 (19.0)

Maternal education

No or low education 136762 (51.9)

128657 (52.9)

265419 (52.4)

Secondary or higher 126778 (48.1) 114774 (47.2) 241552 (47.7)
Maternal employment

Not working 76797 (54.1) 72306 (53.5) 149102 (53.8)
Working 65085 (45.9) 62874 (46.5) 127959 (46.2)
ANC visits

<3 104495 (41.6) 96292 (41.5) 200787 (41.6)
>4 146755 (58.4) 135592 (58.5) 282346 (58.4)
Place of birth

Home 54951 (21.5) 53021 (22.5) 107972 (22.0)
Health facility 200677 (78.5) 183064 (77.5) 383740 (78.0)
Maternal tetanus vaccination doses

<2 153918 (62.6) 140180 (61.7) 294097 (62.1)
>2 92116 (37.4) 87208 (38.4) 179324 (37.9)
Family size

2-3 30928 (11.8) 28771 (11.8) 59699 (11.8)
4-5 88217 (33.6) 81551 (33.6) 169767 (33.6)
>6 143831 (54.7) 132632 (54.6) 276464 (54.6)
Household wealth

Poor or medium households 164651 (62.5) 151827 (62.4) 316478 (62.4)
Rich households 98899 (37.5) 91612 (37.6) 190511 (37.6)
Type of toilet system

Not improved 103619 (40.0) 97051 (40.6) 200670 (40.2)
Improved 155699 (60.0) 142300 (59.5) 297999 (59.8)

Source of drinking water

Not protected 96531 (36.6) 90169 (37.0) 186700 (36.8)
Protected 167020 (63.4) 153269 (63.0) 320289 (63.2)
Type of cooking fuel

Not cleaned 93313 (35.5) 83992 (34.6) 177305 (35.0)
Cleaned 169744 (64.5) 158968 (65.4) 328713 (65.0)
Place of residence

Urban 84947 (32.2) 79543 (32.7) 164490 (32.4)
Rural 178604 (67.8) 163896 (67.3) 342500 (67.6)

ANC - antenatal care, EIBF - early initiation of breastfeeding

*Presented as n (%).

teristics, 241552 mothers (47.7%) attained sec-
ondary education or higher, and 149 102 (53.8%)
were unemployed. Additionally, 383740 moth-
ers (78.0%) gave birth at a health facility, while
294097 (62.1%) had less than two doses of tet-
anus vaccination during pregnancy. In terms
of household characteristics, 190511 children
(37.6%) resided in rich households, and 164490
(32.4%) were from urban households (Table 2).

Neonatal, infant and under-five
mortality rates

The analysis of neonatal mortality rate (NMR),
infant mortality rate (IMR), and under-five mor-
tality rate revealed variations across countries.
Pakistan had the highest NMR (NMR=42.4 per
1000 live births; 95% CI=36.1, 48.7) in 2017-
18, while Cambodia had the lowest (NMR=8.3
per 1000 live births; 95% CI=5.6, 10.9) in 2021-
22 (Figure 1). Similarly, the highest IMR was
observed in Sierra Leone (IMR=75.4 per 1000
live births; 95% CI=68.3, 82.6) in 2019, while
Cambodia had the lowest (IMR=12.4 per 1000
live births; 95% CI=9.4, 15.4) in 2021-22 (Figure
2). The highest under-five mortality rate was
found in Chad (under-five mortality rate=133.0
per 1000 live births; 95% CI=124.9, 141.1) in
2014-15, while the lowest was observed in
Cambodia (under-five mortality rate=16.4 per
1000; 95% CI=13.3, 19.6) in 2021-22 (Figure 3).

Population attributable fractions
for neonatal mortality

To investigate the factors contributing to neo-
natal mortality, we calculated PAFs. The largest
PAFsof neonatal mortality were associated with
delayed initiation of breastfeeding (PAF=23.87;
95% CI=23.11, 24.79), use of uncleaned cook-
ing fuel (PAF=6.19; 95% CI=4.61, 7.81), moth-
ers not having frequent ANC visits (PAF=4.27;
95% CI=3.27, 5.94), mothers lacking formal
education (PAF=3.93; 95% CI=1.92, 3.92), and
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Figure 1. Neonatal mortality rates per 1000 across 48 LMICs. CI - confidence interval, SEA - Southeast

Asia, SSA - sub-Saharan Africa.
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Figure 2. Infant mortality rates per 1000 across 48 LMICs. CI - confidence interval, SEA - Southeast Asia,
SSA - sub-Saharan Africa.

less than two maternal tetanus injections before birth (PAF=2.96; 95% CI=1.92, 3.92) (Table 3).
Collectively, these five modifiable risk factors were associated with 41.4% (95% CI=35.6, 47.0) of
neonatal deaths in LMICs.
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Figure 3. Under-five mortality rates per 1000 across 48 LMICs. CI - confidence interval, SEA - Southeast
Asia, SSA - sub-Saharan Africa.

Table 3. Population-attributable fractions for neonatal mortality in 48 LMICs, 2010-22

Variables Prevalence of risk factors in cases (95% Cl) OR (95% CI) Unweighted PAF% (95% Cl) Weighted PAF% (95% Cl)*
EIBF

No 78.45 (77.29, 79.57) 3.56 (3.38, 3.76) 56.45 (54.43, 58.43) 23.87 (23.11, 24.79)
Yes 21.55 (20.43, 22.71) Ref. Ref. Ref.

Maternal education

No or low education

60.46 (59.00, 61.91)

1.18 (1.12, 1.25)

9.23 (6.32,12.38)

3.93 (2.68, 5.25)

Secondary or higher 39.54 (38.09, 41.01) Ref. Ref. Ref.

ANC visits

<3 51.84 (50.38, 53.31) 1.24 (1.18, 1.30) 10.03 (7.69, 12.30) 4.27 (3.27, 5.94)
>4 48.16 (46.69, 49.62) Ref. Ref. Ref.
Place of birth

Home 26.25 (24.93, 27.61) 0.93 (0.88, 0.99) -2.00 (-3.40, -0.28) NA
Health facility 73.75 (73.39, 75.07) Ref. Ref.

Maternal tetanus vaccination doses

<2

56.49 (54.94, 58.03)

1.14 (1.09, 1.19)

6.94 (4.53, 9.26)

2.96 (1.92, 3.92)

>2 43.51 (41.97, 45.06) Ref. Ref. Ref.
Household wealth

Poor or medium households 68.88 (67.45, 70.28) 1.02 (0.96, 1.08) 1.35(-2.81, 5.21) NA
Rich households 31.12(29.72, 32.55) Ref. Ref.

Type of toilet system

Not improved 46.52 (45.01, 48.04) 1.03 (0.98, 1.09) 1.35 (-0.92, 3.96) NA
Improved 53.48 (51.96, 54.99) Ref. Ref.

Source of drinking water

Not protected 38.06 (36.67, 39.48) 0.98 (0.93, 1.02) -0.78 (-2.76, 0.77) NA
Protected 61.94 (60.52, 63.33) Ref. Ref.

Type of cooking fuel

Not cleaned 72.72 (71.22, 74.17) 1.25 (1.18, 1.33) 14.54 (10.86, 18.41) 6.19 (4.61, 7.81)
Cleaned 27.28 (25.83, 28.78) Ref. Ref. Ref.

ANC - antenatal care, CI - confidence interval, EIBF - early initiation of breastfeeding, NA - not
applicable, OR - odds ratio, PAF - population attributable fraction, ref - reference
*Weighted PAF is the relative contribution of each risk factor to the overall PAF when adjusted for

communality.
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Population attributable fractions for infant mortality

Similarly, we examined the PAFs for infant mortality. The largest PAFs of infant mortality were asso-
ciated with delayed initiation of breastfeeding (PAF=17.84; 95% CI=17.05, 18.18), use of uncleaned
cooking fuel (PAF=8.05; 95% CI=6.50, 9.23), mothers lacking formal education (PAF=6.53; 95%
CI=5.54,7.59), mothers not having frequent ANC visits (PAF=4.11; 95% CI=2.80, 4.75), and less than
two maternal tetanus injections before birth (PAF=3.74; 95% CI=2.73, 4.50) (Table 4). These modifi-
able risk factors together were associated with 40.5% (95% CI=35.2, 44.9) of infant deaths in LMICs.

wn
~
Table 4. Population-attributable fractions for infant mortality in 48 LMICs, 2010-22 23]
[al
\ELELIE Prevalence of risk factors in cases (95% Cl) OR (95% CI) Unweighted PAF% (95% CI) Weighted PAF% (95% CI)* E
EIBF
No 69.28 (68.22, 70.32) 2.20 (2.12, 2.29) 37.80 (36.03, 39.60) 17.84 (17.05, 18.18)
Yes 30.72 (29.68, 31.78) Ref. Ref. Ref.

Maternal education

No or low education

63.85 (62.62, 65.07)

1.28 (1.23, 1.34)

13.98 (11.71, 16.52)

6.53 (5.54, 7.59)

Secondary or higher 36.15 (34.93, 37.38) Ref. Ref. Ref.

ANC visits

<3 52.06 (50.85, 53.27) 1.22 (1.17, 1.26) 9.40 (7.40, 11.00) 4.11 (2.80, 4.75)
>4 47.94 (46.73, 49.15) Ref. Ref. Ref.
Place of birth

Home 28.92 (27.76, 30.12) 1.07 (1.02, 1.11) 1.89 (0.55, 2.98) NA
Health facility 71.08 (69.88, 72.24) Ref. Ref.

Maternal tetanus vaccination doses

<2

55.20 (53.93, 56.46)

1.17 (1.12, 1.21)

8.02 (5.78, 9.81)

3.74(2.73, 4.50)

>2 44.80 (43.54, 46.07) Ref. Ref. Ref.
Household wealth

Poor or medium households 69.83 (68.64, 70.99) 1.01 (0.96, 1.06) 0.69 (-2.86, 1.23) NA

Rich households 30.2 (29.0, 31.4) Ref. Ref.

Type of toilet system

Not improved 49.40 (48.14, 50.66) 1.13 (1.09, 1.18) 5.68 (3.97, 7.73) 2.65 (1.88, 3.55)
Improved 50.60 (49.34, 51.86) Ref. Ref. Ref.
Source of drinking water

Not protected 39.66 (38.46, 40.88) 1.02 (0.98, 1.06) 0.78 (=0.79, 2.32) NA
Protected 60.34 (59.12, 61.54) Ref. Ref.

Type of cooking fuel

Not cleaned 74.67 (73.38, 75.91) 1.30(1.23, 1.36) 17.24 (13.73, 20.09) 8.05 (6.50, 9.23)

Cleaned 25.33 (24.09, 26.62) Ref. Ref. Ref.
ANC - antenatal care, CI - confidence interval, EIBF - early initiation of breastfeeding, NA - not applicable, OR - odds ratio, PAF - pop-
ulation attributable fraction, ref - reference
*Weighted PAF is the relative contribution of each risk factor to the overall PAF when adjusted for communality.

Population attributable fractions for under-five mortality

Finally, we assessed the PAFs for under-five mortality. The highest PAFs of under-five mortal-
ity were associated with delayed initiation of breastfeeding (PAF=15.78; 95% CI=15.24, 16.20),
use of unclean cooking fuel (PAF=9.60; 95% CI=8.35, 10.66), mothers lacking formal education
(PAF=7.92; 95% CI=7.01, 8.88), mothers not having frequent ANC visits (PAF=4.02; 95% CI=3.28,
4.69), and unimproved toilet facilities (PAF=3.40; 95% CI=2.63, 4.26) (Table 5). In total, these five
modifiable risk factors were associated with 40.8% (95% CI=36.4, 45.2) of under-five deaths in
LMICs.

DISCUSSION

To the best of our knowledge, this is the first study examining PAFs for key modifiable risk fac-
tors associated with neonatal, infant and under-five mortalities using nationally representative
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Table 5. Population-attributable fractions for under-five mortality in 48 LMICs

Variables Prevalence of risk factors among cases (95% Cl) OR (95% CI) Unweighted PAF% (95% ClI) Weighted PAF% (95% Cl)*
EIBF

No 66.48 (65.46, 67.48) 1.96 (1.89,2.03)  32.57 (30.84, 34.25) 15.78 (15.24, 16.2)
Yes 33.52 (32.52, 34.54) Ref. Ref. Ref.

Maternal education

No or low education

65.92 (64.77, 67.04)

1.33 (1.28, 1.39)

16.35 (14.18, 18.80)

7.92 (7.01, 8.88)

Secondary or higher 34.08 (32.96, 35.23) Ref. Ref. Ref.
N ANC visits
E <3 51.94 (50.82, 53.05) 1.19 (1.15, 1.23) 8.29 (6.63, 9.93) 4.02 (3.28, 4.69)
[l >4 48.06 (46.95, 49.18) Ref. Ref. Ref.
é Place of birth
Home 28.90 (27.80, 30.10) 1.18 (1.13,1.22) 4.41 (3.20, 5.43) 2.12 (1.58, 2.57)
Health facility 71.10 (67.00, 72.20) Ref. Ref. Ref.

Maternal tetanus vaccination doses

<2

54.87 (53.71, 56.02)

1.13 (1.10, 1.17)

6.32(4.88, 8.14)

3.06 (2.41, 3.85)

>2 45.13 (43.98, 46.29) Ref. Ref. Ref.
Household wealth

Poor or medium households 70.02 (68.93, 71.10) 0.99 (0.95, 1.03) -0.71 (-3.63, 2.00) NA

Rich households 29.98 (28.90, 31.07) Ref. Ref.

Type of toilet system

Not improved 50.82 (49.65, 52.98) 1.16 (1.12, 1.21) 7.01 (5.33, 9.02) 3.40 (2.63, 4.26)
Improved 49.19 (48.02, 50.35) Ref. Ref. Ref.
Source of drinking water

Not protected 39.97 (38.85, 41.10) 1.02 (0.98, 1.05) 0.78 (-0.79, 1.96) NA
Protected 60.03 (58.90, 61.15) Ref. Ref.

Type of cooking fuel

Not cleaned 76.42 (75.24, 77.55) 1.35(1.29, 1.41) 19.81 (16.91, 22.56) 9.60 (8.35, 10.66)
Cleaned 23.58 (22.45, 24.76) Ref. Ref. Ref.

ANC - antenatal care, CI - confidence interval, EIBF - early initiation of breastfeeding, NA - not applicable, OR - odds ratio, PAF - pop-
ulation attributable fraction, ref - reference
*Weighted PAF is the relative contribution of each risk factor to the overall PAF when adjusted for communality.

surveys in LMICs. Our findings revealed that 41.4% of neonatal mortality was attributed to five
potentially modifiable risk factors: delayed initiation of breastfeeding, unclean cooking fuel,
infrequent ANC visits, maternal lack of formal education, and mother’s lacking two doses of teta-
nus injections. Similarly, a combination of these five modifiable risk factors contributed to 40.5%
of infant deaths. Furthermore, 40.8% of under-five deaths in LMICs were attributed to delayed
initiation of breastfeeding, use of unclean cooking fuel, motherslacking formal education, infre-
quent ANC visits, and the absence of improved toilet facilities.

The global community has failed to mitigate the disproportionate child mortality rates in LMICs,
with an estimated 40 million children projected to lose their lives by 2030 [2,3]. Without immedi-
ate intervention, many countries will fall short of the SDG mortality targets by 2030. Achieving
the SDG health targets requires an investment of approximately USD 371 billion, excluding costs
related to the coronavirus disease 2019 pandemic and the ongoing global conflicts [31]. Allocating
resources for breastfeeding, maternal education, high-quality maternal and childcare, and a
healthy household environment is evidence-based and can substantially reduce neonatal, infant,
and under-five mortality rates in LMICs. Our findings can guide resource allocation, shape public
health strategies, and inform policy priorities aimed at reducing early childhood death in LMICs.

Improving children’s survival requires ensuring that women and children have access to qual-
ity health care services across the entire spectrum of care, spanning from preconception and
pregnancy to delivery, the postnatal period, infancy, and early childhood. However, a signifi-
cant gap exists in care for women before pregnancy, and relying solely on prenatal care will be
inadequate in mitigating obstetric health risks [32]. Ensuring women enter pregnancy in opti-
mal health is crucial, especially considering the high prevalence of unintended pregnancies in
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LMICs. Addressing this gap, preconception care extends the continuum of maternal care by tar-
geting pre-pregnancy health risks and health conditions.

Establishing well-equipped birthing facilities that provide high-quality care is also crucial to fur-
ther improve child survival. Prioritising the presence of skilled newborn attendants is equally
important to ensure safe delivery and prompt initiation of breastfeeding. Initiating breastfeeding
within the first hour of birth is vital to protect the newborn from infection, ensure proper ther-
mal care, positively influence exclusive breastfeeding duration, and stimulate the production of
vital colostrum - a crucial source of nutrition and immunity [33]. Additionally, significant invest-
ments in training and health infrastructure are imperative to support life-saving interventions,
including caesarean delivery and neonatal resuscitation.

PAPERS

To further reduce child mortality, a critical measure involves enhancing home-based care during
the postnatal period and beyond. Female community health workers, who reside in the commu-
nities they serve, play a pivotal role in delivering various postnatal care services and interven-
tions for lactating women and their newborns [34]. More specifically, community health workers
are effective in offering culturally appropriate advice regarding exclusive breastfeeding support
for the first six months and promoting a conducive household environment for optimal new-
born growth and maternal psychosocial well-being [34]. Additionally, female community health
workers can aid in the early diagnosis and treatment of common childhood illnesses, including
malaria, pneumonia, and diarrhoea.

The computation of PAFs for neonatal, infant and under-five mortality rates provides an oppor-
tunity to guide resource distribution, particularly in countries (e.g. Sierra Leone, Chad, and
Pakistan) dealing with a substantial burden of diseases in LMICs. The use of nationally rep-
resentative DHS data sets further strengthens the applicability of our findings to the broader
regional context. The modifiable risk factors investigated in this study hold broader implications
for shaping future child health policies.

Despite the above strengths, it is essential to acknowledge certain limitations. First, the use of
cross-sectional data impedes the establishment of a clear temporal relationship between the
potentially modifiable risk factors and the outcomes. Second, the potential for recall bias should
be considered, particularly when assessing modifiable risk factors like the early initiation of
breastfeeding. To mitigate this, we focused on the youngest live births within each household,
which are more likely to be remembered accurately. However, this approach does not elimi-
nate the risk of bias. To overcome these limitations, future research should employ longitudinal
designs to quantify childhood mortalities that will be eliminated by providing breastfeeding.

Third, unmeasured confounders, such as acute respiratory tract infections (ARI) and diarrhoea,
could potentially affect the accuracy of the PAF estimates by leading to either overestimation or
underestimation. In the DHS, data on ARI and diarrhoea were collected through maternal recall
of symptoms occurring within the two weeks before the survey. This method presents inherent
challenges for the analysis, as it may not accurately capture the full extent of these conditions,
especially considering that many childhood deaths occur in the early years of life, often before
symptoms can be reliably recalled. While our study focused on examining population-level mod-
ifiable risk factors, which can serve as proxy indicators for common childhood illnesses, it is
crucial to acknowledge the limitations posed by these unmeasured confounders. Future longi-
tudinal research is thus recommended to directly examine the impact of ARI and diarrhoea on
childhood mortality.

Fourthly, PAF estimates rely on particular assumptions involving causality, the independence of
modifiable risk factors, and consistent associations over time [35]. However, these assumptions
might prove unrealistic due to the intricate interplay of socio-economic, cultural, health care,
maternal, and child-related factors associated with childhood mortality. Despite this complex-
ity, PAFs offer a straightforward and intuitive metric that can supplement other methodologies
in pinpointing modifiable risk factors suitable for policy intervention. Finally, while our anal-
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ysis adjusts for individual-level factors within country-level characteristics, the findings repre-
sent broad regional trends across LMICs rather than precise estimates for specific countries.
Differences in pregnancy, breastfeeding, feeding practices, and health care systems across coun-
tries may influence the effects of modifiable risk factors on child mortality [36]. Despite these
variations, our results broadly explain how common risk factors affect neonatal, infant, and
under-five mortality. We recommend that future studies focus on how these factors function
within distinct health care and cultural contexts.

CONCLUSIONS

Our study identified five modifiable risk factors that could potentially prevent 40% of neonatal,
infant and under-five mortality in LMICs. Given the current global economic climate, we propose
that policymakers prioritise these factors when formulating future child health interventions
to accelerate the reduction of childhood mortality. Key recommendations include ensuring that
women enter pregnancy in optimal health, prioritising the presence of skilled newborn attend-
ants for timely and proper breastfeeding initiation, and enhancing home-based care during the
postnatal period and beyond. Commencing in countries with the highest burden of childhood
mortality (e.g. Sierra Leone, Chad, and Pakistan) should be the priority.
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