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Abstract

Background: Neonatal mortality is declining slowly compared to under-five mortality in many developing countries
including Afghanistan. About three-fourths of these deaths occur in the early neonatal period (i.e., the first week of
life). Although a number of studies investigated determinants of early neonatal mortality in other countries, there is
a lack of evidence regarding this in Afghanistan. This study investigated determinants of early neonatal mortality in
Afghanistan.

Methods: Data from the Afghanistan Demographic and Health Survey 2015 (AfDHS 2015) were analyzed. After
reporting the weighted frequency distributions of selected factors, a multilevel logistic regression model revealed
adjusted associations of factors with early neonatal mortality.

Results: A total of 19,801 weighted live-births were included in our analysis; 266 (1.4%) of the newborns died in
this period. Multivariable analysis found that multiple gestations (adjusted odds ratio (AOR): 9.3; 95% confidence
interval (CI): 5.7–15.0), larger (AOR: 2.9; 95% CI: 2.2–3.8) and smaller (AOR: 1.8; 95% CI: 1.2–2.6) than average birth
size, maternal age ≤ 18 years (AOR: 1.8; 95% CI: 1.1–3.2) and ≥ 35 years (AOR: 1.7; 95% CI: 1.3–2.3), and birth interval
of < 2 years (AOR: 2.6; 95% CI: 1.4–4.9) had higher odds of early neonatal mortality. On the other hand, antenatal
care by a skilled provider (AOR: 0.7; 95% CI: 0.5–0.9), facility delivery (AOR: 0.7; 955 CI: 0.5–0.9), paternal higher
education level (AOR: 0.7; 95% CI: 0.5–1.0), living in north-western (AOR: 0.3; 95% CI: 0.1–0.6), central-western regions
(AOR: 0.5; 95% CI: 0.3–0.9) and in a community with higher maternal education level (AOR: 0.4; 95% CI: 0.2–0.9) had
negative association.

Conclusions: Several individual, maternal and community level factors influence early neonatal deaths in Afghanistan;
significance of the elements of multiple levels indicates that neonatal survival programs should follow a multifaceted
approach to incorporate these associated factors. Programs should focus on birth interval prolongation with
the promotion of family planning services, utilization of antenatal care and institutional delivery services along
with management of preterm and sick infants to prevent this large number of deaths in this period.
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Background
The past decades have seen rapid developments in redu-
cing under-five mortality; however, neonatal mortality
reduction remains a major challenge for most develop-
ing countries. Of the estimated 5.9 million under-five
children who died globally in 2015, neonates comprised
about 45% of the deaths [1, 2]. Between 1990 and 2015,
under-five mortality declined by 53%, but the reduction
of neonatal mortality in the same period remains slow as
neonatal mortality declined by 47% compared to the
58% reduction of post-neonatal under-five mortality [2].
Reduction of neonatal mortality would be important to
meet both the neonatal and under-five mortality targets
of the sustainable development goals (SDGs). The SDGs
have two specific targets to reduce the neonatal mortal-
ity rate (NMR) and under-five mortality rate (U5MR) to
12 and 25 per thousand live-births within 2030, respect-
ively [3]. Achievement of these targets is not possible
without reduction of neonatal mortality in countries
with higher rates, specifically in developing countries
where 98% of the neonatal deaths occur [2]. Most of the
developing countries have a higher NMR including
Afghanistan [1, 2] with an estimated NMR of 22 per
1000 live-births in 2015 [4].
Afghanistan is a landlocked country in South Asia with

a land mass of about 652,230 km2 and an estimated total
population of 34 million [5]. Similar to other developing
countries, neonatal mortality declined slowly in this
region compared to under-five mortality, with an annual
rate of reduction (ARR) of 1.5% from 53 to 36 per thou-
sand live-births in 1990 and 2015, respectively [2]. An
acceleration of this slow ARR is required to achieve the
neonatal mortality targets of the SDGs.
Recent global estimates suggest that about three-

fourths of the neonatal deaths could be prevented by an
increased coverage of currently available interventions
[6, 7]. It is also well-established from a number of stud-
ies that about three-fourths of neonatal deaths occur
during the early neonatal period (i.e., the first week of life)
[8, 9]; this high proportion of deaths in this period indi-
cates that the first week of life is the most critical period
for neonatal survival. Similar to other developing
countries, about three-fourths of neonates die in the
early neonatal period in Afghanistan; this proportion
is about one-third of the total under-five deaths [4].
Reduction of these preventable deaths in this period
is crucial to meet the targets of SDGs [2].
Earlier research from other countries also demon-

strated that early neonatal mortality is influenced by sev-
eral maternal (e.g., age and parity), neonatal (e.g., birth
weight and gender), and household and socioeconomic
risk factors (e.g., parental education and wealth status)
[10–13]. However, there remains a lack of evidence on
determinants of early neonatal mortality in Afghanistan.

This limits our understanding of this problem for an
evidence-based programming and indicates that this
issue has been underestimated in this country. We made
an attempt to identify and fill this existing knowledge gap
in Afghanistan. In this manuscript, we examined the de-
terminants for early neonatal mortality in this country
by using a nationally representative dataset. Our results
could be useful in assisting policymakers and researchers
to develop efficient strategies to improve survival of
newborns in Afghanistan.

Methods
Data source
We used data from the Afghanistan Demographic and
Health Survey (AfDHS 2015) to investigate determinants
of early neonatal mortality. The AfDHS 2015 was the
first DHS implemented in Afghanistan. It was a part of
the global DHS Program. The survey was conducted
from June 2015 to February 2016, and primarily pro-
vided estimates of basic demographic and health indica-
tors of the country. It used an updated version of the
‘Household Listing Frame’ as the sampling frame. Details
of this population-based survey including survey design,
methodologies, sample size calculation and question-
naires have been described elsewhere [4].

Sample design
A stratified two-stage sample design was followed in
AfDHS 2015 to allow estimates of key indicators at the
national level, in urban and rural areas, and for each of
the 34 provinces of the country. During the first stage,
the sample points (i.e., clusters) consisting of EAs were
selected. A total of 950 clusters were selected in this
stage; 260 and 690 separately for urban and rural areas,
respectively. Some of the regions (10%) were difficult
to reach due to security reasons; 101 reserve clusters
were selected in all of the provinces to replace the
inaccessible clusters [4].

Data collection
The AfDHS used three questionnaires: women’s, men’s,
and household’s questionnaires. All ever-married women
with 15–49 years of age living in the households were
eligible to be interviewed. They were interviewed using
the women’s questionnaire. During the interview, several
types of information were collected. These included:
background characteristics (including age, education,
and media exposure), birth history and child mortality,
knowledge and use of family planning methods, fertility
preferences, antenatal, delivery, and postnatal care,
breastfeeding and infant feeding practices, vaccinations
and childhood illnesses, marriage, women’s work and
husbands’ background characteristics, awareness and
behavior regarding HIV/AIDS and other sexually
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transmitted infections (STIs), adult and maternal mortal-
ity, knowledge, attitudes, and behavior related to other
health issues (e.g., tuberculosis, hepatitis, fistula) and do-
mestic violence (questions asked of one woman per
household) [4].

Coverage of the sample
In total, 25,741 households were selected for the AfDHS,
of which 24,941 were occupied during the survey field-
work. Of the occupied households, 24,395 were success-
fully interviewed with 98% response rate. In the
interviewed households, 30,434 ever-married women age
15–49 were identified for individual interviews; inter-
views were completed with 29,461 of these women,
yielding a response rate of 97% [4]. Overall, the survey
was successfully carried out in 956 clusters [4].

Participants
Among the 29,461 interviewed women, we examined the
determinants of early neonatal mortality among the live-
births of a cohort of women who had at least one live-
birth within four years preceding the survey. A total of
19,636 women delivered at least one child within this
period. We included their most recent live-births.

Conceptual framework
Figure 1 shows the modified conceptual framework that
was adapted from Mosley and Chen’s framework for sur-
vival of children in developing countries [14]. This
framework was modified based on published reports,
limitations and the structure of the AfDHS dataset. Vari-
ables of the first two levels were considered individual
level, which were nested within the community (i.e.,
cluster) where an infant lived.

Study variables
The outcome variable for this study was early neo-
natal death, defined by a binary variable as the death
of a live-born baby within the first week of life. The
survived mothers were interviewed about the day of
deaths of their children. The aggregated individual
level characteristics of the community level were
used to construct community level variables. The
high and low categorization of the aggregate variables
was done based on the distribution of the proportion
values calculated for each community. Table 1 shows
the list of the included explanatory variables (i.e., risk
factors for neonatal deaths) along with their defini-
tions and categories.

Statistical analyses
Stata 14.0 (Stata Corporation, College Stations, TX, USA)
was used to analyze data of this study [15]. Weighted fre-
quency was calculated for all study variables after adjusting

for two-stage cluster sampling design of the survey. This
analysis included one live-birth per woman as a single unit.
First, a frequency table was used to describe the basic

characteristics (Table 2). After reporting the frequency dis-
tribution, logistic regression analysis was conducted to
investigate the association between the potential determi-
nants and early neonatal deaths. Before conducting the lo-
gistic regression analysis, continuous (e.g., maternal age)
and discrete variables (e.g., parity) were converted into cat-
egorical variables. Crude odds ratios (CORs) were calcu-
lated by entering all potential predictors into the baseline
equation (i.e., one variable at a time) with early neonatal
mortality as the outcome variable (Table 3).
The hierarchical nature of the AfDHS data was consid-

ered for the multivariable analysis. Thus, a two-level
multivariable analysis was applied. Proximate and socio-
economic factors were considered to be nested within
the community (i.e., cluster) level. Covariates with a pre-
determined significance level (p < 0.20) in bivariate ana-
lyses were included in the adjustment for multivariable
analysis (Table 3) and adjusted odds ratios (AORs) were
calculated. To prevent residual confounding in multi-
variate analysis, the significance level of 0.20 is consid-
ered sufficient [16]. Odds ratios (ORs) were reported
with 95% confidence intervals (CIs) and significance
levels (Table 3). Variance inflation factors were assessed
to examine collinearity between variables before entering
them into the multivariable models. The AfDHS employed
the principal component analysis of basic housing con-
struction materials (i.e., materials used to construct the
walls, roofs, and floors), sources of water, sanitation facil-
ities, electricity, and household belongings to construct
wealth index score for the households' wealth status. Then
the wealth status was stratified into quintiles: poorer,
poorest, middle, richer and richest [17, 18].

Results
Characteristics of the study sample
Table 2 presents distribution of selected risk factors for
early neonatal mortality. Numbers and percentages of
the analysis were weighted by the individual sampling of
the sampling weight from the AfDHS data. Among the
included 19,636 weighted live-births that took place
within four years preceding the survey, 1.4% (n = 266)
children died within the first week of their birth. Ap-
proximately 52.2% of the study sample was males. Per-
centage of neonatal mortality was higher among males
(1.6%) compared to females (1.1%). Nearly 61.1% (n =
11,727) of the infants were average size at birth and had
lower mortality rate than smaller or larger infants. Most
of the newborns were singletons, 98.9%. About one-sixth
of the mothers were primi (i.e., became pregnant for the
first-time in life). A vast majority of the mothers were in
the middle age group (19–34 years, 77.3%), followed by
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older (35–49 years, 17.7%) and younger age groups
(≤18 years, 5.0%). A majority of the mothers received
antenatal care, 61.9%. Nearly half of the deliveries were
conducted by skilled attendants that had a lower per-
centage of early neonatal mortality in comparison to the
deliveries conducted by unskilled attendants, 1.0% and 1.
7%, respectively. About 55.0% of the deliveries were con-
ducted at home. Most of the households’ head were
males. A vast majority of the mothers (82.9%) had no
formal education. Approximately an equal number of re-
spondents were obtained from each household wealth
quintile group or each region of the country. More than

three-fourths of the participants were from rural areas.
About one-fourth of the participants were from a com-
munity where at least 25% of the women received four
or more antenatal visits. Most of the infants were from a
community with ‘low’ education level (87.9%), which in
turn had a higher percentage of neonatal deaths than the
communities with higher education level, 0.4% and 1.4%,
respectively.

Determinants of early neonatal mortality
Table 3 shows results of logistic regression analyses. In
unadjusted level, multiple gestations had the highest

Fig. 1 Conceptual Framework for determinants of early neonatal mortality. Adapted from Mosley and Chen’s framework for child survival in
developing countries [14]
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odds of early neonatal mortality (COR: 8.6; 95% CI: 4.7–
15.5). Male children had a higher likelihood of dying than
their female counterparts (COR: 1.6; 95% CI: 1.1–2.1).
Both smaller and larger babies had higher odds of mortal-
ity than average sized babies. Birth rank was found to be
associated with a higher likelihood of mortality among a
birth order of five or more (COR: 1.9; 95% CI: 1.3–2.9).
Children delivered by mothers with a birth interval of less
than two years had higher odds of dying than a birth inter-
val of two or more years (COR: 1.5; 95% CI: 1.0–2.3).
Maternal age also had a significant association with the
outcome variable. Children delivered by mothers who
received antenatal care (COR: 0.5; 95% CI: 0.4–0.7),
delivered by skilled health personnel (COR: 0.6; 95%
CI: 0.4–0.8) and delivered at heath facilities (COR: 0.6;

95% CI: 0.4–0.8) were less likely to die than the children
delivered by mothers who did not utilize these services.
Parental education levels also had a significant association
with the outcome variable. Rural infants were nearly two
times more likely to die than urban infants (COR: 1.9;
95% CI: 1.1–3.2). Odds of deaths were significantly lower
in north-western (COR: 0.3; 95% CI: 0.2–0.6) and central-
western (COR: 0.6; 95% CI: 0.4–0.9) regions than the
north-eastern part.
We found two pairs of collinear variables: parity and

delivery attendance with maternal age and place of deliv-
ery, respectively; we kept maternal age and place of de-
livery for adjustment. After adjusting the variables,
ordered from the most significant odds, the following
categories were significantly associated with an increased

Table 1 Explanatory variables

Study variables Description and categories

Infants’ individual factors

Sex Sex of the baby at birth (0 = female; 1 =male).

Birth size Subjective assessment of the mother about child-size after birth (1 = average; 2 = smaller than average;
3 = larger than average).

Multiple gestation Whether more than one child was born (0 = no; 1 = yes).

Maternal factors

Maternal age Maternal age during child-birth (0 = 19–34 years; 1 =≤18 years; 2 = 35–49 years).

Birth rank Birth order of the baby (0 = second to fourth pregnancy; 1 = primi; 2 = fifth or higher pregnancy).

Birth interval Interval between last pregnancy and current pregnancy (0 =≥2 years; 1 = < 2 years).

Antenatal factors

Desire for pregnancy Intention to become pregnant when women conceived (1 = wanted then; 2 = wanted later; 3 = wanted no more).

Antenatal care Whether the mother received antenatal checkup during pregnancy by a skilled health care personnel
(0 = no; 1 = yes).

Delivery factors

Delivery assistance Assistance during child-birth (0 = unskilled birth attendant; 1 = skilled delivery attendant). Skilled attendants were
doctors, nurses, midwives, or auxiliary nurse/midwives.

Place of delivery Place of child-birth (0 = home; 1 = hospital/health centre).

Socioeconomic characteristics

Sex of the household head Sex of the head of the household (1 = male; 2 = female).

Maternal education level Education level of the mother (0 = no formal education; 1 = primary; 2 = secondary or higher).

Paternal education level Education level of the father (0 = no formal education; 1 = primary; 2 = secondary or higher).

Wealth status Household wealth quintile (1 = poorest; 2 = poorer; 3 =middle; 4 = richer; 5 = richest).

Community level factors

Community antenatal
care utilization

Proportion of women who received four or more antenatal care visit during pregnancy (1 = low (≤25%), 2 = high
(> 25%)).

Utilization of facility
delivery

Percentage of women in a cluster who were delivered at health facility (1 = low (≤50%), 2 = high (> 50%)).

Community education
level

Percentage of women in a cluster who had at least secondary or above level of education (1 = low (≤50%),
2 = high (> 50%)).

Community poverty level Percentage of women who were from the first two wealth quintiles (1 = high (≥75%), 2 = low (< 75%)).

Place of residence Type of the cluster (1 = urban; 2 = rural).

Region Region of residence within the country (1 = North Eastern; 2 = North Western; 3 = Central Eastern; 4 = Central;
5 = Central Western; 6 = Southern Eastern; 7 = Southern Western).
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Table 2 General characteristics of the study population

Variables Early neonatal deaths

No (N (%))a Yes (N (%))a Total (N (%))b

Individual factors

Sex

Female 9279 (98.9) 100 (1.1) 9379 (47.8)

Male 10,092 (98.4) 166 (1.6) 10,257 (52.2)

Birth size

Average 11,629 (99.2) 97 (0.8) 11,726 (61.2)

Smaller than average 2641 (98.5) 39 (1.5) 2680 (14.0)

Larger than average 4660 (97.9) 101 (2.1) 4761 (24.8)

Multiple gestation

No 19,177 (98.7) 245 (1.3) 19,422 (98.9)

Yes 193 (90.1) 21 (9.9) 214 (1.1)

Maternal factors

Maternal age

≤ 18 years 965 (97.9) 20 (2.1) 985 (5.0)

19–34 years 15,004 (98.8) 180 (1.2) 15,184 (77.3)

35–49 years 3401 (98.1) 65 (1.9) 3466 (17.7)

Birth rank

Primi 2947 (98.8) 35 (1.2) 2983 (15.2)

Second to fourth pregnancy 8766 (99.0) 85 (1.0) 8852 (45.1)

Fifth or higher pregnancy 7656 (98.1) 145 (1.9) 7801 (39.7)

Birth interval

< 2 years 4778 (98.2) 89 (1.8) 4867 (24.8)

≥ 2 years 11,602 (98.8) 140 (1.2) 11,743 (59.9)

Antenatal factors

Desire for pregnancy

Wanted then 17,188 (98.6) 236 (1.4) 17,423 (88.9)

Wanted later 1172 (99.5) 6 (0.5) 1178 (6.0)

Wanted no more 975 (98.6) 13 (1.4) 989 (5.1)

Antenatal care

No 7322 (98.2) 136 (1.8) 7458 (38.1)

Yes 12,007 (99.0) 117 (1.0) 12,124 (61.1)

Delivery factors

Delivery assistance

Unskilled birth attendant 8919 (98.3) 152 (1.7) 9071 (46.3)

Skilled delivery attendant 10,425 (99.0) 104 (1.0) 10,528 (53.7)

Place of delivery

Home 17,614 (98.3) 181 (1.7) 10,795 (55.0)

Hospital/health centre 8756 (99.0) 85 (1.0) 8841 (45.0)

Socioeconomic characteristics

Sex of the household head

Male 19,132 (98.6) 265 (1.4) 19,397 (98.8)

Female 238 (99.7) 1 (0.3) 239 (1.2)
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likelihood of early neonatal mortality: multiple gestations
(AOR: 9.3; 95% CI: 5.7–15.0), larger (AOR: 2.9; 95% CI:
2.2–3.8) than average birth size, birth interval of < 2 years
(AOR: 2.6; 95% CI: 1.4–4.9), smaller (AOR: 1.8; 95% CI:

1.2–2.6) than average birth size, maternal age ≤ 18 years
(AOR: 1.8; 95% CI: 1.1–3.2) and ≥ 35 years (AOR: 1.7;
95% CI: 1.3–2.3). The variables associated with lower
odds of dying were: antenatal care by a skilled provider

Table 2 General characteristics of the study population (Continued)

Variables Early neonatal deaths

No (N (%))a Yes (N (%))a Total (N (%))b

Maternal education level

No formal education 16,043 (98.5) 240 (1.5) 16,283 (82.9)

Primary 1589 (99.6) 7 (0.4) 1596 (8.1)

Secondary or higher 1738 (98.9) 19 (1.1) 1757 (9.0)

Paternal education level

No formal education 11,006 (98.4) 174 (1.6) 11,180 (57.6)

Primary 2830 (98.7) 36 (1.3) 2866 (14.8)

Secondary or higher 5317 (99.0) 52 (1.0) 5369 (27.7)

Wealth status

Poorest 3859 (98.6) 55 (1.4) 3914 (19.9)

Poorer 3890 (98.2) 73 (1.8) 3963 (20.2)

Middle 3953 (98.3) 67 (1.7) 4020 (20.5)

Richer 4012 (98.9) 42 (1.0) 4055 (20.7)

Richest 3656 (99.2) 29 (0.8) 3685 (18.8)

Community level variables

Antenatal care utilization

Low 13,979 (98.5) 209 (1.5) 14,189 (72.3)

High 5391 (99.0) 57 (1.0) 5447 (27.7)

Utilization of facility delivery

Low 10,751 (98.4) 177 (1.6) 10,927 (55.6)

High 8620 (99.0) 90 (1.0) 8710 (44.4)

Community education level

Low 16,996 (98.5) 256 (1.5) 17,252 (87.9)

High 2374 (99.6) 10 (0.4) 2385 (12.1)

Community poverty level

Low 5021 (98.6) 73 (1.4) 5094 (25.9)

High 14,349 (98.7) 193 (1.3) 14,543 (74.1)

Place of residence

Urban 4528 (99.2) 37 (0.8) 4566 (23.3)

Rural 14,842 (98.5) 229 (1.5) 15,071 (76.8)

Region

North Eastern 2605 (97.7) 60 (2.3) 2665 (13.6)

North Western 3715 (99.4) 21 (0.6) 3736 (19.0)

Central Eastern 1579 (98.3) 28 (1.7) 1607 (8.2)

Central 3475 (99.0) 34 (1.0) 3509 (17.9)

Central Western 3168 (98.9) 34 (1.1) 3202 (16.3)

Southern Eastern 2046 (97.9) 43 (2.1) 2089 (10.6)

Southern Western 2782 (98.4) 44 (1.6) 2826 (14.4)
a Row percentage, b Column percentage
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(AOR: 0.7; 95% CI: 0.5–0.9), institutional delivery (AOR:
0.7; 955 CI: 0.5–0.9), paternal higher education level
(AOR: 0.7; 95% CI: 0.5–1.0), living in north-western
(AOR: 0.3; 95% CI: 0.1–0.6), central-western regions

Table 3 Association of early neonatal mortality with risk factors

Variables COR (95% CI) AOR (95% CI)

Individual factors

Sex

Female Ref Ref

Male 1.5* (1.1–2.1) 1.3 (1.0–1.6)

Birth size

Average Ref Ref

Smaller than average 1.8* (1.1–2.9) 1.8** (1.2–2.6)

Larger than average 2.6*** (1.7–3.9) 2.9*** (2.2–3.8)

Multiple gestation

No Ref Ref

Yes 8.6*** (4.7–15.5) 9.3*** (5.7–15.0)

Maternal factors

Maternal age

15–18 years 1.8 (0.9–3.6) 1.8* (1.1–3.2)

19–34 years Ref Ref

35–49 years 1.6* (1.1–2.3) 1.7*** (1.3–2.3)

Birth rank

Primi 1.2 (0.8–2.0) 1.1 (0.7–1.7)

Second to fourth pregnancy Ref Ref

Fifth or higher pregnancy 1.9*** (1.3–2.9) 1.4 (0.7–2.8)

Birth Interval

< 2 years 1.5* (1.0–2.3) 1.7*** (1.3–2.2)

≥ 2 years Ref Ref

Antenatal factors

Desire for pregnancy

Wanted then Ref

Wanted later 0.4* (0.2–0.9) 0.7 (0.4–1.3)

Wanted no more 1.0 (0.5–1.9) 0.9 (0.5–1.7)

Antenatal care

No Ref Ref

Yes 0.5*** (0.4–0.7) 0.7* (0.5–0.9)

Delivery factors

Delivery assistance

Unskilled birth attendant Ref

Skilled delivery attendant 0.6** (0.4–0.8)

Place of delivery

Home Ref Ref

Hospital/health centre 0.6** (0.4–0.8) 0.7* (0.5–0.9)

Socioeconomic characteristics

Sex of the household head

Male Ref Ref

Female 0.2* (0.1–0.8) 1.1 (0.3–1.4)

Table 3 Association of early neonatal mortality with risk factors
(Continued)

Variables COR (95% CI) AOR (95% CI)

Maternal education level

No formal education Ref Ref

Primary 0.3* (0.1–0.8) 0.6 (0.3–1.1)

Secondary or higher 0.7 (0.4–1.5) 1.6 (0.9–2.7)

Paternal education level

No formal education Ref Ref

Primary 0.8 (0.5–1.2) 0.9 (0.6–1.3)

Secondary or higher 0.6* (0.4–0.9) 0.7* (0.5–1.0)

Wealth status

Poorest Ref Ref

Poorer 1.3 (0.8–2.1) 1.0 (0.7–1.5)

Middle 1.2 (0.7–1.9) 1.2 (0.8–1.8)

Richer 0.7 (0.4–1.3) 1.1 (0.7–1.7)

Richest 0.61 (0.3–1.1) 1.1 (0.6–1.1)

Community level variables

Antenatal care utilization

Low Ref Ref

High 0.71 (0.5–1.1) 1.0 (0.7–1.4)

Utilization of facility delivery

Low Ref Ref

High 0.6* (0.4–0.9) 1.0 (0.7–1.3)

Community women’s education

Low Ref Ref

High 0.3* (0.1–0.8) 0.4* (0.2–0.9)

Community poverty

Low Ref

High 0.9 (0.6–1.4)

Place of residence

Urban Ref Ref

Rural 1.9* (1.1–3.2) 1.1 (0.7–1.6)

Region

North Eastern Ref Ref

North Western 0.3*** (0.2–0.6) 0.5** (0.3–0.8)

Central Eastern 0.8 (0.5–1.3) 1.1 (0.7–1.8)

Central 0.5* (0.3–0.9) 0.9 (0.6–1.5)

Central Western 0.6* (0.4–0.9) 0.5* (0.3–0.9)

Southern Eastern 1.0 (0.6–1.7) 1.0 (0.6–1.6)

Southern Western 0.9 (0.5–1.6) 0.4*** (0.2–0.6)

1 - p < 0.2, * p < 0.05, ** p < 0.01, *** p < 0.001, COR crude odds ratio,
AOR adjusted odds ratio, CI confidence interval
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(AOR: 0.5; 95% CI: 0.3–0.9) or in a community with higher
maternal education level (AOR: 0.4; 95% CI: 0.2–0.9).

Discussion
We examined the determinants of early neonatal mortal-
ity in Afghanistan and found that birth size, multiple
gestations, shorter birth interval, and younger (≤18 years)
or older (≥35 years) maternal age were associated with
higher likelihood of early neonatal mortality. On the
other hand, antenatal care during pregnancy, facility de-
livery, paternal education level, and higher education
level of women in the community had a protective effect
against early neonatal mortality. We have reconfirmed
the significance of these known risk factors for early
neonatal deaths in the context of this country. To the
best of our knowledge, this is the first epidemiological
study which examined determinants of early neonatal
mortality in Afghanistan.
Multiple gestations are a known risk factor for neonatal

deaths in developing countries; earlier reports from several
lower and middle-income countries found higher risks of
deaths among infants of multiple gestations [19–21]. The
explanation that has been put forward for this higher risk
of dying is that multiple births have a higher proportion of
prematurity which is one of the major causes of neonatal
deaths. Prematurity predisposes infants to a higher
risk of infection, hypoglycemia, and hypothermia [22].
These co-morbid conditions could cause a baby to
become critically ill which could be too difficult of a
condition to manage in low resource settings in a de-
veloping country like Afghanistan [4].
Similar to earlier studies, birth size was a significant

predictor [11, 23, 24]; both smaller and larger birth size
had positive associations with early neonatal mortality.
Smaller than average birth size children could be a proxy
for the low birth weight babies and may result from pre-
mature births. As explained earlier, this could predispose
these infants to infections and other abnormalities [22].
On the other hand, larger babies have a higher risk of
birth injury, respiratory distress due to birth asphyxia
and congenital anomaly which could contribute to the
higher likelihood of early neonatal deaths [25, 26].
Children with shorter (< 2 years) birth intervals were

inversely associated with early neonatal survival. This
finding is consistent with previous studies [23, 24, 27]. A
longitudinal study from Bangladesh found higher risks
of deaths among newborns with a birth interval of two
or less years compared to a birth interval of three or
more years [28]. This finding indicates that prolongation
of the interval between two subsequent pregnancies
helps to prepare the mother for the later pregnancy.
Evidence also suggests that adequate supply of essen-
tial nutrients is ensured during this prolonged period
of birth interval [29].

Women who received antenatal care during pregnancy
were less likely to experience death of their offspring
than the women who did not utilize this service; this is
also confirmed by earlier reports [30, 31]. Antenatal care
has been recommended as one of the four main pillars
of the ‘Safe Motherhood Initiative’ based on its effective-
ness [32]. It improves pregnancy outcomes by identifying
and managing most pregnancy complications. With the
identification and management of pregnancy complications,
pregnant women receive counseling about the importance
of safe delivery practices and early management of new-
borns’ illness [33, 34]. This study also found that infants
born of women who lived in a community where at least
one-fourth of the women received antenatal visits had bet-
ter survival in the early neonatal period. Currently, the
World Health Organization (WHO) recommends eight or
more antenatal care visits for uncomplicated pregnancies
[35]; ensuring these visits is crucial for better survival of
neonates. However, this study found that more than one-
third of the women did not receive a single antenatal care
visit during pregnancy, indicating that this important ser-
vice is severely under-utilized in this country.
Our results also found positive associations between fa-

cility delivery and neonatal survival, which is similar to
findings in previous studies from other countries [30, 36],
however several previous studies found no association be-
tween institutional delivery and early neonatal survival
[12, 37–39] or higher likelihood of deaths among hospital-
born babies [40]. This higher likelihood or insignificant re-
lationship could be due to increased association between
delivery complications and institutional deliveries [41–43].
In addition to management of delivery complications,
newborns could be benefitted from primary interventions
in a health facility [44]. The ‘Three Delays Model’ implies
that delays in recognizing and reaching care could cause
adverse outcomes due to delays in receiving care [45, 46].
Though that model was developed for care seeking of ma-
ternal illness, it could be appropriate in this context as
well in a way that facility delivery could minimize the time
required for the first ‘two’ delays which are crucial for im-
mediate management and survival of newborns [45, 46].
Maternal age also significantly influenced the odds

of dying; this finding is ubiquitous across settings
[23, 24, 31, 47]. Association of younger age could be
due to the fact that the mother did not reach her full
physical or reproductive maturity for child bearing. In
addition to this physical or reproductive immaturity, lack
of experience related to child-care could also be a contrib-
uting factor [48]. Infants delivered by younger mothers
are prone to being born premature, and having low birth
weight and congenital malformations [49]. The association
between early neonatal mortality and late maternal age
could be due to higher risk of delivering high or low birth
weight babies among older mothers [50]. In addition to
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this, advanced maternal age is associated with antenatal
and delivery complications [51]; these complications are
known risk factors for early neonatal deaths [20, 52].
Although the gross difference of rural-urban residence

was eliminated after adjusting for other included factors,
this study found regional variation in early neonatal
mortality; this is consistent with reports from other
countries [23, 24, 30, 37, 53]. The AfDHS also concluded
that there are substantial variations in maternal health
services utilization in different parts of this country;
these differences could contribute to the overall differ-
ences in early neonatal mortality among regions of this
country. However, this finding points to the need for pri-
oritizing the regions with high newborn mortality rates.
Several non-significant factors also warrant further

discussions. In addition to the place of residence, this
study did not find any association of maternal education,
and household wealth status with early neonatal mortal-
ity. Though previous studies from different countries
found associations of socioeconomic conditions with
early neonatal deaths [20, 37], recent analyses from
several other studies found that socioeconomic inequal-
ities in neonatal mortality in low and middle-income
countries are falling. The explanation that has been put
forward for the reduction of these inequalities is that the
‘diminution of inequalities’ associated with maternal and
neonatal health service utilization [38, 54, 55].
This study has several notable strengths. The foremost

strength of this study is that it is generalizable for the
entire country of Afghanistan, as it covered both the
urban and rural areas in all thirty-four provinces of the
country. The sample size of this population-based survey
was also large (n = 19,801). The response rate was
approximately 97% and missing data was very low. The
inclusion of only the last live-birth within four years
preceding the survey reduced recall bias. The concep-
tual framework that we used has also been used by
earlier studies that investigated determinants of child-
hood mortality in similar settings [14, 23, 24]. Add-
itionally, trained field-staff, standardized measurement
methodologies and tools increased authenticity of our
findings [4].
Despite the above-mentioned strengths, limitations of

the current study also merit discussions. Due to limita-
tions of the dataset, we were unable to investigate some
determinants such as maternal nutrition, environmental,
and genetic factors which are also associated with child-
hood survival [14]. We only analyzed data of survived
women, therefore excluding determinants of the more
adversely affected mothers may lead to an underestima-
tion of the burden early neonatal mortality. The deaths
were reported only based on maternal reports, not con-
firmed by verbal autopsy – which could be subject to
recall bias in addition to misclassification of some

stillbirths as early neonatal deaths [4]. This cross-
sectional survey dataset contains socioeconomic condi-
tions at the time of the survey and included live-births
within four years of the survey; causality cannot be
established due to uncertainty about temporal associ-
ation. Maternal report about size at birth may result in
some misclassification due to recall bias or subjective as-
sessment [4].

Recommendations
An integrated or multifaceted approach is required to ad-
dress all potential factors of various levels associated with
early neonatal deaths in Afghanistan. From a program-
planning perspective, it is essential to take modifiable risk
factors into account to design newborns’ survival program.
Implementation of the continuum of care approach is
required to further increase the proportion of women with
antenatal care, facility delivery or delivery by skilled delivery
personnel [56]. Adapting family planning services for
women to increase birth interval timing could reduce the
proportion of pregnancy among younger or older mother.
Delaying age at marriage could also reduce mortality, which
is associated with younger maternal age [49]. To reduce
premature births, several behavioral (e.g., smoking cessa-
tion) and medical interventions (e.g., progesterone supple-
mentation) are effective [57]. Moreover, Kangaroo Mother
Care (KMC) could be an effective and low-cost interven-
tion to prevent preterm or small size newborns’ mortality
[58, 59]. These components should be included in new-
borns’ survival strategy. Furthermore, strengthening of the
Afghan health system could facilitate better management of
preterm or larger babies in addition to other sick newborns,
as well as increase utilization and quality of such services.
Further research is required to recognize other unexamined
factors in the context of this country. A common platform
could be made with researchers and policymakers from all
South Asian countries, as most of the countries in this
region share this common problem of high early neonatal
mortality rates [1, 2].

Conclusions
This study investigated a nationally representative data-
set from Afghanistan to identify determinants of early
neonatal mortality and reconfirmed association of indi-
vidual, maternal, antenatal, and socioeconomic factors
with survival in this age group. In addition to identifica-
tion of these determinants, this study recommended tak-
ing a comprehensive approach to addressing these
associated factors of multiple levels; any neonatal sur-
vival program needs to incorporate antenatal, delivery
and family planning services to prevent early neonatal
mortality in addition to proper management of preterm
and sick newborns.
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