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Introduction: Three years ahead of the plan, Ethiopia has met Millennium Development Goal 4 of reducing under-five mortality. 
Additionally, the nation is on track to achieve the Sustainable Development Goal of putting an end to preventable child mortality. 
Despite this, recent data from the nation showed that there were 43 infant deaths for every 1000 live births. Moreover, the country has 
fallen short of the 2015 Health Sector Transformation Plan goal, with an anticipated infant mortality rate of 35 deaths per 1000 live 
births in 2020. Thus, this study aims to identify the time to death and its predictors among Ethiopian infants.
Methods: This study used the 2019 Mini-Ethiopian Demographic and Health Survey data set to conduct a retrospective study. The 
analysis used survival curves and descriptive statistics. Multilevel mixed-effects parametric survival analysis was applied to identify 
the predictors of infant mortality.
Results: The estimated mean survival time of infants was 11.3 months (95% CI: 11.1, 11.4). Women’s current pregnancy status, 
family size, age of women, previous birth interval, place of delivery, and mode of delivery were significant individual-level predictors 
of infant mortality. Infants born with less than 24 months’ birth interval had a 2.29 times higher estimated risk of death (AHR = 2.29, 
95% CI: 1.05, 5.02). Infants born at home were 2.48 times more likely to die than those born in a health facility (AHR = 2.48, 95% CI: 
1.03, 5.98). At the community level, women’s education was the only statistically significant predictor of infant death.
Conclusion: The risk of infant death was higher before the first month of life, typically shortly after birth. Healthcare programs 
should put a strong emphasis on efforts to space out births and make institutional delivery services more readily accessible to mothers 
in Ethiopia to address the infant mortality challenges.
Keywords: predictors, infant mortality, multilevel-mixed effects, parametric survival analysis, Ethiopia

Introduction
Infant Mortality Rate (IMR) measures the likelihood that a child will not reach their first birthday for every 1000 live 
births born in a given year.1 Infant mortality rates reflect the social, economic, and environmental conditions in which 
children live, including their health care.2 A high infant death rate may be an indication of substandard care or a lack of 
access to care.3

The Sustainable Development Goals (SDGs) target for child mortality is to eliminate preventable deaths of newborns 
and children under the age of five by 2030, with all nations striving to reduce neonatal and under-five mortality to lower 
than 12, and 25 deaths per 1000 live births correspondingly.4 Accordingly, the Health Sector Transformation Plan 
(HSTP) in Ethiopia has set ambitious targets intending to lower the under-five, infant, and neonatal mortality rates to as 
low as 30, 20, and 10 per 1000 live births respectively by the end of 2020.5

Infant mortality rates have decreased globally, from an estimated rate of 65 deaths per 1000 live births in 1990 to 27 
deaths per 1000 live births in 2020.2,6 Despite this global gain, 3.8 million children worldwide lost their lives before 
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reaching their first birthday in 2020 alone, making up 76% of all deaths of children under the age of five.6 The majority 
of those 2.4 (2.2–2.6) million deaths happened among neonates.6,7 Furthermore, the large majority of these fatalities 
could have been prevented.6

According to reports, SSA has an infant mortality rate of 51 fatalities per 1000 live births,6,8 which is unacceptably 
high compared to other areas and roughly double the global burden.6 In SSA nations, the infant mortality rate ranges 
from 12 in Cabo Verde and Seychelles to 80, 77, 73, and 72 in Sierra Leone, Somalia, the Central African Republic, and 
Nigeria, respectively.6

Infant mortality in Ethiopia is still high, even though there has been considerable progress over the past 25 years. The 
2019 Ethiopian Mini Demographic and Health Survey (EMDHS) reported that there were 43 infant deaths for every 1000 
live births.9 Additionally, the nation fell short of the 2015 HSTP goal, with an anticipated infant mortality rate of 35 
deaths per 1000 live births in 2020.6

Studies conducted across the world found that factors such as mother’s education level,3,8 smoking during 
pregnancy,10 use of Ante-Natal Care (ANC) during pregnancy,11 size of the child at birth,3,8,10 preceding birth 
interval,3,8,11 plurality,3,8 place of delivery,8,11 source of water,8 child’s sex,3,8,11 and family size12 were important 
determinants of mortality.

Ethiopia has achieved the Millennium Development Goal 4 (MDG), lowering under-five mortality, three years ahead 
of schedule.5 This is partly due to the Health Extension Program’s (HEP) launch and the country’s rapid socioeconomic 
growth. High-impact public health interventions are now more widely accessible and covered in the nation, thanks in 
large part to the HEP. The dramatic improvement in health outcomes in Ethiopia can be attributed to several factors, 
including access to primary healthcare, increased ANC attendance, increased skilled delivery, improved malaria control 
efforts, access to safe drinking water, improved sanitary conditions, and vaccination against childhood diseases.5,13

Although there were limited population-based studies on this topic conducted in Ethiopia, it is essential to take into 
account community-level characteristics when designing health intervention programs to accomplish the Sustainable 
Development Goal of ending preventable child mortality. Therefore, this study undertook a retrospective analysis based 
on the 2019 Ethiopian Mini Demographic and Health Survey (EMDHS) data set, to assess the time to death and its 
predictors among infants in Ethiopia.

Methods
Study Areas and Settings
A retrospective cohort study from April 8 to April 30, 2022, based on the 2019 EMDHS, was conducted in this study. 
The study was conducted in Ethiopia, which is located on the Eastern tip of Africa and bordered by Eritrea to the North, 
Djibouti, and Somalia to the East, the Republic of Sudan and South Sudan to the West, and Kenya to the South.14 It is 
the second most populous nation in Africa, with over 110 million populations.15 Nine geographical regions and two 
administrative cities make up Ethiopia’s administrative divisions.14 Ethiopia is home to about 15.5 million children under 
5 years of age – approximately 18% of the total population.16 In Ethiopia, infant mortality had declined from 77 deaths 
per 1000 live births in 2005 to 43 deaths per 1000 live births in 2019.9

Data Sources and Population
The 2019 Mini-EDHS employed a two-stage stratified sampling technique to select respondents. Each region was 
stratified into urban and rural areas, yielding 21 sampling strata. A community cluster or Enumeration Area (EA) was 
defined as a geographical area covering an average of 131 households (HH). The sampling frame used for the 2019 
EMDHS was a complete list of 149,093 EAs created for the 2019 Ethiopia Population and Housing Census (PHC), which 
is yet to occur.9

In the first stage, a total of 305 enumeration areas (EAs) or clusters (93 in urban areas and 212 in rural areas) were 
selected with a probability proportional to EA size and with independent selection in each sampling stratum. A household 
listing operation was then carried out in all selected EAs. In the second stage of selection, a fixed number of 30 
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households per cluster were selected with an equal probability of systematic selection from the newly created household 
listing. Therefore, 9150 HHs were selected, and 8885 women aged 15–49 were interviewed.9

The data was collected from March 21, 2019, to June 28, 2019. Information on infant mortality was taken from the 
birth history section of the Woman Questionnaire, which was included in the survey. All live births that occurred in the 
five years prior to the survey period across the nation made up the source population. All infants born in the five years 
prior to the survey period in the selected clusters, or EAs were the study populations. As a result, 1520 infants born 
between 2015 and 2019 who were followed up for a year during the five years prior to the survey were included in this 
study.9 The detailed sampling procedure is presented in Figure 1. The data sources were extracted from the under-five 
children’s (KR) file from the standard DHS dataset.

Ethical Consideration
The study used secondary data analysis of publicly available survey data from the Measure DHS Program. Ethical 
approval and participant consent were not required for this study. A written letter of permission was secured from the 
Institution Review Board of Demographic and Health Survey (DHS) program data archivists to download and use the 

Figure 1 Sampling procedure for infant mortality from the 2019 Ethiopian mini-demographic and health survey, 2022.
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data for this study from https://www.dhsprogram.com. The DHS data were kept confidential, and any identifying 
information was removed. The data was only used for this particular, authorized research project, and it would not be 
shared with any researchers.

Data Abstraction and Selection of Variables
Dependent Variable
The outcome variable was the time to death of an infant, measured in months from birth to the end of the follow-up 
period. Infant deaths between birth and 12 months were classified as an event (1 = death). Infants who were still alive and 
did not reach their first birthday at the end of the follow-up period were considered censored (0 = alive).

Explanatory Variables
The individual-level factors in this study were socio-demographic characteristics (mothers’ educational status, marital 
status of mothers, source of drinking water, type of toilet facility, type of cooking fuel, floor material, wall material, roof 
material, access to electricity, access to mass media, sex of HH head, family size or the number of HH members, wealth 
index, mother’s age group), maternal-obstetric factors (place of delivery, age of mothers at first birth, use of 
a contraceptive method, mother’s health checked in a health facility after delivery and before discharge, Post-Natal 
Care (PNC) at home, route of delivery, ANC utilization, and maternal pregnancy status at the time of the survey), and 
child characteristics (ever breastfed history, birth order, vaccination of child, child’s health checked before discharge 
from health facility, child’s health checked within 2 months of birth, sex of a child, and preceding birth interval).

The community-level variables taken into account in this study included ANC utilization, improved water use, 
education of women in the community, media access, residence, and region. The community-level data were generated 
by aggregating the individual characteristics with our interest in a cluster. The proportion of a given variable’s 
subcategory in a particular cluster was used to construct the aggregates. The aggregate value for all newly created 
variables had a non-normal distribution, so it was split into two categories (low and high proportions) based on their 
median values. Community media access was measured as the proportion of women in the cluster who had access to 
either radio or television or both. Community women’s education is measured as the proportion of women in the cluster 
with secondary or higher education. Community-level poverty was defined as the proportion of women in the bottom 2 
household wealth quantiles (poorer and poorest) in the cluster. Community-improved water utilization was measured as 
the proportion of women using improved drinking water sources in the cluster. The percentage of women in a cluster who 
utilize ANC was used to define community ANC utilization. Place of residency and region were used as they were 
categorized in the EMDHS data set. The independent variables explored in this study were based on the existing 
literature and availability in the original data set.

Operational Definitions
Improved drinking water sources include piped water, public taps, standpipes, tube wells, boreholes, protected dug wells, 
protected springs, and rainwater collection.17

Antenatal care utilization was defined as women who attended a minimum of four prenatal care appointments.18

Data Quality Control and Assurance
The data set for the original work was collected by using structured and pretested comprehensive standard questionnaires. 
Data were collected by face-to-face interviewing women that met the eligibility criteria. The woman’s questionnaire, the 
household questionnaire, and the Health Facility Questionnaire were employed to gather essential information. The 
finalized English versions of the questionnaires were then translated into Amarigna, Tigrigna, and Afaan Oromo. In 
addition to this, the gathered data was back-translated into English to keep consistency. The quality of the dataset has 
been maintained by testing its completeness. Moreover, the quality of the original data set was maintained by giving 
training to interviewers, and interviewers used tablet computers to record responses during the interviews.

To ensure that the data were representative and to obtain a trustworthy estimate and standard error, the data were 
weighted using sampling weight before conducting any statistical analysis. The weighted results from the analysis were 
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reported in this study. Multicollinearity between independent variables was checked using the Variance Inflation Factor 
(VIF) and the mean VIF was 1.14. The proportional hazards (PH) assumption was also checked using Scaled Schoenfeld 
residuals and found to be satisfied, with a global test value of 0.0645. The data was also assessed for an interaction factor.

Data Management and Analysis
STATA version 14 software was used for cleaning, recording, and analyzing the data. Descriptive statistics were applied 
using frequencies and percentages. Estimation of survival probability was done by using the Kaplan–Meier survival 
curve. Survival curves were compared by Log rank test. Bivariate survival regression was fitted for explanatory variables 
and those having a p-value ≤0.20 level of significance were considered for the multivariable analysis. Then, the study 
applied a stepwise variable selection procedure to obtain the final reduced model. Finally, a multivariable mixed-effects 
parametric Weibull distribution survival regression model was fitted. Adjusted hazard ratio (AHR) with its 95% 
confidence interval (CI) was applied, and covariates with a P-value <0.05 in the multivariable analysis were considered 
predictors of infant mortality.

Survival Analysis
Survival analysis deals with the analysis of survival data, which is used to measure the time to an event of interest, such 
as recovery, relapse, or death.19 The survival times for subjects who left the study early or who finished it without 
experiencing the event of interest are censored. Each uncensored observation is taken to indicate an event or death.20

Let T denote the random variable for the survival time of a subject. Assume f(t), t ≥ 0, denote the probability density 
function (pdf) of T, and let F(t)=P(T≤t), t ≥ 0, be the cumulative distribution function (CDF) of T. The distribution of T is called 
the survival time distribution. The survival function, S(t), is defined as the probability that a subject survives up to time t:19–21

Mixed-Effects Parametric Survival Analysis
The EMDHS employed a multistage cluster sampling method, resulting in hierarchical data. Mothers and infants were 
nested within households, and households were nested within clusters.22 Considering the hierarchical nature of EMDHS 
data, a two-stage multivariable mixed-effects parametric survival regression analysis was used to estimate the effects of 
individual and community-level determinants on infant mortality.

Mixed-effect survival models contain both fixed effects and random effects. Random effects are useful for modeling 
intracluster correlations; that is, observations in the same cluster are correlated because they share common cluster-level 
random effects. Mixed-effects parametric survival model makes the often more plausible assumption that random effects 
are normally distributed, meaning frailties are lognormal. It also helps to extend the types of models that we can fit 
beyond two-level models with random intercepts.23

Parametric survival mixed-effects models use a trivariate response variable (t0; t; d), where each response corre
sponds to a period under observation (t0; t) and results in either failure (d = 1) or right censoring (d = 0) at time t. PH 
model is a model used for adjusting survivor functions for the effects of covariates. In the PH model, the covariates have 
a multiplicative effect on the hazard function:24

for j = 1, …, M clusters with cluster j consisting of i = 1, …, nj observations. The vector xji contains the covariates for the 
fixed effects, with regression coefficients (fixed effect) β. The vector zji contains the covariates corresponding to the 
random effects uj. h0(t) is a baseline hazard function. The functional form of h0(t) determines the regression model. The 
exponential and Weibull models are implemented in mixed-effects parametric survival analysis for the PH 
parameterization.24 Therefore, this study fitted a random-effects Weibull model with normally distributed random effects. 
This model can be viewed as a shared frailty model with lognormal frailty.

Four models were fitted to identify community and individual-level factors associated with infant death. The first 
model (Model 1 or empty model) contained no explanatory variables. The second model (Model 2) considered only the 
individual-level variables to examine the individual-level effect. The third model (Model 3) considered only the 
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community-level variables to examine the effect of community-level factors on infant death, independent of other factors. 
The fourth model (Model 4) is the full model that incorporated all individual and community-level variables into the 
multilevel analysis. Backward stepwise parametric survival regression analysis was performed to select individual and 
community-level variables for each model, and then all those selected variables were incorporated into the multilevel 
modeling.

The fixed effect sizes of individual and community-level predictors of infant mortality were expressed as AHRs with 
95% CI. The P-value <0.05 has been considered statistically significant. The Intraclass Correlation Coefficient (ICC), 
Median Hazard Ratio (MHR), and Proportional Change in Variance (PCV) were used to present the measure of variance 
(random effects).

ICC is a measure of within-cluster variation, the variation between individuals within the same cluster, and it was 
calculated using the formula:25

Where δA is the estimated variance in each model. The proportional change in variance (PCV) was used to quantify the 
overall variation in each model that was attributed to individual and /or community-level factors, and it was calculated as:26

Where δA = variance of the initial model, and δB = variance of the model with more terms. The MHR is a measure of the 
unexplained cluster heterogeneity or variation between clusters, and it is calculated by comparing two individuals from 
two separate randomly selected clusters.20 It is the median hazard ratio between the individuals of higher propensity and 
the individuals of lower propensity. It was computed using the formula:26

Where δA is the cluster-level variance. The MHR measure is always greater than or equal to 1. If the MHR is 1, there is 
no variation between clusters.26

The Best-Fit Model Selection
Model fitness was checked using Akakian Information Criteria (AIC) and Deviance Information Criteria (DIC). The 
lowest AIC and DIC values declare the best-fit model.20

Results
Socio-Demographic Characteristics of the Study Participants
The total number of births considered for this study was 1520 (unweighted). Half (699) of the infants were delivered to women 
with no education, of whom 140 (20%) died. Nearly half (45.8%) of the infants were from households with a poor wealth index; of 
those, 131 (20.4%) died. Another 45 (16.3%) infants from a household with a medium wealth index died before attaining age one.

Over ninety percent of infants were delivered to women who were already in a union, and 226 (17.3%) of those 
infants passed away before becoming one year old. Of the total number of births, 141 (12.1%) and 5 (4.4%) infant deaths 
have occurred for mothers who did not have PNC at home and for those who did.

One-fourth (288 (24.5%)) of infants initiated breastfeeding not immediately at birth, and of those 19 (6.6%) were 
forced to die before celebrating their first birthday. Cesarean-delivered infants accounted for 6.9% of the total infants but 
represented 24.1% of the total cases of infant deaths.

About a third (30.9%) of the communities had a high proportion of community-educated women, with 14.4% of 
infants dying before one year of age. Women in urban regions had 23.2% of births but comprised 17.9% of infant deaths 
overall, whereas women in rural areas gave birth to 76.8% of infants and accounted for 82.1% of all infant mortality 
cases. Infants living in Somalia regional states (29.2%) were at a higher risk of death, whereas those residing in Addis 
Ababa (8.8%) were at a lower risk of mortality before celebrating their first birthday (Table 1).
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Survival Status of Infants
Three hundred eleven (311) of the 1520 live births (unweighted) who were observed for a full year passed away before 
entering one year of age. About 4.3% of the babies did not make it past their first year of life. Two-thirds (66.9%) of 
infant deaths occurred during the neonatal period, usually right after birth (Figure 2).

The estimated mean (restricted) survival time was 11.3 months (95% CI: 11.1, 11.4) at the end of the follow-up 
period, and the cumulative probability of survival was 66.0% (95% CI: 0.63, 0.69). The cumulative survival probability 
of infants before 1 month of age and at the end of 6 months was 85.8% (95% CI: 0.84, 0.87), and 76.8% (95% CI: 0.74, 
0.79), respectively. The overall incidence rate was found to be 10 per 1000 person month of observation.

Table 1 Summary of Individual and Community-Level Factors of Study Participants (1399), 2022

Covariates Categories Status of Infant Total N (%)

Dead N (%) Censored N (%)

Family size 1–4 117 (25) 351 (75) 468 (33.5)

5 or more 134 (14.4) 797 (85.6) 931 (66.5)
Maternal age 25–34 years 106 (15.8) 564 (84.2) 670 (47.9)

Below 25 years 73 (16.3) 376 (83.7) 449 (32.1)

≥35 years 73 (26.1) 207 (73.9) 280 (20)
Sex of infant Female 105 (16.2) 544 (83.8) 649 (46.4)

Male 147 (19.6) 603 (80.4) 750 (53.6)

HH head Male 211 (17.5) 998 (82.5) 1209 (86.4)
Female 40 (21.1) 150 (78.9) 190 (13.6)

ANC utilization ≥4 visit 44 (8) 505 (92) 549 (42.9)

No visits 65 (18.2) 293 (81.8) 358 (27.9)
1–3 visits 37 (9.9) 337 (90.1) 374 (29.2)

Place of delivery Facility 115 (15.4) 631 (84.6) 746 (53.3)

Home 136 (20.8) 517 (79.2) 653 (46.7)
Parity Primi-para 299 (43.4) 390 (56.6) 689 (23.6)

Multipara 559 (40.8) 811 (59.2) 1370 (46.8)

Grand Multipara 235 (27.2) 630 (72.8) 865 (29.6)
Initiation of breastfeeding Immediately 55 (6.2) 830 (93.8) 885 (75.5)

Not immediately 19 (6.6) 269 (93.4) 288 (24.5)

Birth order 1–3 128 (16.5) 645 (83.5) 773 (55.3)
4 or more 123 (19.6) 503 (80.4) 626 (44.7)

Toilet facility Improved 41 (17.8) 189 (82.2) 230 (16.4)

No/bush/field 94 (22.3) 328 (77.7) 422 (30.2)
Un improved 166 (22.2) 631 (77.8) 747 (53.4)

Pregnancy status Yes 50 (79.4) 13 (20.6) 63 (4.5)
No 202 (15.1) 1134 (84.9) 1336 (95.5)

PNC at home Yes 5(4.4) 108 (95.4) 113 (8.8)

No 141 (12.1) 1026 (87.9) 1167 (91.2)
Community education Low 189 (19.5) 779 (80.5) 968 (69.2)

High 62 (14.4) 369 (85.6) 431 (30.8)

Community ANC utilization Low 74 (11.5) 570 (88.5) 644 (46)
High 73 (11.5) 564 (88.5) 637 (54)

Community media access Low 138 (18.3) 615 (81.7) 753 (53.8)

High 113 (17.5) 533 (82.5) 646 (46.2)
Community poverty level Low 140 (16.7) 696 (83.3) 836 (59.8)

High 112 (19.9) 451 (80.1) 563 (40.2)

Community improved water Low 97 (16) 510 (84) 607 (43.4)
High 154 (19.4) 638 (80.6) 792 (56.6)
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There was a statistically significant difference in the likelihood of survival between infants delivered vaginally and by 
cesarean. The risk of death among cesarean-section-delivered infants was significantly higher and different from their 
counterparts (Figure 3).

Log Rank Tests
There were statistically significant differences across the categories for women’s current pregnancy status, place of 
delivery, mother’s present age, region, community poverty, community education, community water supply, and com
munity media access. In addition, none of the following factors were significant at the 20% level of significance: roof 
material, residency, community ANC use, or gender of the infant (Table 2).

Figure 2 Overall Kaplan–Meier survival estimate.

Figure 3 Kaplan–Meier survival estimate by mode of delivery.
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Interpretation of the Multilevel Weibull Model results
The results of the multilevel mixed-effects Weibull survival analysis of predictors of infant mortality are provided in 
Table 3.

Preceding birth interval in months was found to be associated with infant death. The estimated risk of death among 
infants born less than 24 months interval was 2.29 times higher (AHR = 2.29, 95% CI: 1.05, 5.02) than those born 36 and 
above months interval.

The place of delivery was also associated with infant mortality. The risk of mortality among infants delivered at home 
was 2.48 times higher compared to infants born in a health facility (AHR = 2.48, 95% CI: 1.03, 5.98).

Table 2 Comparison of Log Rank Test of Some Individual and Community-Level Factors Among Study Participants 
(1399), 2022

Covariates Categories Status of Infant Log Rank 
Test

P-value

Event Observed Event Expected

Birth interval ≥36 months 25 34 29.53 0.0001
24–35 months 9 17

<24 months 28 11

Maternal age ≥35 years 27 14 19.83 0.0001
25–34 years 33 35

<25 years 13 24

Place of delivery Facility 24 39 12.92 0.0003
Home 49 34

Mothers education Secondary &above 3 9 7.89 0.0193

No education 45 35
Primary 25 29

Marital status Currently in union 64 68 6.42 0.0403

Formerly in union 9 4
Never in union 0 1

Family size 1–4 31 25 2.01 0.1559

≥5 42 48
Media Access Both radio and TV 1 5 3.25 0.1970

Radio or TV 19 18

No 53 50
Maternal age at first birth ≥20 years 24 28 0.95 0.3302

<20 years 49 45

Roof material Finished 43 46 0.96 0.6184
Natural 20 20

Rudimentary 10 7
HH head Female 12 11 0.09 0.7694

Male 61 62

Initiation of breastfeeding Immediately 26 26 0.01 0.9098
Not immediately 10 10

Community education Low 61 50 8.79 0.0030

High 12 23

Community poverty Low 36 44 3.36 0.0668

High 37 29

Residency Urban 16 19 1.02 0.3119
Rural 57 54

Community ANC utilization Low 20 20 0.05 0.8170

High 19 19
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Maternal age was a strong predictor of infant mortality. The risk of mortality among infants born to mothers of age 35 
or more years was 5.98 times higher compared to infants born to mothers whose age is between 25 and 34 years (AHR = 
5.98, 95% CI: 2.67, 13.4).

The mortality risk of an infant was found to have an association with a mode of delivery. An infant delivered by the 
vaginal route had an 80% lowered risk of death relative to those delivered by Caesarean section (AHR = 0.20, 95% CI: 
0.05, 0.65). Similarly, the risk of death among infants whose mothers were not pregnant was 0.74 times lower than 
infants whose mothers were currently pregnant (AHR = 0.26, 95% CI: 0.10, 0.66).

Family size was also a significant predictor of infant mortality. The risk of mortality among infants whose family size 
was 5 or more was lowered by 69% compared to infants with a family size of 1 to 4 members (AHR = 0.31, 95% CI: 
0.14, 0.68).

The adjusted hazard ratio for infants from a community with a low maternal secondary and higher education was 3.51 
(95% CI: 1.10, 11.2). Thus, infants born to women from a community with a low maternal secondary and higher 
education had a 3.51 times higher mortality risk relative to those born to women from a community with high maternal 
secondary and higher education (Table 3).

Random Effects and Model Comparison
The results presented in Table 4 show that Model I (Null model) revealed statistically significant variation in infant 
mortality across communities. According to the findings (ICC = 24.8%), community-level factors account for 24.8% of 
the variation in infant mortality (Table 4).

Table 3 Multilevel Mixed-Effects Weibull Survival Regression Results Among Study Participants (1399), 2022

Variables Null Model Model II Model III Model IV

Place of delivery
Facility 1 1

Home 2.63 (1.26, 5.49)* 2.48 (1.03, 5.98)*

Family size
<5 1 1

>/=5 0.39 (0.22, 0.71)** 0.31 (0.14, 0.68)**

Pregnancy status
Yes 1 1

No 0.23 (0.12, 0.45)*** 0.26 (0.10, 0.66)**
Mode of delivery
Caesarian section 1 1

Vaginal 0.17 (0.07, 0.45)*** 0.2 (0.05, 0.65)**
Maternal age
25 to 34 years 1 1

35 or more years 2.95 (1.61, 5.40)*** 5.98 (2.67, 13.4)***
Below 25 years 0.62 (0.24, 1.56) 0.60 (0.20, 1.82)

Birth interval
36 or more month 1 1
24 to 35 months 1.07 (1.02, 1.13) 1.20 (0.50, 2.91)

Below 24 months 1.87 (0.99, 3.54) 2.29 (1.05, 5.02)*

Community women education
High 1 1

Low 2.29 (1.17, 4.45)* 3.51 (1.10, 11.2)*

Community poverty status
Low 1 1

High 1.27 (0.76, 2.10) 0.69 (0.28, 1.68)

Notes: *Statistically significant at P-value < 0.05; **Statistically significant at P-value < 0.01; ***Statistically significant at P-value < 0.001; 1 = 
Reference category.
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The final best-fit model (Model IV) was simultaneously modified for both individual- and community-level 
factors. Individual and community-level factors together accounted for about 12.4% (PCV = 12.4%) of the variation 
in infant mortality between clusters. Furthermore, the MHR verified that community-level factors were responsible 
for infant mortality. The infant mortality disparity between communities that were unexplained in the null model 
was reduced by 0.20 in the final model by including both individual- and community-level factors. This demon
strated that when a baby moved from a high-risk to a low-risk neighborhood, the risk of infant mortality decreased 
by 80% (Table 4).

Based on the AIC and DIC, the Multilevel mixed-effects Weibull survival model (Model IV) was found to be the best 
model to fit the data with minimum AIC and DIC values of 435.97 and 409.97, respectively (Table 4).

Discussion
A multilevel mixed-effects parametric survival model was fitted to identify individual and community factors of infant 
mortality in Ethiopia. According to this study, the mean survival time was approximately 11.3 months (95% CI: 11.1, 
11.4). This is significantly higher when compared to Abate’s study,3 which was done in Ethiopia. The median survival 
time in Abate’s study was 6 months (SD = 0.11; 95% CI: 6.22–7.78).

About 4.3% of infants in this study died before reaching the age of one. The first few months of life were riskier for 
infants, usually around the time of birth which is when about 66.9% of infant deaths occurred.

This study found that the infant mortality rate in Ethiopia is lower than the previous study in the country,3 those 
reported in Nigeria,27 and Pakistan,11 but neonatal survival is still difficult in the country. According to a study conducted 
in Ethiopia, about 4.8% of infants died before their first birthday, and 65% of infant deaths occurred during the neonatal 
period.3 In Nigeria, the infant mortality rate was estimated to be as high as 67 deaths per 1000 live births in 2018 and 
about three of every five infant deaths (59%) occurred before the first month.27 In Pakistan, infant mortality was reported 
to be 62 deaths per 1000 live births for the recent round of the Pakistan DHS 2017–18.11

Short birth interval is a strong predictor of infant mortality. This evidence concurs with other similar studies.3,8,11,26,28

This evidence might be a result of births being spaced out properly, giving the family more time to build their 
capacity to give the child the finest care possible on an emotional and financial level. Furthermore, this could be due to 
the fact that shorter preceding birth intervals are linked to an increased risk of preterm birth, low birth weight, and IUGR 
for subsequent births.26 Since the World Health Organization recommends waiting 2 years after a live birth for birth 
spacing29 and the Ministry of Health of Ethiopia recommends waiting at least 3 years before attempting the next 
pregnancy,30 this finding calls birth spacing in Ethiopia as per the national recommendation.

This study indicated that infants delivered at home had a significantly higher risk of mortality than those delivered in 
a healthcare facility. Different studies around the world supported this finding. In Pakistan, institutional delivery was 
shown to be strongly associated with infant mortality.11 A study done in SSA using recent DHS data from 33 SSA 
nations revealed that the risk of death for infants born at home was much higher than the risk for infants born at a health 

Table 4 Measure of Variation and Model Fitness

Model I (Null Model) Model II Model III Model IV

Random effect result

Variance 1.08462 0.9977323 1.06166 0.9304737

ICC (%) 24.8 23.3 24.4 22.0
PCV (%) Reference 8.01 6.41 12.4

MHR 2.70 2.59 2.67 2.50

Model fit statistics

-Log-likelihood −301.1091 −214.4657 −296.6172 −204.9844

AIC 608.2182 450.9314 603.2344 435.9689

DIC 602.2182 428.9314 593.2344 409.9688
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institution.8 According to a study conducted in rural Ethiopia, infants born at a health institution had lower mortality rates 
than those born at home.26

Contrary to a study conducted in SSA that found that giving birth in a healthcare facility increased the risk of infant 
mortality,21 this finding indicated no such association. Some earlier studies on infant survival also revealed no such 
significant difference in survival rates between infants born at home and in a healthcare facility.3,27,31 This outcome can 
be attributable to a healthcare facility’s availability of skilled birth attendants and contemporary equipment to lessen birth 
complications. Additionally, women who give birth in a healthcare facility may acquire plenty about optimal infant 
feeding practices, appropriate birth spacing recommendations, and the right infant immunization schedule.

Our finding revealed that the mode of delivery was a significant predictor of infant mortality. The risk of infant death 
is significantly lower among infants of vaginal delivery than in cesarean delivery. A possible explanation for this 
association could be the increased infant morbidity associated with cesarean delivery, particularly respiratory problems. 
Additionally, prolonged NICU admission will occur, which may also predispose infants to nosocomial infections. Studies 
from around the world support this finding.10,32

This study also demonstrated that infants of women who were not pregnant had a reduced risk of death compared to 
infants of women who were currently pregnant. This might be due to the fact that when a woman gets pregnant, she starts 
to focus on her unborn child and herself, while giving less attention and care for the born child. Those infants might not 
be able to protect themselves against infectious diseases and nutritional deficiencies resulting from the early weaning of 
breast milk observed on them.

This study showed a significantly reduced risk of death in infants whose family size was five or more relative to 
infants of families with a maximum of four members. The availability of adequate family members might remove the 
effect related to the lack of personal and timely care of infants born to mothers who were mostly occupied with work.

This finding is contrary to a study conducted in Ethiopia,26 which found an increased likelihood of infant death as 
family size increased. This might be due to the study design, study setting, and study period discrepancy between the 
previous study and this study. The previous research only studied infant death in rural parts of Ethiopia using the 2016 
EDHS data set applying a multi-level logistic regression model.26 Moreover, this variable is not the exact reflection of the 
total number of offspring, rather it considers all individuals residing in the household.

In this study, infants of mothers with low secondary or higher level education had a higher risk of infant mortality 
compared to the reference category. This is supported by previous studies conducted in the USA,10 Brazil,33 Nigeria,27 

and Ethiopia3 which found the infant death rate decreased with an increase in the level of education of the mother. This is 
due to the fact that mothers with a higher level of education tend to be more aware of good childcare practices and their 
child’s health status.3 Engaging in higher education not only helped women to be better informed but also enabled them 
to have improved job opportunities and healthier lives.10 Evidence suggests that living in an economically and socially 
deprived community is associated with an increased risk of infant mortality.22

The age of mothers was also a strong predictor of infant mortality. The risk of mortality among infants born to 
mothers of age 35 or more years was higher compared to the reference group. This evidence is supported by a study 
conducted in California, USA10 which revealed that younger and older maternal ages were associated with higher infant 
mortality.

After fitting a multilevel mixed-effects parametric survival analysis, this study identified both individual-level and 
community-level predictors of infant mortality. This study also showed that Ethiopia’s infant survival rates have 
improved.

Strength and Limitations
The major strength of the study is the use of a large sample from nationally representative survey data in Ethiopia. The 
study results were representative of all regions. Additionally, the study tried to incorporate community-level factors. 
Another advantage of the study is its sophisticated statistical design, which ensures greater reliability of the findings and 
control of confounding factors.

Despite this, the present study used retrospective birth history information to analyze infant mortality and is likely to 
suffer from mothers’ recall bias. The effect of memory bias can limit data quality. Furthermore, the EMDHS survey did 
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not incorporate community-level variables like community norms, culture, and beliefs. Child size at birth and women 
working status are potential individual factors that were not incorporated in the EMDHS survey, therefore, not explored 
in this study.

Conclusion
This study demonstrated that the survival time of infants in Ethiopia has increased. The statistically significant 
individual-level predictors of infant mortality were preceding birth interval, family size, maternal age, pregnancy status, 
place of delivery, and mode of delivery, whereas women’s education was the statistically significant factor predicting 
infant mortality at the level of the community.

Notwithstanding the above-mentioned, Ethiopia’s education policy needs to emphasize how important it is for women 
to continue their education past the first nine years of primary school. Although it will take time, this is the most 
promising solution to the infant and child mortality problems. Healthcare programs should put a strong emphasis on 
efforts to space out births and make institutional delivery services more readily accessible to mothers. Home-based infant 
care visits seemed to be as effective, offering the chance to increase immunization uptake, identify danger signs earlier, 
treat illnesses in newborns and children, and provide a prompt referral.
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