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Abstract 

Cofactors of neonatal mortality and hospitalization in western Kenya 

Olivia Lang Schultes 

Chair of the Supervisory Committee: Grace John-Stewart 

Department of Epidemiology, Medicine, Global Health, and Pediatrics 

 

Background: Although global neonatal mortality has been declining over the past several decades, it 

remains a major contributor to infant and childhood mortality rates. Determining the biological, 

psychosocial, and behavioral cofactors of neonatal mortality and hospitalization can help identify high-risk 

populations and behaviors associated with adverse neonatal health outcomes and will be relevant to 

research and programmatic interventions offering perinatal support. 

 

Methods: The study cohort included 2451 maternal-infant pairs recruited from six clinics in western 

Kenya, who were control participants in the Mobile WACh NEO trial. Participants were enrolled during the 

third trimester of pregnancy and had follow-up visits at two and six weeks following delivery. Univariate 

and multivariate Cox regression models were used to test associations. 

 

Results: Cumulative neonatal mortality was 15.1/1,000 live births, while cumulative neonatal 

hospitalization was 19.2/1,000 live births. Higher gestational age and birthweight were associated with 

decreased risk of mortality in multivariate models (Hazard Ratio [HR] = 0.83, 95% confidence interval [CI] 

0.74, 0.93; HR = 0.41, 95% CI 0.20, 0.83), while male sex and primigravida were associated with 

increased mortality in univariate models (HR = 2.24, 95% CI 1.05, 4.76; HR = 1.95, 95% CI 1.02, 3.72). 

Lower maternal age was marginally associated with increased risk of mortality in the univariate model 

(HR = 0.94, 95% CI 0.88, 1.00). Higher gestational age and birthweight were associated with decreased 

risk of hospitalization in the multivariate models (HR = 0.81, 95% CI 0.73, 0.91; HR = 0.39, 95% CI 0.21, 

0.72), while primigravida and higher maternal education were associated with increased risk of 

hospitalization in univariate models (HR=1.82, 95% CI 1.02, 3.22; HR=1.96, 95% CI 1.02, 3.78). Among 



univariate models of infant care practices, appropriate cord care was associated with increased risk of 

neonatal mortality (HR = 3.505, 95% CI = 0.949, 12.946), while early initiation of breastfeeding was 

associated with a lower risk of hospitalization (HR = 0.160, 95% CI 0.04, 0.60).   

 

Conclusion: Biological and social cofactors were associated with increased neonatal mortality and 

hospitalization, consistent with published literature. Our findings underscore the need for interventions to 

prevent preterm or low birthweight outcomes or to enhance care of these infants. Maternal education and 

breastfeeding practices are modifiable factors that may be addressed to improve neonatal outcomes. 

Associations between cord care practices and neonatal outcomes may have been due to infant illness at 

delivery. Lack of association between psychosocial factors and adverse infant outcomes suggests that 

structural factors may exert more influence than individual-level factors.  



Background  

Reducing neonatal morbidity and mortality has been a long-term focus of global health initiatives. In Eastern 

and Southern Africa, rates of neonatal mortality decreased from 43/1,000 live births in 1990 to 23/1,000 live 

births in 20211. Less data is available on hospitalization rates in sub-Saharan Africa, and prior work has 

focused on hospital-based studies2 or specific conditions3,4. A Tanzanian population-based study 

conducted from 2010-2014 found neonatal hospitalization rates of 78/10,000 and 102/10,000 neonate-

months at two sites, respectively5. Understanding rates and cofactors of mortality and hospitalization among 

neonates5 can direct interventions and guide allocation of healthcare resources.  

Maternal psychosocial factors, such as social support, self-efficacy, and depression, have been linked to 

infant outcomes at and shortly after birth. Interventions to increase self-efficacy have resulted in increased 

breastfeeding rates6 while social support and depression have been associated with preterm delivery and 

birthweight7–10. Social support and self-efficacy have also been associated with infant care practices such 

as exclusive breastfeeding, hygiene practices, and clinic visits11. In turn, infant biological characteristics, 

such as preterm delivery, low birthweight, and male sex are known risk factors for hospitalization5,12 and 

mortality12. Similarly, infant care practices have been shown to reduce hospitalizations and mortality13–16. 

While some research has demonstrated associations between maternal psychosocial factors and more 

distal outcomes, such as infant cortisol reactivity17 and febrile illness9, less is known about the relationship 

between these factors and infant hospitalization and mortality. Previous evidence suggests that maternal 

depression may be associated with infant illness and hospitalization18. 

Identifying individual determinants of mortality and hospitalization is an important step toward reducing 

adverse neonatal outcomes. Innate factors, such as maternal age and marital status, may be used to 

identify high-risk populations while modifiable factors, such as parental self-efficacy or early initiation of 

breastfeeding, may help target support for a given community. This study investigates whether maternal 

demographic, obstetric, and psychosocial factors and infant biological and care factors are associated with 

neonatal hospitalization and mortality. The results will identify high-risk populations and behaviors 

associated with adverse neonatal health outcomes and will be relevant to research and programmatic 

interventions offering perinatal support.  

 



Methods 

Parent study design 

This cohort study is nested within a non-blinded randomized control trial, Mobile WACh NEO, which 

evaluated a text message intervention’s effect on the outcome of neonatal mortality19. The Mobile WACh 

intervention is a human-computer hybrid system that uses two-way SMS communication and patient 

tracking to provide consistent support to women and their infants during the peripartum period. Participants 

were randomly assigned to the intervention and control groups at a 1:1 ratio. 

Participants were enrolled in the third trimester of pregnancy and continued follow-up through 6 weeks 

following delivery19. Recruitment took place between September 7, 2020 and June 30, 2022. Participants 

were recruited from antenatal care visits at six clinics in southeastern Kenya: Bondo Sub-County Referral 

Hospital (Siaya County), Rachuonyo County Hospital (Homa Bay County), Ahero Sub-District Hospital and 

Kisumu County Hospital (Kisumu County), and Mathare North Health Centre and Riruta Health Center 

(Nairobi County)19. These clinics are situated in urban and rural areas. Individuals were eligible for the 

randomized control trial if they were pregnant between 28 and 36 weeks gestation; 14 years of age or older; 

had daily access to a mobile phone on the Safaricom network; were willing to receive SMS messages; were 

able to read and respond to text messages in English, Kiswahili, or Luo, or had someone in their household 

who could help; and planned on living in the same area for at least 5 months postpartum. The last eligibility 

criterion was dropped on February 22, 2022.  

 

Eligibility criteria 

The study cohort was restricted to participants in the control arm of the parent trial because the text 

message intervention was designed to impact on neonatal hospitalization and mortality. Stillbirths were also 

excluded, as neonatal hospitalization and mortality rates are calculated among live births. The recorded 

narrative of all demises was reviewed by a neonatologist and an obstetrician to disaggregate stillbirths from 

early neonatal deaths. Discrepancies were discussed to determine a final classification for each demise. 

Participant-infant pairs who were lost to follow-up before delivery or who were missing information on infant 

vital status at delivery were excluded. Finally, only first-born neonates were included in the analysis to 

maintain independence between observations.  



 

Data collection 

Data for exposure variables were collected through participant interviews at enrollment, shortly following 

notification of delivery, and at study visits two and six weeks after delivery (Figure 1)19. Interviews were 

conducted over the phone or at the study clinic by trained study nurses. If a participant missed the 2- or 6-

week study visit by 1 week, the study team conducted tracing by calling the participant’s phone. If 

unsuccessful, they called additional contacts provided by the participant at enrollment or attempted to visit 

the participant’s residence.  

Data on death and hospitalization outcomes was collected via a severe adverse event (SAE) form, which 

was used to record locations, dates, symptoms, and outcomes19. SAE forms were filled out when 

participants reported infant hospitalization or death during the 2- or 6-week study visits. If a participant 

reported a hospitalization or death to the study team in between study visits, the participant was immediately 

contacted for additional information to complete the SAE form.  

Weekly data quality checks were performed throughout data collection, and the data manager worked with 

study nurses to clarify and correct inconsistencies. Post-collection data cleaning was also conducted in 

collaboration with on-site study staff. 

 

Outcome 

The two outcomes evaluated were incidence of neonatal mortality and hospitalization, respectively. While 

participants were asked whether infants were hospitalized prior to death, date of hospital admission was 

not explicitly recorded in case of infant deaths. In these cases, manual review of the recorded SAE narrative 

was conducted to determine date of hospital admission. If an infant was hospitalized multiple times, only 

the first hospitalization was considered. 

 

Exposures 

We assessed five types of exposures: a) maternal demographic and socioeconomic, including age, 

partnership status, years of education, employment status, and household income/wealth; b) maternal 

obstetric, including number of prior pregnancies and facility delivery; c) maternal psychosocial, including 



social support score, parental self-efficacy score, and depression score; d) infant biological, including 

gestational age at delivery and birthweight; and e) infant care practices, including appropriate cord care, 

appropriate thermal care, and early initiation of breastfeeding.  

All maternal predictors except for facility delivery were collected through in-person participant surveys at 

enrollment; facility delivery was collected through a phone interview to the participant shortly after the study 

team was notified of delivery. Age and number of prior pregnancies were treated as continuous variables. 

Years of education was dichotomized between completed secondary education and did not complete 

secondary education, partner status was dichotomized between married or cohabitating with partner and 

other responses, employment status was dichotomized between any employment and other responses, 

and facility delivery was dichotomized between facility delivery and all other responses.  

Maternal psychosocial scores were treated as both continuous and dichotomous measures, measured 

using the Medical Outcomes Study (MOS) Social Support Survey20, the Karitane Parenting Confidence 

Scale (KPCS)21, and the Edinburgh Postnatal Depression Scale (EPDS)22, respectively. All scored 

variables have been validated several cultural contexts23–31. 

The MOS is a transformed mean score comprised of 19 items and ranges from 0 to 100, where higher 

scores represent higher levels of perceived social support. One item in the MOS was modified based on 

site staff recommendation to make the tool more culturally appropriate. The question “Do you have 

someone who hugs you” was changed to “Do you have someone who compliments you”, as hugging is not 

a common sign of affectionate support in Kenya and compliments would be a more culturally accepted sign 

of affection. In models where social support was treated as a binary predictor, individuals were coded as 

above or below the cohort median score (1 = above 81.5, 0 = below 81.5). 

The KPCS is a summed score comprised of 15 items and ranges from 0 to 45, where higher scores 

represent higher levels of perceived parental self-efficacy. The clinical ranges for the KPCS are non-clinical 

range (40–45), mild clinical range (36–39), moderate clinical range (31–35), and severe clinical range (less 

than 31). Participants were classified as clinical or non-clinical (1 = mild, moderate, or severe clinical range, 

0 = non-clinical range) in models where self-efficacy was treated as a binary predictor. 

The EPDS is a summed score comprised of 10 items and ranges from 0 to 30, where higher scores indicate 

the presence of more depressive symptoms. Scores of 13 or greater are commonly used as clinical 



thresholds indicating depression, and McCabe-Beane et al. have proposed the following ranges for EPDS: 

none or minimal depression (0–6), mild depression (7–13), moderate depression (14–19), and severe 

depression (19–30)32. In models where depression was treated as a binary predictor, participants were 

classified as moderate or severely depressed (13-30) or mild to no depression (0–12). 

First trimester ultrasounds, considered the gold standard for estimating gestational age33, are uncommon 

in the study area34. We followed the American College of Obstetricians and Gynecologists guidelines for 

determining gestational age using ultrasounds taken in the second and third trimester, respectively33. 

Specifically, participants’ gestational age was calculated from ultrasounds prior to enrollment when 

available. When unavailable, gestational age was derived from the maternal and child health booklet, which 

came from the participants’ last menstrual period or healthcare worker estimation. Some participants 

received ultrasounds between enrollment and delivery (in the third trimester), and this gestational age was 

used if the difference between the third-trimester ultrasound gestational age and the booklet gestational 

age was greater than 21 days. Gestational age was ultimately derived from an ultrasound for 16% of 

participants; last menstrual period or healthcare worker estimate were used to determine gestational age 

for the remaining participants. Birthweight was recorded in kilograms to the nearest decimal point from 

participants’ maternal and child health booklet at the 2- or 6-week study visit. If the booklet was unavailable, 

participants reported infant birthweight. Infant sex was recorded during the 2- and 6-week study visits; if 

these variables were missing, infant sex recorded during the delivery report was used. Preterm delivery 

was defined as deliveries prior to 37 weeks of estimated gestational age, and infants weighing less than 

2.5 kilograms were classified as low birthweight.  

We defined appropriate cord care as no application of substances to the cord in accordance with WHO 

recommendations at study start35. During data collection, WHO released updated guidelines the including 

application of the antiseptic chlorhexidine as appropriate cord care when it replaces the application of 

harmful substances36; this aligns with the Kenya Ministry of Health recommendations37. Therefore, we 

added an additional question asking what type of antiseptics were applied. Approximately 30% of 

participants were asked this question. Appropriate thermal care was defined as delaying 1st infant bath for 

at least 24 hours following delivery, and early initiation of breastfeeding was defined as breastfeeding within 

1 hour of delivery. Cord care and thermal care questions were asked at the 2-week visit or the 6-week visit 



if the participant missed the 2-week visit. Early initiation of breastfeeding was only asked at the 2-week visit 

because we expected participant recall may be inaccurate six weeks after the event. This led to higher 

missingness in the early initiation of breastfeeding variable. 

 

Data analysis 

Cumulative incidence and incidence rate of neonatal hospitalization and mortality were calculated. For 

incidence rate, the time to event or censored outcome was calculated for each infant. Infants could be 

censored at loss to follow-up, 28 days of life, or death (for calculation of hospitalization incidence).  

Calculated time to event or censorship was used as the outcome variable in the Cox proportional-hazards 

models. Univariate models were used to estimate hazard ratios (HRs) for each predictor-outcome pair. 

Predictors with a p-value of <0.1 were included in the multivariate model for each outcome. 

Infants who are immediately hospitalized or die shortly after birth do not have the opportunity to receive 

infant care practices prior to the outcome event. Furthermore, healthcare workers are responsible for the 

care of infants hospitalized at birth, and therefore mother participants may have limited ability to perform 

infant care practices. Thus, for analyses which included infant care practices (cord care, thermal care, and 

early initiation of breastfeeding), infants with hospitalizations and deaths occurring during delivery 

hospitalizations were excluded. We used the SAE forms to distinguish hospitalizations due to normal 

delivery and hospitalizations due to illness. Study staff filled out SAE forms when a participant reported that 

an infant was held for a prolonged period after delivery due to a diagnosed condition. A manual review of 

the event narrative classified hospitalizations as a delivery hospitalization if the infant was hospitalized 

without discharge following delivery and as a post-delivery hospitalization if the infant was brought to the 

healthcare facility. 

We implemented separate multivariate models for birthweight and estimated gestational age if both had 

p<0.1 in the univariate models due to collinearity. If infant care practices were significant at p<0.1 in the 

univariate models, we implemented one set of multivariate models without the infant care practices 

variable(s), including all outcome events, and another set of multivariate models with the infant care 

practices variable(s), excluding events during delivery hospitalization. The first set of models was intended 

to understand predictors of all deaths and hospitalizations, including those which occurred soon after birth. 



They also provided more power to detect relationships since excluding events during delivery 

hospitalization reduced our sample size. The second set of models allowed us to specifically examine the 

role of infant care practices in neonatal mortality and hospitalizations. All analyses were conducted in R 

(version 4.2.2). 

 

Ethical review 

The parent study was reviewed and approved by University of Washington Institutional Review Board and 

Kenyatta National Hospital Ethical Review Committee. All participating women provided written informed 

consent. 

 

Results 

Study cohort 

Of the 5,020 participants randomized in the parent trial, 7 were later discovered to have not been eligible 

at the time of enrollment and were not retained in analysis. Of these participants, 2508 were randomized 

to the control group and 2451 were included in the study cohort (Figure 2). 

Among 2508 participants in the control arm, median age was 25 (interquartile range [IQR] 22, 29) and 1468 

(60%) reported completing at least 12 years of education (Table 1). Two-thousand and four (82%) of 

participants were married or cohabitating with their partner, and 901 (37%) reported any type of 

employment. The median monthly household income was 106 US dollars (USD)38 (IQR 71, 177), although 

1035 (42%) of participants did not report household income.  

Eight hundred and five (33%) of participants reported this was their first pregnancy, and 2,365 (98%) 

delivered in a healthcare facility. Rates of healthcare facility delivery were high across sites, ranging from 

95% to 98% (data not shown). The median baseline MOS score was 82.9 out of 100 (IQR 65.8, 100), 

indicating high perceived levels of social support among the population. Similarly, the median KPCS score 

was 45 out of 45 (IQR 41, 45), indicating high levels of parental self-efficacy at enrollment. There was a 

higher rate of missingness (14%) for this construct because KPCS is a summed variable, meaning if a 

participant did not answer one item in the 15-question instrument the score was marked as missing. Median 



baseline EPDS score was 1 out of 30 (IQR 0, 4), indicating low levels of depressive symptoms; prevalence 

of depressive scores at or above the standard clinical threshold of 13 was 3%.  

The median gestational age at delivery was 39.6 weeks (IQR 38.1, 40.7), with 311 (13%) deliveries 

classified as preterm. The median birthweight was 3.2 kg (IQR 3.0, 3.5), with 126 (5%) deliveries classified 

as low birthweight. Forty-nine percent of live births were female. In follow-up visits, 2233 (95%) of 

participants reported appropriate thermal care, while 1402 (70%) reported early initiation of breastfeeding. 

Almost half of participants (n=1104 [46%]) reported no application of substances to the cord, and another 

1037 (44%) reported applying antiseptics (Table A1). Among those who were asked about types of 

antiseptic use (n=307), 82% reported applying chlorhexidine, indicating high rates of chlorhexidine use 

among those who reported applying antiseptics. 

 

Incidence of hospitalization and mortality 

There were 38 neonatal deaths and 50 neonates who were hospitalized. Cumulative mortality was 

15.1/1,000 live births, and cumulative hospitalization incidence was 19.2/1,000 live births. The mortality 

incidence rate was 0.70/1,000 infant-days, and the hospitalization incidence rate was 0.55/1,000 infant-

days. Thirty-four (68%) of hospitalizations were delivery hospitalizations.  

Kaplan-Meier plots show that over 50% of deaths occurred in the first two days of life, with mortality rates 

declining throughout the first 28 days of life (Figure 3). Similarly, over 50% of hospitalizations occurred on 

the first day of life, after which the rate of hospitalization declined.   

 

Univariate models 

In the univariate models, neonatal mortality was associated with being primigravida (Hazard Ratio 

[HR]=1.95, 95% confidence interval [CI] 1.02, 3.72) (Table 3, Figure A1). Gestational age and birthweight 

were inversely associated with mortality, with HRs of 0.82 (95% CI 0.73, 0.93) and 0.41 (95% CI 0.20, 0.84) 

for increases of one week in gestational age and one kilogram in birthweight, respectively. Infant sex was 

strongly associated with mortality, with male infants having a 2.02-fold higher risk (95% CI 1.02, 4.02) than 

female infants. Appropriate cord care had a marginally significant association with higher neonatal mortality 

with a large effect size, with those receiving appropriate cord care having a mortality hazard of 3.50 (95% 



CI 0.95, 12.95) times that of infants who had substances applied to their cord. Maternal age was also 

marginally associated with neonatal mortality, with the neonates of younger mothers more likely to die 

compared to older mothers (HR = 0.94, 95% CI 0.88, 1.00).  

Neonatal hospitalization was also associated with being primigravida (HR=1.82, 95% CI 1.02, 3.22) (Figure 

A2). Similarly, gestational age and birthweight were also inversely associated with hospitalization with 

hazard ratios of 0.83 (95% CI 0.75, 0.92) and 0.37 (95% CI 0.21, 0.68), respectively. Early initiation of 

breastfeeding was associated with lower risk of hospitalization, with neonates who received early initiation 

of breastfeeding having a 88.3% lower risk of hospitalization than neonates who did not receive early 

initiation of breastfeeding (95% CI 0.03, 0.42). Maternal education was also associated with hospitalization, 

with neonates whose mothers received 12 or more years of education more likely to be hospitalized 

(HR=1.96, 95% CI 1.02, 3.78) than those whose mothers received less education.  

None of the continuous or binary maternal psychosocial factors were significantly associated with neonatal 

mortality or hospitalization. The models assessing associations of thermal care and mortality, thermal care 

and hospitalization, and facility delivery and hospitalization failed to converge. 

We investigated the unexpected cord care results first by examining cord care as a categorical predictor 

which included the categories no substance applied (reference group), antiseptics, water, natural 

substance, and other substance. The categorical model failed to converge, as did a model with the 

simplified categories of no substances, antiseptics, and other substances. We then further reduced the 

categories to nothing and antiseptics, excluding participants who reported applying other substances to the 

cord; the findings were not significant (HR = 0.35, 95% CI 0.10, 1.30, p = 0.12). We then recoded 

participants who were asked the type of antiseptic and reported applying chlorhexidine as having given 

appropriate cord care and reran the models. The results were consistent with and more pronounced than 

the original results: the hazard ratio of mortality was 8.37-fold higher (95% CI 1.08, 64.85, p = 0.041) among 

those who applied either no substances or chlorhexidine versus those who applied other substances.   

 

Multivariate models 

Six predictors were eligible for inclusion in the multivariate mortality models: age, primigravida, gestational 

age, birthweight, sex, and appropriate cord care. The first two models included all neonatal deaths and did 



not include appropriate cord care as a predictor; separate models were run adjusting for gestational age 

and birthweight to minimize collinearity. Increased birthweight was associated with decreased risk of 

mortality adjusting for maternal age, primigravida, and infant sex (HR = 0.41, 95% CI 0.20, 0.83), while 

increased gestational age was also associated with decreased risk of mortality adjusting for the same 

factors (HR = 0.83, 95% CI 0.74, 0.93) (Table 3). Male sex was significantly associated with increased risk 

of mortality in the birthweight model (HR = 2.24, 95% CI 1.05, 4.76) and marginally associated with mortality 

in the gestational age model (HR = 1.91, 95% CI 0.96, 3.81).  

The second set of multivariate mortality models included appropriate cord care and excluded deaths that 

occurred during delivery hospitalization. In the gestational age model, appropriate cord care was marginally 

associated with increased mortality (HR = 3.48, 95% CI 0.94, 12.90), adjusting for maternal age, 

primigravida, gestational age, and infant sex. None of the other predictors were significantly associated 

with mortality. In the birthweight model, none of the predictors were significantly associated with neonatal 

mortality.  

Five predictors were eligible for inclusion in the multivariate hospitalization model: education, primigravida, 

gestational age, birthweight, and early initiation of breastfeeding. As above, we ran two sets of models, first 

including all hospitalization events and then excluding delivery hospitalization events. In the first set of 

models, increased birthweight was associated with a decreased risk of hospitalization adjusting for 

primigravida and maternal education (HR = 0.39, 95% CI 0.21, 0.72), and increased gestational age was 

also associated with a decreased risk of hospitalization adjusting for the same factors (HR = 0.81, 95% CI 

0.73, 0.91) (Table 4). Primigravida and maternal education were not significant in either mode. In the 

second set of models, infants with early initiation of breastfeeding had lower risk of hospitalization compared 

to those without early breastfeeding initiation in the model controlling for birthweight, primigravida, and 

maternal education (HR = 0.11, 95% CI 0.02, 0.49). There were similar findings in the gestational age 

model, where the HR for early initiation of breastfeeding was 0.16 (95% CI 0.04, 0.59). No other predictors 

in either model were significantly associated with hospitalization. 

 

 

 



Discussion 

In this study, we observed a cumulative firstborn neonatal mortality rate of 15.0 per 1000 live births, which 

was lower than the most recently published Kenyan Demographic Health Survey estimates of 21 neonatal 

deaths per 1000 live births from 2018 to 202239. Neonatal mortality in Kenya declined from 33 deaths/1000 

live births in 2003, and our data collected from 2020 to 2022 may indicate that neonatal deaths have 

continued to decline. Nationwide trends such as increases in antenatal care visits and deliveries attended 

by a skilled provider in Kenya may have contributed to this decline39–41. Our results also support prior 

research that approximately half of neonatal deaths occur within 48 hours of delivery42. Our observed rate 

of 19.2 neonatal hospitalizations per 1000 live births adds to the literature as there are few published 

estimates of neonatal hospitalization rates in sub-Saharan Africa. A prior study in western Kenya found a 

cumulative hospitalization rate of 9.7 hospitalizations per 1000 live births among a cohort of infants followed 

for nine months post-delivery43. The lower observed rate may represent differences in care-seeking 

between the two study areas, challenges of event recall for parents with young children, or difference in 

overall follow-up period. A centralized electronic medical records system could help improve data capture 

for neonatal hospitalizations and deaths in Kenya, although implementation challenges include integration 

with current paper-based record systems44. 

We observed associations between adverse neonatal outcomes and maternal primigravida status, maternal 

age, gestational age, birthweight, and infant sex. The risk of neonatal mortality was higher among infants 

born to women experiencing their first pregnancy45, in part due to higher prevalence of low birthweight 

babies among younger mothers46. Maternal age was marginally associated with neonatal mortality in the 

univariate model, and this may reflect the U-shaped relationship between age and birthweight46 which may 

not have been captured in a linear model. However, higher rates of neonatal hospitalization and mortality 

among mothers younger than 25 are evident in the Kaplan-Meier plots (Figure A1). Male neonates had two-

fold higher risk of mortality compared to females, a trend that has been widely documented47. Delivery 

facilities can identify higher-risk infants based on maternal age and infant sex and should direct resources 

toward these populations. Infants born preterm had a 2.94-fold increased risk of mortality and a 2.98-fold 

risk of hospitalization. Overall, 13% of infants in our cohort were born preterm and 71% of deaths occurred 

in preterm infants. Preterm and low birthweight deliveries are closely linked, and in our cohort low 



birthweight infants had a 4.43-fold increased risk of mortality and a 4.26-fold risk of hospitalization. Only 

5% of infants were low birthweight, while 74% of deaths occurred in low birthweight infants. Preterm birth 

is the leading cause of global neonatal mortality48, but progress has been made; healthcare interventions 

such as increased use of antenatal steroids, respiratory management, and surfactants have been linked to 

decreased rates of neonatal mortality among preterm infants49. A randomized control trial in Kenya and 

Uganda demonstrated that a delivery facility-level intervention containing a childbirth checklist, checklist 

implementation training, quality improvement plans, and data management to track progress led to a 

decrease in stillbirth or neonatal death among preterm and low birthweight babies50. Even farther upstream, 

interventions to improve access to antenatal care have been shown to reduce perinatal mortality and 

frequency of low birthweight infants, indicating that combined health system and community interventions 

should be a focus for improving neonatal outcomes51.  

Early initiation of breastfeeding was strongly protective against hospitalization in univariate and multivariate 

models. This is consistent with literature noting the marked benefits of early breastfeeding52,53. It is possible 

that infants born ill may have been unable to immediately latch54 and, independently, were more likely to 

die or be hospitalized. To mitigate this potential confounder, we excluded infants born with severe illness 

by excluding hospitalizations that began at delivery. In this analysis the protective effect was retained. Thus, 

this association likely reflects a true relationship between early breastfeeding and decreased neonatal 

hospitalization. Among participants with data, 70% reported early initiation of breastfeeding. Given that 

most deliveries occurred in a healthcare facility, this indicates an opportunity for support and intervention. 

Hospital staff training programs can prepare healthcare workers to offer mothers emotional and practical 

breastfeeding support and have been shown to improve rates of early initiation of breastfeeding55,56. The 

WHO-led Baby-Friendly Hospital Initiative includes comprehensive recommendations for healthcare 

facilities to support infant feeding57, and a meta-analysis found a dose-response relationship between the 

number of practices a mother is exposed to and positive breastfeeding outcomes58. Future interventions 

should focus on improving healthcare facility support for breastfeeding in the postpartum period. 

Appropriate cord care was associated with increased risk of mortality in both univariate and multivariate 

models, although the relationship was not statistically significant. This effect is contrary to published data59. 

This may have been due to combining infants who received chlorhexidine or other antiseptics with those 



who received other substances. However, none of our analyses found a strong protective effect of either 

no substances or chlorhexidine. It is possible that an undefined confounder led to the association between 

dry cord care and neonatal mortality. For example, infant illness at birth could potentially lead to both better 

cord care and increased risk of mortality. We attempted to control for this factor by excluding deaths 

occurring during delivery hospitalization. It is also possible that the small number of post-hospitalization 

delivery mortalities (n=15) influenced our results by chance. Two randomized control trials conducted in 

sub-Saharan Africa have found no difference in neonatal mortality rate between groups practicing dry cord 

care and those applying chlorhexidine60,61, and Osrin and Colbourn suggested that the benefit of 

chlorhexidine is reduced in settings with high facility delivery rates and neonatal mortality rates of less than 

30 / 1,000 live births62. Given that we did not start collecting data on type of antiseptics used until midway 

through the trial, we ultimately did not have enough data on chlorhexidine use to disaggregate its effects 

from the effects of no substance.  

Maternal education was strongly associated with neonatal hospitalization in the univariate model, although 

the relationship was non-significant in the multivariate model. This supports prior findings that Kenyan 

mothers with higher levels of education are more likely to seek care in response to observed child illness63,64 

and neonatal danger signs65. Education could also be a proxy for access to healthcare, as women in urban 

areas tend to have higher education than those in rural settings66. Interestingly, education was not 

associated with mortality, which has been observed in other studies41. This could indicate that more 

educated participants disproportionately sought care for non-fatal conditions which were still serious 

enough to require hospitalization. The difference in hospitalization rates between mothers who had and had 

not completed secondary education suggests an opportunity to increase appropriate care-seeking. 

Interventions such as mHealth programs may approach this issue by meeting mothers’ health education 

needs67,68, while post-natal checklists administered by community health workers aim to increase contact 

with the healthcare system69.  

No significant relationship was observed between social support, parental self-efficacy, or depression and 

adverse neonatal outcomes. Baseline mean maternal psychosocial scores indicated high perceived levels 

of social support and parental self-efficacy and low levels of depressive symptoms, and the low variation in 

these characteristics could contribute to lack of observed associations. We were surprised by the low 



proportion of participants with depression (3.2%) compared to prior research in the same study area70–72. 

We used a validated Kiswahili translation of the EPDS73 and the study staff were retrained in administering 

the instrument halfway through data collection to ensure the data was being collected correctly; similar 

scores were observed before and after retraining. Although EPDS has been previously validated in the 

study area some studies have found that it demonstrates low sensitivity, suggesting EPDS may not be the 

optimal instrument for evaluating peripartum depression in this study population71,74. It is unclear why 

observed rates of depressive symptoms were lower than expected in this cohort. 

There were extremely high rates of facility delivery (96.5%) and appropriate thermal care (91.1%), which 

led to unstable estimates in univariate models. Kenya has made great progress toward ensuring high rates 

of facility delivery. A national free maternal services policy introduced in 2013 eliminated delivery fees at 

public health facilities and was shown to increase facility-based deliveries75. Furthermore, the Kenyan 

Demographic Health Survey estimates that the percentage of deliveries attended by a skilled provider 

increased from 41% in 2003 to 89% in 202239. Prior research in Kenya also found high rates of immediate 

drying after facility delivery, indicating that certain aspects of thermal care are commonly practiced76.  

The lack of predicted association between maternal psychosocial factors and adverse infant outcomes may 

indicate the importance of structural factors rather than individual-level factors. Access to care, quality of 

care, and population trust in healthcare services have been identified as barriers to lowering rates of infant 

morbidity and mortality77. The infant death narratives from this study’s SAE forms echo these observations, 

as many describe appropriate care-seeking by mothers but difficulties accessing adequate care. When not 

all factors are within the mothers’ control, individual-level interventions to improve neonatal morbidity and 

mortality can only go so far. The increase in facility deliveries following national policy change shows that 

structural change can be an effective tool to improve neonatal health outcomes75. This success could be 

leveraged to further improve infant outcomes by increasing beneficial infant care practices such as early 

initiation of breastfeeding. To reduce rates of neonatal morbidity and mortality, multifaceted policy- and 

community-level changes must improve access and quality of care by focusing on the most at-risk 

populations, including mothers who are pregnant for the first time and those who have received less 

education.  



Our study has strengths and limitations. This was a large multi-site study with extremely high retention 

(99.3%) enabling robust analyses of cofactors of neonatal mortality and hospitalization. We confirmed the 

large impact of preterm birth on neonatal outcomes and examined several relevant psychosocial and care-

associated variables. Limitations of the study include suboptimal estimation of gestational age in the cohort, 

as most women did not receive first trimester ultrasounds. Birthweight was recorded from participants’ 

maternal and child health booklet or participant report. Because birthweight was recorded to the nearest 

10th of a kilogram, infants weighing between 2.45 and 2.49 kgs may have been misclassified as normal 

weight. Despite potential misclassification, we still observed strong significant relationships between both 

predictors and mortality and hospitalization in univariate models. The observed associations may be biased 

toward the null and true associations may be stronger than here observed.  

Despite the size of this cohort, low rates of hospitalization and mortality may have limited statistical power 

in our analyses, particularly in the multivariate models. Population-based studies may provide an advantage 

through larger sample size, but in areas without broad coverage of electronic medical records cohort studies 

are often the best data source for epidemiologic studies. Additionally, we could not confirm all 

hospitalizations and deaths with medical records. This could result in missed hospitalization or mortality 

events or inaccurate recall of the events. However, given the high retention it is unlikely we missed many 

outcomes. In addition, participants or a close contact of the participant were contacted immediately after 

the event to complete the SAE form, reducing the risk of inaccurate recall. 

The incidence of neonatal mortality observed in this study is consistent with a continued decline of neonatal 

deaths in Kenya. We also present incidence of neonatal hospitalization among a community cohort, which 

may be used by healthcare practitioners to allocate healthcare resources. Maternal primigravida status, 

gestational age, birthweight, and infant sex were associated with neonatal mortality, while maternal 

education, primigravida status, gestational age, and birthweight were associated with neonatal 

hospitalization. Observed associations between appropriate cord care and mortality and early initiation of 

breastfeeding and hospitalization may have been confounded by infant illness at birth. In particular, deeper 

investigation into the role of chlorhexidine application on neonatal mortality is warranted. Healthcare facility- 

and systems-level interventions should be implemented to reduce neonatal mortality among high risk 

groups.  



 

Figure 1: Sequence of data collection for typical participant in Mobile WACh NEO randomized 

control trial. 

 

  



 

Figure 2. Consort diagram.  

  



Table. 1. Descriptive characteristics of cohort of Kenyan mother-infant pairs. 

 

N* 

Overall (N=2451) 

n (%); median (IQR) 

Maternal demographic 

  
Age (years) 2451 25        (22 – 29)  

Completed secondary education 2451 1468    (59.9) 

Married/cohabitating 2448 2004    (81.9) 

Employment 2451 901      (36.8) 

Household income (USD) 1416 106 (71 – 177) 

Maternal obstetric 

  
Primigravida 2451 805      (32.8) 

Facility delivery 2417 2365    (97.8) 

Maternal psychosocial 

  
Social support score (MOS) 2448  

     Median (IQR) score  82.9     (65.8 – 100) 

Self-efficacy score (KPCS) 2115 

 
     Median (IQR) score  45        (41 – 45) 

     n (%) in mild, moderate or severe clinical range (<40)  399      (18.9) 

Depression score (EPDS) 2447 

 
     Median (IQR) score  1          (0 – 4) 

     n (%) in moderate or severe clinical range (≥13)  78        (3.2) 

Infant biological 

  
Gestational age (weeks) 2451 39.6     (38.1 – 40.7) 

Preterm 2451 311      (12.7) 

Birthweight (kg) 2409 3.2       (3.0 – 3.5) 

Low birthweight 2409 126      (5.2) 

Female sex 2429 1192    (49.1) 



Infant care practices 

  
Appropriate cord care (did not apply substances) 

 

2378 1104    (46.4) 

Appropriate thermal care (delayed first bath) 2344 2233    (95.3) 

Early initiation of breastfeeding (within 1 hour) 2007 1402    (69.9) 

*Number of non-missing responses 

  



Figure 3. Kaplan-Meier curve for neonatal mortality and hospitalization among a cohort of Kenyan 

mother-infant pairs. 

 

 



Table 2. Maternal and infant cofactors of neonatal mortality and hospitalization (univariate 

analyses). 

 Mortality Hospitalization 

 

HR  95% CI P-value HR 95% CI P-value 

Maternal demographic       

Age 0.938 0.876, 1.003 0.061 0.989 0.937, 1.045 0.704 

>12 years education 1.396 0.701, 2.779 0.342 1.963 1.019, 3.781 0.044* 

Household income (KES) 1.000 1.000, 1.000 0.328 1.000 1.000, 1.000 0.149 

Marital status 0.802 0.366, 1.753 0.580 0.721 0.367, 1.417 0.343 

Employment status 1.046 0.538, 2.033 0.895 0.974 0.537, 1.766 0.931 

Maternal obstetric       

Primigravida 1.951 1.024, 3.717 0.042* 1.815 1.023, 3.219 0.041* 

Facility delivery 0.371 0.089, 1.545 0.173 NA† NA NA 

Maternal psychosocial       

Social support (MOS)       

     Continuous 0.993 0.977, 1.008 0.354 1.000 0.986, 1.015 0.980 

     Above median score 0.700 0.366, 1.342 0.283 0.921 0.517, 1.641 0.779 

Self-efficacy (KPCS)       

     Continuous 0.998 0.930, 1.070 0.948 1.019 0.952, 1.09 0.593 

     Mild, moderate, or severe clinical 

range (<40) 0.824 0.316, 2.145 0.692 0.594 0.233, 1.513 0.275 

Depression (EPDS)       

     Continuous 1.040 0.970, 1.115 0.273 1.022 0.955, 1.094 0.523 

     Moderate or severe clinical range 

(≥13) 1.737 0.418, 7.222 0.448 1.355 0.329, 5.584 0.675 

Infant biological       

Gestational age (weeks) 0.823 0.730, 0.927 0.001* 0.828 0.745, 0.921 0.001* 



Preterm 2.942 1.454, 5.954 0.003* 2.975 1.592, 5.558 0.001* 

Birthweight (kg) 0.414 0.203, 0.843 0.015* 0.374 0.205, 0.682 0.001* 

Low birthweight 4.433 1.818, 10.805 0.001* 4.259 1.976, 9.181 <0.001* 

Sex (1=male, 0=female) 2.020 1.015, 4.020 0.045* 1.305 0.732, 2.326 0.367 

Infant care practices       

Appropriate cord care^ 3.505 0.949, 12.946 0.060 0.728 0.238, 2.226 0.578 

Appropriate thermal care^ NA† NA NA NA† NA NA 

Early initiation of breastfeeding^ 0.430 0.087, 2.130 0.301 0.160 0.043, 0.604 0.007* 

 

^Outcomes from delivery hospitalization excluded 

†Model did not converge 

 

 



Table 3: Maternal and infant cofactors of neonatal mortality (multivariate analyses).  

 Birthweight^ Gestational age^ 

 

HR  95% CI P-value HR 95% CI P-value 

No care practices, all deaths† (N=2451) 

Birthweight (kg) 0.405 0.198, 0.827 0.013*    

Gestational age (weeks)    0.828 0.736, 0.932 0.002* 

Primigravida 1.898 0.792, 4.546 0.151 1.644 0.744, 3.632 0.219 

Maternal age 0.987 0.905, 1.075 0.760 0.967 0.893, 1.047 0.405 

Sex (1=male, 0=female) 2.235 1.049, 4.761 0.037* 1.911 0.959, 3.811 0.066 

Care practices, no delivery hospitalization deaths‡ (N=2428) 

Birthweight (kg) 0.53 0.143, 1.965 0.342    

Gestational age (weeks)    0.951 0.763, 1.186 0.657 

Primigravida 0.885 0.217, 3.606 0.865 1.406 0.303, 6.527 0.663 

Maternal age 0.966 0.845, 1.104 0.610 1.006 0.871, 1.161 0.936 

Sex (1=male, 0=female) 2.000 0.601, 6.652 0.258 2.550 0.652, 9.982 0.179 

Appropriate cord care 3.477 0.937, 12.901 0.062 2.846 0.732, 11.062 0.131 

^Models included either birthweight or gestational age to avoid collinearity. 

†Models include covariates with p<0.1 in the univariate models except for infant care practices. All deaths 

are included in the outcome measure. 

‡Models include all covariates with p<0.1 in the univariate models, including infant care practices. Therefore, 

only deaths occurring after delivery hospitalization are included in the outcome measure. 

 

 



Table 4: Maternal and infant cofactors of neonatal hospitalization (multivariate analyses). 

 Birthweight^ Gestational age^ 

 

HR  95% CI P-value HR 95% CI P-value 

No care practices, all hospitalizations† (N=2451) 

Birthweight (kg) 0.389 0.212, 0.715 0.002*    

Gestational age (weeks)    0.812 0.729, 0.905 <0.001* 

Primigravida 1.513 0.813, 2.816 0.191 1.614 0.894, 2.914 0.112 

>12 years education 1.487 0.746, 2.961 0.259 1.951 0.988, 3.854 0.054 

Care practices, no delivery hospitalizations‡ (N=2417) 

Birthweight (kg) 0.875 0.244, 3.143 0.838    

Gestational age (weeks)    0.997 0.751, 1.323 0.982 

Primigravida 0.369 0.077, 1.777 0.214 0.327 0.07, 1.538 0.157 

>12 years education 2.958 0.616, 14.206 0.175 3.471 0.737, 16.354 0.116 

Early initiation of breastfeeding 0.105 0.022, 0.494 0.004* 0.156 0.041, 0.590 0.006* 

^Models included either birthweight or gestational age to avoid collinearity. 

†Models include covariates with p<0.1 in the univariate models except for infant care practices. All 

hospitalizations are included in the outcome measure. 

‡Models include all covariates with p<0.1 in the univariate models, including infant care practices. Therefore, 

only hospitalizations occurring after delivery discharge are included in the outcome measure. 

 



Appendix 

 

Table A1: Cord care practices among a cohort of Kenyan mother-infant pairs. 

 

Overall  

N=2541 

n (%) 

Substance applied    

No substance applied 1104   (45.0)  

Antiseptics  1037   (42.3)  

Natural substances  30       (1.2)  

Water  34       (1.4)  

Other  173     (7.1)  

Missing  73       (3.0)  

Type of antiseptic applied  N=777 

Did not apply antiseptic  470     (60.5)  

Applied antiseptic  307     (39.5)  

Chlorhexidine       252   (82.1)  

Other antiseptic       55     (17.9)  

 



Table A2: Univariate hazard ratios of infant cord care with neonatal mortality among a cohort of 

Kenyan mother-infant pairs, where the reference group is no substance application. 

 HR  95% CI P-value 

5 category model†    

Antiseptics NA NA NA 

Water NA NA NA 

Natural substances NA NA NA 

Other NA NA NA 

3 category model†    

Antiseptics NA NA NA 

Other NA NA NA 

2 category model    

Antiseptics 0.351 0.095, 1.295 0.116 

† Model did not converge 

  



Table A3: Univariate hazard ratios of infant cord care with neonatal mortality among a cohort of 

Kenyan mother-infant pairs, where no application of substances and application of chlorhexidine 

are coded as appropriate cord care. 

 

HR  95% CI P-value 

Entire cohort (n=2541) 8.372 1.081, 64.847 0.042 

Among those asked chlorhexidine question† 

(n=777)  

NA NA NA 

† Model did not converge 

 

 



Figure A1: Kaplan-Meier curves for neonatal mortality by maternal age (younger vs. older than 

median age), primigravida status, preterm, low birthweight, infant sex, and cord care practices.  

 



Figure A2: Kaplan-Meier curves for neonatal hospitalization by maternal age, maternal education, 

primigravida status, preterm, low birthweight, and early initiation of breastfeeding. 
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