

[image: image1]
Joint Modeling of Singleton Preterm Birth and Perinatal Death Using Birth Registry Cohort Data in Northern Tanzania












	
	ORIGINAL RESEARCH
published: 30 November 2021
doi: 10.3389/fped.2021.749707






[image: image2]

Joint Modeling of Singleton Preterm Birth and Perinatal Death Using Birth Registry Cohort Data in Northern Tanzania

Innocent B. Mboya1,2*, Michael J. Mahande2, Joseph Obure3 and Henry G. Mwambi1


1School of Mathematics, Statistics, and Computer Science, University of KwaZulu-Natal, Pietermaritzburg, South Africa

2Department of Epidemiology and Biostatistics, Institute of Public Health, Kilimanjaro Christian Medical University College, Moshi, Tanzania

3Department of Obstetrics and Gynecology, Kilimanjaro Christian Medical Center, Moshi, Tanzania

Edited by:
Hung-Wen Yeh, Children's Mercy Hospital, United States

Reviewed by:
Wei-Wen Hsu, University of Cincinnati, United States
 Francisco J. Diaz, University of Kansas Medical Center, United States
 Ciprian Gheorghe, Loma Linda University, United States

*Correspondence: Innocent B. Mboya, ib.mboya@gmail.com

Specialty section: This article was submitted to Neonatology, a section of the journal Frontiers in Pediatrics

Received: 29 July 2021
 Accepted: 25 October 2021
 Published: 30 November 2021

Citation: Mboya IB, Mahande MJ, Obure J and Mwambi HG (2021) Joint Modeling of Singleton Preterm Birth and Perinatal Death Using Birth Registry Cohort Data in Northern Tanzania. Front. Pediatr. 9:749707. doi: 10.3389/fped.2021.749707



Understanding independent and joint predictors of adverse pregnancy outcomes is essential to inform interventions toward achieving sustainable development goals. We aimed to determine the joint predictors of preterm birth and perinatal death among singleton births in northern Tanzania based on cohort data from the Kilimanjaro Christian Medical Center (KCMC) zonal referral hospital birth registry between 2000 and 2017. We determined the joint predictors of preterm birth and perinatal death using the random-effects models to account for the correlation between these outcomes. The joint predictors of higher preterm birth and perinatal death risk were inadequate (<4) antenatal care (ANC) visits, referred for delivery, experiencing pre-eclampsia/eclampsia, postpartum hemorrhage, low birth weight, abruption placenta, and breech presentation. Younger maternal age (15–24 years), premature rupture of membranes, placenta previa, and male children had higher odds of preterm birth but a lessened likelihood of perinatal death. These findings suggest ANC is a critical entry point for delivering the recommended interventions to pregnant women, especially those at high risk of experiencing adverse pregnancy outcomes. Improved management of complications during pregnancy and childbirth and the postnatal period may eventually lead to a substantial reduction of adverse perinatal outcomes and improving maternal and child health.
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1. INTRODUCTION

Globally, there is a notable decline of under five mortality rates since the year 1990 (1). Despite this decline, the share of mortality burden increased in the group of children in younger ages, especially in the first 28 days of life (neonatal period) (1–3). The United Nations (UN) Inter-agency Group for Child Mortality Estimation report indicated that at a global rate of 17 deaths per 1,000 live births, and approximately 6,700 neonatal deaths everyday in 2019, neonatal period is the most vulnerable time for children under 5 years of age (1). The share of neonatal mortality to under five deaths has increased from 40% in 1990 to 47% in 2019 (1). In addition, sub-Saharan Africa (SSA) caries the highest burden of neonatal mortality rates in the world (1, 2). Most of the neonatal deaths occur during the perinatal period (1, 4, 5). A recent meta-analysis in 21 SSA countries estimated a perinatal mortality rate of 34.7 per 1,000 liver births. The Eastern Africa region had a rate of 34.5 per 1,000 live births, and was highest (39.5 per 1,000 live births) in Tanzania (6, 7).

Preterm birth complications are among the leading causes of perinatal and neonatal deaths (1). In 2018 alone, preterm birth complications accounted for 35% of all neonatal deaths, followed by intrapartum-related complications (24%) (8). Globally, preterm birth rate was 10.6%, equivalent to nearly 15 million live preterm births in 2014, 81% occurring in Asia and SSA (9). If these estimates are left unchecked within and between countries, there may be a proportional increase in perinatal deaths. Currently, Tanzania ranks the tenth country with the highest preterm birth rate in the world (16.6%) and shares a 2.2% of the global preterm birth proportions (9). Timely, quality, and skilled newborn care at birth and treatment immediately after birth and first days of life is essential to increase child survival (1, 9).

Previous studies assessed the independent predictors of preterm birth and perinatal deaths or as the determinants of each other (10–17). Maternal characteristics and conditions and complications in the current pregnancy increase preterm birth and perinatal death risk (18–22). Also, previous exposure to these outcomes increases the recurrence risk (11, 12, 20, 23, 24). These demonstrate the association between preterm birth and perinatal deaths. In other words, the two outcomes within the same individual are highly correlated. Birth registries are examples of such data where several outcomes are highly correlated. Joint modeling is relevant to reveal more about their relationship, hence inform clinical and public health decisions.

Joint modeling, particularly using the random effects approach, have been previously applied to clinical outcomes such as HIV and HCV (25, 26), hearing thresholds (27, 28), and body mass index with other clinical targets among diabetic patients (29). The application of these methods to pregnancy-related adverse outcomes is limited. This study aimed to jointly model preterm birth and perinatal death using the KCMC zonal referral hospital medical birth registry data in northern Tanzania. To our knowledge, no studies have jointly modeled preterm birth and perinatal death in Tanzania. A joint model of the two outcomes will help better understand potential risk factors for early diagnosis and management of high-risk pregnancies.



2. MATERIALS AND METHODS


2.1. Description of the Data Source

Data used in this study comes from a prospective hospital-based maternally linked cohort data from the KCMC zonal referral hospital in Moshi Municipality, Northern Tanzania. Details about this birth registry are published elsewhere (14, 15, 17, 30–32). Briefly, the KCMC medical birth records information for women and their subsequent deliveries from 2000 to date. The hospital has an average of 3,500–4,000 births every year, close to 70,000 recorded deliveries to date. All consenting mothers are interviewed using a specially designed questionnaire by the project midwives 24 h after normal delivery. Mothers undergoing cesarean delivery or who experienced a complicated birth are interviewed on the second or third day, depending on their condition. The questionnaire captures information on maternal and paternal background characteristics, mothers' health before and during present pregnancy, delivery-related information and complications, and child status (i.e., whether child is dead or alive). Also, additional data were abstracted from the antenatal care (ANC) cards and the hospital medical records of the mother. Unique identification numbers are used to link mother and child information.



2.2. Study Population and Eligibility Criteria

The study population for this study was women who delivered singleton babies from January 2000 to December 2017. For this period, there were 60,840 deliveries from 45,324 mothers aged 15–49 years. We excluded 52 records missing unique identification numbers (used to link mothers and their subsequent births) and 3,669 multiple gestations (i.e., twins and triplets) to avoid over-representing high-risk pregnancies. We further excluded 1,212 deliveries of unknown sequence (i.e., whether singleton or multiple births). We, therefore, analyzed data for 55,907 recorded deliveries, of which 49,113 had complete information on gestational age and 55,736 on perinatal status (Figure 1).


[image: Figure 1]
FIGURE 1. Flow chart showing the number of singleton deliveries analyzed in this study. Data from the Kilimanjaro Christian Medical Center (KCMC) Medical birth registry, 2000–2017.




2.3. Study Variables and Variable Definitions

The primary outcomes were preterm birth and perinatal death. Perinatal death comprises stillbirths (pregnancy loss that occurs after 7 months of gestation) and early neonatal death (death of live births within the first 7 days of life) (7, 33). We coded perinatal death as binary, that is, “Yes” if the child died and “No” if otherwise. Preterm birth is any birth before 37 completed weeks of gestation or fewer than 259 days from the first date of a woman's last menstrual period (9, 12, 34) and was also analyzed as a binary variable (<37 vs. ≥37 weeks of gestation).

The secondary outcome was the co-occurrence of preterm birth and perinatal death. We generated a categorical variable from the two outcomes with the following categories; “0” if none of the events occurred, “1” if both occurred, “2” if perinatal death only, and “3” if preterm birth only occurred. We then used a multinomial random-effects regression model to predict the independent and co-occurrence of preterm birth and perinatal death.

The independent variables included maternal and paternal background characteristics and maternal conditions and complications during pregnancy and delivery. Previous literature (18–23) and analyses of this cohort data informed selection of these variables (14, 15). The background characteristics were maternal age (15–19, 20–24, 25–34, 35–39, and 40+), paternal age (15–24, 25–29, 30–34, and 35+), maternal and paternal highest level of education (none, primary, secondary, and higher), paternal and maternal occupation (employed, unemployed, farmer, and others), marital status (married, single, and widowed/divorced), the current area of residence (rural, urban), body mass index (BMI) in kg/m2 (normal [18.5–24.9], underweight [<18.5], overweight [25–29.9], and obese [30+]), and paternal age [15–24, 25–29, 30–34, 35+].

Maternal conditions and complications during pregnancy and delivery were number of antenatal care visits (4+, <4), parity (primipara, multipara), HIV status (positive, negative), and referral status (Yes, No). Maternal anemia and malaria during pregnancy, infections, pre-eclampsia/eclampsia, premature rupture of the membranes (PROM), postpartum hemorrhage (PPH), abruption placenta, and placenta previa were all binary (Yes, No). Other information included sex of the child (male, female), birth weight (normal [≥2,500 g], low birth weight (LBW) [<2,500 g]) (35), presentation at birth (cephalic, breech, and transverse), mode of delivery (vaginal, cesarean section [CS]), and Apgar score at 5 min (high [7+], low [<7]).



2.4. Data Management and Statistical Analysis
 
2.4.1. Descriptive Analysis

Data were analyzed using STATA version 15.1 (StataCorp LLC, College Station, Texas, USA) (36). The primary unity of analysis was singleton deliveries for women recorded in the KCMC Medical Birth Registry between 2000 and 2017. We summarized numeric variables using means and standard deviations and categorical variables using frequencies and percentages. The chi-square test compared the proportion of preterm births and perinatal deaths by maternal and paternal background characteristics and maternal conditions and complications during pregnancy and childbirth. Ordinary least-squares linear regression assessed linear trends of proportions of the two outcomes for every year increase. Findings from previous analyses for the predictors of preterm birth (37) and perinatal death (14, 15) informed selection of variables to include in the initial steps of multivariable analysis. The next step was a separate stepwise manual reduction of variables not significantly associated with preterm birth and perinatal death (p < 0.05) using the mixed-effects generalized linear models with exchangeable correlation structure. This step was essential given additional variables, such as paternal characteristics, which were significant predictors of perinatal death in the previous analysis using machine learning models (15). Of importance, we tested the effect of including paternal characteristics in this step, which were not significant predictors of any of the two outcomes.



2.4.2. The Joint Model of Two Binary Responses

Joint modeling of preterm birth and perinatal death was achieved using random effects models with an exchangeable correlation structure. Both outcomes were binary, hence used the binomial family and logit link function. We assumed that a set of latent, unobserved random effects of the same mother's two outcomes are correlated. Therefore, we used shared random intercepts to determine the correlation between the same mother's two outcomes, that is, preterm birth and perinatal death. The random intercept captures the unobserved factors specific to each individual, which may influence the responses (26). Let Yij denote the jth response (j = 1, 2) of the ith (i = 1, 2, …, n) subject, with j = 1 for preterm birth and j = 2 for perinatal death. Also, let k (k = 1, 2, …, K) denote the number of singleton births from mother i in the database. A binary response Yijk takes the values 1 if an event has occurred and 0 if otherwise. Thus, for the ith subject, we have a bivariate binary response vector (Y1ik, Y2ik). We also let X1i and X2i represent the vectors of covariates associated with preterm birth and perinatal death, and [image: image] and [image: image] be their corresponding regression coefficients and estimates in brackets, respectively. Random effects models are used to jointly model two longitudinal outcomes of different nature (26, 27, 29, 38), also referred as multivariate longitudinal models (39). Although the association between the covariates and each outcome (preterm birth and perinatal death) can be examined using separate regression models for each outcome (26), these traditional logistic regression models ignore the correlation between them (26). This study applied the shared parameter random-effects logit model and random-effects multinomial regression models for co-occurrence to determine the joint predictors of preterm birth and perinatal death. The random effects capture the unobserved factors specific to each individual, which may influence the responses (26).



2.4.3. Shared-Parameter Models

The joint model is built by describing the joint density f(y1ik, y2ik) of the binary response vectors Y1ik and Y2ik. Let bi denote the random effects shared by the two responses of the ith individual. We further let d1jk and d2jk define the dummy variables, with d1jk = 1 for j = 1 and d2jk = 1 for j = 2. A popular approach is to postulate a so-called shared-parameter model (39), where the joint density for (Y1ik, Y2i) is obtained from

[image: image]

in which f(bi) denotes the random-effects density. The joint response model using logit link for binary responses can be given by (26).

[image: image]

Alternatively, Equation (2) can be expressed in a vector form as

[image: image]

where the bivariate responses (Y1ik, Y2ik) of all individuals are stacked into a single response vector (Yji), where Yji = (Yji1, Yji2, …, Yjiki). The random effect bi is a “shared parameter” inducing correlation between the two binary responses Y1i and Y2i through the joint dependence on bi. The conditional independence of Y1i and Y2i given bi may reflect the belief that a common set of underlying characteristics of the individual governs both outcomes (39). The random intercept bi in 3 shared by both outcomes dictates that correlations between parts of measurements from different outcomes are equal to the product of the correlation between measurements of the two outcomes. In addition, the correlation of deliveries within the mother was accounted for using the exchangeable correlation structure with a robust variance estimator.



2.4.4. Estimation and Inference

The joint responses of Y1ik and Y2ik are assumed to be independent given the shared random effects (bi). Assume the bi are normally distributed with zero mean and variance covariance matrix D. Given this assumption, we can write the likelihood function of the joint response model as follows:

[image: image]

where θ = (β, ψ) is the vector of all parameters in the conditional distribution and the multivariate normal distribution for bi, Xji = (Xji1, Xji2, …, Xjiki) corresponds to a vector of covariates associated with preterm birth and perinatal death. F(·) is the distribution function of shared random effect bi. β are regression coefficients and ψ contains the variance and covariance parameters for the random effects. The integrals involved in Equation (4) cannot be calculated analytically and numerical approaches are needed (26, 29). Numeric approximations, such as adaptive Gaussian quadrature, are recommended to estimate the model parameters (27, 29, 40, 41). The higher the order of the quadrature, the better the approximation will be of the N subjects integrals in the likelihood (40). Once the model has been fitted, inferences for all elements in θ become available using standard likelihood theory (e.g., likelihood ratio tests, Wald tests, score tests) (29).

We used maximum likelihood estimation using adaptive Gaussian quadrature method based on 10 quadrature points to obtain parameter estimates of the joint models (26, 29, 40). This method gives precise parameter estimates at the price of being computationally intensive (40).



2.4.5. A Random-Effects Multinomial Regression Model for Co-occurrence

Two additional multinomial random-effects models were used to assess predictors of preterm birth and perinatal death co-occurrence. These models provided additional information to understand the dependence between the two outcomes conditional on the random effects. The first model was random effects, multinomial regression model, with robust standard errors. Robust standard errors estimation is a commonly applied method of correcting variance–covariance estimates in the presence of clustering (42). As previously explained in section 2.3, we assessed predictors of both outcomes occurring, the occurrence of preterm birth only and perinatal death only, in a single multinomial variable. This model estimated a single random effects variance to account for mother-to-mother variability of the two responses. Let Yij denote a nominal response variable for the ith subject and jth measurement occasion. Given the shared random effects (bi), the probability that a response Yij occurs in category c for a given level-2 unit (i) allowing for any possible set of C−1 response categories is written as
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where the multinomial logit linear predictor, [image: image]. The random effects bi are shared across the C−1 binary comparisons in the multinomial logit model. The second model was developed similar to in 5, but allowing for separate but correlated random effects of the multinomial logits. The random effects bi in the linear predictor, [image: image] are now different for each binary comparison in the multinomial logit. A model with separate random effects estimated covariance parameters for each pair of the multinomial outcomes.





3. RESULTS


3.1. Preterm Birth and Perinatal Death Proportions by Maternal and Paternal Characteristics

The overall proportions of preterm birth and perinatal death between 2000 and 2017 recorded in the KCMC medical birth registry were 12.8 and 4.3%, respectively, and perinatal mortality rate (PMR) of 42.6 per 1,000 births. The proportions of preterm birth and perinatal death differed significantly (p < 0.05) by maternal and paternal background characteristics and obstetric care characteristics (Tables 1, 2). The preterm birth proportion was significantly higher among mothers aged 15–19 (15.7%) and 40+ years (17%), those with no education (16.3%), farmers (16.6%), and rural residents (14.3%). The highest proportions of preterm birth were among younger fathers, that is, 15–24 years (16.2%), with no education (20.5%), and farmers (17.9%). Furthermore, the perinatal death proportions were significantly higher among mothers aged 40+ years (6.4%), with no education (9%), farmers (6.5%), and rural residents (5.6%). Among fathers, perinatal death proportions were high among those aged 30–34 (4.1%) and 35+ years (4.8%), with no education (12.7%), and farmers (7.7%) (Table 1).


Table 1. Distribution of preterm birth and perinatal death by maternal and paternal characteristics (N = 55,907).

[image: Table 1]


Table 2. Distribution of preterm birth and perinatal death by maternal conditions and complications during pregnancy and delivery (N = 55,907).

[image: Table 2]



3.2. Preterm Birth and Perinatal Death Proportions by Maternal Conditions and Complications During Pregnancy and Delivery

The preterm birth proportions were highest among mothers with inadequate (<4) ANC visits (27.4%), those referred for delivery (20.1%), experienced pre-eclampsia/eclampsia (33%), PROM (23.6%), PPH (22.4%), abruption placenta (50.9%), and placenta previa (55.9%), delivered LBW baby (53.8%), experienced breech presentation at birth (27.1%), had <7 5-min Apgar score (42.0%), and experienced perinatal death (47%). Also, the perinatal death proportions are high among mothers with inadequate ANC visits (6.8%), referred for delivery (8.5%), experienced pre-eclampsia/eclampsia (13.1%), PPH (18.6%), delivered LBW baby (19.1%), breech presentation at birth (20.2%), low (<7) 5-min Apgar score (60.4%), and delivered preterm (15.3%). Notably, the highest proportions of perinatal deaths are among those that experienced abruption placenta (55.4%) and with low (<7) 5-min Apgar score (60.4%) (Table 2).



3.3. Trends of Preterm Birth and Perinatal Death Between 2000 and 2017

Between 2000 and 2017, there was a rising trend of preterm birth while perinatal death proportions decline slightly in this cohort. The proportion of preterm birth (<37 gestational weeks) increased significantly by 0.33 (95% CI 0.23, 0.43, p < 0.001) while that of perinatal death decreased significantly by 0.11 (95% CI 0.08–0.15, p < 0.001) for every 1-year increase (Figure 2).


[image: Figure 2]
FIGURE 2. Trends of preterm birth and perinatal death. Data from the Kilimanjaro Christian Medical Center (KCMC) Medical Birth Registry, 2000–2017.




3.4. Joint Predictors of Preterm Birth and Perinatal Death
 
3.4.1. Joint Model With Separate but Correlated Random Effects

Findings of the joint model with separate but correlated random effects are in Table 3. The random-effects variance is observed to be equal for both outcomes (Var = 0.18, 95% CI 0.004, 9.09) and is significantly greater than zero. The covariance parameter capturing dependence between the two outcomes is not statistically significant (Cov = −0.11, 95% CI −0.42, 0.20). Therefore, the two outcomes are independent conditional on accounting for mother to mother variability/heterogeneity.


Table 3. Joint predictors of preterm birth and perinatal death with separate but correlated random effects.

[image: Table 3]

Conditional on the random-effects, inadequate (<4) ANC visits (OR = 2.92, 95% CI 2.71, 3.15 and OR = 1.26, 95% CI 1.05, 1.51), being referred for delivery (OR = 1.32, 95% CI 1.21, 1.43, and OR = 1.37, 95% CI 1.13, 1.66), abruption placenta (OR = 1.73, 95% CI 1.03, 2.92 and OR = 2.43, 95% CI 1.35, 4.40), and breech presentation (OR = 1.54, 95% CI 1.19, 1.99 and OR = 4.01, 95% CI 1.96, 8.19) increased the odds of both preterm birth and perinatal death, respectively. For every 1-year increase, we expect to see the odds of preterm birth increasing significantly by 4% (OR = 1.04, 95% CI 1.03, 1.05) and 3% decrease in perinatal death (OR = 0.97, 95% CI 0.95, 0.99).

Also, conditional on the random effects, adolescent mothers (15–19 years) were significantly more likely to deliver preterm (OR = 1.24, 95% CI 1.09, 1.42) but had lower odds of experiencing perinatal death (OR = 0.43, 95% CI 0.30, 0.62). Similar results were among mothers aged 20–24 years, though this association was not statistically significant. Likewise, higher odds of preterm birth were among mothers who experienced PROM (OR = 1.92, 95% CI 1.59, 2.33), experienced placenta previa (OR = 4.71, 95% CI 2.66, 8.35), and among male children (OR = 1.12, 95% CI 1.04, 1.19). On the contrary, experiencing PROM (OR = 0.35, 95% CI 0.17, 0.72) and placenta previa (OR = 0.21, 95% CI 0.06, 0.79), and male children (OR = 0.83, 95% CI 0.71, 0.98) were less likely to experience perinatal death. Induction of labor was protective of preterm birth of preterm birth (OR = 0.82, 95% CI 0.75, 0.89) but increased the odds of perinatal death (OR = 1.43, 95% CI 1.18, 1.73).



3.4.2. Predictors of Co-occurrence of Preterm Birth and Perinatal Death Using Random Effect Multinomial Regression Model

Findings from the random-effect multinomial regression model are presented in Table 4. This model's random-effects variance is not significantly from zero (Var = 0.04, 95% CI 0.00, 99.43). The observed results are not surprising. The reason is that we generated a multinomial variable from preterm birth and perinatal death, allowing for modeling the dependence between the two outcomes directly other than through separate and correlated random effects. Significantly higher odds of co-occurrence of preterm birth and perinatal death were among mothers with inadequate (<4) ANC visits (OR = 3.46, 95% CI 2.77, 4.32), experienced pre-eclampsia/eclampsia (OR = 1.38, 95% CI 1.01, 1.89), PPH (OR = 2.24, 95% CI 1.05, 4.78), and abruption placenta (OR = 3.98, 95% CI 2.02, 7.82), delivered LBW baby (OR = 12.81, 95% CI 9.84, 16.67), and had a breech presentation (OR = 3.79, 95% CI 2.03, 7.08). Adolescent mothers (15–19 years) (OR = 0.46, 95% CI 0.29, 0.73), with no education (OR = 0.41, 95% CI 0.20, 0.84), primipara (OR = 0.63, 95% CI 0.48, 0.84), and delivered through CS (OR = 0.50, 95% CI 0.40, 0.64) had lower odds of co-occurrence of preterm birth and perinatal death.


Table 4. Predictors of independent and co-occurrence of preterm birth and perinatal death using random effect multinomial regression model (N = 51,493).
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3.4.3. Predictors of Co-occurrence of Preterm Birth and Perinatal Death Using a Multinomial Regression Model With Separate but Correlated Random Effects

Results of the joint model presented in Table 4 have a single variance component for the three multinomial outcomes. Table 5 contains findings of a multinomial regression model with separate but correlated random effects. The variance components indicate high variability for the co-occurrence of both outcomes (Var = 1.23, 95% CI 0.20, 7.60) than the outcomes occurring independently (Var = 0.70, 95% CI 0.04, 11.5 and Var = 0.50, 95% CI 0.28, 0.90, for perinatal death and preterm birth, respectively). The covariance between a pair of these outcomes gives no evidence of dependence, conditional on accounting for mother to mother variability. Furthermore, we also observed relatively larger standard errors (especially for the co-occurrence and perinatal death only) for this model (standard errors not shown) than the model with a single variance component. The confidence intervals for the predictors of co-occurrence and perinatal death in Table 4 are relatively narrow compared to those in Table 5. Results show no correlation between random effects in this analysis, hence used BIC for model comparison (43). Therefore, model comparison using BIC agreed with the results mentioned above. Specifically, the model corresponding to results presented in Table 4 had a BIC of 33,798.52, which is smaller than 33,828.32 for the more complex model corresponding to Table 5. Hence, the best model is the random effect multinomial regression model than the one with separate but correlated random effects (more complex, i.e., has additional parameters). However, the BIC values reported should be interpreted with caution because the conditional AIC is the correct information criteria for clustered data modeled using the random effects approach (43–45). STATA, the software of choice used in the current paper, does not currently have options for these post-estimation performance measures.


Table 5. Predictors of independent and co-occurrence of preterm birth and perinatal death using multinomial regression model with separate but correlated random effects (N = 51,493).

[image: Table 5]

Similar to the descriptions of results in section 3.4.2, conditional on separate random effects for each outcome in the multinomial logits, significantly higher odds of co-occurrence of preterm birth and perinatal death were among mothers with inadequate (<4) ANC visits (OR = 3.97, 95% CI 2.79, 5.66), experienced pre-eclampsia/eclampsia (OR = 1.44, 95% CI 1.00, 2.06), PPH (OR = 2.44, 95% CI 1.02, 5.87), and abruption placenta (OR = 4.80, 95% CI 2.16, 10.67), delivered LBW baby (OR = 17.00, 95% CI 9.51, 30.36), and had a breech presentation (OR = 4.60, 95% CI 2.01, 10.53). Adolescent mothers (15–19 years) (OR = 0.40, 95% CI 0.23, 0.72), with no education (OR = 0.36, 95% CI 0.16, 0.83), primipara (OR = 0.60, 95% CI 0.43, 0.85), and delivered through CS (OR = 0.45, 95% CI 0.34, 0.60) had lower odds of co-occurrence of preterm birth and perinatal death.





4. DISCUSSION

The study aimed to determine the joint predictors of preterm birth and perinatal death based on the birth cohort data from the KCMC zonal referral hospital in Northern Tanzania between 2000 and 2017. Conditional on the random effects, higher odds of both preterm birth and perinatal death were among mothers with inadequate (<4) ANC visits, referred for delivery, experienced abruption placenta, and breech presentation. Mothers with inadequate ANC visits, who experienced pre-eclampsia/eclampsia, PPH, and abruption placenta, delivered LBW, and experienced breech presentation had a higher likelihood of co-occurring both preterm birth and perinatal death. Lower odds of co-occurrence were among adolescent mothers (15–19), with no education, primipara, and those delivered through CS.

There is notable progress in reducing neonatal mortality rates in Tanzania (7, 46, 47). However, by 2015, there was slower progress in maternal and newborn survival in Tanzania (46). Despite interventions implemented prior the MDG era (48), early neonatal mortality rates have been on the rise (7, 14, 48). The KCMC Medical Birth registry data demonstrates a slowly declining trend of perinatal deaths (which includes early neonatal deaths). Still, these trends should be interpreted with caution given the potential under-reporting of perinatal deaths events in this registry (14, 49). Appropriate interventions to reduce the rising preterm birth rates are necessary (37) given its known contribution to perinatal and neonatal deaths (1, 48). The UN Inter-agency Group for Child Mortality Estimation indicated that “the focus should be on maintaining high coverage of quality antenatal care, skilled care at birth, postnatal care for mother and baby, and care of small and sick newborns to address the main causes of neonatal mortality globally” (1).

Inadequate ANC visits increased the risk of both preterm birth and perinatal death. Previous studies on independent predictors of these outcomes support this finding (14, 16, 17, 37, 50, 51). A separate analysis including an interaction term between the number of antenatal care visits and maternal age groups in the co-occurrence model (results not shown) was statistically significant for preterm birth only for mothers aged 15–19 and 40+ compared to 25–29 years. Nevertheless, the direction of association for all interaction terms was the same, suggesting that ANC attendance among pregnant women in Tanzania may not depend on maternal age. According to WHO, “within the continuum of reproductive health care, ANC provides a platform for important health-care functions, including health promotion, screening and diagnosis, and disease prevention” (52). Tanzania's local and national efforts should promote good healthcare-seeking behaviors during pregnancy and improved coverage and quality of antenatal care services at all levels of care (53, 54) regardless of maternal age. It is also essential to improve intrapartum and postnatal care quality, particularly for women who experienced pregnancy and delivery-related complications (1, 4, 55, 56).

Women referred for delivery had higher odds of preterm birth and perinatal death. Pregnant women referred for delivery are more likely to experience delivery-related complications, where adolescent mothers have elevated risk (57). In this study, adolescent mothers (15–19 years), primipara, and those with no education were less likely to experience co-occurring preterm birth and perinatal death. The joint random effects model (conditional on the mother-to-mother variability) revealed that those aged 15–19 and 20–24 years were more likely to deliver preterm but had lower odds of perinatal death. However, the protective effect of 20–24 years of age on the risk of perinatal death was not statistically significant. CS delivery lowered the odds of co-occurrence, which may reflect timely care of these high-risk pregnancies to save both the mother and child's life.

Conditional on the random effects, significantly higher odds of preterm birth and perinatal death, and co-occurrence were among mothers who experienced abruption placenta and breech presentation. Additionally, pre-eclampsia/eclampsia, PPH, and LBW increased the likelihood of co-occurrence. On top of these complications being among the common risk factors of preterm birth (16, 22, 37, 58) and perinatal death (14, 15, 19, 21, 59), they also increase the risk of newborns transfer to intensive care units (60). Given their history, women at risk of these adverse pregnancy events should be given due public health and clinical attention and care during antenatal, intrapartum, and postnatal periods. Although we did not assess health system performance regarding pregnancy and childcare, efforts are needed to strengthen health facilities providing delivery services in Tanzania for improved pregnancy outcomes (1, 6, 61).

The study had several strengths compared to previous studies. First, this is the first study in Tanzania and potentially in SSA to assess the joint predictors of preterm birth and perinatal death, to the best of our knowledge. The vast majority of previous studies focused on determining the independent predictors of preterm birth and perinatal death or the determinant of each other. Second, joint modeling using random effects approach accounted for the relationship between the two outcomes for improved precision of parameter estimates. Nevertheless, conditional on the random effects, we observed no statistically significant covariance between preterm birth and perinatal death. In other words, the two outcomes are independent conditional on accounting for mother-to-mother variability.

As we explained elsewhere (14, 15, 37), the study has several limitations. Data for this study come from a medical birth registry at the KCMC zonal referral hospital in northern Tanzania, affecting the generalization of findings. However, less than a quarter (23.8%) of all recorded deliveries were referrals. Hence the study findings may reflect prenatal and intrapartum care practices and adverse events among deliveries from women in the hospital's catchment area, similar settings in Tanzania and SSA. Also, the KCMC medical birth registry cohort only captures perinatal deaths occurring in the health facility (KCMC hospital), which may underestimate the reported perinatal death proportions/rates (15). In addition, gestational age was analyzed as a binary variable, ignoring other preterm birth categories (37), which remains an area for future applications in joint modeling of categorical data.

Regular chi-square test was used in descriptive statistics but may be inappropriate where there are repeated measures (62). However, this is precisely the reason to consider using random-effects models for the analysis of repeated measures. Furthermore, BIC was used for model comparison. Although BIC criteria can be used when random effects are uncorrelated (43), as found in this study, the BIC values are correct only when the underlying variance–covariance structure is well-specified. Other information criteria such as the conditional AIC can be used (43–45) but are not currently available in STATA software. Previous analyses related to this work accounted for missing data (14, 37). However, for the joint modeling analysis, despite imputing the missing data, analysis of the imputed data could not be achieved due to model complexity (i.e., having additional parameters to estimate) and the machine's computational power.



5. CONCLUSION

The joint predictors of higher risk of preterm birth and perinatal death were inadequate (<4) ANC visits, referred for delivery, and complications during pregnancy and childbirth, specifically pre-eclampsia/eclampsia, PPH, LBW, abruption placenta, and breech presentation. Younger maternal age (15–24 years), PROM, placenta previa, and male children have higher odds of preterm birth but a lessened likelihood of perinatal death. ANC is a critical entry point for delivering the recommended interventions to pregnant women (52), especially those at high risk of experiencing adverse pregnancy outcomes. Improved management of complications during pregnancy and childbirth and the postnatal period may eventually lead to a substantial reduction of adverse perinatal outcomes and improving maternal and child health.



DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the following licenses/restrictions: The data contains potentially identifying and sensitive patient information. This has also been stipulated by the Local Institutional Review Board of KCMC hospital and the National Ethics Committee in Norway when establishing this birth registry. Permission to use the data in this study was made through the Kilimanjaro Christian Medical University College Research and Ethics Review Committee, and received an approval number 2424. The authors do not have the legal right to share the data publicly. Requests to access these datasets should be directed to the Executive Director of the KCMC hospital, kcmcadmin@kcmc.ac.tz.



ETHICS STATEMENT

As we previously described (14, 15, 37), this study was approved by the Kilimanjaro Christian Medical University College Research Ethics and Review Committee (KCMU-CRERC) with approval number 2424. For practical reasons, since the interview was administered just after the woman had given birth, consent was given orally. The midwife-nurse gave every woman oral information about the birth registry, the data needed to be collected from them, and the use of the data for research purposes. Women were also informed about the intention to gather new knowledge, which will, in turn, benefit mothers, and children in the future. Participation was voluntary and had no implications on the care women would receive. Following consent, mothers were free to refuse to reply to single questions. For privacy and confidentiality, unique identification numbers were used to both identity and then link mothers with child records. There was no any person-identifiable information in any electronic database, and instead, unique identification numbers were used. Necessary measures were taken by midwives to ensure privacy during the interview process.



AUTHOR CONTRIBUTIONS

IM, MM, JO, and HM contributed to the acquisition, analysis, or interpretation of the data. IM analyzed the data, drafted the manuscript, and had primary responsibility for the final content. MM, JO, and HM critically reviewed the manuscript. All authors made a substantial contribution to this study and have read and approved the final version to be published.



FUNDING

This work was funded by GSK Africa Non-Communicable Disease Open Lab through the DELTAS Africa Sub-Saharan African Consortium for Advanced Biostatistics (SSACAB) Grant No. 107754/Z/15/Z-training programme. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. The views expressed in this publication are those of the author(s) and not necessarily those of GSK.



ACKNOWLEDGMENTS

We want to acknowledge the midwives who participated in data collection and all women and children whose information enabled the availability of data used in this study. The authors also thank the staff at the Birth Registry for capturing these data in the electronic system. We also appreciate the Center for International Health at the University of Bergen in Norway and the Department of Obstetrics and Gynecology of the KCMC hospital in Tanzania for establishing the KCMC medical birth registry, which facilitated the availability of data to conduct this study.



REFERENCES

 1. UNICEF WHO World Bank Group United Nations. Levels and Trends in Child Mortality: Report 2020 Estimates Developed by the UN Inter-agency Group for Child Mortality Estimation. United Nations Children's Fund (2020). 

 2. Burstein R, Henry NJ, Collison ML, Marczak LB, Sligar A, Watson S, et al. Mapping 123 million neonatal, infant and child deaths between 2000 and 2017. Nature. (2019) 574:353–8. doi: 10.1038/s41586-019-1545-0

 3. Hug L, Alexander M, You D, Alkema L, for Child UIaG. National, regional, and global levels and trends in neonatal mortality between 1990 and 2017 with scenario-based projections to 2030: a systematic analysis. Lancet Global Health. (2019) 7:e710–20. doi: 10.1016/S2214-109X(19)30163-9

 4. Baqui AH, Mitra DK, Begum N, Hurt L, Soremekun S, Edmond K, et al. Neonatal mortality within 24 hours of birth in six low-and lower-middle-income countries. Bull World Health Organ. (2016) 94:752. doi: 10.2471/BLT.15.160945

 5. Mmbaga BT, Lie RT, Olomi R, Mahande MJ, Olola O, Daltveit AK. Causes of perinatal death at a Tertiary Care Hospital in Northern Tanzania 2000-2010: a registry based study. BMC Pregnancy Childbirth. (2012) 12:139. doi: 10.1186/1471-2393-12-139

 6. Akombi BJ, Renzaho AM. Perinatal mortality in sub-Saharan Africa: a meta-analysis of demographic and health surveys. Ann Global Health. (2019) 85:106. doi: 10.5334/aogh.2348

 7. MoHCDGEC MoH NBS OCGS ICF. Tanzania Demographic and Health Survey and Malaria Indicator Survey (TDHS-MIS) 2015-16. Ministry of Health, Community Development, Gender, Elderly and Children (MoHCDGEC), Ministry of Health (MoH), National Bureau of Statistics (NBS), Office of the Chief Government Statistician (OCGS), and ICF. Dar es Salaam; Rockville, MD (2016). 

 8. UNICEF WHO World Bank Group United Nations. Levels & Trends in Child Mortality: Report 2019 Estimates Developed by the UN Inter-agency Group for Child Mortality Estimation. United Nations Children's Fund (2019). 

 9. Chawanpaiboon S, Vogel JP, Moller AB, Lumbiganon P, Petzold M, Hogan D, et al. Global, regional, and national estimates of levels of preterm birth in 2014: a systematic review and modelling analysis. Lancet Global Health. (2019) 7:e37–46. doi: 10.1016/S2214-109X(18)30451-0

 10. Jena BH, Biks GA, Gelaye KA, Gete YK. Magnitude and trend of perinatal mortality and its relationship with inter-pregnancy interval in Ethiopia: a systematic review and meta-analysis. BMC Pregnancy Childbirth. (2020) 20:432. doi: 10.1186/s12884-020-03089-2

 11. Mahande MJ, Daltveit AK, Mmbaga BT, Obure J, Masenga G, et al. Recurrence of perinatal death in Northern Tanzania: a registry based cohort study. BMC Pregnancy Childbirth. (2013) 13:166. doi: 10.1186/1471-2393-13-166

 12. Mahande MJ, Daltveit AK, Mmbaga BT, Obure J, Masenga G, et al. Recurrence of preterm birth and perinatal mortality in northern Tanzania: registry-based cohort study. Trop Med Int Health. (2013) 18:962–7. doi: 10.1111/tmi.12111

 13. Mpembeni R, Jonathan R, Mughamba J. Perinatal mortality and associated factors among deliveries in three Municipal Hospitals of Dar Es Salaam, Tanzania. J Pediatr Neonatal Care. (2014) 1:0022. doi: 10.15406/jpnc.2014.01.00022 

 14. Mboya IB, Mahande MJ, Obure J, Mwambi HG. Predictors of perinatal death in the presence of missing data: a birth registry-based study in northern Tanzania. PLoS ONE. (2020) 15:e0231636. doi: 10.1371/journal.pone.0231636

 15. Mboya IB, Mahande MJ, Mohammed M, Obure J, Mwambi HG. Prediction of perinatal death using machine learning models: a birth registry-based cohort study in northern Tanzania. BMJ Open. (2020) 10:e040132. doi: 10.1136/bmjopen-2020-040132

 16. Rugaimukam JJ, Mahande MJ, Msuya SE, Philemon RN. Risk factors for preterm birth among women who delivered preterm babies at Bugando Medical Centre, Tanzania. SOJ Gynecol Obstet Womens Health. (2017) 3:1–7. doi: 10.15226/2381-2915/3/2/00124

 17. Temu TB, Masenga G, Obure J, Mosha D, Mahande MJ. Maternal and obstetric risk factors associated with preterm delivery at a referral hospital in northern-eastern Tanzania. Asian Pac J Reproduct. (2016) 5:365–70. doi: 10.1016/j.apjr.2016.07.009 

 18. Bailey PE, Andualem W, Brun M, Freedman L, Gbangbade S, Kante M, et al. Institutional maternal and perinatal deaths: a review of 40 low and middle income countries. BMC Pregnancy Childbirth. (2017) 17:295. doi: 10.1186/s12884-017-1479-1

 19. Nijkamp J, Sebire N, Bouman K, Korteweg F, Erwich J, Gordijn S. Perinatal death investigations: what is current practice? In: Seminars in Fetal and Neonatal Medicine. Vol. 22. Elsevier (2017). p. 167–75. doi: 10.1016/j.siny.2017.02.005

 20. van Zijl MD, Koullali B, Mol BW, Pajkrt E, Oudijk MA. Prevention of preterm delivery: current challenges and future prospects. Int J Womens Health. (2016) 8:633–45. doi: 10.2147/IJWH.S89317

 21. Vogel JP, Souza JP, Mori R, Morisaki N, Lumbiganon P. Maternal complications and perinatal mortality: findings of the World Health Organization Multicountry Survey on Maternal and Newborn Health. BJOG Int J Obstetr Gynaecol. (2014) 121(Suppl. 1):76–88. doi: 10.1111/1471-0528.12633

 22. Vogel JP, Chawanpaiboon S, Moller AB, Watananirun K, Bonet M, Lumbiganon P. The global epidemiology of preterm birth. Best Pract Res Clin Obstetr Gynaecol. (2018) 52:3–12. doi: 10.1016/j.bpobgyn.2018.04.003

 23. Malacova E, Regan A, Nassar N, Raynes-Greenow C, Leonard H, et al. Risk of stillbirth, preterm delivery, and fetal growth restriction following exposure in a previous birth: systematic review and meta-analysis. BJOG Int J Obstetr Gynaecol. (2018) 125:183–92. doi: 10.1111/1471-0528.14906

 24. Ouyang F, Zhang J, Betran AP, Yang Z, Souza JP, et al. Recurrence of adverse perinatal outcomes in developing countries. Bull World Health Organ. (2013) 91:357–67. doi: 10.2471/BLT.12.111021

 25. Del Fava E, Kasim A, Usman M, Shkedy Z, Hens N, Aerts M, et al. Joint modeling of HCV and HIV infections among injecting drug users in Italy using repeated cross-sectional prevalence data. Stat Commun Infect Dis. (2011) 3. doi: 10.2202/1948-4690.1009 

 26. Ghebremichael M. Joint modeling of correlated binary outcomes: HIV-1 and HSV-2 co-infection. J Appl Stat. (2015) 42:2180–91. doi: 10.1080/02664763.2015.1022138 

 27. Fieuws S, Verbeke G. Pairwise fitting of mixed models for the joint modeling of multivariate longitudinal profiles. Biometrics. (2006) 62:424–31. doi: 10.1111/j.1541-0420.2006.00507.x

 28. Fieuws S, Verbeke G, Molenberghs G. Random-effects models for multivariate repeated measures. Stat Methods Med Res. (2007) 16:387–97. doi: 10.1177/0962280206075305

 29. Ivanova A, Molenberghs G, Verbeke G. Mixed models approaches for joint modeling of different types of responses. J Biopharmaceut Stat. (2016) 26:601–18. doi: 10.1080/10543406.2015.1052487

 30. Bergsjo P, Mlay J, Lie RT, Lie-Nielsen E, Shao JF. A medical birth registry at Kilimanjaro Christian Medical Centre. East Afr J Public Health. (2007) 4:1–4.

 31. Mahande MJ. Recurrence of perinatal death, preterm birth and preeclampsia in Northern Tanzania: a registry based study (dissertation/PhD thesis). University of Bergen, Bergen, Norway (2015). 

 32. Mmbaga BT, Lie RT, Olomi R, Mahande MJ, Kvale G, et al. Cause-specific neonatal mortality in a neonatal care unit in Northern Tanzania: a registry based cohort study. BMC Pediatr. (2012) 12:116. doi: 10.1186/1471-2431-12-116

 33. World Health Organization. Maternal and Perinatal Health. (2019). Available online at: http://www.who.int/maternal_child_adolescent/topics/maternal/maternal_perinatal/en/ 

 34. World Health Organization. Preterm Birth. (2020). Available online at: http://www.who.int/news-room/fact-sheets/detail/preterm-birth 

 35. World Health Organization. WHA Global Nutrition Targets 2025: Low Birth Weight Policy Brief . World Health Organization (2014). 

 36. StataCorp L. Stata Multilevel Mixed-Effects Reference Manual Release 16. College Station, TX: StataCorp LLC (2019). 

 37. Mboya IB, Mahande MJ, Obure J, Mwambi HG. Predictors of singleton preterm birth using multinomial regression models accounting for missing data: a birth registry-based cohort study in northern Tanzania. PLoS ONE. (2021) 16:e0249411. doi: 10.1371/journal.pone.0249411

 38. Faes C, Aerts M, Molenberghs G, Geys H, Teuns G, Bijnens L. A high-dimensional joint model for longitudinal outcomes of different nature. Stat Med. (2008) 27:4408–27. doi: 10.1002/sim.3314

 39. Fitzmaurice G, Davidian M, Verbeke G, Molenberghs G. Longitudinal Data Analysis. New York, NY: Chapman & Hall/CRC; Taylor & Francis Group (2009). doi: 10.1201/9781420011579 

 40. Molenberghs G, Verbeke G. Models for Discrete Longitudinal Data. Springer Science & Business Media (2005). 

 41. Rabe-Hesketh S, Skrondal A, Pickles A. Reliable estimation of generalized linear mixed models using adaptive quadrature. Stata J. (2002) 2:1–21. doi: 10.1177/1536867X0200200101 

 42. Desai M, Bryson SW, Robinson T. On the use of robust estimators for standard errors in the presence of clustering when clustering membership is misspecified. Contemp Clin Trials. (2013) 34:248–56. doi: 10.1016/j.cct.2012.11.006

 43. Vallejo G, Tuero-Herrero E, Nú nez JC, Rosário P. Performance evaluation of recent information criteria for selecting multilevel models in behavioral and social sciences. Int J Clin Health Psychol. (2014) 14:48–57. doi: 10.1016/S1697-2600(14)70036-5 

 44. Liang H, Wu H, Zou G. A note on conditional AIC for linear mixed-effects models. Biometrika. (2008) 95:773–8. doi: 10.1093/biomet/asn023

 45. Donohue M, Overholser R, Xu R, Vaida F. Conditional Akaike information under generalized linear and proportional hazards mixed models. Biometrika. (2011) 98:685–700. doi: 10.1093/biomet/asr023

 46. Afnan-Holmes H, Magoma M, John T, Levira F, Msemo G, Armstrong CE, et al. Tanzania's countdown to 2015: an analysis of two decades of progress and gaps for reproductive, maternal, newborn, and child health, to inform priorities for post-2015. Lancet Global Health. (2015) 3:e396–409. doi: 10.1016/S2214-109X(15)00059-5

 47. Ogbo FA, Ezeh OK, Awosemo AO, Ifegwu IK, Tan L, Jessa E, et al. Determinants of trends in neonatal, post-neonatal, infant, child and under-five mortalities in Tanzania from 2004 to 2016. BMC Public Health. (2019) 19:1243. doi: 10.1186/s12889-019-7547-x

 48. Mangu CD Rumisha SF Lyimo EP Mremi IR Massawe IS Bwana VM . Trends, patterns and cause-specific neonatal mortality in Tanzania: a hospital-based retrospective survey. Int Health. (2021) 13:334–43. doi: 10.1093/inthealth/ihaa070

 49. Bergsjø P, Vangen S, Lie RT, Lyatuu R, Lie-Nielsen E, Oneko O. Recording of maternal deaths in an East African University Hospital. Acta Obstetr Gynecol Scand. (2010) 89:789–93. doi: 10.3109/00016341003801664

 50. Mahapula FA, Kumpuni K, Mlay JP, Mrema TF. Risk factors associated with pre-term birth in Dar es Salaam, Tanzania: a case-control study. Tanzania J Health Res. (2016) 18. doi: 10.4314/thrb.v18i1.4 

 51. Lu L, Qu Y, Tang J, Chen D, Mu D. Risk factors associated with late preterm births in the underdeveloped region of China: a cohort study and systematic review. Taiwan J Obstetr Gynecol. (2015) 54:647–53. doi: 10.1016/j.tjog.2014.05.011

 52. World Health Organization. WHO Recommendations on Antenatal Care for a Positive Pregnancy Experience. Geneva: World Health Organization (2016). 

 53. Benova L, Tunçalp Ö, Moran AC, Campbell OMR. Not just a number: examining coverage and content of antenatal care in low-income and middle-income countries. BMJ Global Health. (2018) 3:e000779. doi: 10.1136/bmjgh-2018-000779

 54. Darmstadt GL, Lee AC, Cousens S, Sibley L, Bhutta ZA, Donnay F, et al. 60 million non-facility births: who can deliver in community settings to reduce intrapartum-related deaths? Int J Gynecol Obstetr. (2009) 107:S89–112. doi: 10.1016/j.ijgo.2009.07.010

 55. Balkus JE, Neradilek M, Fairlie L, Makanani B, Mgodi N, Mhlanga F, et al. Assessing pregnancy and neonatal outcomes in Malawi, South Africa, Uganda, and Zimbabwe: results from a systematic chart review. PLoS ONE. (2021) 16:e0248423. doi: 10.1371/journal.pone.0248423

 56. Iams JD, Romero R, Culhane JF, Goldenberg RL. Primary, secondary, and tertiary interventions to reduce the morbidity and mortality of preterm birth. Lancet. (2008) 371:164–175. doi: 10.1016/S0140-6736(08)60108-7

 57. Grønvik T, Fossgard Sandøy I. Complications associated with adolescent childbearing in Sub-Saharan Africa: a systematic literature review and meta-analysis. PLoS ONE. (2018) 13:e0204327. doi: 10.1371/journal.pone.0204327

 58. Purisch SE, Gyamfi-Bannerman C. Epidemiology of preterm birth. Semin Perinatol. (2017) 41:387–91. doi: 10.1053/j.semperi.2017.07.009

 59. Chaibva BV, Olorunju S, Nyadundu S, Beke A. Adverse pregnancy outcomes, “stillbirths and early neonatal deaths” in Mutare district, Zimbabwe 2014: a descriptive study. BMC Pregnancy Childbirth. (2019) 19:86. doi: 10.1186/s12884-019-2229-3

 60. Mmbaga BT, Lie RT, Kibiki GS, Olomi R, Kvåle G, Daltveit AK. Transfer of newborns to neonatal care unit: a registry based study in Northern Tanzania. BMC Pregnancy Childbirth. (2011) 11:68. doi: 10.1186/1471-2393-11-68

 61. Koffi AK, Kalter HD, Kamwe MA, Black RE. Verbal/social autopsy analysis of causes and determinants of under-5 mortality in Tanzania from 2010 to 2016. J Global Health. (2020) 10:020901. doi: 10.7189/jogh.10.020901

 62. Hazra A, Gogtay N. Biostatistics series module 3: comparing groups: numerical variables. Indian J Dermatol. (2016) 61:251. doi: 10.4103/0019-5154.182416

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Mboya, Mahande, Obure and Mwambi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/math_2.gif
logit{EYjix b))

= logit{Pr(Yj = 11X;, Bj, 0i)) @
dya(BIX,: + b)) + do (BT Xo; + b;)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Joint Modeling of Singleton Preterm Birth and Perinatal Death Using Birth Registry Cohort Data in Northern Tanzania



		1. Introduction



		2. Materials and Methods



		2.1. Description of the Data Source



		2.2. Study Population and Eligibility Criteria



		2.3. Study Variables and Variable Definitions



		2.4. Data Management and Statistical Analysis



		2.4.1. Descriptive Analysis



		2.4.2. The Joint Model of Two Binary Responses



		2.4.3. Shared-Parameter Models



		2.4.4. Estimation and Inference



		2.4.5. A Random-Effects Multinomial Regression Model for Co-occurrence













		3. Results



		3.1. Preterm Birth and Perinatal Death Proportions by Maternal and Paternal Characteristics



		3.2. Preterm Birth and Perinatal Death Proportions by Maternal Conditions and Complications During Pregnancy and Delivery



		3.3. Trends of Preterm Birth and Perinatal Death Between 2000 and 2017



		3.4. Joint Predictors of Preterm Birth and Perinatal Death



		3.4.1. Joint Model With Separate but Correlated Random Effects



		3.4.2. Predictors of Co-occurrence of Preterm Birth and Perinatal Death Using Random Effect Multinomial Regression Model



		3.4.3. Predictors of Co-occurrence of Preterm Birth and Perinatal Death Using a Multinomial Regression Model With Separate but Correlated Random Effects













		4. Discussion



		5. Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/math_1.gif
Fased = | fonralhtosd
[ Pt S SR





OPS/images/math_4.gif
Le) = gﬁ/ [E(Y,v,\x,v,,ﬁ,v.w,bﬂ}dl-‘(b.')
- Hf[/ [ F[Myj,,: l\X,-k,ﬁ,'.w.bﬂ}dF(b.') @

M /[K "M:xi}mw

o Lo





OPS/images/math_3.gif
gt [ (%)) = (G5 )





OPS/images/inline_4.gif
' = X5 B+ Ik





OPS/images/inline_3.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





OPS/images/fped-09-749707-t003.jpg
Preterm birth' Perinatal deathd*

Variables
ORT (95%Cl) OR" (95%Cl)

Maternal age groups

15-19 1.24 (1.09, 1.42** 0.43 (0.30, 0.62)**

20-24 1.16 (1.07, .26 0.95(0.77,1.16)

2529 1.00 1.00

3539 1.07 097, 1.19) 1.21(093, 1.57)

40+ 1.22(1.08, 1.46)" 1.30 (083, 2.02)
Maternal education

None 1.06 (081, 1.39) -

Primary 1.29 (1.19, 1.40* -

Secondary 1.12(1.00, 1.25)" -

Higher 1.00 -
Area of residence (Rural) 0.91(084,097)" -
ANG visits (<4) 292 (271,318 1.26(1.05, 151
Referred for delivery (Yes) 132 (1.21, .43 1.37 (1.13, 1.66)"*
Parity (Primipara) - 069 (0.53, 0.89)"*
Pre-eclampsia/eciampsia (Yes) 179 (1.56, 2.06)"** 1.05 (0.79, 1.40)
PROM (Yes) 192(159,283™  035(0.17,0.72)"
PPH (Yes) - 3.46 (2.02, 599"
Abruption placenta (Yes) 1.78(1.03,2.92)" 2.43(1.35, 4.40)"
Placenta previa (Yes) 471(266,835™  0.21(0.08,0.79)
Sex (Male) 1.12 (1.0, 119 083(0.71,0.98)"
LBW (Yes) 10.36 .11, 11.77)™" 1.32(0.97, 1.78)
Presentation at birth

Cephalic 1.00 1.00

Breech 154 (119,199 4.01(1.96,8.19"

Transverse 083(0.31,226) 2046 (2.79, 149.75)"
Delivery mode (CS) 1.06 (0.98, 1.14) 058 (0.46, 0.72)"
Five minutes Apgar score (<7)fY 2.29 (2.04, 2.57)"** 496.61 (240.07, 1027.28)"**
Induced labor (Yes) 0.82(0.75,0.89) 143 (1.18,1.79"™
Year 1.04(1.08,1.05) 097 (095,0.99)
Variance of the random effects  0.18 (0.004, 9.09) 0.18 (0.004, 9.09)
Covariance -0.11 (042, 0.20)

TN = 45,320; N = 45,378,

Matemal education level and area of residence were ot significant predictors of perinatal
death. At the same time, parity and PPH were not significant predictors of preterm birth,
hence not incluciedin the final model,

SOR: Odds ratios adjusted for matemal age, education level, area of residence, number
of ANC vists, referral status, parity, pre-eclampsia/eclampsia, PROM, PPH, abruption
placenta, placenta previa, sex of the chid, LBW, presentation at birth, delivery mode, 5-
min Apgar score, labor induction, and year of birt. Parity and PPH were not included in
preterm birth model while education level not included in perinatal death prediction.
80dds ratio not estimable due to very small number of perinatel deaths among mothers
who delivered chicren with 5-min Apgar score of 7 and above. Too wide confidence
intervals demonstrate low precision of parameter estimates, except for preterm birth only.
" < 0.05, *p < 0.01, **p < 0.007.






OPS/images/fped-09-749707-t004.jpg
Variable

Maternal age groups
15-19
20-24
2529
35-39
40+
Maternal education
None
Primary
Secondary
Higher
Area of residence (Rural)
ANC visits (<4)
Referred for delivery (Yes)
Parity (Primipara)
Pre-eclampsia/eclampsia (Yes)
PROM (Yes)
PPH (Yes)
Abruption placenta (Yes)
Placenta previa (Yes)
Sex (Male)
LBW (Yes)
Presentation at birth
Cephalic
Breech
Transverse
Delivery mode (CS)
Five minutes Apgar score (<7)f
Induced labor (Yes)
Year at birth
Variance of the random effect

Co-occurrence’

OR* (95%Cl)

0.46 (0.29, 0.73)"*
1.10(0.85, 1.43)
1.00
1.35 (099, 1.84)
1.60 (096, 2.68)

0.41(0.20, 0.84)
093(0.72, 1.21)
0.77 (0.83, 1.14)

1.00
0.86 (0.69, 1.07)
3.46 (2.7, 432"
1.27 (1.00, 1.61)
063 (0.48, 0.84)"*
1.38(1.01, 1.89)"
085 (0.34,2.13)
2.24(1.05, 4.78)"
3.98(2.02,7.82"
060 (0.12, 2.95)
0.88(0.71, 1.08)
12.81(9.84, 16.67)""

1.00
379 (2,03, 7.08"
10.01 (0.49, 204.86)
050 (0.40, 0.64)"*

46688 (294.54, 740.08)™

1.23 (096, 1.58)
1.02 (1.00, 1.05)
0.04(0.00,99.43)

Perinatal death only

OR? (95%Cl)

0.56 (0.40, 0.79)*
1.00(0.81, 1.24)
1.00
1.20 (092, 1.56)
1.02 (0.65, 1.61)

067 (0.39, 1.16)
1.09(0.88, 1.35)
1.22(0.90, 1.67)

1.00
098(0.77, 1.11)
1.11(092, 1.33)
1.28(1.00, 1.52)"
0.75 (0.60, 0.95)"
1.24(0.90, 1.72)

0.39(0.18, 0.88)"

316 (1.87, 5.39)""

2.21(1.15,4.24)"
1.89(027,7.17)
095 (0.80, 1.13)
1.00 (0.79, 1.26)

100
2.58 (1.89, 4.77)"
25.63 (4.76, 137.90)""
0.72(0.59, 0.87)"*
351,03 (261.03, 472.04y™"
1.84(1.10, 1.64
0.98 (096, 1.00)

Preterm birth only

OR? (95%Cl)

1.24 (1,09, 1.42)*
1.16 (1.07, 1.26)™
1.00
1.07 (096, 1.19)
1.20 (1.00, 1.43)"

0.68 (0.51,091)"*
1.27 (1.16, 1.38)™
1.14(1.02,1.27)"
1.00
0.89 (0.82, 0.96)"*
2.79 (2,68, 3.00)"*
1.28 (1.18, 1.40)™"
0.99(0.91, 1.09)
1.76 (1.53, 2.0
2.01 (1.6, 2.49)™"
096 (0.65, 1.42)
1.75(0.94,3.27)
532 (3.09,9.16)""
1.12(1.04, 1.9
9.57 (8.48, 10.80)"**

1.00
1.25 (0.9, 1.68)
1.07 (0.39, 2.90)

1.11(1.08, 1.9
1.07 (0.81, 1.40)

081(0.74,0.89"*

1.04 (1.04, 1.05)*

*Co-occurrence means the occurrence of both preterm birth and perinatal death.
*OR: Odds ratios adjusted for matemal age, education level, area of residence, number of ANC visits, referral status, party, pre-eclempsia/eclampsia, PROM, PPH, abruption placenta,
placenta previa, sex of the child, LBW, presentation at birth, delivery mode, 5-min Apgar score, labor induction, and year of birth.
$0dds ratio not estimable due to very small number of perinatel deaths among mothers who defivered chidren with 5-min Apgar score of seven and above. Too wide confidence

intervals demonstrates low precision of parameter estimates, except for preterm birth only (last column).
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Characteristics

Total (%) n (%) P-value Total (%) n (%) P-value
Maternal age in years <0.001 <0.001
15-19 3,7496.7) 589 (15.7) 44,16(7.9) 173(3.9)
20-24 11,930 (21.4) 1,547 (13.0) 13,648 (24.5) 520(3.8)
25-34 25,687 (46.0) 2,973 (11.6) 28,920 (51.8) 1,199 (4.1)
35-39 6,045 (10.8) 862 (14.3) 6,792 (12.2) 359(5.3)
40+ 1,600 (2.9) 274 (17.0) 1,851(33) 119(6.4)
Maternal highest education level <0.001 <0.001
None 718(13) 117 (16.3) 1,031(18) 93(9.0)
Primary 26,669 (46.0) 3,713 (14.5) 29,479 (52.8) 1,500 (5.1)
Secondary 6,922 (12.4) 914 (13.2) 7,768 (13.9) 2443.1)
Higher 15,727 (28.2) 1,499 (9.5) 17,343 (31.1) 51129
Maternal occupation <0.001 <0.001
Employed 26,226 (47.2) 2,921 (11.1) 29,303 (52.7) 9713.3)
Unemployed 10,445 (18.8) 1,451 (13.9) 11,852 (21.3) 517 (4.4)
Farmer 9,067 (16.3) 1,501 (16.6) 10,699 (19.3) 700 (6.5)
Others. 3,114(56) 360 (11.6) 3,554 (6.4) 151(4.2)
Marital status <0.001 0.08
Married 42,385 (76.0) 5282 (12.3) 48,037 (86.1) 2,036 (4.2)
Single 6,569 (11.8) 988 (15.0) 7,477 (13.4) 304 (4.1)
Widowed/Divorced 89(02) 25(28.1) 107 02) 9(8.4)
Current area of residence <0001 <0001
Urban 29,417 (52.8) 3,448 (11.7) 32,915 (59.0) 1,086 (3.3)
Rural 19,576 (35.1) 2,801 (14.3) 22,673 (40.7) 1,276 (5.6)
Body mass index categories (kg/m?) <0.001 0.64
Normal (18.5-24.9) 18,021 (46.8) 2,029 (11.3) 20,427 (53.0) 696 (3.4)
Underweight (<18.5) 1,766 (4.6) 232 (13.1) 2,020(5.3) 68(3.4)
Overweight (25-29.9) 9,596 (24.9) 944.(9.8) 10,770 (28.0) 395 (3.7)
Obese (30+) 4,601 (11.9) 505 (11.0) 5,171 (13.4) 186 (3.6)
Paternal age (years) <0.001 <0.001
15-24. 4,460 (8.0) 721 (16.2) 5,149(9.3) 1893.7)
26-29 11,979 (21.6) 1,466 (12.2) 13,595 (24.5) 486 (3.6)
30-34 14,199 (25.6) 1,662 (11.7) 15,995 (28.8) 656 (4.1)
354+ 18,179 (32.8) 2,363 (13.0) 20,682 (37.1) 996 (4.8)
Paternal education level <0.001 <0.001
None 365 (0.7) 75 (205) 529(1.0) 67 (12.7)
Primary 21,163 (38.0) 3,154 (14.9) 24,440 (43.9) 1,302 (6.3)
Secondary 6,083 (10.9) 851(14.0) 6776 (12.2) 233(3.4)
Higher 21,358 (38.4) 2,152 (10.1) 23,765 (42.7) 741 (3.1)
Paternal occupation <0.001 <0.001
Employed 41,695 (74.9) 4,964 (11.9) 46,932 (84.3) 1,756 (3.7)
Unemployed 878 (1.6) 127 (14.5) 1,006 (1.8) 23(2.3)
Farmer 5,637 (10.1) 1009 (17.9) 6,671 (12.0) 515(7.7)
Others. 764 (1.4) 131 (17.1) 915(1.6) 50(5.5)
Total n (%) 49,113 6,263 (12.8) 56,736 2377 4.3)

Variables may not tally to the total frequencies due to missing values in either the exposure or the outcome of interest.
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Number of ANC visits
4+
<4
Parity
Multipara
Primipara
Drank alcohol during this pregnancy
No
Yes
Referred for delivery
No
Yes
HIV status
Negative
Positive
Anemia
No
Yes
Malaria
No
Yes
Any infections condition
No
Yes
Pre-eclampsia/eclampsia
No
Yes
PROM
No
Yes
PPH
No
Yes
Abruption placenta
No
Yes
Placenta previa
No
Yes
Sex of the baby
Female
Male
Birth weight
NBW
LBW
Presentation
Cephalic
Breech
Transverse
Delivery mode
Vaginal
cs
Apgar score at 5 min
High (7+)
Low (<7)
Induced labor
No
Yes

Total n (%)

Variables may not tally to the total frequencies due to missing values in either the exposure or the outcome of interest.

Total (%)

33,291 (60.5)
15,087 (27.4)

9,456 (16.9)
39,657 (70.9)

35,922 (64.4)
18,123 (23.5)

36,498 (67.6)
10,910 (20.2)

36,764 (83.7)
1,972 (4.5)

48,349 (86.5)
764 (1.4)

42,992 (76.9)
6,121 (109)

48,340 (86.5)
773 (1.4)

47,008 (84.1)
2,105(3.8)

48,123 (86.1)
990 (1.8)

48,760 (87.2)
353 0.6)

48,950 (87.6)
163 (0.3)

49,002 (87.6)
11102)

23,664 (42.5)
25,245 (45.9)

43,619 (782)
5:373(0.6)

48,160 (86.6)
638 (1.1)
75(0.1)

32,085 (57.6)
16,855 (30.3)

46,015 (83.2)
2,543 (4.6)

37,537 (67.5)
11,352 (20.4)

49,113

Preterm birth

n (%)

2,488 (7.5)
3,681 (23.7)

1,063 (11.2)
5,200 (13.1)

4,778 (13.3)
1,474 (11.2)

3,907 (10.7)
2,189 (20.1)

4,574 (12.4)
304 (15.4)

6,160 (12.7)
103 (13.5)

5,600 (13.0)
663 (10.9)

6,181(12.8)
82(10.6)

5,560 (11.8)
694 (33.0)

6,029 (12.5)
234 (23.6)

6,184 (12.7)
79 (22.4)

6,180 (12.6)
83(509)

6,201 (12.7)
62 (55.9)

3,005 (12.7)
3219(12.8)

3313(7.6)
2,889 (53.8)

6,030 (12.5)
178 (27.1)
11(14.7)

3,744 (11.7)
2,487 (14.8)

4,981 (108)
1,088 (42.0)

5,088 (13.6)
1,135 (10.0)

6,263 (12.8)

P-value

<0.001

<0.001

<0.001

<0.001

<0.001

0.54

<0.001

0.07

<0.001

<0.001

<0.001

<0.001

<0.001

0.86

<0.001

<0.001

<0.001

<0.001

<0.001

Total (%)

37,619 (68.4)
17,198 (31.9)

10,652 (18.9)
45,184 (80.8)

40,745 (73.0)
14,874 (26.7)

40,988 (76.0)
12,817 (23.7)

41,568 (94.6)
2,265(5.2)

54,872 (98.1)
864 (1.5)

48,760 (87.2)
6,976 (12.5)

54,869 (98.1)
867 (1.6)

53,389 (95.5)
2,347 (4.2)

54,635 (97.7)
1,101 2.0)

55,343 (99.0)
393(0.7)

55,652 (99.4)
184(03)

56,616 (99.5)
120(0.2)

26,831 (48.2)
28,686 (51.5)

49,59 (88.9)
6,008 (10.8)

54,686 (98.3)
729(1.9)
83(0.1)

36,426 (65.4)
19,116(34.3)

52,117 (94.3)
3,006 (5.4)

42,648 (76.6)
12,831 (23.1)

56,736

Perinatal death

n (%)

1,111 3.0)
1,161 (6.8)

449 (4.3)
1,928 (4.3)

1,782 (4.4)
563(3.8)

1,169 (2.9)
1,092 (85)

1,641 3.7)
114(5.0)

2317 (4.2)
60(6.9)

2,067 (4.2)
310(4.4)

2,348 (4.3)
29(33)

2,069 (3.9)
308 (13.1)

2,351(4.9)
26(2.4)

2,304 (4.2)
73(18.6)

2,275 (4.1)
102 (85.4)

2,368 (4.3)
9075

1,128 (4.2)
1,228 (4.3)

1,190 (2.4)
1,148 (19.1)

2,183 (4.0)
147 (20.2)
17 (20.5)

1,586 (4.4)
757 (4.0)

161 (03)
1,817 (60.4)

1,695 (4.0)
667 (5.2)

2377 (4.9)

P-value

<0.001

0.23

0.004

<0.001

0.001

<0.001

0.43

0.18

<0.001

0.002

<0.001

<0.001

0.08

0.66

<0.001

<0.001

0.03

<0.001

<0.001
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Variable
OR? (95%Cl) OR* (95%Cl) OR? (95%Cl)

Maternal age groups

15-19 0.40 (0.23,0.72)"* 0.53 (0.35, 0.80)** 1.24 (1,09, 1.42)*

20-24 1.11(0.82, 1.50) 1.00(0.79, 1.26) 1.16 (1.07, 1.26)*

2529 1.00 1.00 1.00

35-39 1.42 (0.99, 2.05) 1.23 (091, 1.65) 1.07 (0.96, 1.19)

40+ 1.75 (0.94, 8.26) 1.04 (068, 1.71) 1.19(1.00, 1.43)
Maternal education

None 0.36(0.16, 0.83)" 0.64(0.34, 1.19) 0.68 (0.51,091)"*

Primary 0.91(0.67, 1.23) 1.09 (0.86, 1.38) 1.27 (116, 1.38)"*

Secondary 0.74(0.47,1.16) 1.23(0.88, 1.72) 1.14(1.02, 1.27)"

Higher 1.00 1.00 1.00
Area of residence (Rural) 0.85 (0.65, 1.09) 0.92 (0.75, 1.12) 0.89 (0.82, 0.96)"
ANG visits (<4) 3.97 (2.79, 5.66)"" 1.11(0.88, 1.40) 2.79 (2.68, 3.00)""
Referred for delivery (Yes) 1.30 (0.98, 1.71) 1.26 (0.9, 1.59) 1.28 (1.18, 1.40)*
Parity (Primipara) 0.60(0.43, 0.85)"" 072 (0.54,0.97)" 099(0.91, 1.09)
Pre-eclampsia/eciampsia (Yes) 1.44 (1,00, 2.08)" 1.26 (089, 1.79) 1.76 (158, 2.02)"**
PROM (Yes) 087 (0.29, 2.64) 036 (0.14,0.90)" 201 (1.66, 2.43)"*
PPH (Yes) 2.44(1.02,5.87)" 3.40 (1.92, 6.00)" 096 (0.65, 1.41)
Abruption placenta (Yes) 4.80(2.16, 10.67)"" 246 (1.11,5.49)" 1.77(0.93,3.34)
Placenta previa (Yes) 0.45 (0.07, 2.96) 1.38 (024, 7.80) 536 (3.11,9.26)""
Sex (Male) 086 (0.68, 1.10) 095 (0.79, 1.15) 1.12 (1.04, 1.20)
LBW (Yes) 17.00 (9.51, 30.36)""* 1.01 (060, 1.70) 9.60 851, 10.83)"**
Presentation at birth

Cephalic

Breech 4.60 2,01, 10.53)"" 286 (1.30, 6.28" 1.25 (0.98, 1.69)

Transverse 12.14 (0.50, 296.70) 28.07 (5.64, 139.69)"** 1.06 (0.39, 2.86)
Delivery mode (CS) 0.45 (0.34, 0.60)"* 069 (0.52,0.90)"* 1.11(1.08, 1.9
Five minutes Apgar score (<7)° 750.47 (228.10, 2469.12)"** 457.60 (184.43, 1135.84)™* 1.05 (0.80, 1.38)
Induced labor (Yes) 1.26 (0.95, 1.66) 1.38(1.10,1.72)" 081(0.74,0.89"™
Year at birth 1.02 (0.99, 1.06) 0.98 (0.95, 1.00) 1.04 (1.04, 1.08)**
Variance of the random effects 1.23(0.20, 7.60) 070 (0.04, 11.5) 050 (0.28, 0.90)
Covariances

Cou(1.2) 054 (~0.78,2.86)

Cov(1,3) 0.12(-0.51,0.74)

Cov2.8) 0.20(-0.34,0.73)

*Co-occurrence means the occurrence of both preterm birth and perinatal death.

+OR: Odds ratios adjusted for materal age, education level, area of residence, number of ANC visits, referral status, parity, pre-eclampsia/eclempsia, PROM, PPH, abruption placenta,
placenta previa, sex of the child, LBW, presentation at birth, delivery mode, 5-min Apgar score, labor induction, and year of birth.

10dds ratio not estimeble clue to very small number of perinatel deaths among mothers who delivered children with 5-min Apgar score of 7 and above. Too wide confidence intervals
demonstrates low precision of parameter estimates, except for preterm birth only (last column).

0 < 0.05, *'p < 0.01, **'p < 0.001
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