
 

Priority setting for achieving Universal Health Coverage in Nigeria:  

A Spatial and Temporal Analysis and Cost-Benefit Analysis 

 

 

 

Yoshito Kawakatsu 

 

 

 

A dissertation  

submitted in partial fulfillment of the  

requirements for the degree of   

 

Doctor of Philosophy   

 

 

University of Washington  

2023 

 

 

 

Reading Committee: 

Kenneth Sherr, Chair 

Christopher Adolph 

David Watkins 

Jonathan Mosser 

 

 

 

 

 

 

 

Program Authorized to Offer Degree: 

Department of Global Health 

 

 

 

 

 



 

 

©Copyright 2023  

Yoshito Kawakatsu 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

University of Washington   

 

Abstract   

 

Priority setting for achieving Universal Health Coverage in Nigeria:  

A Spatial and Temporal Analysis and Cost-Benefit Analysis 

 

Yoshito Kawakatsu 

 

 

Chair of the Supervisory Committee: 

 

Kenneth Sherr 

 

Department of Global Health 

 

 

Universal Health Coverage (UHC) is an urgent global priority outlined in the Sustainable 

Development Goals (SDGs) to ensure the accessibility of health services for all people without 

causing financial hardship. If current progress continues to 2030, 37% to 61% of the global 

population will not be covered by essential health services.1 Therefore, we need to accelerate the 

increase of service coverage to achieve the UHC target by 2030. 

 

There are three specific aims of this dissertation; 1) To identify both individual and contextual 

factors that are consistently associated with utilization of nine essential maternal and child health 

services (i.e., ANC, facility-based delivery, modern contraceptive use, immunizations, and 

childhood illnesses), across survey years and household geolocations, using five national 

representative cross-sectional surveys in Nigeria; 2) To estimate grid-level coverage of selected 

essential MCH services in Nigeria using generalized additive models (GAMs) and Gradient 

Boosting (GB) 3) To estimate required costs and avoidable child deaths by increasing selected 

essential health service coverage in each community, and to identify the priority sub-national 

areas. 

 

This dissertation emphasizes the importance of multi-dimensional priority setting in achieving 

Universal Health Coverage in Nigeria. By identifying the factors influencing health service 

utilization, assessing regional disparities, estimating required costs, and quantifying potential 

impacts, policymakers can make evidence-based decisions to maximize the efficiency and 

effectiveness of healthcare interventions. The findings and recommendations of this research 

contribute to the broader global agenda of achieving UHC and improving health outcomes for all 

populations, particularly in low- and middle-income countries. 

 



 

 

Introduction 

Universal Health Coverage (UHC) is an urgent global priority outlined in the Sustainable 

Development Goals (SDGs) to ensure the accessibility of health services for all people without 

causing financial hardship. According to World Health Organization (WHO) monitoring report 

published in 2019, the UHC service coverage index (SCI) increased from 45% in 2000 to 66% 

in 2017 globally.1 Thanks to increasing the rapid intervention coverage of infectious disease and 

maternal and child health interventions, the progress in lower-income countries have been most 

significant. However, the percentages covered by essential health services in low-income and 

lower-middle-income countries are 12-27% and 21-38%, respectively. Also, if current progress 

continues to 2030, 37% to 61% of the global population will not be covered by essential health 

services.1 Therefore, we need to accelerate the increase of service coverage to achieve the UHC 

target by 2030.   

A more effective policy and strategy can be created by identifying the characteristics of the 

underserved population who do not have access to health services. According to the analytical 

framework developed by Jocobs et al.5, there are four dimensions of access barriers along 

supply and demand sides; geographic accessibility, availability, affordability, and acceptability. 

Most of the demand-side barriers to health services are socioeconomic statuses (SES) such as 

income, education, and occupation. SES is a major influence over not only access to health 

services but also environmental exposure and health behavior.6 SES is associated with access to 

maternal and child health (MCH) services7,8, while strong evidence supports the association 

between SES and non-communicable diseases (NCD).9 In addition to SES, other barriers such 

as information barrier, lack of health awareness, cultural preferences, low self-esteem and 

availability of means of transportation were included in the analytical framework.5 However, 

there are a few studies to assess the significant factors influencing multiple health services 

regardless of the geography and time. 

In addition, the national-level health service coverage masks the subnational and community-

level variation, which makes the policymakers difficult to identify the underserved community 

and to prioritize the interventions matched with each community’s situation. Revealing regional 

disparity in health service coverage becomes important for LMICs to develop an efficient 

implementation strategy for each community.  

According to the High-Level Taskforce on Innovative International Financing for Health 

System29, additional around 60 USD on average worldwide will be required in 2015 for a 

package that included a mix of health services for both communicable and non-communicable 

diseases. The Lancet article estimated the required budget for achieving UHC in each country 

by estimating outpatient and inpatient utilization and unit costs of these services over time.30 

While the study identified the financial challenge to attain true UHC, the reference country was 

the Netherlands that provides a high-quality and wide range of health services to the population. 

The Netherlands’ standard of health care would be not a realistic short-term goal for most 

LMICs. WHO also estimates that 170 billion USD a year for achieving the UHC.1 While the 

global and national required cost for achieving UHC is estimated, sub-national and community-

level estimates are not available. In order for low- and middle-income countries to generate 

these necessary costs, it is necessary to raise domestic resources and increase public spending 

on health as well as to receive continuous external aid. The detailed estimates of the required 

cost and potential impact of achieving UHC in each community would be useful to raise the 

resources, to efficiently allocate the limited budget, and to maximize the impact. It will also a 

effective communication tool for policy makers to prioritize the UHC agenda. 

 



Nigeria is the Africa's most populous country with 206 million people. Nigeria’s gross domestic 

product in 2022 was the highest in Africa, but its per capita is low as around 2000 USD. Nigeria 

has been categorized as a lower middle-income country for several years. The percentage of 

GDP for the current health expenditure was 3.38% in 2020. The amount of development 

assistance for health (DAH) was the second largest (910 million USD). The Nigerian 

government faces the challenges of the transition period from donor-funded programs to 

government-funded programs and securing the required health budget to deliver essential health 

services. Additionally, the Service Coverage Index (SCI) in Nigeria was 44 in 2018. To 

efficiently reduce the gap between the current service coverage and the UHC target with the 

limited health budget, the government of Nigeria needs to set priorities in population, 

geography, and health interventions in each area. Identifying priority areas and estimating the 

required budget in each community enables the Nigerian government to distribute the budget 

efficiently and maximize the health benefits of using the limited health budget. 

There are three specific aims in this dissertation; 

1) To identify both individual and contextual factors that are consistently associated with 

utilization of nine essential maternal and child health services (i.e., ANC, facility-based 

delivery, modern contraceptive use, immunizations, and childhood illnesses), across survey 

years and household geolocations, using five national representative cross-sectional surveys 

in Nigeria. 

2) To estimate grid-level coverage of selected essential MCH services in Nigeria using 

generalized additive models (GAMs) and Gradient Boosting (GB) 

3) To estimate required costs and avoidable child deaths by increasing selected essential health 

service coverage in each community, and to identify the priority sub-national areas. 

 

INNOVATION 

Focusing on multiple health services is a unique approach that is able to identify the consistent 

individual and contextual characteristics associated with the utilization of each health service. 

Since the statistical model in this study includes not only spatial covariates but also socio-

economic factors, it would generate more precise small-area estimates of each health service in 

Ghana. Also, this is the first study to estimate the required cost and potential impact of 

delivering the essential health services and achieving UHC. Also, since the methodology in this 

study can be adaptable in other African countries, we could extend the study areas to other 

African countries and help them to achieve UHC. 
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Abstract 

Objective: This study aims to identify the individual and contextual factors consistently associated 

with utilization of essential maternal and child health services in Nigeria across time and household 

geolocation.  

 

Design, setting and participants: Secondary data from five nationally representative household 

surveys conducted in Nigeria from 2003 to 2018 were utilized in this study. The study participants 

are women and children depending on essential maternal and child health (MCH) services. 

 

Outcome measures: The outcome measures were indicators of whether participants utilized each of 

the following essential MCH services: antenatal care (ANC), facility-based delivery, modern 

contraceptive use, childhood immunizations (BCG, DPT/PENTA and measles), and treatments of 

childhood illnesses (fever, cough and diarrhea). 

 

Methods: We estimated generalized additive models (GAMs) with logit links and smoothing terms 

for households’ geolocation and survey years. 

 

Results: Higher maternal education and households’ wealth were significantly associated with 

utilization of all types of essential MCH services (p < 0.05). On the other hand, households with 

more children under five years of age and in poor communities were significantly less likely to 

utilize essential MCH services (p < 0.05). Except for childhood immunizations, greater access to 

transport was positively associated with utilization (p < 0.05). Households with longer travel times 

to the most accessible health facility were less likely to utilize all types of essential MCH services (p 

< 0.05), except modern contraceptive use and treatment of childhood fever and/or cough. 

 

Conclusion: This study adds to the evidence that maternal education and household wealth status 

are consistently associated with utilization of essential MCH services across time and space. To 

increase utilization of essential MCH services across different geolocations, interventions targeting 

poor communities and households with more children under five years of age should be 

appropriately designed. Moreover, additional interventions should prioritize to reduce inequities of 

essential MCH service utilization between the wealth quantiles and between education status.   

 

Strengths and limitations of this study 

• This study used representative data from five national household surveys conducted in 

Nigeria from 2003 to 2018, including over 150,000 households. 

• Utilization of nine types of essential maternal and child health services were assessed under 

the same conceptual framework. 

• We estimated generalized additive models smoothing over households’ geolocation and 

survey years for each essential maternal and child health service. 

• This is the first study to identify maternal, household, and geolocational factors consistently 

associated with essential MCH services across years and households’ geolocations in 

Nigeria. 

• Reported associations with service utilization do not necessarily reflect causal relationships, 

although we considered both temporal and geographic variations in our analysis.  
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INTRODUCTION 

Universal health coverage (UHC) ensures that all people, regardless of where they live and how 

much they earn and spend, have access to quality health services with protection from financial 

hardship and risks. UHC serves as one of 13 targets for Sustainable Development Goal 3 (SDG 3). 

The World Health Organization (WHO), OECD, and World Bank jointly reported, in their UHC 

Global Monitoring Report 2021, that the UHC service coverage index (SCI) increased from 45% in 

2000 to 68% in 2019 globally [1]. This is attributed largely to the rapid increase in coverage of 

treatments for infectious diseases and maternal and child health care. This progress in UHC has been 

particularly notable in low- and lower-middle income countries. However, using composite indexes 

such as SCI to measure progress in attaining universal health coverage obscures large discrepancies 

in service availability across both countries and types of services. For instance, service coverage for 

essential maternal and child health services in Nigeria ranged from just 6% for antenatal, peripartum, 

and postnatal care for mothers to 61% for measles vaccination [2]. At the same time, in low- and 

middle-income countries unequal coverage of essential maternal and child health services is often 

reported between rich and poor, the most and least educated, and urban and rural areas [3]. 

 

Development of an effective service delivery strategy must begin by identifying the characteristics 

of the underserved populations who are less likely to have access to essential maternal and child 

health services. A majority of earlier studies conducted in Nigeria identified and assessed the factors 

associated with utilization of only one or two types of essential maternal and child health services 

such as antenatal care (ANC) [4-6], facility-based delivery [6-8], family planning [9, 10], childhood 

immunization [11-13] and treatment of childhood illnesses [14, 15]. The factors identified in these 

studies include individual characteristics (e.g., age, education status, ethnic group, religion, 

occupation, pregnancy history, wealth status, access to media) and contextual characteristics (e.g., 

distance to a health facility, rurality, neighborhood socio-economic status, and ethnic diversity). 

While recognizing the importance of earlier studies in increasing utilization of specific services, in 

order to develop a comprehensive strategy across essential maternal and child health services -- and 

thereby advance UHC -- it is critical to identify factors consistently associated with utilization across 

a range of essential maternal and child health services. 

 

Accordingly, this study aims to identify both individual and contextual factors that are consistently 

associated with utilization of all nine essential maternal and child health services (i.e., ANC, facility-

based delivery, modern contraceptive use, immunizations, and childhood illnesses), across survey 

years and household geolocations, using five national representative cross-sectional surveys in 

Nigeria. 

 

METHODS 

Dataset 

This study uses secondary data from national representative cross-sectional surveys of geolocated 

households conducted in Nigeria from 2003 to 2018. We combined publicly available data from four 

Nigeria Demographic Health Surveys (DHS) in 2003, 2008, 2013 and 2018 and Multiple Indicator 

Cluster Surveys (MICS) in 2016 - 17. DHS data were extracted from IPUMS DHS [16]. Detailed 

methodologies of the four DHS surveys are published elsewhere [17-21]. All surveys employed 

stratified two- or three-stage cluster sampling techniques. The primary sampling unit (PSU) for DHS 

2003 was defined as one or more enumeration areas (EAs) used for Population and Housing Census 

1991, while the primary sampling unit for DHS 2008, DHS 2013, DHS 2018, and MICS 2016/17 

was defined as one or more EAs used for the Population and Housing Census 2006. 

  

The counts of households interviewed in DHS 2003, DHS 2008, DHS 2013, DHS 2018, and MICS 

2016/17 are shown in Table 1. In DHS 2018, 11 of 27 local government areas (LGAs) in Borno State 

were excluded from the sampling frame due to insecurity in those districts. Likewise, in MICS 

2016/17, a total of 101 EAs in Borno, Yobe and Adamawa states were not surveyed due to 

insecurity.  
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To protect the confidentiality of PSU geolocations, the GPS coordinates of urban PSU locations 

were randomly displaced within a 2 km buffer, and rural PSUs were displaced within a 5 km buffer 

(and in 1% of cases, , a 10 km buffer. The direction and distance of the displacement for each PSU 

was randomly selected using a uniform distribution [22, 23]. Prior research found that the effect of 

random displacement across a 10 km2 grid to be negligible for estimating measles vaccination 

coverage [24]. Geolocation data for 16 of 3,533 PSUs (0.5%) were missing across the four DHSs. 

Similarly, geolocation data for 1 of 2,239 PSUs (0.0004%) was missing in MICS 2016/17. After 

initial random displacement, fourteen PSUs (1 in DHS 2008 and 13 in MICS 2016/17) were 

“located” either in the sea or out of country’s boundaries. We resampled the random displacement of 

those PSUs until their displaced positions lay inside the relevant boundaries (using a 5 km buffer if 

possible, and a 10 km buffer if necessary). Of these 14 PSUs, eight were successfully resampled, and 

six cases that could not be appropriately displaced across 10,000 attempts were discarded.  

 

Essential maternal and child health services 

The essential maternal and child health services considered in this study consist of ANC, facility-

based delivery, modern contraceptive use, childhood immunizations (BCG, 1st and 3rd DPT/PENTA, 

Measles) and treatments for childhood illnesses.  The target group for ANC and facility-based 

delivery was women aged 15-49 years having given a live birth in the last 23 months, while that for 

modern contraceptive use was women aged 15-49 years not having wanted to have more children. 

Children aged 12–23 months and aged 0-59 months were the target groups for immunization and 

treatments of childhood illnesses, respectively. Table 2 provides further details on the definitions of 

and study populations for these essential services. 

 

Table 1 Total number of households interviewed in 

DHS 2003, 2008, 2013 and 2018 and MICS 2016/17 

Surveys Rural Urban Total 

DHS 2003 2,931 4,294 7,225 

DHS 2008 23,346 10,724 34,070 

DHS 2013 22,663 15,859 38,522 

DHS 2018 23,647 16,780 40,427 

MICS 2016/17 22,797 11,104 33,901 

DHS: Demographic health survey 

MICS: Multiple indicator cluster survey 
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Table 2 Definitions and target populations of essential health services 

Health service Definition Study population 

Four or more antenatal 

care visits 

Four of more antenatal care visits with trained health personnel 

(i.e., doctor, nurse, midwife, auxiliary midwife) during pregnancy 

as of the time of survey 

Women aged 15 to 49 years with a last 

birth in the last 23 months 

Facility-based delivery 
Delivery at a public or private health facility in the last 23 months 

as of the time of survey 

Women aged 15 to 49 years with live 

births in the last 23 months 

Modern contraceptive 

use 

Utilization of modern contraceptives (i.e., the pill, IUD, 

injection, diaphragm, male condom, female condom, female 

sterilization, male sterilization, implants, foam/jelly, lactational 

amenorrhea, and emergency contraception) at the time of survey 

Non-pregnant women aged 15 to 49 

years who did not want to have more 

children, including those using 

sterilization methods. 

Childhood 

immunization 

Children who had received one dose of Bacillus Calmette-Guerin 

(BCG) vaccine 

Children aged 12–23 months 
Children who had received first dose of DPT vaccine or 

Pentavalent vaccine 

Children who had received third dose of DPT vaccine or 

Pentavalent vaccine 

Children who had received first dose of measles vaccine 

Treatment for common 

childhood illness 

Children under five with fever/cough and diarrhea in the last two 

weeks for whom care was sought at a health facility 
Children aged 0–59 months 
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Conceptual framework and independent variables 

Independent variables across essential maternal and child health services were selected based on 

three earlier studies [25-27]. We considered five types of explanatory variables that might influence 

health seeking behaviors: (i) individual characteristics; (ii) the built environment; (iii) neighborhood 

demographics; (iv) the social environment; and (v) the health care environment. 

 

Maternal and households’ characteristics include the explanatory variables of  maternal age, 

household head, education level, marital status, possession of television and radio, possession of 

means of transport and household’s wealth index. Possession of television and radio was categorized 

into three groups: (i) households possessing both a television and a radio; (ii) households possessing 

either of them; and (iii) households possessing neither of them. Possession of means of transport 

means was generated using possession of car, motorcycle, and bike and categorized into three 

groups: (i) No means of transport; (ii) one means of transport; and (iii) 2-3 means of transport. The 

household wealth index was the first principal component estimated by a principal components 

analysis (PCA) on the household assets, sources of drinking water, sanitation facilities, type of fuel 

for cooking, and materials of floors for housing units.  

 

Gridded estimates of population density provided by WorldPop were used as a proxy for the built 

environment [28]. The proportion of households in a PSU living under the poverty line was used as a 

proxy for neighborhood demographics and the social environment. As proxy for the health care 

environment, we measured each PSU’s travel time to the most accessible health facility using the 

friction surface developed by the Malaria Atlas Project [29]. Geolocations of health facilities 

managed by government, community-based organizations and faith-based organizations in Nigeria 

were provided by the Nature Scientific database, which records locations of health facilities as of 

2018[30]. We assume these facilities were present in all years surveyed by DHS; however, because 

Nature Scientific does not provide the date on which each facility was established, some health 

facilities may not have existed at the time of some of the five surveys, a possible limitation of our 

analysis. Finally, the number of health facilities within a 20 km buffer around each PSU was 

employed as the proxy for the health care environment, indicating the availability of accessible 

health facility options. 

 

In analyses of the utilization of childhood immunizations and treatments of childhood illnesses, we 

added additional explanatory variables related to child characteristics (i.e., age, sex, and birth 

month). Children's ages were rounded to whole months.  

 

Data analysis 

In addition to descriptive analyses, we estimated  generalized additive models (GAMs) with logit 

links to identify factors associated with the utilization of essential service v by the ith individual in 

the dth PSU in the jth state at the t year. The systematic component of the model of vidjt is: 

 

𝑙𝑜𝑔𝑖𝑡(𝑣𝑖𝑑𝑗𝑡) = 𝛽0 + 𝛽1𝐷𝐻𝑆𝑑𝑗𝑡 + 𝛽2𝐻𝑒𝑎𝑑𝑖𝑑𝑗𝑡 + 𝛽3log⁡(𝑈5𝑖𝑑𝑗𝑡) + 𝛽4𝑃𝑜𝑣𝑒𝑟𝑡𝑦𝑑𝑗𝑡 + 𝛽5𝐴𝑐𝑐𝑒𝑠𝑠𝑑𝑗
+ 𝛽6log⁡(𝐶ℎ𝑜𝑖𝑐𝑒𝑑𝑗) + 𝛽7log⁡(𝑃𝑜𝑝𝐷𝑒𝑛𝑠𝑖𝑡𝑦𝑑𝑗𝑡) + 𝐴𝑔𝑒𝑖𝑑𝑗𝑡𝛾 + 𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛𝑖𝑑𝑗𝑡𝛿

+ 𝑀𝑎𝑟𝑖𝑡𝑎𝑙𝑖𝑑𝑗𝑡𝜃 + 𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑖𝑑𝑗𝑡𝜙 +𝑊𝑒𝑎𝑙𝑡ℎ𝑖𝑑𝑗𝑡𝜂 + 𝑠(𝑙𝑜𝑛𝑔𝑖𝑑𝑗 , 𝑙𝑎𝑡𝑖𝑑𝑗)

+ 𝑠(𝑚𝑜𝑛𝑡ℎ𝑡) 

 

s(longidj, latidj)  Smooth function of longitude and latitude using isotropic smooths on the 

sphere to account for spatial autocorrelation. 

s(month_yeart) Smooth function of time trends. 

DHSdjt  Binary indicator recording 1 if the data source for year t is DHS and 0 if not. 

Headidjt  Binary indicator recording 1 if the household head in year t was a mother and 

0 if not. 

Ageidjt  Maternal age of the mother in a household in year t. 

U5idjt  The number of children under five years of age in a household in year t.  
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Educationidjt  The education level of the mother in year t. 

Wealthidjt  The wealth quantile of the household in year t. 

Maritalidjt  The marital status of the mother in year t. 

Mediaidjt  Possession of TV and/or radio by the household in year t. 

Transportidjt Possession of means of transport by the household in year t.  

Povertydjt  Proportion of the households living below the poverty line in the dth PSU of 

the jth state in year t. 

Accessdj  Travel time in minutes from the household’s PSU to the most accessible 

health facility. 

Choicedj  The number of health facilities within 20 km from the household’s PSU.  

PopDensitydjt  Population density in the dth PSU of the jth state in year t.  

 

We included childhood covariates ChildAgeijt and ChildSexijt (child’s age and sex, respectively) in 

the models of childhood immunization and care seeking for common childhood illnesses. We log-

transformed population density, the number of health facilities and the number of children under five 

to improve model fit and to account for diminishing marginal effects of these variables. Two of these 

variables -- the count of health facilities within 20 km and the count of children under five years of 

age – could in some cases have a value of precisely zero, posing a problem for taking logs.  Rather 

than adding an arbitrary positive quantity to these count variables, we directly estimate the effect of 

having zero children (or zero health facilities) by including dummy variables in the model to indicate 

cases where each is precisely zero. In turn, and without loss of generality, before logging the count 

of health facilities (or children), we replaced zeros with ones, so that cases in which there are zero 

health facilities within 20km (or no children under five years of age) affect the outcome only 

through the dummy variable for that case [31, 32].  

 

We listwise deleted missing data, which accounted for <2% of total cases. Because the guidelines for 

DHS 2018 recommend against using weights for estimating relationships, we do not use sampling 

weights in estimating the GAMs [33]. However, sampling weights were used for estimating health 

service coverage reported in Table 3.  

 

Finally, we estimated an additional eight models for each outcome as sensitivity analyses to check 

the robustness of our findings:  

• Model 0a through 0d explore the association between health utilization outcomes and each 

of the four consistent factors separately, with only the potential confounders of (smoothed) 

household geolocation and time controlled. 

• Model 1 estimates the association between health utilization outcomes and the four 

consistent factors taken together, controlling for (smoothed) household geolocation and time 

controlled. 

• Model 2 builds on Model 1 to add controls for other individual characteristics. 

• Model 3 builds on Model 1 to add controls for population density and proportion of poor 

households in a community, which proxy for the built environment and neighboring 

demographics. 

• Model 4 builds on Model 1 to add controls for time to the accessible health facility and 

number of health facilities within 20 km, which proxy for the health care environment. 

 

Patient and public involvement 

None. 

 

RESULTS 

Table 3 shows the observed levels of coverage of essential maternal and child health services in 

2003, 2008, 2013, 2016/17 and 2018. Overall, essential health service coverage increased from 2003 

to 2018. Weighted service coverage of ANC rose from 44.2% to 51.7% over this period, whereas 

facility-cased delivery and modern contraceptive use rose from 34.2% to 40.9% and 17.7% to 
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19.4%, respectively. Coverage for all four types of childhood immunization was below 50% in 2003, 

and exceeded that threshold for all types in 2018. 62.8% of children having fever and/or cough 

symptoms visited health facilities for their treatments, while 54.4% of children having diarrhea 

symptoms visited health facilities in 2018, more than double the rates of 2003. MICS 2016/17 

reported approximately 30 to 40% lower coverage of treatment for childhood illnesses than DHS 

2018. Table 4 and 5 show the descriptive statistics of the respondents’ characteristics for each 

outcome. 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Essential health service coverage from 2003 to 2018 in Nigeria 

 2003 2008 2013 2016/17 2018 

Essential health services % % % % % 

Four or more antenatal care visits 44.24 44.95 48.90 48.17 51.74 

Facility-based delivery 34.19 35.82 37.91 37.12 40.87 

Modern contraceptive use 17.72 19.74 23.86 19.18 19.40 

BCG vaccination 49.03 50.29 51.62 53.33 66.71 

1st pentavalent vaccination 42.71 52.45 51.00 49.53 64.96 

3rd pentavalent vaccination 22.95 36.65 38.93 34.08 50.81 

Measles vaccination 37.03 42.61 42.88 41.85 53.96 

Treatment for fever/cough 29.07 30.83 58.46 22.02 62.83 

Treatment for diarrhea 19.07 28.28 55.91 24.99 54.44 
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Table 4. Descriptive statistics of maternal and contraceptive service utilization and independent variables 

in Nigeria 

 4th ANC 
Facility-based 

delivery 

Modern 

contraceptive use 

Independent variables N=47433 N=50398 N=26931 

   Data source    

      DHS 37425 (78.8%) 40448 (80.2%) 19937 (74.0%) 

      MICS 10063 (21.2%) 10005 (19.8%) 6994 (26.0%) 

Maternal and households’ characteristics    

   Household head    

      Self 45173 (95.1%) 47922 (95.0%) 22353 (83.0%) 

      Others 2315 (4.9%) 2531 (5.0%) 4578 (17.0%) 

   Maternal Age (Mean (SD)) 28.3 (6.89) 28.3 (6.86) 39.5 (7.19) 

   Maternal education level    

      No education 22205 (46.8%) 23147 (45.9%) 8981 (33.3%) 

      Primary 8638 (18.2%) 9331 (18.5%) 7298 (27.1%) 

      Secondary 13528 (28.5%) 14610 (29.0%) 7934 (29.5%) 

      Higher 3117 (6.6%) 3365 (6.7%) 2718 (10.1%) 

   Marital status    

      Never married 1183 (2.5%) 1227 (2.4%) 988 (3.7%) 

      Married or live together with a partner 45311 (95.4%) 48170 (95.5%) 22764 (84.5%) 

      Others 994 (2.1%) 1056 (2.1%) 3179 (11.8%) 

   Possession of TV and radio    

      None 13743 (28.9%) 14388 (28.5%) 6058 (22.5%) 

      At least one 18297 (38.5%) 19379 (38.4%) 9018 (33.5%) 

      Both of them 15448 (32.5%) 16686 (33.1%) 11855 (44.0%) 

   Possession of transport means    

      No transport means  21606 (45.5%) 22960 (45.5%) 12795 (47.5%) 

      1 transport means 19843 (41.8%) 21088 (41.8%) 10279 (38.2%) 

      2-3 transport means 6039 (12.7%) 6405 (12.7%) 3857 (14.3%) 

   Wealth quantile    

      Poorest 8882 (18.7%) 9352 (18.5%) 5389 (20.0%) 

      Poor 9620 (20.3%) 10077 (20.0%) 5375 (20.0%) 

      Middle 9628 (20.3%) 10214 (20.2%) 5399 (20.0%) 

      Rich 9607 (20.2%) 10250 (20.3%) 5330 (19.8%) 

      Richest 9751 (20.5%) 10560 (20.9%) 5438 (20.2%) 

   Number of children under 5 (Mean (SD)) 2.18 (1.14) 2.21 (1.16) 0.962 (1.11) 

Geolocational characteristics    

   Proportion of poorest households in a PSU 0.187 (0.285) 0.185 (0.284) 0.200 (0.317) 

   Population density (Mean (SD)) 1690 (4480) 1720 (4520) 2350 (5240) 

   Time to the most accessible health facility (Mean (SD)) 15.1 (22.8) 14.9 (22.7) 11.5 (19.6) 

   Number of health facilities within 20 km (Mean (SD)) 51.3 (39.8) 51.9 (40.2) 61.5 (42.7) 
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Table 5. Descriptive statistics of utilization of child health services and independent variables in Nigeria   

Independent Variables 

BCG 1st Pentavalent 3rd Pentavalent Measles 

Fever/Cough 

treatment 

Diarrhea 

treatment 

N=22982 N=22909 N=22860 N=22903 (N=28589) (N=13876) 

   Data source       

      DHS 17596 (76.6%) 17564 (76.7%) 17558 (76.8%) 17544 (76.6%) 19697 (68.9%) 10409 (75.0%) 

      MICS 5386 (23.4%) 5345 (23.3%) 5302 (23.2%) 5359 (23.4%) 8892 (31.1%) 3467 (25.0%) 

Maternal and households’ characteristics       

   Household head       

      Self 1250 (5.4%) 1252 (5.5%) 1251 (5.5%) 1251 (5.5%) 1438 (5.0%) 525 (3.8%) 

      Others 21732 (94.6%) 21657 (94.5%) 21609 (94.5%) 21652 (94.5%) 27151 (95.0%) 13351 (96.2%) 

   Maternal Age (Mean (SD)) 28.8 (6.85) 28.8 (6.85) 28.8 (6.85) 28.7 (6.84) 29.4 (7.00) 28.8 (7.11) 

   Maternal education level       

      No education 10462 (45.5%) 10429 (45.5%) 10417 (45.6%) 10416 (45.5%) 13727 (48.0%) 8164 (58.8%) 

      Primary 4153 (18.1%) 4140 (18.1%) 4125 (18.0%) 4143 (18.1%) 5373 (18.8%) 2397 (17.3%) 

      Secondary 6696 (29.1%) 6676 (29.1%) 6660 (29.1%) 6680 (29.2%) 7866 (27.5%) 2805 (20.2%) 

      Higher 1671 (7.3%) 1664 (7.3%) 1658 (7.3%) 1664 (7.3%) 1623 (5.7%) 510 (3.7%) 

   Marital status       

      Never married 535 (2.3%) 531 (2.3%) 531 (2.3%) 534 (2.3%) 538 (1.9%) 230 (1.7%) 

      Married or live together with a partner 21865 (95.1%) 21796 (95.1%) 21749 (95.1%) 21789 (95.1%) 27178 (95.1%) 13295 (95.8%) 

      Others 582 (2.5%) 582 (2.5%) 580 (2.5%) 580 (2.5%) 873 (3.1%) 351 (2.5%) 

   Possession of TV and radio       

      None 6526 (28.4%) 6501 (28.4%) 6486 (28.4%) 6503 (28.4%) 9041 (31.6%) 4808 (34.6%) 

      At least one 8623 (37.5%) 8607 (37.6%) 8592 (37.6%) 8598 (37.5%) 11087 (38.8%) 5726 (41.3%) 

      Both of them 7833 (34.1%) 7801 (34.1%) 7782 (34.0%) 7802 (34.1%) 8461 (29.6%) 3342 (24.1%) 

   Possession of transport means       

      No transport means  10406 (45.3%) 10384 (45.3%) 10368 (45.4%) 10377 (45.3%) 12719 (44.5%) 6086 (43.9%) 

      1 transport means 9658 (42.0%) 9617 (42.0%) 9596 (42.0%) 9618 (42.0%) 11884 (41.6%) 5961 (43.0%) 

      2-3 transport means 2918 (12.7%) 2908 (12.7%) 2896 (12.7%) 2908 (12.7%) 3986 (13.9%) 1829 (13.2%) 

   Wealth quantile       

      Poorest 4459 (19.4%) 4451 (19.4%) 4447 (19.5%) 4440 (19.4%) 5830 (20.4%) 3421 (24.7%) 

      Poor 4443 (19.3%) 4432 (19.3%) 4426 (19.4%) 4432 (19.4%) 5989 (20.9%) 3335 (24.0%) 

      Middle 4628 (20.1%) 4614 (20.1%) 4597 (20.1%) 4614 (20.1%) 5987 (20.9%) 2959 (21.3%) 

      Rich 4526 (19.7%) 4506 (19.7%) 4499 (19.7%) 4509 (19.7%) 5760 (20.1%) 2450 (17.7%) 

      Richest 4926 (21.4%) 4906 (21.4%) 4891 (21.4%) 4908 (21.4%) 5023 (17.6%) 1711 (12.3%) 

   Number of children under 5 (Mean (SD)) 2.10 (1.11) 2.10 (1.10) 2.10 (1.10) 2.10 (1.10) 2.21 (1.18) 2.29 (1.21) 

Child characteristics       

   Sex       

      Male 11713 (51.0%) 11673 (51.0%) 11653 (51.0%) 11671 (51.0%) 14604 (51.1%) 7178 (51.7%) 

      Female 11269 (49.0%) 11236 (49.0%) 11207 (49.0%) 11232 (49.0%) 13985 (48.9%) 6698 (48.3%) 

   Month age (Mean (SD)) 17.0 (3.44) 17.0 (3.44) 17.0 (3.44) 17.0 (3.45) 27.5 (16.3) 24.1 (15.3) 

Geolocational characteristics       

   Proportion of poorest households in a PSU 0.194 (0.287) 0.194 (0.288) 0.194 (0.288) 0.194 (0.287) 0.204 (0.296) 0.249 (0.321) 

   Population density (Mean (SD)) 1800 (4690) 1800 (4690) 1800 (4690) 1800 (4690) 1560 (4160) 1360 (3750) 

   Time to the most accessible health facility  

   (Minutes: Mean (SD)) 
14.7 (22.4) 14.8 (22.5) 14.8 (22.5) 14.7 (22.5) 15.5 (23.1) 17.0 (24.3) 

   Number of health facilities within 20 km  

   (Count: Mean (SD)) 
52.4 (40.5) 52.4 (40.5) 52.4 (40.5) 52.4 (40.5) 50.0 (39.0) 45.1 (37.1) 
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Table 6 summarizes the results of nine GAMs for each essential maternal and child health service. 

More educated and wealthier mothers were significantly more likely to utilize all nine types of 

essential maternal and child health services. Similarly, older mothers were significantly more likely 

to utilize ANC, modern contraceptive use, childhood immunization, treatment of fever and/or cough 

and of diarrhea. In addition, having a greater number of means of transport was positively associated 

with essential service utilization, with the exception of childhood immunization. On the other hand, 

both having more children under five of age and living in poorer communities were negatively 

associated with utilization of essential maternal and child health services. Households with longer 

travel times to the most accessible health facility were significantly less likely to utilize all types of 

essential maternal and child health services, with the exception of modern contraceptive use and 

treatment of fever and/or cough, and diarrhea. Absence of health facilities within 20 km from a 

household was negatively associated with utilization of childhood immunization and treatment of 

fever and/or cough, and diarrhea.  

 

Detailed results of all analyses for each health service are presented in Supplement files 1-4. 

Supplement file 5 shows the smooth fitting of time, longitude and latitude in the final models for 

each health service. Also, Supplement file 6.1 – 6.9 shows the results of sensitivity analyses for each 

outcome. The results of the full models from Table 6 in the main paper are also added in the 

supplement files for convenient comparison. The effects of four variables consistently associated 

with health service utilization in our main result did not change significantly in the sensitivity 

analyses.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



12 

 

Table 6. Results summary of generalized additive models for essential health services using five national-representative data from 2003 to 2018 in Nigeria.  

Variables ANC 

Facility-

based 

delivery 

Modern 

contraceptive 

use 

BCG 

vaccine 

1st 

Pentavalent 

vaccine 

3rd 

Pentavalent 

vaccine 

Measles 

vaccine 

Treatment 

of 

fever/cough 

Treatment 

of diarrhea 

Data source: DHS 1.151 0.948 1.176 1.608 1.204 1.098 1.416 10.540 5.066 

Household head 1.056 1.162 0.751 1.123 1.117 1.171 0.944 1.058 1.051 

Maternal Age (Ref. Less than 20 years old)                   

      20 – 24 years old 1.181 0.935 4.875 1.358 1.383 1.317 1.495 1.057 1.032 

      25 – 29 years old 1.251 0.914 6.786 1.508 1.512 1.505 1.731 1.079 1.138 

      30 – 34 years old 1.295 0.957 7.235 1.502 1.515 1.468 1.785 1.086 1.120 

      35 – 39 years old 1.237 1.031 7.316 1.685 1.735 1.607 1.924 0.989 1.063 

      40 or older 1.191 1.017 4.370 1.631 1.639 1.619 1.907 1.141 1.014 

Maternal education level (Ref. No education)                   

      Primary 1.701 1.714 2.187 1.780 1.764 1.587 1.661 1.427 1.306 

      Secondary 2.402 2.857 2.476 3.237 3.071 2.558 2.523 1.588 1.361 

      Higher 5.690 8.990 2.779 7.853 6.790 4.616 6.053 1.809 1.562 

Marital status (Ref. Never married)                   

      Married or live together with a partner 1.411 1.274 2.445 1.015 1.075 1.217 1.001 1.003 1.225 

      Others 1.313 1.166 1.209 1.040 1.057 0.990 1.009 0.925 0.954 

Possession of TV and radio (Ref. None)                   

      At least one 1.000 1.016 0.909 0.995 1.061 0.985 0.984 1.084 1.104 

      Both 1.110 1.119 0.976 1.105 1.101 1.059 1.006 1.138 1.223 

Possession of transport (Ref. No means of transport)                   

      1 means of transport 1.091 1.103 1.142 0.992 0.945 0.999 1.008 1.049 1.090 

      2-3 means of transport 1.198 1.111 1.241 1.019 0.980 1.030 1.000 1.170 1.133 

Wealth quantile (Ref. Poorest)                   

      Poor 1.126 0.967 0.938 1.069 1.053 1.167 1.095 1.119 1.055 

      Middle 1.380 1.224 1.097 1.193 1.180 1.264 1.259 1.163 1.207 

      Rich 1.677 1.583 1.296 1.520 1.471 1.624 1.479 1.218 1.268 

      Richest 2.614 2.737 1.435 2.432 2.309 2.281 2.261 1.250 1.430 

No children under 51     0.854             

Number of children under 5 in households^ 0.795 0.763 0.693 0.762 0.774 0.819 0.839 0.942 0.877 

Child characteristics                   

Child sex: Female       1.015 0.998 1.022 1.010 0.952 0.962 

Child age: Months       1.004 1.009 0.999 1.038 0.999 1.002 

Geolocational characteristics                   

Proportion of poorest households in a PSU 0.366 0.431 0.566 0.429 0.495 0.439 0.585 0.487 0.536 

Population density^ 1.066 1.094 1.010 1.060 1.019 1.013 1.016 0.991 1.014 

Time to the most accessible health facility 0.997 0.998 1.000 0.997 0.997 0.996 0.998 1.000 0.998 

No health facilities within 20 km 0.511 0.655 1.964 0.419 0.158 0.142 0.186 0.392 0.313 

Number of health facilities within 20 km^ 1.006 1.085 1.051 1.073 1.093 1.102 1.104 0.985 0.887 

Entries are adjusted odds ratios (AORs) estimated by generalized additive models with logistic links and smoothing over time and households’ geolocations. Blue shading indicates statistically 

significant AORs greater than one at the 0.05 level, red shading indicates significant AORs less than one, and unshaded entries are not significantly different from AORs of one.   

^: log-transformed 
1: This variable is only included for models of modern contraceptive use, as the study population for other essential services (mothers aged 15-49 years with a last birth in the last 23 months and 

children aged 12-23 months) had at least one child under 5 in their households.  
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DISCUSSION 

Using data from the five most recent nationally representative health surveys in Nigeria, this study 

identified individual- and community-level factors consistently associated with utilization of 

essential maternal and child health services in Nigeria. The sensitivity analyses confirmed the 

robustness of our findings. The identified factors consistently associated are maternal education, 

household economic status, having more children under five and living in poorer communities. 

Longer travel time to the most accessible health facility was not significantly associated with all, but 

a majority of essential maternal and child health services. These factors would be important 

characteristics across states and time to identify the underserved populations who are less likely to 

have access to multiple essential maternal and child health services rather than a single health 

service.  

 

The results of our study reconfirmed that maternal education and household economic status are 

cross-cutting factors significantly associated with the utilization of essential maternal and child 

health services of households in Nigeria. Several earlier studies conducted in Nigeria reported 

women’s education attainment and household economic status as factors significantly associated 

with utilization of essential health services such as ANC [4], facility-based delivery [7, 8, 34, 35], 

child immunizations [12], and treatment of childhood illnesses [14]. Meta-analyses have confirmed 

the importance of maternal education and household economic status for childhood immunization 

[36] and child mortality [37-39], as well. While the Health Equity Assessment Toolkit (HEAT) also 

provide useful information on inequalities of essential health service coverages within a country 

using five dimensions of inequity including wealth and education status [40], this study included 

more individual and contextual factors than HEAT such as marital status, possession of 

transportation, population density, and time to the most accessible health facility. 

 

Moreover, this study found that having more children under five and living in poorer communities 

were negatively associated with utilization of the full range of essential maternal and child health 

services. Earlier systematic reviews reported that women with higher parity less frequently utilized 

ANC and facility-based delivery in developing countries [41-43]. A previous study conducted in 

Nigeria also reported childbirth order was significantly associated with the uptake of vaccinations 

[12]. On the other hand, it was reported that primigravidae could be more likely to seek advice and 

assistance for their deliveries [44]. Mothers in the households with a greater number of children 

under five years of age could need to spend more time and other resources taking care of the 

children. It could be difficult for them to find someone who takes care of children during their 

absence while receiving health services. They may also face additional logistical challenges in 

accessing health facilities. Some may have negative stereotypes about the quality of essential health 

services due to their previous dissatisfying experiences that could discourage them from utilizing 

health services [45]. This study also found that mothers living in poorer communities were less 

likely to utilize all essential maternal and child health services, even after adjusting for distance to 

and availability of health facilities and household economic status. Another study in Nigeria reported 

that not only poverty level but also the infrastructure level of communities in which mothers live 

were important determinants of child mortality [46]. Poorer communities tend to lack basic 

infrastructure, including paved roads and public transport, that enable timely and inexpensive access 

to essential health services. In addition, some mothers in poor rural communities might be either 

directly or indirectly influenced by the anti-immunization resistance movement observed  in 

Northern Nigeria State [47, 48]. On the other hand, those living in urban poor communities, 

particularly slum dwellers, may have language barriers to accessing health services in addition to 

financial and geographic barriers [8]. 

 

Consistent with several earlier studies, longer travel times to the most accessible health facility were 

significantly associated with the utilization of most, though not all, essential maternal and child 

health services [43, 49, 50]. In addition, households with at least one health facility within 20 km 

were significantly more likely to utilize child immunization services and treatments of fever and/or 

cough, and diarrhea, suggesting the opportunity and/or financial cost of travel matters for utilization. 
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Similarly, those having means of transport can more easily access health facilities in the search of 

essential health services, with the possible exception of child immunization services, which are 

provided not only at most private and public health facilities, but also through outreach services and 

house-to-house campaigns. It is thus unsurprising that possession of means of transport did not 

significantly increase utilization of child immunization services.  

 

As shown in Supplement file 5, temporal trends in the models of essential maternal and child health 

services varied. Spatial trends varied by health services, too. For example, the northern parts of 

Nigeria had generally lower coverage areas than other states.  

 

The data source variable (i.e., DHS or MICS) would partially account for systematic differences 

between the surveys, while other covariates such as a smoothing function of longitude and latitude 

could also reflect the portion of the differences. As shown in Table 3, the service coverage in MICS 

2016/17 were similar to that in DHS 2018 except for treatment for childhood fever/cough and 

diarrhea. The possible reasons for this include differences in sampling methodology, translated 

questionnaires in local languages, or may reflect true differences in outcomes due to different data 

collection periods or changes in trends over time. 

 

The results of this study suggest several policy implications. In the short-term, service delivery 

points (e.g., health facilities and outreach service points) should be located closer to inhabitants in a 

community by: (i) ensuring availability and readiness of essential health services at existing service 

delivery points; and (ii) establishing additional primary health care centers; and (iii) strategically 

implementing outreach services such as campaigns. These interventions would mitigate physical 

barriers to access to essential health services, especially for among poor households who live far 

from current service delivery points. In the middle- and long-term, education attainment of pregnant 

women and mothers is one of the key determinants potentially modifiable by future interventions. 

Policy makers and program managers should place a greater emphasis on increasing enrollment rates 

in primary and secondary education among females not only to improve education outcomes 

themselves, but also to enhance health service utilization. Moreover, poorer households and 

communities should be prioritized to mitigate discrepancies in utilization of essential health services 

between the poor and the rich.  

 

In addition, our study focused on the relationship between social conditions and healthcare 

utilization. Healthcare utilization, however, is only one of the factors that influence health outcomes. 

Further study is needed to fully illuminate the relationships between the drivers of healthcare 

utilization, utilization itself, and health outcomes. 

 

LIMITATIONS OF THE STUDY 

There are four types of limitations of the study. First, causality between service utilizations and the 

independent variables could not be established, although we considered both temporal and 

geographic variations into our analysis. Second, our analytical framework does not capture the full 

complexity of interactions between the independent variables. Third, immunization status is 

vulnerable to recall bias. Although it is preferable to use more reliable data from home-based records 

(e.g., child vaccination cards and maternal and child health cards), since these records are often not 

missing, especially in households with vulnerable mothers, reliance on parental recall is often 

unavoidable. Notably, studies in Tanzania and South Africa reported a high level of agreement in 

data between parental recall and home-based records [49, 50]. Finally, the two variables of health 

care environment “travel time to the most accessible health facility using friction surface” and “the 

number of health facilities within 20 km from local residence” were assumed as the time-invariant 

variables in this study, due to its poor data availability, although the relationship between these 

variables and service utilization might vary over time.   

 

CONCLUSIONS 
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This study identified factors consistently associated with utilization of essential maternal and child 

health services in Nigeria. Higher female education attainment and wealthier households were 

positively associated with utilization of all the essential health services. Living in poorer 

communities and having more children under five years of age were negatively associated with 

utilization. Appropriate prioritization and intervention aimed at these factors should be implemented 

by the government and its development partners. As a short-term intervention, increasing service 

delivery points for poor communities would mitigate the negative effect of several factors identified 

here.  
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Abstract 

Background: National-level coverage estimates of maternal and child health (MCH) services 

mask district- and community-level geographical inequities. The purpose of this study is to 

estimate grid-level coverage of essential MCH services in Nigeria using machine learning 

techniques. 

Methods: Essential MCH services in this study included antenatal care (ANC), facility-based 

delivery, childhood vaccinations, and treatments of childhood illnesses. We estimated 
generalized additive models (GAM) and gradient boosting regressions (GB) for each essential 

MCH service using data from five national representative cross-sectional surveys in Nigeria 

from 2003 to 2018 and geospatial socio-economic, environmental, and physical characteristics. 

Using the best-performed model for each service, we map predicted coverage at 1 km2 and 5 

km2 spatial resolutions in urban and rural areas respectively. 

Results: GAMs for essential MCH services were selected as the best fitting models. High-

resolution spatial estimates produced by GAMs highlight geographic inequalities of essential 

MCH service coverage within states and LGAs. Inequalities between LGAs vary by state and 

service type. 

Conclusion: High-resolution spatial estimates can guide geographic prioritization and help 

develop better strategies for implementation plans, allowing limited resources to be targeted to 

areas with lower coverage of essential MCH services. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. Background 

National and subnational coverage of essential maternal and child health (MCH) services in 

low- and middle-income countries (LMICs) are typically estimated using nationally 

representative cross-sectional surveys, including Demographic and Health Surveys (DHS) and 

Multiple Indicator Cluster Surveys (MICS). Because these surveys are generally designed to 

produce estimates at the national and sub-national levels (e.g., administrative level 1) 

exclusively, these estimates can mask district- and community-level inequities in service 

coverage. As a result, it can be difficult for policymakers to identify underserved geographic 

locations and prioritize interventions that match each community’s context and needs. 

Although estimates of essential MCH service coverage are rarely available at the lowest 

administrative level in LMICs, several earlier studies reported service coverage of diphtheria-

pertussis-tetanus (DPT) vaccination, measles vaccinations, and contraceptive use at sub-district 

or community levels in LMICs.1-4 Prevalence rates of HIV5 and plasmodium falciparum6 were 

also estimated at the subnational level in some LMICs. Finally, the DHS Program Map Surfaces 

provides grid-level estimates of coverage for multiple health service estimated using a Bayesian 

geostatistical approach with a standardized set of covariates across countries.7 8 However, these 

studies focus only on a single survey or a single indicator, whereas studies combining data from 

multiple surveys to investigate multiple indicators over time are lacking. The DHS Program 

Map Surfaces reports recommend use of additional geospatial covariates and integrated data 

from multiple surveys to further improve their methodologies and monitor progress towards 

UHC at sub-national level.7  

There is a critical need for district- and community-level data on coverage of essential MCH 

services, so that countries may effectively target interventions, including new health facilities 

and outreach services, to communities with low coverage of multiple MCH services. Therefore, 

this study is aimed at estimating grid-level coverage of essential MCH services (i.e., antenatal 

care (ANC), facility-based deliveries, childhood vaccinations, and treatments of childhood 

illnesses) in Nigeria using machine learning methods. We further compare the prediction 

precision of two machine learning techniques, generalized additive models (GAMs) and 

Gradient Boosting (GB). We then use these methods to create high-resolution maps to visualize 

inequities in MCH service coverage across specific locations in Nigeria. 

 

2. Methods 

2.1. Survey data in Nigeria 

This study use data from five nationally representative cross-sectional surveys administered in 

Nigeria between 2003 and 2018 that include geolocation data of primary sampling units (PSUs) 

(i.e., DHS 2003, DHS 2008, DHS 2013, and DHS 2018 and MICS 2016–2017). DHS data were 

extracted from IPUMS DHS.9 Methodological details on the conduct of these five surveys is 

published elsewhere.10-14 All five surveys employed stratified two- or three-stage cluster 

sampling. Each PSU for DHS 2003 was composed of one or more enumeration areas (EAs) 

developed for the 1991 Population Census. PSUs for other DHS and MICS surveys from 2016–

2017 consisted of one or more EAs developed for the Population and Household Census 2006. 

MICS 2016–2017 excluded 101 PSUs located in Borno, Yobe, and Adamawa States due to 

insecurity in those regions. For the same reason, DHS 2018 excluded 11 of 27 local government 

areas (LGAs) in Borno State. 

To protect confidentiality of personal geoinformation, the public versions of all five surveys’ 

data randomly displaced Global Positioning System (GPS) coordinates of the locations of 



respondents’ PSUs. Geolocations of urban PSUs were randomly displaced within 2 km buffers, 

whereas rural PSUs (99%) were displaced within either 5 km buffers (in 99% of cases) or 10 km 

buffers (in 1% of cases representing extremely remote PSUs). The direction and distance of 

displacement for each household was randomly determined.15 16 A previous study reported that 

errors in direction and distance due to random household displacement were sufficiently 

negligible to estimate measles vaccination coverage in a 10 km2 grid.17 Geolocation data for 16 

of 3,533 PSUs (0.5%) were missing across the four DHSs. Similarly, geolocation data for 1 of 

2,239 PSUs (0.0004%) was missing in MICS 2016/17. After initial random displacement, 

fourteen PSUs (1 in DHS 2008 and 13 in MICS 2016/17) were “located” either in the sea or 

outside country boundaries. We resampled those PSUs by conducting random displacement 

again within 5 km until they were within Nigeria’s land boundaries. If there was no appropriate 

point within 5 km from the original PSUs’ locations, we resampled those PSUs within 10 km. 

Of these 14 PSUs, eight were successfully resampled, and six cases that could not be 

appropriately displaced across 10,000 attempts were discarded. Supplement file 1 shows the 

locations of PSUs with at least one target population for ANC and facility-based delivery. 

 

2.2. Essential MCH services  

Twelve essential MCH services were included in this study: (i) ANC; (ii) facility-based 

delivery; (iii - x) childhood vaccinations (BCG, 1st, 2nd, and 3rd DPT/pentavalent (Penta) and 

Oral Polio (OPV), and first dose of measles); and (xi-xii) treatments of childhood illnesses for 

fever/cough and diarrhea. The definitions and study population of essential services are shown 

in Table 1. The target population for ANC and facility-based delivery are women 15–49 years 

of age having given a livebirth during the last 23 months. Children 12–23 months of age are the 

study population for childhood vaccinations.  

The outcome variables for this study are the grid-level utilization rates for each essential MCH 

service. First, we created a map with 1 km x 1 km cells in urban areas and 5 km x 5 km cells in 

rural areas. (We define an urban area as having a population density of at least 300 inhabitants 

per km2 and a minimum population of 5000 across all cells; all other areas are classified as 

rural.18) Then, for each essential MCH service, survey year, and grid cell, we constructed a 

utilization rate using the count of children 12–23 months of age (or women 15–49 years of age) 

who utilized that service as the numerator, and the number of individuals categorized into the 

study population (children 12–23 months of age or women 15–49 years of age, depending on 

the indicator) as the denominator. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 Definitions and target populations of essential health services 

Health service Definition Target population 

Four or more antenatal 

care visits 

Antenatal care four or more times by trained health personnel 

(i.e., doctor, nurse, midwife, auxiliary midwife) during 

pregnancy at the point of survey 

Women aged 15 to 49 years with a 

last birth in the last 23 months 

Facility-based delivery 
Delivery at public or private health facility in the last 23 months 

at the point of survey 

Women aged 15 to 49 years with live 

births in the last 23 months 

Childhood immunization 

Children who had received one dose of Bacillus Calmette-

Guerin (BCG) vaccine 

Children aged 12–23 months 
Children who had received 1st , 2nd and 3rd dose of DPT vaccine 

or Pentavalent vaccine 

Children who had received 1st , 2nd and 3rd dose of oral polio 

vaccine 

Children who had received 1st dose of Measles vaccine 

Treatment for common 

childhood illness 

Children under five with fever/cough and diarrhea in the last 

two weeks for whom care was sought at a health facility 
Children aged 0–59 months 



2.3. Covariate data 

Several earlier studies found geospatial socio-economic, environmental, and physical factors to 

be associated with the spatial distribution of under-five mortality cases and geographical 

heterogeneity in MCH service coverage.2 19 20 Table 2 shows the geospatial covariates employed 

in this study (except for longitude and latitude). Household poverty and female and male 

education attainment by grid cell were extracted from high-resolution data published in earlier 

studies.21 22 Population density and total population data were extracted from the WorldPop 

database.23 Road density data were extracted from the Global Roads Inventory Project (GRIP).24 

Metrological data (precipitation and evapotranspiration) and night time light data were extracted 

from TerraClimate25 and High Resolution Electricity Access (HREA).26 We also created three 

spatial covariates: (i) travel time to the most accessible health facility; (ii) travel time to the 

nearest city; and (iii) the number of major roads crossing the household’s grid cell. Travel time 

to the most accessible health facility was estimated by using the geolocations of health facilities 

run by state governments, community-based organizations, and faith-based organizations in 

Nigeria27 with the friction surface developed by Malaria Atlas Project.28 Similarly, travel time to 

the nearest city was estimated by using geolocational data of cities (extracted from 

OpenStreetMap) and the same friction surface.29 We counted the number of major roads (i.e., 

primary, secondary, and tertiary roads, motorway, track grade 1, 2, and 3) in each cell using 

OpenStreetMap. In addition, we used high-resolution spatial data on the prevalence of 

Plasmodium falciparum malaria, lower respiratory infections, and childhood diarrheal 

morbidity6 30 31 as disease-related covariates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. Description of spatial covariates for modeling in this study 

Category Year* Data type Data description Grid size Data source 

Poverty 2010 Continuous 
Estimates of proportion of people per grid square 

living in poverty, as defined by $1.25 a day 
1 km2 

https://www.worldpop.org/geodata/list

ing?id=23 

Female education 

2003 – 2017 Continuous 

Pixel-level estimates of mean educational 

attainment among female 15-49 
5 km2 

https://cloud.ihme.washington.edu/ind

ex.php/s/CTnfWYaZxc7ZENc?path=

%2FData%20%5BGeoTIFF%5D Male education 
Pixel-level estimates of mean educational 

attainment among male 15-49 

Population density 2003 – 2018 Continuous Estimated population density per grid-cell (1 km) 1 km2 
https://www.worldpop.org/geodata/list

ing?id=77 

Total population 2003 – 2018 Continuous Estimated total population per grid-cell (1 km) 1 km2 
https://www.worldpop.org/geodata/list

ing?id=75 

Time to health facility 2015 Continuous 

Time to the most accessible health facility using 

the health facility locations and the friction 

surface 5 km2 for 

rural and 1 

km2 for 

urban 

NA 

Time to city 2015 Continuous 
Time to the most accessible city using the city 

locations and the friction surface 
NA 

Number of main roads 

crossing a grid 
2021 Continuous 

Number of main roads crossing a grid using 

OpenStreetMap data 

OpenStreetMap; 

http://download.geofabrik.de/africa.ht

ml 

Road density 2018 Continuous Total road density  8 km2 
https://www.globio.info/download-

grip-dataset 

Precipitation 2003 – 2018 Continuous 
High-spatial resolution (1/24°, ~4-km) map of 

cumulative precipitation 
4 km2 

http://thredds.northwestknowledge.net:

8080/thredds/catalog/TERRACLIMA

TE_ALL/data/catalog.html Evapotranspiration 2003 – 2018 Continuous 
High-spatial resolution (1/24°, ~4-km) map of 

cumulative evapotranspiration 

Night time lights 
2012 – 2018 

 
Continuous Nighttime light annual composite 450 m2 

http://www-

personal.umich.edu/~brianmin/HREA/

data.html 

Malaria prevalence 2003 – 2018 Continuous 

Pixel-level Age-standardized parasite prevalence 

rate for Plasmodium falciparum malaria for 

children two to ten years of age 

5 km2 

https://cloud.ihme.washington.edu/s/te

DKnPGcJnBjJ5F?path=%2F5%20-%2

0Prevalence%3A%20Plasmodium%20

falciparum%20%5BGeoTIFF%5D%2

FRate 

Lower respiratory infection 2003 – 2017 Continuous 
Pixel-level prevalence of lower respiratory 

infections (LRIs) among children under 5 
5 km2 

http://ghdx.healthdata.org/record/ihme

-data/africa-under-5-lri-incidence-

prevalence-mortality-geospatial-

estimates-2000-2017 

Childhood diarrhea 2003 – 2017 Continuous 
Pixel-level estimates of under-5 diarrhea 

prevalence rate 
5 km2 

https://cloud.ihme.washington.edu/s/f

GpEZwJetEJjdxG 

* Data availability between 2003 - 2018 

https://www.worldpop.org/geodata/listing?id=23
https://www.worldpop.org/geodata/listing?id=23
https://cloud.ihme.washington.edu/index.php/s/CTnfWYaZxc7ZENc?path=%2FData%20%5BGeoTIFF%5D
https://cloud.ihme.washington.edu/index.php/s/CTnfWYaZxc7ZENc?path=%2FData%20%5BGeoTIFF%5D
https://cloud.ihme.washington.edu/index.php/s/CTnfWYaZxc7ZENc?path=%2FData%20%5BGeoTIFF%5D
https://www.worldpop.org/geodata/listing?id=77
https://www.worldpop.org/geodata/listing?id=77
https://www.worldpop.org/geodata/listing?id=75
https://www.worldpop.org/geodata/listing?id=75
http://download.geofabrik.de/africa.html
http://download.geofabrik.de/africa.html
https://www.globio.info/download-grip-dataset
https://www.globio.info/download-grip-dataset
http://thredds.northwestknowledge.net:8080/thredds/catalog/TERRACLIMATE_ALL/data/catalog.html
http://thredds.northwestknowledge.net:8080/thredds/catalog/TERRACLIMATE_ALL/data/catalog.html
http://thredds.northwestknowledge.net:8080/thredds/catalog/TERRACLIMATE_ALL/data/catalog.html
http://www-personal.umich.edu/~brianmin/HREA/data.html
http://www-personal.umich.edu/~brianmin/HREA/data.html
http://www-personal.umich.edu/~brianmin/HREA/data.html
https://cloud.ihme.washington.edu/s/teDKnPGcJnBjJ5F?path=%2F5%20-%20Prevalence%3A%20Plasmodium%20falciparum%20%5BGeoTIFF%5D%2FRate
https://cloud.ihme.washington.edu/s/teDKnPGcJnBjJ5F?path=%2F5%20-%20Prevalence%3A%20Plasmodium%20falciparum%20%5BGeoTIFF%5D%2FRate
https://cloud.ihme.washington.edu/s/teDKnPGcJnBjJ5F?path=%2F5%20-%20Prevalence%3A%20Plasmodium%20falciparum%20%5BGeoTIFF%5D%2FRate
https://cloud.ihme.washington.edu/s/teDKnPGcJnBjJ5F?path=%2F5%20-%20Prevalence%3A%20Plasmodium%20falciparum%20%5BGeoTIFF%5D%2FRate
https://cloud.ihme.washington.edu/s/teDKnPGcJnBjJ5F?path=%2F5%20-%20Prevalence%3A%20Plasmodium%20falciparum%20%5BGeoTIFF%5D%2FRate
http://ghdx.healthdata.org/record/ihme-data/africa-under-5-lri-incidence-prevalence-mortality-geospatial-estimates-2000-2017
http://ghdx.healthdata.org/record/ihme-data/africa-under-5-lri-incidence-prevalence-mortality-geospatial-estimates-2000-2017
http://ghdx.healthdata.org/record/ihme-data/africa-under-5-lri-incidence-prevalence-mortality-geospatial-estimates-2000-2017
http://ghdx.healthdata.org/record/ihme-data/africa-under-5-lri-incidence-prevalence-mortality-geospatial-estimates-2000-2017
https://cloud.ihme.washington.edu/s/fGpEZwJetEJjdxG
https://cloud.ihme.washington.edu/s/fGpEZwJetEJjdxG


 

2.4 Prediction modeling and High-resolution map creation 

We compared the prediction performances of two models, Generalized additive models (GAMs) 

and Gradient Boosting (GB) models. These models are described in section 2.4.1. For each 

service, we identify the best prediction model based on each model’s performance on four 

indicators described in section 2.4.2. Finally, we create high-resolution coverage maps for each 

essential MCH service using the best prediction model for that service. We also estimated the 

aggregated service coverage at various administrative levels and in rural and urban areas. 

Section 2.4.3 provides methods of creating high resolution maps and estimating aggregated 

service coverage. 

 

2.4.1 The prediction models: Generalized additive models (GAMs) and Gradient Boosting (GB) 

models 

We consider two modelling strategies from machine learning – generalized additive models 

(GAMs) and gradient boosting (GB) models – for predicting essential maternal and child health 

service coverage. Both models rely on the same set of covariates, but employ different 

estimation techniques: GAMs emphasize non-parametric estimation of flexible functional 

forms, whereas gradient boosting involves prediction from a weighed ensemble of sequentially-

constructed models, each of which attempts to better predict cases that were poorly predicted by 

the previous model in the sequence. 

Generalized Additive Models. We estimated grid-level quasi-binomial GAMs for each 

essential MCH service using the mgcv package in R.33 The functional form of this model is 

allows for non-parametric smooth relationships between the outcome and covariates, and is 

given by: 

𝑙𝑜𝑔 (
𝑦𝑖𝑗𝑡

𝑃𝑜𝑝𝑖𝑗𝑡
) = 𝛽0 + 𝛽1𝑈𝑟𝑏𝑎𝑛𝑖𝑗 + 𝑆𝑡𝑎𝑡𝑒𝑖𝑗𝛾 + 𝑠(𝑦𝑒𝑎𝑟𝑡) + 𝑠(𝑙𝑜𝑛𝑔𝑖𝑗 , 𝑙𝑎𝑡𝑖𝑗) + 𝑠(𝑃𝑜𝑣𝑒𝑟𝑡𝑦𝑖𝑗) + 𝑠(𝐹𝑒𝑚𝑎𝑙𝑒_𝑒𝑑𝑢𝑖𝑗𝑡)

+ 𝑠(𝑀𝑎𝑙𝑒_𝑒𝑑𝑢𝑖𝑗𝑡) +  𝑠(𝑃𝑜𝑝_𝑑𝑒𝑛𝑖𝑗𝑡) +  𝑠(𝑃𝑜𝑝_𝑡𝑜𝑡𝑎𝑙𝑖𝑗𝑡) + 𝑠(𝑁𝑜_𝑟𝑜𝑎𝑑𝑖𝑗) +  𝑠(𝑅𝑜𝑎𝑑_𝑑𝑒𝑛𝑖𝑗)

+  𝑠(𝑇𝑖𝑚𝑒_𝑐𝑖𝑡𝑦𝑖𝑗) + 𝑠(𝑇𝑖𝑚𝑒_𝐻𝐹𝑖𝑗) + 𝑠(𝑅𝑎𝑖𝑛𝑖𝑗𝑡) +  𝑠(𝐷𝑟𝑦𝑖𝑗𝑡) + 𝑠(𝐿𝑖𝑔ℎ𝑡𝑖𝑗𝑡) + 𝑠(𝑀𝑎𝑙𝑎𝑟𝑖𝑎𝑖𝑗𝑡)

+ 𝑠(𝐿𝑅𝐼𝑖𝑗𝑡) + 𝑠(𝐷𝑖𝑎𝑟𝑟ℎ𝑒𝑎𝑖𝑗𝑡) 

yijt represents the number of eligible individuals utilizing essential MCH services in the ith grid 

of the jth state in year t. Popijt indicates the number of eligible individuals in the ith grid of the jth 

state in year t. Urbanij is a binary indicator for whether the ith grid of the jth state is urban or 

rural. Stateij is a vector of dummy variables indicating states of Nigeria. s(year) is a two-

dimensional thin plate regression spline of years. s(lati,long) is an isotropic smooth of latitude 

and longitude on the sphere with second derivative penalty 33. In all other cases, s(·) indicates a 

cubic spline smoothing function of the given covariate.  

Povertyij denotes estimated proportion of people living in poverty, defined as living on less than 

US$1.25 a day, in the ith grid of the jth state. Female_eduijt and Male_eduijt represent mean 

educational attainment among female and male aged 15 – 49 years in the ith grid of the jth state in 

year t, respectively. Pop_denijt and Pop_totalijt represent population density and total population 

in the ith grid of the jth state in year t. No_roadij and Road_denij denote the number of main roads 

crossing and total road density in the ith grid of the jth state. Time_cityij and Time_HFij denote 

time to the most accessible health facility and city in the ith grid of the jth state. Rainijt, Dryijt and 

Lightijt represent cumulative precipitation, cumulative evapotranspiration, and annual composite 

nighttime light, respectively, in the ith grid of the jth state in year t. Malariaijt, LRIijt and 



Diarrheaijt represent prevalence of Plasmodium falciparum malaria, lower respiratory infections 

and diarrhea in the ith grid of the jth state in year t. 

We employed a shrinkage approach to smoothing functions in the GAM model with all 

covariates, since the best-subset selection approach was not computationally feasible. A 

simulation study found that the shrinkage approach performed better in terms of predictive 

ability than other methods, such as backward selection.34 

Gradient Boosting. We also estimated Gradient Boosting regression models for each essential 

MCH service using the XGBoost package in R.35 We used the same set of the covariates as 

listed in section 2.3, and assumed service coverage outcomes followed the Tweedie distribution. 

We tested a sequence of variance power between 1 and 2 by running iterative models and 

selected the best power based on the negative log-likelihood. Moreover, we conducted a grid 

search to select the best set of hyper-parameters based on negative log-likelihood for Tweedie 

regression. In the grid search, we tested the following parameters and their ranges: (i) the 

maximum depth of a tree, 2 – 10 by increments of 2; (ii) the minimum sum of instance weight 

needed in a child, 1 – 3 by increments of 0.5; (iii) the subsample ratio of columns when 

constructing each tree, 0.5 – 1.0 by increments of 0.1; (iv) the subsample ratio of the training 

instances, 0.5 – 1.0 by increments of 0.1; and (iv) step size shrinkage used in update to prevent 

overfitting, 0.01 – 0.3 (specifically, we tested 0.01 – 0.1 by increments of 0.01, as well as 0.2 

and 0.3).  

 

2.4.2 Model performance indicators and selection of final models 

We compared the performance of the GAM and GB models for each MCH service on four 

performance criteria, each of which was computing using 5-fold cross-validation: weighted 

root-mean-squared error (WRMSE) of proportions of essential MCH service utilizations, 

𝑊𝑅𝑀𝑆𝐸 = ∑(𝑑𝑖 × (√((𝑃𝑖 − 𝑃̂𝑖)
2

) ∑ 𝑑𝑖⁄ ); mean bias error, 𝑀𝐵𝐸 =  
1

𝑛
∑ (𝑃𝑖 − 𝑃̂𝑖)𝑛

𝑖=1 ; mean 

squared error, 𝑀𝑆𝐸 =  
1

𝑛
∑ (𝑃𝑖 − 𝑃̂𝑖)

2𝑛
𝑖=1 ; and nominal coverage of 95% prediction intervals, 

𝑛𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 = 100 × ∑ 𝐼𝑛
𝑖=1 (𝑙𝑖 ≤ 𝑦𝑖̂ ≤ 𝑢𝑖)/𝑛 ). Pi and 𝑃̂𝑖 denote observed and predicted 

proportions at grid i, di is the size of the study population at grid i, and n is the count of grid 

locations with non-zero study populations. 𝑙𝑖 and 𝑢𝑖 are the lower and upper limits of the 

prediction interval and I(・) is an indicator function. Nominal coverage indicates the proportion 

of the estimated numbers of study population having utilized essential maternal and child 

services (𝑦𝑖̂) within 95% confidence intervals (CIs) of predicted services coverage. Due to 

erratic behavior around the endpoints (i.e., 0 and 1) using binomial probabilities32, whenever 

observed values were exactly 0 or 1, we set the estimated lower and upper confidence intervals 

in GAMs to either 0 or 1, respectively. We employed methods employed in an earlier study on 

grid-level estimates of measles vaccinations2 to calculate the nominal coverage of 95% 

prediction intervals. 

To determine a final model for each MCH service, we first checked whether either the GAM or 

GB model was dominant on all the four measures of goodness of fit. If either model was 

uniformly superior on these four metrics, we selected it as the prediction model for the service. 

When the results of the four metrics disagreed on the best model, we further examined whether 

one of the models had WRMSE at least 0.01 units lower, MSE at least 0.005 units lower, MBE 

at least 0.01 units lower, or nCoverage at least 1% closer to 95%. Whichever model met a 

greater number of these criteria than the others was selected as the prediction model for that 



service. (In no cases did we observe a tie in which both the GAM and BG model met the same 

number of these criteria.)  

 

2.4.3 High-resolution map creation 

Using best predicting model (either GAM or GB) for each service, we created high-resolution 

coverage maps for essential MCH services from 2003 to 2018. We also computed 95% 

confidence intervals (CIs) of predicted grid-level service coverage using the estimated standard 

error for each predicted value (for GAMs) or bootstrapped standard errors (GB models). We 

estimated aggregate predicted proportions aggregated at various administrative levels by 

calculating weighted mean values and using as weights in each grid location the proxy target 

population from WorldPop.23 For ANC and facility-based delivery, we used the sum of the 

number of children 0 – 12 months of age in the year of estimation and in the prior year as a 

proxy for the number of women 15 – 49 years of age with a livebirth during the last 23 months. 

For childhood vaccinations, we used the total number of children 0 – 12 months of age in the 

prior year as a proxy for the number of children aged 12–23 months. To estimate gaps in MCH 

service coverage between rural and urban areas over time, the difference-in-difference (DiD) 

estimator for each essential MCH service was calculated by taking the difference in an MCH 

service coverage of urban areas between 2018 and 2003, and subtracting the difference for rural 

areas between 2018 and 2003. 95% CIs for the DiD estimates were computed using 

bootstrapped standard errors. A bivariate choropleth map is used to display mean MCH 

coverage. 

Following previous work,30 we discarded (treated as missing) estimated values of MCH service 

coverage for the grid locations which include either lakes or very low population (less than 10 

people per km2). We did not estimate predicted values for grid locations lacking covariate data. 

To check model fitting, we further compared the observed and estimated share of study 

populations utilizing essential MCH services (see Supplement file 3). Supplement file 4 

provides plots of smoothed functional forms from the GAMs. GB model estimates of the 

importance of each feature for predicting each MCH service based are provided in Supplement 

file 5. 

 

Patient and public involvement 

Patients or the public were not involved in the design, or conduct, or reporting, or dissemination 

plans of our research.  

 

 

Results 

Model selection and validation 

Supplement file 2 reports the performance of the GAMs and GB models. Across a range of 

essential MCH services, GAMs matched or outperformed GB models based on all four 

performance indicators, as shown in Supplement file 2. In particular, for ANC, facility-based 

delivery, BCG, 1st 2nd and 3rd Penta, GAMs performed better than GB models on all four 

measures (MBEs, MSEs, WRMSEs, and nominal 95% coverage). For 2nd and 3rd OPV and 

measles vaccinations , GAMs outperformed GB models in terms of MBE and the nominal 

coverage, while obtaining similar MSEs and WRMSEs. For 1st OPV, GAMs outperformed GB 



models on MBE, while MSE, WRMSE and nominal coverage were similar across both 

approaches.  Finally, due to low predictive power and wide prediction intervals in both GAM 

and GB models, we did not select final models or create coverage maps for treatments of 

childhood illnesses. 

The final predictive models had uniformly low systematic prediction error, with a range of MBE 

from 0.001 to 0.016 across 10 essential MCH services. The range of MSEs was similarly 

narrow (0.057 – 0.068). As shown in Supplement file 4, smoothers fitted by the GAMs show 

different slopes by MCH service types. Supplement file 6 compares high-resolution maps of 

coverage of six essential MCH services based on GAMs and GB models. 

 

Geographic inequality in essential MCH service coverage 

High-resolution maps of coverage from 2003 to 2018 of 10 essential MCH services, excepting 

treatments of childhood illnesses, have been stored online here. High-resolution maps of six of 

10 essential MCH services (ANC, facility-based delivery, BCG, 1st Penta, 3rd Penta and measles 

vaccination) as of 2018 are shown in Figure 1 to highlight geographic inequality in service 

coverage across states and LGAs. Overall, MCH service coverage in rural areas was lower than 

urban areas across service types. Likewise, MCH service coverage was also lower in northern 

parts of Nigeria, though higher coverage can be found in some major cities and towns in those 

states. 

Figure 2 shows LGA-level coverage estimates for eight of 10 essential MCH services by state as 

of 2018. (We omitted coverage of 2nd OPV and 2nd Penta doses, which tend to fall between the 

coverage levels of 1st and 3rd doses.) Overall, the LGA-level inequalities of 3rd OPV, 3rd Penta 

and measles were narrower, compared to BCG, 1st OPV and 1st Penta. For ANC and facility-

based delivery, the states with higher average coverage rates tended to have narrower inequities 

between LGAs. The three states with the greatest LGA-level inequality in terms of ANC were 

Kwara (Interquartile range [IQR]: 54.2% to 82.6%), Borno (IQR: 16.6 % to 40.8%), and 

Bayelsa (IQR: 23.4% to 46.3%), whereas the top three states for LGA-level inequality in BCG 

vaccination were Kaduna (IQR: 53.4 % to 88.1%), Gombe (IQR: 45.3 % to 78.4%) and Borno 

(IQR: 35.7% to 60.4%). Overall, we find that Borno, Gombe, Kaduna, Kwara, and Niger states 

showed consistently high inequality across LGAs, with each of these states ranking among the 

top three states in terms of interquartile range for at least four of eight MCH services. In terms 

of inequality across the 10 MCH services shown in Figure 2, we find the highest LGA-level 

interquartile range for facility-based delivery coverage, followed by BCG, 1st OPV and ANC. 

The LGA-level IQR for measles vaccination was the lowest of the eight services, although its 

mean coverage was the lowest, as well.  

 

Trends in essential MCH service coverage 

The mean LGA-level service coverage for essential MCH services increased during the period 

from 2003 to 2018. The annual mean increase in service coverage was higher for 3rd Penta 

(1.4%), 1st Penta (1.3%), BCG (1.3%), and 3rd OPV (1.2%), and lower for measles vaccination 

(0.7%), 1st OPV (0.7%), facility-based delivery (0.6%), and ANC (0.5%). However, trends in 

LGA-level essential MCH service coverage between 2003 and 2018 varied by type of service 

https://www.dropbox.com/sh/43hoc0gki1n4z67/AADxr63smv3lrqtrObw9wL-Va?dl=0


and by state. Although most LGAs are trending towards better essential MCH service coverage, 

some are stagnating or even decreasing over time.  

Trends in mean MCH coverage for urban and rural LGAs are shown in Supplement file 7. On 

average, service coverage in both urban and rural areas increased over time. Difference-in-

difference estimates of the change in the urban-rural gap find no significant evidence that this 

gap has change over time for any service. Specifically, between 2003 and 2018, the gap between 

urban and rural areas changed by -2.3% (95% CI: -14.3 % to 10.6%) for ANC,  -3.8% (-16.2% 

to 8.6%) for facility-based delivery, 7.6% (95% CI: -22.9% to 7.0%) for BCG, -6.4% (-19.3% to 

6.3%) for 1st pentavalent, -2.6% (-17.2 % to 11.9%) for 1st OPV, and -1.8 % (-13.5 % to 9.5%) 

for measles vaccination. In no case was the difference-in-difference statistically significant. 

 

Priority LGAs with lower coverage of essential MCH services 

Figure 3 is an LGA-level bivariate choropleth map that two-dimensionally shows service 

coverage of childhood vaccinations (BCG, 1st, 2nd, and 3rd DPT/pentavalent (Penta) and Oral 

Polio (OPV), and first dose of measles) and maternal health (ANC and facility-based delivery). 

Coverage level was classified by tertile (i.e., higher 33%, middle 33% and lower 33%). The map 

indicates that a majority of LGAs located in northern part of the country had lower childhood 

vaccination and maternal health service coverage, excepting some urban LGAs which had 

higher coverage for either or both types of services. The southwest, including districts in Ogun 

and Oyo states, had higher maternal health service coverage and lower childhood vaccination 

coverage. In contrast, the southeastern and central areas of the country had lower maternal 

service coverage and higher childhood vaccination coverage. Finally, those states in which 80% 

of LGAs were categorized as high coverage for both types of services (the dark purple areas in 

Figure 3, comprising Abia, Anambra, Edo, Ekiti, Enugu, Imo, Lagos, and Osun)  can be found 

in the southern part of Nigeria and had relatively greater population sizes and density than other 

areas. Supplement file 8 provides LGA-level mean coverage of childhood vaccinations and 

maternal health services as of 2018, by state.  

 

 

Discussion 

The global movement for universal health coverage (UHC) highlights the importance of 

identifying subnational inequities in health service coverage in order to better understand the 

characteristics of underserved populations and thereby correct maldistribution of health 

resources and services. This movement has led researchers to conduct studies on the 

heterogeneity of health service coverage within and between subnational levels and to identify 

the most vulnerable areas for priority setting. Responding to this need, this study estimated grid-

level coverage of essential MCH services in Nigeria using publicly available geographic 

datasets and comparing the performance of two statistical approaches (GAMs and GB).  

Cross-validation performance confirms the strong predictive power of the final models of 

essential service coverage, with the exception of treatments for childhood illnesses. MSE and 

MBE values of the final model for measles vaccination were slightly better than those reported 

in an earlier study on grid-level coverage estimates of measles vaccination that employed 



Bayesian multivariate spatial-temporal modeling.2 GAM with a shrinkage approach might be 

applied to a multicounty or global model, to simultaneously account for differing drivers and 

non-linear relationships. GAM estimation is also less computationally intensive than GB 

models, particularly to find the best set of hyper-parameters.  

The importance of each feature for predicting MCH service coverage, shown in Supplement file 

5, varied by MCH service types. This suggests that further study may need to select an 

appropriate set of geospatial covariates for predicting coverage of specific health services. 

Additionally, the results for some predictors should be interpreted with caution. For example, 

education attainment is a model-based estimate generated using geospatial covariates such as 

night light, access to roads, population, and aridity. The consistent importance of male and 

female education attainment in predicting coverage in GB models might therefore reflect the 

influence of the other geospatial covariates that were used to generate education status 

estimates, rather than educational status itself.  

One avenue for increasing predictive power is to use health administrative data on essential 

MCH service utilizations reported from health facilities. Almost all countries have health 

management information systems (HMIS) that store time-series data on the delivery of key 

health services from public and (in some cases) private health facilities. For example, Nigeria 

launched the web-based software District Health Information System version 2 (DHIS2) in 

2010. Childhood vaccination data have been collected on a monthly basis since 2014.36 

National-level health administrative data were used for estimating national coverage of 

childhood vaccination services by the WHO and UNICEF37 and by a recent publication in the 

Lancet.38 In addition, DHIS2 contains the aggregated count of clients/patients who receive 

respective health services at the lowest administrative level every month. Using these lower-

level health administrative data may increase predictive power. However, the quality of health 

administrative data from health facilities is questionable in many countries at present.39 

This study clarifies that national and sub-national MCH service coverage measures mask 

significant spatial heterogeneity within Nigeria, which may result in poor decision making on 

geographical prioritization at the LGA level. Likewise, inequities in MCH service coverage 

between LGAs varied by state and type of service. However, the distribution and use of health 

resources in Nigeria remain suboptimal in terms of demography, disease burden, and pre-

existing endowments of health resources.41 42 The high-resolution maps generated by this study 

could be an input into the decision making process for better geographical prioritization of 

health resources. Whereas prioritizing based on a single indicator may make sense for achieving 

specific goals, such as the Immunization Agenda 2030, broader agendas, such as the Sustainable 

Development Goals (SDGs), require prioritization based on multiple indicators. Accordingly, 

we recommend that criteria for prioritizing geographic locations should not rely on a single 

indicator of coverage, but rather consider coverage rates for multiple health services in order to 

ensure optimal provision. In particular, the study highlights within-locality differences in 

coverage of childhood vaccinations and maternal health services, with some localities 

performing markedly better in one area or the other.  

According to the Lancet Commissions,42 Nigeria needs to distribute available health resources 

more equitably through increasing resource management and strategic purchasing capacities.  

Routinely updated high-resolution maps could also support micro-planning of supplementary 

activities such as outreach services and childhood vaccination, especially if such mapping is  

connected with a health information management system such as DHIS2. Specifically, mapping 

can help estimate the number of individuals in need of services at the community level and 

thereby inform budgeting and resource allocation.  



There are several limitations to this study. Our modelling approach is less applicable to 

estimating the coverage of health services like treatments of childhood illnesses, which are more 

associated with individual and contextual characteristics than spatial covariates.44-46 Inequalities 

between relatively affluent urban areas and their adjacent peri-urban areas suffering higher 

poverty rates were not captured in the maps we created due to limitations of the available input 

data. Moreover, our study investigated inequality not by income, educational status, and other 

factors, but by geospatial conditions only. 

 

 

Conclusion 

This study visualized significant geographical inequities of essential MCH service utilizations in 

Nigeria. The high-resolution maps herein provide health policymakers/planners with guidance 

for geographic prioritization of specific MCH services. These estimates serve as a resource to 

further develop implementation strategies for maximizing limited resources. Strengthening 

routine MCH service delivery and its supplementary activities should be implemented in the 

priority areas with low coverage of essential MCH services.  
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Figure 1. Predicted service coverage of (A) antenatal care, (B) facility-based delivery, (C) 

BCG vaccination, (D), 1st pentavalent vaccination, (E) 3rd pentavalent vaccination, and (F) 

Measles vaccination in 2018. 

  

Figure 2. Predicted LGA-level coverage of eight essential MCH services in 2018 by state. 

Orange dots mark the mean coverage within each state. Gray dots show service coverage for 

each LGA within the state. The distribution of these gray dots is summarized by a violin plot.  

  

Figure 3. Service coverage distribution of essential maternal health services (ANC and 

facility-based delivery) and immunization services in 2018 as a bivariate choropleth map. 

Mixtures of the colors red and blue indicate coverage levels in each LGA.  Areas with high 

levels of maternal service coverage but low levels of immunization coverage are shown in red. 

Areas with high levels of immunization coverage but low levels of maternal service coverage 

are shown in blue. Areas with similar levels of coverage across both services are shown in 

shades of purple ranging from lilac (low coverage of both services) to plum (high coverage of 

both services). 
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Figure 1. Predicted service coverage of essential health services in 2018.
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1. Introduction 

Universal Health Coverage (UHC) is a global priority outlined in the Sustainable Development 

Goals 3.8. According to World Health Organization (WHO) in 2019,1 the UHC service coverage 

index (SCI) increased from 45% in 2000 to 66% in 2017 globally, which was mainly contributed by 

the rapid increase of health service coverage for infectious disease and maternal and child health. 

However, the percentages covered by essential health services in low-income and lower-middle-

income countries are 12-27% and 21-38%, respectively. Also, if current progress continues to 2030, 

37% to 61% of the global population will not be covered by essential health services.1 We need to 

accelerate the increase of essential health service coverage to reach the UHC target by 2030. 

 

A recent study estimated that the annual required spending on essential UHC interventions in low-

income countries (LICs) and in lower-middle-income countries (LMICs) would need to be USD 79 

and 130 per capita respectively.2 Another study reached similar conclusions by estimating 

outpatient and inpatient utilization and unit costs over time.3 Finally, Stenberg and colleagues4 

estimated that an additional 41 USD per person would be needed per year to progress towards the 

SDG 3. While all these studies indicate that significant additional investment in health is needed to 

achieve UHC, none reported sub-national and community-level resources required, which could 

vary considerably by population size, service coverage and distance to health facilities in various 

communities. Policy makers and health ministries need to guide sub-national administrations and 

communities on how to use additional resources for maximal impact.  

 

This study aims to estimate the potential gains in child health and additional costs required to 

increase the coverage of selected essential health services in Nigeria, with a focus on sub-national 

areas where the greatest investment is needed.  

 

2. Methods 

2.1 Overview 

We estimated the additional required cost and the avoidable childhood mortality in 5 km2 grid 

locations in Nigeria associated with delivering essential health services to 95% of the population. 

Based on that, we also estimated the incremental cost-effective ratio (ICER) by grid location and 

local government area (LGA). The essential health services we selected in this study are antenatal 

care (ANC), facility-based delivery, pentavalent and measles vaccinations. These services were 

defined as essential health services even during the COVID-19 pandemic.5-7 In addition, the costs 

and effectiveness of these services were reported in the previous studies and the OneHealth tool. 

Table 1 shows the list of health interventions in the essential health services, which are based on the 

OneHealth tool (ver. 6.24). In this study, we have three types of facility-based delivery since each 

type has a different set of health interventions: skilled delivery, Basic Emergency Obstetric Care 

(BEmOC), and Comprehensive Emergency Obstetric Care (CEmOC). 

ICER (Oijst) is calculated using the following formula: 

𝑂𝑖𝑗𝑠𝑡 =
∑ 𝑅𝑖𝑗𝑠𝑡

𝑠
𝑛=0

∑ 𝐿𝑖𝑗𝑠𝑡
𝑠
𝑛=0

 

∑ 𝑅𝑖𝑗𝑠𝑡
𝑠
𝑛=0  represents the sum of incremental costs to increase sth service coverage from the baseline 

to 95% in the ith grid location of the jth state in year t. ∑ 𝐿𝑖𝑗𝑠
𝑠
𝑛=0  denotes the sum of deaths avoidable 



by increasing the coverage of sth service to 95% in the ith grid location of the jth state in year t. The 

details of each component are explained in the following sections (2.2 and 2.3). 

 

2.2 Incremental cost (Rijst) 

The simplified formula for calculating total (Eijst) , baseline (Bijst)  and incremental cost (Rijst) to 

increase coverage of the sth essential health service to 95% is as follows: 

𝐸𝑖𝑗𝑠𝑡 = 𝐵𝑖𝑗𝑠𝑡 + 𝑅𝑖𝑗𝑠𝑡 

𝐸𝑖𝑗𝑠𝑡 = (𝑃𝑖𝑗𝑠𝑡× 𝑈𝑖𝑗𝑠) × 𝑐𝑒𝑖𝑗𝑠𝑡 + 𝑜𝑒𝑖𝑗𝑠𝑡 

𝐵𝑖𝑗𝑠𝑡 = (𝑃𝑖𝑗𝑠𝑡× 𝑈𝑖𝑗𝑠) × 𝑐𝑏𝑖𝑗𝑠 + 𝑜𝑏𝑖𝑗𝑠𝑡 

Eijst denotes the total cost to achieve the expected coverage (ceijst) of the sth health service in the ith 

grid location of the jth state in year t. Pijst represents the target population for the sth health service in 

the ith grid location of the jth state in year t. oeijst represents the total cost of outreach services for the 

sth health service in the ith grid location of the jth state in year t. Similarly, Bijst and obijst  denote the 

baseline cost and outreach service cost to achieve base coverage (cbijs). Rijst indicates the 

incremental cost for the sth health service in the ith grid location of the jth state in year t, which is 

calculated by subtracting Bijst from Eijst. We exclude oeijst and obijst for antenatal care and facility-

based delivery, since both services should be provided at health facilities.  

 

2.2.1 Target Population (Pijst) 

We calculated the size of the target population that should receive the sth essential health service in 

the ith grid location of the jth state in year t. The target population for antenatal care is pregnant 

women and for facility-based delivery and vaccinations is live births. The number of pregnancies 

and births per 1 km2 in 2015 were extracted from the WorldPop database.8 We estimated the 

population growth rate in the ith grid location by calculating the annual change in total population 

between 2015 and 2019 in that grid location. We forecast the target population in the  ith grid 

location of the jth state from 2023 to 2030 using the population growth rate since there was no data 

available on age-specific fertility rates and all-cause age-specific mortality rates. 

 

2.2.2 Mean costs of essential health service per target population (Uijs) 

 

We used the OneHealth tool (ver. 6.24) developed by Avenir Health to estimate the mean costs and 

time required to provide essential health services per target population, as shown in Table 2. 

Supplement files 1 and 2 provide the annual salary of health personnel and expected time required 

to provide each intervention by health personnel. Supplement file 3 provides the percentage of 

population in need, the list and cost of required medicines/supplies per case and per target 

population, and the human resource cost and required time by type of health personnel.  

In addition, we added 50% of medicines/supplies costs as indirect facility-level costs and 17% of 

medicines/supplies and indirect facility-level costs as above health-facility costs. These are the 

same assumptions the previous study used.2 



 

2.2.3 Expected and base service coverage (ceijst , cbijs) 

In this study, the target coverage for each essential service in 2030 was set at 95%. We treat the 

grid-level service coverage estimates in 2018 as the baseline service coverage based on the previous 

study. In this study, we assumed that the service coverage in 2018 was maintained at the same level 

through 2023 and that service coverage will linearly increase from 2024 to 2030 to achieve 95% 

coverage. We assume that the impact of COVID-19 pandemic on the selected service coverage was 

not significant. According to Nigeria MICS 2021,9 coverage of the selected essential health service 

slightly increased, compared to the DHS in 2018.  

 

 

2.2.4 Outreach service cost (oeijst , obijst)  

 

Outreach service cost for vaccination services is estimated using the following formula: 

𝑂𝑖𝑗𝑠𝑡 = 𝑡𝑒𝑖𝑗𝑠𝑡 × {(𝑑𝑖𝑠𝑖𝑗𝑠 × (𝑐𝑗 + 𝑠)) × 2 + (𝑎𝑑 + 𝑐𝑎𝑟)} 

𝑡𝑒𝑖𝑗𝑠𝑡 = (𝑃𝑖𝑗𝑠𝑡 × 𝑐𝑜𝑖𝑗𝑠𝑡 × 𝑝𝑒𝑟𝑖𝑗𝑠 × 𝑑𝑜𝑠𝑒𝑠)/𝑁 

Oijst indicates the cost of outreach service for the sth health service in the ith grid location of the jth 

state in year t. teijst denotes the number of outreach service to be conducted in the ith grid location of 

the jth state in year t. Pijst represents the target population of the sth health service in the ith grid 

location of the jth state in year t. coijst denotes the service coverage of the sth health service in the ith 

grid location of the jth state in year t. perijs denotes the percentage of the sth health service provided 

by outreach. doses indicates the number of doses required for target population (i.e., 3 for 

pentavalent and 2 for measles vaccines). N represents the average number of vaccination doses per 

outreach. We set 41 in urban areas and 9 in rural areas as the average number of doses administered 

per outreach session.10  disijs indicates travel time (minutes) from the ith grid location to the most 

accessible health facility assuming access to motorized transportation. Cj indicates the 

transportation cost of motorized transportation per minute by living location (urban or rural) and 

state. s, ad, and car denote the salary of a nurse per minute, administrative cost and rental car cost, 

respectively.  

According to the previous study in Nigeria,11 adding 1 km to distance to the nearest health facility 

reduces the likelihood of receiving DPT3 and measles vaccination by 8.8 and 8.2%. Since the travel 

time by walking was calculated assuming a walking speed of 5 km per hour in all road conditions,12 

We assumed that 8.5% of additional vaccinations would need to be provided by outreach services if 

walking travel time from the grid location to the most accessible health facility increases by 12 

minutes. Also, we assumed 0% of vaccinations was provided by outreach in the grid locations with 

less than 12 minutes of walking travel time to the nearest health facility. 

Travel time (minutes) from the ith grid location to the most accessible health facility using 

motorized transportation was extracted from the global map developed by the previous study.6 We 

used the Nigeria General Household Survey (NGHS) Wave 3 in 2016 and Wave 4 in 2018 to 

estimate transportation cost per minute by living location (urban or rural) and state. These surveys 

collected travel time and transportation costs of motorized transportation from a community center 

to important structures such as health facilities, schools, and markets in 447 communities. The 

transportation cost in NGHS was measured in Naira. The exchange rate in this study is 460 Naira 



per USD (Central Bank of Nigeria as of April 15, 2023).  In addition, to conduct outreach services, 

health workers need to spend some time coordinating with community members and arrange rental 

cars. Due to the limited data of coordination time and cost of hiring rental care in each region, we 

assumed 30 min and 30,000 Naira (i.e., 65 USD) per time in this study based on our experience. We 

define an urban area as having a minimum total population of 20,000 population based on Global 

Urban Rural Catchment Areas (URCA). All other areas are classified as rural.  

To understand variation in transportation costs and travel time, we estimated negative binomial 

regressions for each outcome. (The negative binomial is appropriate as transportation costs were 

count data measured in either Naira or minutes, both measured as integers). We treated travel time 

as an offset with a fixed logarithmic relationship to these counts and included survey year, living 

location and state as independent variables. Using the model, we estimated mean transportation cost 

by living location and state in 2020, assuming the inflation rate from 2016 to 2018 held through 

2020. The estimated transportation cost per minute and to the nearest health facility are shown in 

Supplement file 4.  

 

2.3 Number of avoidable deaths (Dijst) 

The simplified formula of calculating the number of avoidable deaths (Dijst) by increasing sth 

essential health services coverage to 95% is as follows: 

𝐷𝑖𝑗𝑠𝑡 = {(𝑃𝑖𝑗𝑠𝑡 × 𝑀𝑠) × {(𝑐𝑒𝑖𝑗𝑠𝑡 − 𝑐𝑏𝑖𝑗𝑠𝑡) × 𝑟𝑟𝑟𝑠}} / (1 − (𝑟𝑟𝑟𝑠 ∗ 𝑐𝑏𝑖𝑗𝑠𝑡)) 

Dijst indicates the number of avoidable deaths for the sth health service in the ith grid location of the 

jth state in year t. Pijst represents the target population for the sth health service in the ith grid location 

of the jth state in year t. ceijst and cbijs represent the expected coverage of the sth health service in the 

ith grid location of the jth state in year t and baseline coverage in 2023, respectively. Ms denotes the 

mortality rate for the sth health service. rrrs denotes relative risk reduction (RRR) for the sth health 

service. 

The mortality rate and RRR for the selected essential health service are summarized in Table 3. We 

used neonatal and under five mortality by geopolitical zone based on the MICS 2021.9 Relative risk 

reduction (RRR) of ANC is 39%.13 The percentage of avoidable mortality and relative risk 

reduction (RRR) of facility-based delivery is 24% and 25-86% respectively based on the Delphi 

estimates of mortality effects.14 Finally, the percentage of all-cause deaths avoided by pentavalent 

and measles vaccination were calculated using the ratio of specific causes of death to all-cause 

mortality based on the Global Burden of Disease 2019.15 RRR of pentavalent and measles 

vaccinations are based on previous studies.16,17  

 

3. Results 

3.1 Incremental cost to achieve 95% population coverage by 2030. 

Figure 1 shows the total cost to achieve 95% coverage of essential health services by type of cost. 

The total cost of achieving the target coverage in 2030 was 94 million USD for ANC, 285 million 

USD for skilled delivery, 499 million USD for BEmOC, 584 million USD for CEmOC, 71 million 

USD for pentavalent and 58 million USD for measles vaccinations. More than half of total costs for 



ANC, skilled delivery, BEmOC and CEmOC comprise human resource costs (78.2% for ANC, 

72.2% for skilled delivery, 68.6% for BEmOC, and 67.3% for CEmOC). On the other hand, for 

vaccination services, outreach is the primary cost driver (75.6.1% for pentavalent and 61.7% for 

measles vaccination). 

 

High-resolution maps of the mean annual incremental cost per capita by health service are shown in 

Figure 2. The maps highlight the grid locations and LGAs that require the largest additional 

investment in order to achieve universal coverage. The mean incremental annual cost per capita 

were 3.1 USD for ANC, 10.8 USD for skilled delivery, 19.0 USD for BEmOC, 22.2 USD for 

CEmOC, 5.2 USD for pentavalent vaccination, and 5.7 USD for measles vaccination. The 

interquartile range (IQR) of the incremental cost per capita varied by health service: 2.2 – 4.1 USD 

for ANC, 8.0 – 14.1 USD for skilled delivery, 13.9 – 24.6 USD for BEmOC, 16.3 – 28.9 USD for 

CEmOC, 2.5 – 7.0 USD for pentavalent vaccination, and 2.9 – 7.6 USD for measles vaccinations. 

Except in cities, incremental costs in the northern parts of Nigeria were higher than in the south. As 

shown in Supplement file 5, most parts of the northern Nigeria needed to increase health coverage 

by 8% or more every year from 2024 to 2030 to achieve 95% population coverage. Finally, 

Supplement file 6 presents grid-level cumulative total cost by service.  

 

3.2 Avoidable deaths by increasing essential health service coverage. 

The cumulative number of avoidable childhood deaths from increasing essential health service 

coverage from the baseline to 95% by 2030 is 240,000 for ANC,  43,000 for skilled delivery, 

73,000 for BEmOC, 190,000 for CEmOC, 390,000 for Pentavalent vaccination, and 99,000 for 

measles vaccination. Supplement file 7 shows the number of cumulative avoidable deaths by grid 

location and service. Figure 3 shows the LGA-level cumulative avoidable deaths and relative 

reduction from increasing coverage of maternal services (ANC and BEmOC) and vaccinations 

(Pentavalent and measles vaccines) to 95% coverage from 2024 to 2030. 31.6% of LGAs had more 

than 500 additional deaths averted over 7 years by increasing maternal service, while  45.6% of 

LGAs saved more than 500 childhood lives over 7 years by increasing vaccination service. Due to 

low service coverage (as shown in Supplement 5) the northern part of Nigeria had a higher relative 

reduction compared to the southern part of Nigeria. LGAs with larger population were more likely 

to result in more avoidable deaths but smaller relative reductions since the service coverage in these 

LGAs were higher than other LGAs.  

 

3.3 Incremental cost-effective ratio (ICER)  

Figure 4 shows the ICER of increasing either maternal coverage or vaccination coverage, as well as 

the ICER of increasing both. The figure also provides a ranking of LGAs by ICER. The highest 

ICER of maternal, vaccination and both services were 12,786 USD, 3719 USD and 4284 USD, 

respectively. For maternal service ICER, rural LGAs in the south east geopolitical zone had higher 

ICERs. Grid locations with close to health facility (i.e., within 12 minutes by walking), assuming no 

need for outreach service,  had lower ICERs than other areas on average. Most LGAs in the North 

Central Region had lower rank based on maternal service ICER and vaccination service ICER. 

Supplement 8 reports maternal, vaccine, and total ICER and ranks for each LGA. 

 

 

Discussion 



This study estimated the incremental costs and mortality consequences of increasing maternal and 

vaccination services at the grid- and LGA-levels in Nigeria. ICER was also calculated to confirm 

the cost-effectiveness of these services in all LGAs. This study utilized the latest grid-level data on 

target populations, mortality, service coverage, and time to health facility. We also used the 

OneHealth tool to calculate unit cost for each target population and took into account outreach cost 

for delivering vaccination service, indirect facility-level costs and above-health facility costs. 

 

Our estimates of service-specific incremental costs by LGA will help project managers and 

government officials estimate the gap between current budgets and budgets required to hit 95% 

coverage targets by 2030, a key step in develop strategies to fill in these gap. We also show these 

strategies must focus on labor. 65.9% of the total cost of achieving 95% population coverage of 

ANC, BEmOC, Pentavalent and measles vaccination were labor costs. While we also added above 

health-facility costs in our estimation based on the previous study2, training new health workers 

could also require larger budgets. Further investigation is needed to estimate the required number of 

health workers and training cost to achieve target service coverage.  

 

LGAs with lower service coverage and smaller population size will need to expand their budgets 

more per capita in order to catch up.. A previous study estimated that incremental annual cost per 

capita to achieve 80% of coverage of 115 and 218 unique health interventions in 21 essential 

packages were 43 USD and 92 USD in lower-middle-income countries. In the present study, the 

incremental annual cost per capita for achieving 95% of population coverage of ANC, BEmOC, 

pentavalent and measles vaccination was 32 USD. It is challenging to compare these results given 

differences in target coverage, the number of health interventions included, and methodologies 

employed between the two studies. However, our study underscores the substantial financial 

commitment required to achieve UHC. Also, the wide range of IQR of the incremental cost per 

capita between LGAs highlighted the need for subnational-level cost analysis to inform efficient 

resource allocation. Given geographic diversity and varying health needs and resources across 

Nigeria, localized estimates of required costs are fundamental for developing effective UHC 

strategies. 

 

Outreach cost accounted for a major part of vaccination service cost. Key components in calculating 

outreach cost include the number of doses administered per session, the travel time to health 

facility, and the percentage of vaccinations provided by outreach service. Increasing the number of 

doses administered per session would result in considerable cost savings. This underscores the 

importance of effective planning and coordination in the delivery of outreach services. Strategies to 

increase the number of children reached during each session, such as robust community 

engagement, advance notice, and reliable scheduling, can play an essential role in increasing the 

number of doses administered per session. 

  

Another strategy to reduce the incremental cost of outreach service is to establish new health 

facilities or posts. This approach requires not only an initial investment for facility establishment 

but also maintenance costs. On the other hand, newly established health facilities can provide a 

wide range of health services beyond vaccination. By making health facilities accessible to the 

surrounding population, there would be potential savings in outreach. However, it is essential to 

carefully consider the cost-effectiveness of this approach, considering the size of the population 

served, their health needs, and the financial and logistical capacity to establish and maintain health 

facilities. 

 



This study confirmed that both maternal and vaccination services were cost-effective interventions 

in all LGAs, although there was significant variation in ICER. Locations with high baseline service 

coverage and low outreach cost, which indicated having more health sources, had lower ICER than 

other areas. Also, childhood mortality and the percentage of all-cause deaths avoided by pentavalent 

and measles vaccination in urban areas may be lower than those in rural areas. Since we used the 

consistent mortality and the percentage of avoidable deaths  values across geopolitical zones or the 

country, estimated avoidable deaths in urban areas may be overestimated, which resulted in lower 

ICER. Accounting for substantial variations in mortality, the burden of diseases, and health 

resources would improve the estimation of avoidable deaths and ICER. 

 

Limitations 

This study has several limitations. One concern is utilizing the high-resolution maps on service 

coverage estimated in the previous study. The latest maps were in 2018. Since there was no survey 

data with GPS coordinates, we could not update the map for this study. If significant improvements 

have occurred in a specific district or community recently, these maps would not capture those 

changes. Another limitation is the lack of sufficient grid- and district-level data on mortality and the 

percentage of all-cause deaths. These values were uniform across the country or geopolitical zones. 

It would result in underestimate or overestimate avoidable deaths depending on the location. Also, 

in this study, we assumed that an additional 8.5% of vaccinations are provided by outreach services, 

as a 12 minutes of walking travel time increase. While this assumption is based on the previous 

study in Nigeria,11 it assumed a linear association between access to health facility and vaccination 

service utilization. However, the relationship between accessibility and service utilization may not 

always be linear. Our model also assumed that 95% population coverage can be reachable with 

adequate funding. However, it may be unrealistic due to vaccine hesitancy and religious reasons. 

The cost-effectiveness of vaccination service decreased as reaching to 80 – 90% of vaccination 

coverage.  Furthermore, this study did not account for a synergy effect between health services. 
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Figure 1. Total and incremental cost to achieve 95% population coverage by 2030
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Figure 2. Annual incremental cost per capita (in USD) by essential health service
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Figure 3 Avoidable deaths and relative reduction by maternal and vaccination services 
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Figure 4.LGA-level cumulative avoidable deaths and relative reduction



Conclusion 

 

This dissertation aimed to address the priority setting for achieving Universal Health Coverage 

(UHC) in Nigeria through a spatial and temporal analysis and cost-benefit analysis. The findings 

and implications of this research shed light on the challenges and opportunities for improving 

healthcare accessibility and service coverage in Nigeria. 

The Aim 1 study identified individual and contextual factors consistently associated with the 

utilization of multiple essential maternal and child health services in Nigeria. Higher maternal 

education and households’ wealth were significantly associated with utilization of all types of 

essential MCH services. On the other hand, households with more children under five years of 

age and in poor communities were significantly less likely to utilize essential MCH services. 

Except for childhood immunizations, greater access to transportation was positively associated 

with utilization. Households with longer travel times to the most accessible health facility were 

less likely to utilize all types of essential MCH services, except modern contraceptive use and 

treatment of childhood fever and/or cough. These results allow policymakers to identify the 

consistent barriers to essential maternal and child health services,  and characteristics of 

underserved populations. It would enable them to develop targeted interventions and policies to 

improve service coverage. 

The Aim 2 study estimated the grid-level coverage of selected essential maternal and child health 

services in Nigeria using generalized additive models and Gradient Boosting techniques. By 

mapping the service coverage across the country, policymakers can identify areas with low service 

coverage and prioritize resource allocation accordingly. This spatial analysis reveals National and 

sub-national MCH service coverages mask significant spatial heterogeneity in Nigeria, which 

may result in poor decision making on geographical prioritization at the LGA level. Also, 

inequities in MCH service coverages between LGAs varied by state and type of service. High-

resolution maps such as the ones developed by this study can guide geographic prioritization and 

help develop better strategies and implementation plans, allowing limited resources to be targeted 

to areas with lower coverage of essential MCH services. 

Furthermore, the Aim 3 study estimated the incremental costs and potential benefit on avoidable 

child deaths from increasing essential health service coverage in each community and local 

government area (LGA), Nigeria. This study confirmed that both maternal and vaccination 

services were cost-effective interventions in all LGAs, although there were some ranges of ICER. 

LGAs with low service coverage need to spend more budget per capita to achieve 95% target, 

since  the annual required increase of service coverage in those areas was high. 65.9 % of total 

cost of achieving 95% population coverage of ANC, BEmOC, Pentavalent and measles 

vaccination was labor cost. The outreach cost accounted for a major part of vaccination service 

cost. Increasing the number of doses administered per outreach session would result in 

considerable cost savings. By quantifying the financial resources needed and the potential 

reduction in child deaths, policymakers can make informed decisions on resource allocation and 

prioritize interventions that would have the greatest impact on improving health outcomes. These 

cost estimates also provide valuable information for mobilizing domestic resources and 

advocating for increased public spending on health to achieve UHC. 

In conclusion, this dissertation emphasizes the importance of multi-dimensional priority setting 

in achieving Universal Health Coverage in Nigeria. By identifying the factors influencing health 



service utilization, assessing regional disparities, estimating required costs, and quantifying 

potential impacts, policymakers can make evidence-based decisions to maximize the efficiency 

and effectiveness of healthcare interventions. The findings and recommendations of this research 

contribute to the broader global agenda of achieving UHC and improving health outcomes for all 

populations, particularly in low- and middle-income countries. 
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