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Abstract 

 

Global commitment to the Sustainable Development Goals to improve maternal and 

newborn health is premised on and motivated by the understanding that universal health 

coverage of comprehensive, high quality maternal health services could be a path towards 

improved maternal and newborn health. This has propelled scientific inquiry towards 

understanding and improving the quality of facility-based maternal and newborn care globally. 

This dissertation assesses the trends in quality of maternal and newborn care across several low- 

and middle-income countries (LMICs), as well as the impact of poor quality of care on maternal 

health outcomes.  

This dissertation is guided by the World Health Organization (WHO) framework for 

quality of care for pregnant women and newborns and comprises of three distinct empirical 

studies on quality of facility-based maternal and newborn care. The first study uses a nationally 

representative sample of public health facilities at the district level across India to explore the 

public health system’s capacity for basic delivery and newborn services. The second study 

assesses socioeconomic disparities in access to high quality maternal care in Kenya by 

combining a nationally representative health system assessment with population-representative 

demographic data to describe and quantify the geographic distribution of poverty and maternal 

care quality. The third, and final, study examines the relationship between quality of care during 

childbirth and severe maternal outcomes using a large cross-sectional survey of over 300,000 
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births across 357 health facilities in 29 countries in Africa, Asia, Latin America and the Middle 

East.  

These studies use innovative approaches and underutilized data sources to extend 

empirical methods for studying quality of maternal and newborn care to ultimately monitor 

quality improvement and make progress towards meeting the global goals for reducing the 

burden of poor maternal and newborn health. The results underscore the need to generate 

context-specific evidence in LMICs to monitor and improve quality of care for mothers and 

newborns, and to target programs to reach health facilities with poor quality and health 

outcomes. 
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Chapter 1: Introduction 

Significance   

The disproportionately high burden of poor maternal and newborn health in the world’s 

poorest countries, especially among poor and vulnerable populations, is unjustifiable and 

remains a major global health and development issue. Of the 830 women who die each day from 

preventable causes related to pregnancy and childbirth, approximately 99% die in developing 

countries.1 Of the estimated 303,000 maternal deaths that occurred globally in 2015, more than 

half occurred in sub- Saharan Africa and approximately one-third in South Asia.2 Furthermore, 

there are large socioeconomic disparities between and within countries.1,2   

The last two decades have seen much progress in improving the health of women and 

their newborns globally. The global maternal mortality ratio (MMR) declined from 385 to 216 

per 100,000 live births between 1990 and 2015.3 During this period of the Millennium 

Development Goals (MDGs), which prominently featured improvements in maternal health as 

one of the eight core agendas, a steady decline in maternal mortality was observed in low-, 

middle- and high-income countries. However, despite this progress, the MDG target of 

achieving a 75% decline in preventable maternal deaths was not met.1 This unfinished agenda is 

central to the commitments in the Sustainable Development Goals (SDGs), with an ambitious 

target of reducing global MMR to less than 70 per 100,000 births by 2030, and additional 

targets on addressing inequities in health outcomes.4 A central component of the monitoring, 

research, and programmatic work related to achieving the SDG target and reducing global 

maternal and newborn mortality and morbidity concerns the quality of care women and 

newborn receive.2,5-12  

In a seminal study on strategies to reduce maternal mortality, Thaddeus and Maine 

outline three delays explaining poor health outcomes: (1) delay in decision to seek care; (2) delay 

in reaching the health facility and (3) delay in the provision of adequate care.13 Responding 
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directly to the first two delays, the MDG era efforts were primarily centered on increasing 

facility-based care, through both demand- and supply-side innovations. The prioritization of 

this strategy has continued in the post-MDG era, with an emphasis on universal health coverage 

as a core SDG agenda.4 These strategies are premised on the understanding that once women 

reach the facility, many factors leading to poor health outcomes can be overcome.12,14,15 In 

support of this are, rising facility delivery rates. Although, the proportion of births happening in 

a health facility has increased globally in the past two decades, this increase remains far short of 

the target of universal coverage. In sub-Saharan Africa, even in countries with high coverage of 

antenatal care, only about half of all deliveries happen in health facilities.16-18 In the absence of 

timely, comprehensive, and high quality care delivered by competent providers when women 

reach the facility, solely improving access to facilities simply means that the burden of 

preventable mortality and morbidity is shifted from homes to facilities without a corresponding 

and consistent decline in adverse health outcomes.5,11-14,19 

A small but growing body of evidence indicates that women’s experienced and perceived 

quality of care in health facilities is one of the reasons women do not deliver in health facilities 

or bypass nearby facilities for care.17,20-25 What is more, the increase in facility-based births has 

not translated in a desired reduction in adverse maternal and newborn health outcomes. India’s 

Janani Suakshya Yojana, and Gujarat’s Chiranjeevi scheme, on which India’s flagship cash 

transfer program was based, were ineffectual in improving health outcomes.26-29 A multicountry 

study on maternal and newborn health, led by the World Health Organization, showed that 

despite high coverage of essential interventions, adverse maternal outcomes were higher than 

expected given case severity.30 The unprecedented increase in institutional deliveries without 

sufficient investments to ensure quality may explain why increased access to care has not 

translated to similar decline in maternal and newborn mortality. 

  There is growing recognition in the global health community, that universal health 

coverage, with comprehensive, high quality maternal health services at its center, could be a 
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path towards improved maternal and newborn health.5,10-12,19 Attaining the desired uptake of 

available services and a concomitant reduction in adverse outcomes will require overcoming the 

“third delay” in Thaddeus and Maine’s model, i.e., delay in provision of adequate care. This has 

revived global attention on realizing the right of every woman to high quality clinical and 

interpersonal care – care that prevents negative outcomes, improves health and ensures a 

positive pregnancy and childbirth experience.8,10,12,31 

 

Conceptual framework 

Efforts towards improving quality of pregnancy, childbirth and newborn care globally 

would be most effective if they emerged from a shared understanding and definition of quality. 

As quality is a multidimensional concept, a common definition is a necessary foundation for 

building a generalizable, transferrable evidence base and sharing best practices and experience 

across various contexts.8,32 Therefore, defining and operationalizing this definition to measure 

quality should be core to initial steps towards improving quality of care.  

From with Institute of Medicine’s 2001 canonical report on quality of healthcare to the 

most recent Lancet Global Health Commission on High Quality Health Systems in the SDG era, 

there have been numerous efforts to define quality healthcare.8,10,31,33-36 These efforts share an  

understanding that a health system is better suited to meeting patient needs if it is safe, 

effective, patient centered, timely, efficient, and equitable.33 There is a growing consensus also 

that only a health system that ensures competent care and positive user experience can impact 

outcomes that matter to populations – better health, confidence in system and economic 

benefits.33  

In one of the earliest efforts measure quality of care, Avedis Donebedian operationalized 

quality along three critical components: structure, process and outcome.37 First, structural 

elements represent necessary, but not sufficient, conditions for the delivery of a given quality of 

health care such as availability of medicines and equipment. Second, process indicators, include 
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both technical (appropriate delivery of clinical procedures) and interpersonal (client-provider 

interactions) aspects of healthcare delivery, and represent the closest approximation of the 

actual quality of health care offered. Third, outcome indicators, at least in theory, measure 

health improvements attributable to medical care, for example, hospital maternal mortality rate. 

In practice, these measures must be used with caution as they may be affected by factors driving 

health outcomes other than quality of healthcare delivered, for example severity of the case or 

case-mix in the health facility. Numerous frameworks have since proliferated; while each may 

differ from the other in their focus, and on the relative importance given to different domains of 

quality, a common thread is the understanding that high quality care should improve health 

outcomes and respond to user needs and preferences.8,10,31,33-36  

Guiding the research questions and analytic approach in this dissertation is the 

conceptual framework proposed by the World Health Organization (WHO) which builds on the 

simple, yet most comprehensive framework for quality of care offered by Donabedian.10,37 Prior 

frameworks have not been specifically adapted to the unique context of care for pregnant 

women and newborn; the WHO framework identifies important domains for measuring and 

improving quality of care for maternal and newborn health and ultimately impacting individual 

and facility-level outcomes (Figure 1).10 Focusing on care provided to pregnant women and 

newborns in health facilities, this framework envisions health systems as the foundation for 

offering quality care and improving population health.10 In this WHO framework, quality of care 

directly corresponds to what is described as the process of care in Donebedian’s framework and 

some aspects of structure as well.10,37 Furthermore, the connections between provision and 

experience of care is articulated more explicitly in this framework.  

The WHO framework explicitly articulates the connections between structure, process 

and outcomes in facility-based care for pregnant women and newborns, identifying important 

domains that can offer an entry point for improving quality of care, or measuring and 

monitoring facility-performance. Availability of competent and motivated staff, and essential 
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physical resources forms the bedrock for quality care provision in facilities. These enable 

process of care to occur along two interlinked dimensions: provision of care and experience of 

care. Provision of care is close to technical quality of care and includes evidence-based practices 

for routine care and complication management, actionable information systems, and functional 

referral systems. Experience of care refers to interpersonal aspects of care provision such as 

effective communication, respect and dignity and emotional support. Collectively, improved 

provision and experience of care would then improve coverage of key practices, health and 

people-centered outcomes. 

 

Figure 1.1: WHO Quality of Care Framework for maternal and newborn health 
Originally published in Tuncalp, et al. (2015). "Quality of care for pregnant women and newborns-
the WHO vision." BJOG 122(8): 1045-1049. 



 

 6 

For a comprehensive understanding of the quality of care offered to pregnant women 

and their newborns, information on all domains described within quality of care in Figure 1 

alongside information on health system capacity and observed outcomes would be required. 

Given current methodological and data limitations, such an effort is neither pragmatic nor 

efficient. However, this does not imply that a piecemeal approach to understanding various 

domains or aspects of quality cannot be useful; in fact, valid and reliable information represent 

valuable input, and can be a starting point, to improving care delivery by both raising 

accountability and guiding action. To this end, this dissertation aims to describe the state of 

quality care for pregnant women and newborns across various global settings and offer guidance 

on addressing measurement and monitoring gaps that persist and hinder efforts to track and 

accelerate progress towards meeting global goals for maternal and newborn health.  

Each study presented in this dissertation are motivated by the WHO framework for 

quality of care.10 The first study builds on the argument underscored in the WHO quality of care 

framework that essential physical resources and competent and motivated human resources 

availability represent necessary foundation or an enabling environment for offering high quality 

care. In the second study, I define quality along the domains of provision of evidence-based care 

and availability of essential physical resources, as applied to care provided during antenatal and 

intrapartum period. Finally, the research question in the third study emerges from the 

connection between provision of evidence-based care and health outcomes made in the 

framework.   

 

Dissertation overview 

This dissertation comprises of three distinct empirical analyses on quality of facility-

based care for pregnant women and newborns, collectively addressing all three aspects 

(structure, process and outcomes) described in Donabedian’s conceptualization of quality of 

care and retained in the more detailed WHO quality of care for pregnant women and newborns 
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framework.10,37 All three analyses use large-scale, cross-sectional data across global settings with 

a view towards facilitating use of evidence to increase accountability and drive national and 

global decision making on efforts to improve quality of care.  

Chapter II presents the first analysis exploring the Indian public health system’s capacity 

for basic delivery and newborn services using the District Level Household and Facility Survey 

(DLHS). Given the lack of a global standard that needs to be met by all facilities offering 

childbirth care, and appreciating the importance of context in which the health facilities are 

operating, I employed the Indian Public Health Standards as a benchmark for assessing facility 

capacity to provide basic intrapartum care. Using a nationally representative sample of public 

facilities at the district level across India, I describe facility capacity for basic delivery and 

newborn care and document differences in facility capacity between urban and rural areas, and 

across Indian states. 

The analysis presented in Chapter III is motivated by the Julian Tudor Hart’s inverse 

care law describing a perverse, inverse relationship between the population need for social and 

medical care and its actual availability.38 In this analysis, I investigate the distributional aspects 

of high quality care by assessing socioeconomic disparities in access to high quality maternal 

care in Kenya. I combine a nationally representative health system assessment with population-

representative demographic data to describe the geographic distribution of poverty and 

maternal care quality. I define quality of care along structural and process elements for 

antenatal and intrapartum care. Moving beyond the availability of infrastructure, staffing and 

equipment, I examine clinical care processes using direct observation data on antenatal and 

intrapartum care as is offered in the study facilities. Using thus constructed indices of quality, I 

compare the quality of care available to poor and non-poor Kenyan women.  

Building on the prior chapters which describe the quality of care in two countries and 

how quality is unevenly distributed by geography and socioeconomic status, in Chapter IV, I 

investigate the association between quality of care during facility-based childbirth (process of 
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care) and maternal morbidity and mortality (health outcomes) using a multicountry dataset. By 

analyzing facility-level quality or provision of evidence-based practices for routine care and 

complication management during childbirth and its association with health outcomes, this 

analysis aims to address a gap in current guidance on measuring quality of childbirth care and 

benchmarking facility performance. Using a survey of over three hundred health facilities across 

twenty-nine countries, I created indices of facility-level obstetric care competence and assessed 

their relationship with severe maternal outcomes (maternal death or near-miss) for 

approximately three-hundred thousand women. The innovative use of a rare dataset that allows 

linking of process quality with health outcomes, this study aims to advance the methodology for 

identifying best performers, which could serve as a starting point for better monitoring of and 

improving quality of facility-based childbirth care.    

Finally, Chapter V summarizes the findings from the three analyses and discusses the 

implications of these findings for both research and policy as they relate to the global maternal 

and newborn health agenda.  
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Abstract 

Background 

Despite an increase in facility delivery in India, maternal and newborn mortality remain high. In 

this paper, we (1) assess inputs and processes for basic delivery and newborn (delivery care 

hereafter) care in public primary care facilities (Primary Health Centers [PHCs] and Community 

Health Center [CHCs]) in India; and (2) describe differences in facility capacity between rural 

and urban areas and across states.  

 

Methods 

We used data from the nationally representative 2012-2014 District Level Household and 

Facility Survey, which includes a census of community health centers (CHCs) and sample of 

primary health centers (PHCs) across 30 states and union territories in India to develop a 

summative index of 33 structural and process items matching the Indian Public Health 

Standards for PHCs as a metric of minimum facility capacity for delivery care. We assessed 

differences in performance on this index across facility type and location.  

 

Results  

The study sample comprised of 8536 PHCs and 4810 CHCs. About 30% of PHCs and 5% of 

CHCs reported not offering any intrapartum care. Amongst those offering services, volumes 

were low: median monthly delivery volume was 8 (IQR=13) in PHCs and 41 (IQR=73) in CHCs. 

Both PHCs and CHCs failed to meet the national standards for basic intrapartum care capacity. 

Mean facility capacity was low in PHCs in both urban (0.64) and rural (0.63) areas, while in 

CHCs, capacity was slightly higher in urban areas (0.77 vs. 0.74). Gaps were most striking in 

availability of skilled human resources and emergency obstetric services. Poor capacity facilities 

were more concentrated in the more impoverished states, with 37% of districts from these states 
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receiving scores in the lowest third of the facility capacity index (<0.70), compared to 21% of 

districts otherwise.  

 

Interpretation  

Basic intrapartum care capacity in Indian public primary care facilities is weak in both rural and 

urban areas, especially lacking in the poorest states with worst health outcomes. Improving 

maternal and newborn health outcomes will require focused attention to quality measurement, 

accountability mechanisms, and quality improvement. Policies to address deficits in skilled 

providers and emergency service availability are urgently required.  
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Introduction  

The adoption of Sustainable Development Goals (SDGs) has reaffirmed the reduction of 

preventable maternal and newborn deaths as global health priorities. Achieving the targeted 

reduction of the global maternal mortality ratio (MMR) to less than 70 per 100,000 live births 

and neonatal mortality to 12 per 1,000 live births1 will require near universal coverage of 

institutional deliveries and timely detection and management of birth complications, as most 

maternal and newborn deaths occur at birth or within 24 hours of birth.2 An emerging body of 

literature suggests that getting women to facilities alone will not suffice: what happens when a 

woman reaches a facility – including her right to quality antenatal, intrapartum, and 

postpartum care – matters3,4, especially given the global mandate of universal health coverage.5,6  

In India, increased coverage of facility-based births has not successfully translated to 

desired improvement in health outcomes for mothers and newborns. Under India’s National 

Rural Health Mission (NRHM, now called the National Health Mission or NHM), a variety of 

interventions were introduced through architectural improvements in the fund flow and design 

of services: increased number of maternal care facilities, particularly primary health centers 

(PHCs) and community health centers (CHCs); a strengthened supply chain for essential 

medicines, equipment and supplies; and Janani Surakshya Yojana (JSY), a financial-incentive 

program to increase institutional deliveries.7 Following the launch of NRHM in 2005, 

institutional deliveries in rural areas have more than doubled,8 and a declining trend in 

maternal and newborn mortality has been noted, although strong causal evidence linking 

NRHM efforts to improved health outcomes for mothers and newborns is lacking.9-11 Annual 

decline in neonatal mortality between 2005 and 2015 was faster than in the preceding years; 

however, the rate of decline is not sufficient to meet the 2030 SDG targets.12 Inadequate quality 

of care, including insufficient facility readiness, and low provider skill and clinical management 

capacity, as evidence from low and middle income (LMIC) countries indicates, may explain why 

increased utilization alone may not have resulted in the desired reduction in adverse 
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intrapartum outcomes.13,14 Moreover, quality of care itself also affects utilization. Evidence from 

India indicates that the availability of a labor room and adequacy of essential equipment and 

laboratory services for childbirth at public health facilities have a significant effect on service 

uptake.15,16 Describing and improving quality of intrapartum care is relevant to improving 

service uptake in India, where maternal and newborn services are underutilized despite the 

availability of primary healthcare in public health facilities free of charge.  

Public health facilities are a significant provider of care in India, especially for rural and 

vulnerable population segments. About 80.1% of all deliveries in rural India are facility-based, of 

which about 70% are in public facilities.17 For urban areas, 89.5% of births are institutional, 

47.4% of which are in public facilities.17 In the majority of India’s states, more facility-based 

deliveries happen at government health institutions than in private facilities.18,19 Additionally, 

quality of care in the public sector affects the poorest segment of the population the most, as the 

poorest wealth quintile class is more heavily reliant on public health facilities than the richest, in 

both rural (58% vs. 29%) and urban areas (48% vs. 19%).17,20  

India has made several efforts to strengthen its public health service provision. Initial 

policy emphasis was on rural areas given the preponderance of the Indian population living 

there and the assumption that population access to quality health services was relatively better 

in urban areas. However, mounting evidence of worse health outcomes for the urban poor 

compared to the urban rich - and sometimes even rural populations - led to the formal launch of 

the National Urban Health Mission in 2013.21 The unified National Health Mission is now 

charged with oversight for public health care in urban and rural areas.22 The implementation of 

programs and policies, however, has varied sub-nationally. Under the NRHM, substantial 

funding and technical support has been provided to states with relatively weaker public health 

indicators and health system infrastructure, including the Empowered Action Group (EAG) 

states (Bihar, Jharkhand, Chhattisgarh, Madhya Pradesh, Uttar Pradesh, Uttaranchal, Orissa 

and Rajasthan).23 About 46% of India’s population resides in the EAG states, and this region 
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lags behind the rest of the Indian states on socio-economic, demographic and health 

indicators.23  

To boost the performance of public health facilities, in 2007 the government introduced 

the Indian Public Health Standards (IPHS), a set of recommendatory standards to be used as a 

reference for public health infrastructure planning and as a benchmark for assessing the 

functional status of health facilities.24 Although widely used in health system planning and 

management, the use of these standards in health system research has been limited in number 

and geographic scope to date. Rural health statistics from 2015 note that only 21% of PHCs and 

26% of CHCs were functioning in concordance with IPHS standards, although a service-specific 

breakdown was not provided.25 A few studies have utilized IPHS as a reference, noting 

deficiencies in service availability, human resource and infrastructure.26-29 With one exception,29 

all these studies surveyed less than a hundred facilities.  

The aim of this work is to understand the capacity of the Indian public health system to 

provide quality intrapartum care. This is an important element of understanding the effects of 

maternal and newborn health policies to date and setting priorities for health system 

strengthening going forward. In this paper, using the updated IPHS (2012) as the minimum 

standard for basic facility capacity for intrapartum care, we (1) assess the performance of PHCs 

and CHCs in India against this standard; and (2) describe differences in intrapartum care 

capacity between urban and rural areas, and across states. 

 

Methods  

Study sample 

We drew data from the fourth cycle of the District Level Household and Facility Survey 

(DLHS) conducted by the International Institute of Population Sciences in India. We used data 

from the facility modules of the DLHS for PHCs and CHCs to capture the primary level of the 

public health system designated to provide intrapartum care services. Typically, PHCs serve a 
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population of 20,000 to 30,000,30 and CHCs, which are intended to be referral centers for four 

PHCs, cater to approximately a population of 80,000 to 120,000.30 Within the tiers of the 

Indian public health system, CHCs are referral centers for PHCs; yet they are frequently used for 

first-line intrapartum care. In this paper, in keeping with international guidelines, both are 

referred to as primary care facilities.31 

The most recent survey, DLHS-4, was conducted in 2012-2014 and contains a sample of 

PHCs designed to be representative at district level and a census of CHCs. We also obtained the 

most recent district and state boundaries from the database of global administrative areas 

(GADM.org) and matched DLHS data to the appropriate area using state and district name. We 

were unable to match three districts, likely due to district boundary changes between 2013 and 

2016.  

 

Basic intrapartum care capacity index 

Availability of essential physical and human resources and services is foundational to the 

provision of high-quality care 32. The study objective was to evaluate basic intrapartum care 

capacity that should be present in all childbirth facilities. As described in the WHO quality of 

care framework for maternal and newborn health,32 which builds on Donebedian’s framework of 

healthcare quality,33 structural capacity elements, such as availability of drugs and supplies, 

refer to necessary, but not sufficient, human and physical resource conditions for care delivery. 

Process capacity elements refer to facility’s ability to offer evidence-based practices for routine 

care and management of complications, such as assisted vaginal delivery or administration of 

parenteral antibiotics.  

We used the IPHS for PHCs to define intrapartum care capacity in this context; CHCs are 

assumed to meet at least the standards of the lower-tier PHCs.30 The facility capacity index 

comprises structure and process capacity elements required for both routine and basic 

emergency obstetric care.  



 

 18 

We identified 48 elements of the IPHS pertaining to intrapartum care. Of these, we 

found at least some information on 33 in the DLHS facility audit, of which 26 were a complete 

match. Facility capacity to offer services such as manual removal of placenta, appropriate pre-

referral management of and referral for obstetric emergencies, and availability of select drugs 

and equipment, identified as the basic requirements for all PHCs and higher-level facilities, were 

not included in the facility audit. See Table 2.1 for the full list of IPHS requirements along with 

corresponding item from DLHS survey.  

Our data comprised both observed and self-reported measures of structural inputs to 

care and self-reported process capacity indicators. Structural inputs fell into four sub-domains: 

skilled provider availability (average of 4 indicators), facilities for a functional labor room 

(average of 9 indicators), emergency drugs and supplies for labor (average of 10 indicators), and 

delivery and newborn care equipment and supplies (average of 5 indicators). Process capacity 

indicators included reports from survey respondent (facility managers or medical officers in 

charge) on availability of assisted vaginal deliveries; administration of parenteral oxytocins, 

antibiotics, magnesium sulfate; postpartum hemorrhage management; newborn resuscitation 

and thermal protection services. All process capacity indicators were binary measures. The 

items were grouped following the IPHS categorization. See Supplementary Figure 2.1 for details 

on all items.  

 

Table 2.1: Indian Public Health Standard for basic delivery and newborn care, and corresponding 
question (closest match) in the DLHS-4 facility survey for Primary and Community Health Center 
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Table 2.1 (Continued) 
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Table 2.1 (Continued) 
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Table 2.1 (Continued) 
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Table 2.1 (Continued) 
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For both structure (4 sub-domains) and process (7 items) capacity indices, sub-domains 

or indicators were averaged to provide a facility summary score from 0 to 1, with missing values 

excluded. Missing values were minimal (less than 3% of facilities) for all indicators except for 

availability of newborn resuscitation (11% of PHCs missing) and electricity supply with backup 

(23.6% of PHC and 9.6% of CHC missing). We created an index of facility capacity for basic 

intrapartum care as an average of the structure and process capacity indices. We followed  

current practice and weighted each indicator equally within a sub-domain or index given the 

lack of guidance in the IPHS on weights.34,35  

 

Covariates  

We identified covariates that may be associated with facility capacity. We followed DLHS 

classification of facilities as either a PHC or CHC, which is based on delivery volume and their 

capacity to perform comprehensive obstetric emergency management. We categorized facilities 

by rural versus urban location as reported in the survey. We also calculated annual delivery 

volume based on facility report, excluding missing values. We calculated capacity for quality 

intrapartum care within districts by weighting each facility by delivery volume. For weighting, 

we assigned facilities reporting childbirth capacity but missing delivery volume data or reporting 

no deliveries a delivery volume of 1.  

 

Statistical analysis 

In this analysis, to describe primary level public health facilities’ capacity to provide 

basic intrapartum care, we first calculated availability of basic childbirth care services at the 

facility level: facilities not offering any services, facilities offering round-the-clock services, and 

those providing daytime services only. Some PHCs and CHCs may have curtailed services 

possibly due to low volume (resulting from proximity to a higher-level facility), inadequate 

infrastructure or human resources. As our data do not support classification of these facilities 
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based on the reason for service unavailability (which may have been justified or not, given 

individual circumstances), we restricted subsequent analysis to facilities reporting provision of 

either round-the-clock or daytime only childbirth services. In this sample, we assessed each 

facility’s adherence to national standard for care provision, stratified by facility type (PHC or 

CHC).  

We described variation in facility-level capacity across rural and urban settings. We 

employed Pearson’s chi-square test for binomial and Student’s T-test for continuous indicators 

to assess the statistical significance (p<0.05) of difference in capacity between PHCs and CHCs 

and between rural and urban PHCs. To visualize differences in intrapartum care capacity across 

India, we also calculated averages of overall facility intrapartum care capacity at the district 

level, weighting facilities by total deliveries. For mapping, we divided the overall facility capacity 

index scores into sixths, designating the lowest third of scores as “poor capacity.” 

Statistical analysis was done using Stata 14.1 (StataCorp, Texas) and mapping using QGIS 

Version 2.12 (Free Software Foundation, Massachusetts). 

 

Ethical approval 

The Harvard University Human Research Protection Program approved this analysis as 

exempt from human subjects review. 

 

Results  

The 2012-2013 DLHS-4 facility survey was conducted across India; however, data are 

publicly available only for 30 out of 36 states and union territories (excluding the states of 

Gujarat, and Jammu and Kashmir, and the territories Dadar and Nagar Haveli, Daman Diu, the 

National Capital Territory of Delhi, and Lakshadweep). Our study sample comprised a total of 

8536 PHCs and 4810 CHCs. Although all PHCs and CHCs are expected to provide childbirth 

care, about 30.2% (N=2557) of PHCs and 5.2% (N=251) of CHCs reported not providing any 
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childbirth services, either round-the-clock or daytime-only. Only 59.7% (N=4798) of rural and 

62.7% (N=312) of urban PHCs and only 92.7% (N=3578) of rural and 94.9% (N=895) of urban 

CHCs offered 24-hour intrapartum care. As Figure 2.1 indicates, availability of services was 

similar for both levels of facility across urban and rural settings. 

Within facilities offering any delivery services (N= 5959 PHC, N= 4553 CHC), median 

monthly delivery volume was 8 (IQR=13) in PHCs and 41 (IQR=73) in CHCs. All CHCs are 

expected to provide 24x7 delivery care; 73.4% of PHCs self-identified as government-designated 

24x7 delivery facilities. In practice, 98% of CHCs and 86% of PHCs actually offered 24x7 

services. A designated area for newborn care was present only in 67% and 80% of included 

PHCs and CHCs, respectively.  

 

Figure 2.1: Availability of basic delivery and newborn services in primary care facilities in India 
 

Overall capacity for basic intrapartum care was lower than the basic IPHS standard in 

both PHCs (mean 0.63, standard deviation [SD] 0.23) and CHCs (mean 0.75, SD 0.17) included 
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in this analysis. The structural capacity index for basic intrapartum care was slightly better than 

the process capacity index for both PHCs (mean 0.67, SD 0.19 vs. 0.60, SD 0.29) and CHCs 

(mean 0. 76, SD 0.14 vs. 0.73, SD 0.22). As shown in Figure 2.2, PHCs lagged behind CHCs on 

all indicators; the difference between PHCs and CHCs was statistically significant for all 

indicators and the summary index.  

 

Figure 2.2: Capacity of Primary Health Centers and Community Health Centers for basic delivery and 
newborn care  
Overall facility capacity of basic delivery and newborn care calculated as the average of the two 
preceding summary measures (process and structural capacity). Details on indicators of structure are 
available in Supplementary Figure 2.1. Differences between PHC and CHC, for all indicators and 
summary index are statistically significant at p<0.05 level (Pearson’s chi-square test and Student’s t-test). 
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Although CHCs, as the referral centers for PHCs, are expected to offer more 

comprehensive care, they frequently lacked basic infrastructure required even at PHCs. Human 

resource availability and training in both CHCs (mean 0.58, SD 0.23) and PHCs (mean 0.52, SD 

0.26) were comparably low. Particularly large gaps were seen in process capacity indicators such 

as provision of assisted vaginal deliveries (13% of PHCs versus 30% of CHCs), administration of 

parenteral magnesium sulfate (54% versus 70%), and management of postpartum hemorrhage 

(53% of PHCs versus 69% of CHCs). 

Figures 2.3 and 2.4 display the differences in structural and process capacity indices, and 

in overall capacity of basic intrapartum care across rural and urban settings, for PHCs and 

CHCs, respectively. Facility capacity was low across the board, with small differences across 

geographical settings. Scores for structural, process, and overall capacity summary indices were 

comparable for PHCs, with no significant rural-urban differences. Rural-urban differences in 

CHCs were slightly more pronounced, with urban CHCs outperforming rural CHCs by 0.02 to 

0.04 in structural, process, and overall facility capacity indices. 

 

Figure 2.3: Difference in facility capacity for basic delivery and newborn care across rural and urban 
Primary Health Centers 
Differences between rural and urban facilities for all three summary indices are not statistically significant 
at p<0.05 level (Student’s t-test). 
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Figure 2.4: Difference in facility capacity for basic delivery and newborn care across rural and urban 
Community Health Centers 

 

As shown in Figure 2.5, the capacity of facilities that offered intrapartum care varied 

across the country, with districts with the poorest facility capacity concentrated in the northern 

part of the country. There were seven districts with no facilities offering childbirth services in 

the DLHS data. We had no data for 118 districts, including the districts in regions for which 

survey data were not publicly available. In both EAG and non-EAG states, there was significant 

variation in facility capacity (Supplementary Figures 2.2 and 2.3). There was a disproportionate 

number of poor capacity facilities in EAG states, with 37% of districts scoring in the lowest third 

of the facility capacity index (less than 0.70) compared to 21% of non-EAG states. Among the 

nine EAG states, Uttar Pradesh had the greatest concentration of poor capacity facilities, with 

84% percent of districts receiving scores in the lowest third.  
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Figure 2.5: Empowered Action Group (EAG) status and facility capacity for basic delivery and newborn 
care 
 
Discussion 

Using a national health facility survey, we found that many Indian public primary care 

facilities fail to meet the nationally set minimum recommended standards for basic intrapartum 

care. Despite a concerted effort to increase accessibility, about 30% of PHCs and 5% of CHCs did 

not offer any childbirth services; round-the-clock intrapartum care services were available only 

in 60% of PHCs and 94% of CHCs. Both PHCs and CHCs offering these services had critical 

deficiencies in routine and emergency care practices, infrastructure and staffing, fulfilling an 

average of only 63% and 75% of an index of basic intrapartum care capacity, respectively. These 

findings are consistent with studies documenting weak emergency care capacity, infrastructure 

and staffing in low-income countries, particularly in lower level facilities with low delivery 

volume.34,36 Most CHCs, which are meant to serve as referral centers to manage more 

complicated cases,23 failed to meet the threshold set for lower level facilities.  
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Structural capacity across the study facilities was marginally better than process 

capacity, with large gaps in provision of signal functions of emergency obstetric care.37 For 

example, assisted vaginal deliveries were offered only in about one-tenth of PHCs and one-third 

of CHCs. Almost one-half of PHCs and one-third of CHCs reported not providing services to 

manage postpartum hemorrhage, a leading cause of maternal mortality in India. We also noted 

that availability of medicine and supplies, such as the partograph or uterotonics, was worse than 

that of equipment and infrastructure, such as scales or labor tables, underscoring the need to 

strengthen the supply chain for essential medicine and supplies. This is a challenge that the 

NRHM was designed to address, and one that has been resistant to change.16  

Of similar concern are the low scores on human resource availability and training across 

facilities. Although addressing the shortage of skilled providers in rural PHCs and CHCs has also 

been one of the agendas of the NRHM, critical deficiencies clearly persist, as has been 

documented elsewhere.38 The gaps observed are especially problematic because our indicators 

reflect a minimum level of human resource preparedness (for example, skilled birth attendance 

training for auxiliary nurse-midwives or emergency obstetric care training for medical officers). 

They do not include key dimensions of provider availability and competence, such as 

appropriately diagnosing and managing complications, which the World Health Organization 

identifies as integral to good quality of care during facility-based deliveries.39 For example, 

accounting for absenteeism, a common problem in public facilities in India, would probably 

lower our estimate of actual human resource availability significantly.38  

Facility capacity for basic intrapartum care in public facilities was similar in rural and 

urban areas. Our findings underline the need to improve facility capacity in both urban and 

rural areas, which the unified National Health Mission may be well situated to tackle. Given the 

fact that the public facilities assessed here are the main source of obstetric care for poor 

populations in both rural and urban settings,40,41 the deficiencies we found are likely to 

disproportionately affect the most vulnerable women. Meeting the commitment to equitable 
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care inherent in the National Health Mission requires redoubled attention on care quality in the 

public health system.    

Despite additional funding and considerable technical support for improving maternal 

and newborn health outcomes in the EAG states, facility capacity for intrapartum care remains 

weaker than in non-EAG states. We found that facilities with poor capacity were especially 

common in Uttar Pradesh and Bihar, states with the two highest maternal and newborn 

mortality rates in the country. Roughly comprising a third of India’s population, these two states 

are critical in India’s progress towards meeting national and international maternal and 

newborn mortality reduction targets.  

Our findings indicate very low monthly delivery volume in PHCs. Bypassing of care at 

lower-level facilities may be driven by a myriad of reasons,42 including, but not limited to, 

women’s preference for higher quality care when it is available, as seen in Tanzania.43 

Regardless of the reason, underutilization of PHCs represents inefficiency in the Indian health 

system, considering the amount of resources spent at this level of healthcare.44 This merits 

attention for effective planning and resource allocation as healthcare delivery structure being 

developed for urban India under the National Urban Health Mission follows the same model as 

in rural areas.22  

A demand for quality care, regardless of the level of facility, has been noted in India. 

Preference for higher-level facilities with better quality is observed in the state of Kerala in 

India,17 whereas in Tamil Nadu, women prefer to delivery in PHCs with qualified staff providing 

respectful care.45 Most high-income and many middle-income countries encourage delivery in 

hospitals where surgical and newborn care services are available to all women.46 Organizing 

health system services around the capacity to deliver high-quality care may thus respond to 

women’s observed preferences and improve health system performance. The breadth of quality 

deficits in CHCs and especially PHCs, which are under-resourced despite concerted efforts and 

investment of the NHM, is concerning. Rather than attempting to bring many thousand facilities 
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up to standards, regionalization of obstetric care and quality improvement in high-volume 

facilities may offer a more efficient resource allocation strategy for the general population. 

Building on the success of NRHM in using supply- and demand-side strategies to reduce 

barriers to facility-based delivery,47 India may be particularly well positioned to assess the 

feasibility of regionalizing care. Assessment of regionalization should include checks against 

over-medicalization of childbirth care, which has been seen in some states.48 That said, it is 

essential to strengthen lower-level facilities and improve referral linkages with higher-level 

facilities in areas with highly remote, rural and/or vulnerable populations, to ensure continued 

access to services for all, especially considering evidence from India indicating preference for 

PHCs when they are adequate.45,49  

Our study has several limitations. First, it would have been ideal to examine the quality 

of clinical care provided to women in public health facilities such as the use of basic emergency 

care procedures for mothers and newborns (signal functions) and adherence to global guidelines 

for routine deliveries.35,50 Our index was constructed from indicators of basic equipment and 

service availability, measuring facility level inputs to care and basic service readiness, but it 

lacked information on important technical and interpersonal care processes, such as provider 

competence. Previous studies have noted the importance of provider knowledge and effort in 

determining the quality of actual clinical encounters 51 as well as substantial variation in the skill 

and competence of skilled birth attendants.52 Likewise, although disrespectful care during 

childbirth is common53 and respectful care is identified as WHO as a key requirement for 

improving quality of intrapartum care39, we could not assess interpersonal care aspects in our 

index. Critically, data constrained our ability to assess private facilities, which are also relied on 

for intrapartum care and may have different adherence to IPHS standards. We were also not 

able to assess quality of referral care or the outcomes of care. Thus, our measure should be seen 

as a starting point in measuring care quality in India; process and outcome quality may well be 
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worse than the largely input-based measures examined here. Finally, these findings may not be 

representative of the six states and union territories without the survey data.  

Our study findings add to the growing body of literature documenting gaps in provision 

of quality intrapartum care in LMICs as well as inadequate measurement to assess health 

system quality. For fifteen out of forty-eight intrapartum care items on the IPHS, we did not find 

any corresponding survey question in the DLHS facility audit. Harmonizing data collection with 

national standards is a critical first step towards addressing information gaps. Likewise, 

expanding data collection to capture the nature and content of care being provided is important 

for understanding quality of care.54 Quality of care is complex and multifaceted. While the 

inputs to care measured here are a critical foundation for high-quality care, they are a poor 

proxy of care as delivered.55 Even measures of process quality may be insufficient to predict 

quality-sensitive outcomes such as morbidity and mortality,10,56,57 particularly for childbirth 

where averting severe outcomes requires timely recognition of complications by qualified 

personnel and functional referral systems to ensure a rapid response.10,57  

Future assessments should better capture the context of care and whether women’s 

rights to quality care are being met, with a focus on clinical effectiveness of care, patient 

experience, respectful care, and outcomes.32 A variety of methods are available for this, 

including patient and provider interviews, direct observations, and clinical vignettes; 

assessment of the private sector is essential to gaining a full understanding of health system 

performance.51 Strengthening the publicly available health information system in India to collect 

reliable, frequent and timely data on facility quality is key for effective program implementation 

and for meeting national and global targets such as those of the Ending Preventable Maternal 

Mortality, the Every Newborn Action Plan, and the SDGs. It is also essential to link quality 

measures to health outcomes and demographic characteristics of the population to assess the 

determinants of quality and its distribution across population subgroups. Health systems 
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research in India needs to be expanded to address the large knowledge gaps in health system 

quality.58  

Primary care facilities in India are not well prepared to provide high quality obstetric and 

newborn care, and facility capacity is worst in states with the worst health outcomes. Over the 

past decade, India’s health system has operated in an extremely resource-constrained 

environment: from 2004-2014, government health expenditure has remained approximately 

around 1% of country’s GDP.20 The Indian government will need to increase investment in the 

health system, in providers, and in research to harness the full benefit of its public health 

infrastructure. Research on regionalization is a priority as this may offer an innovative approach 

to ensuring quality services for mothers and newborns. The impact of regionalization strategies 

on facility overcrowding, performance incentive structures for frontline workers, as well as 

equity in service access should be important considerations of such research. Improving quality 

of care and strengthening public health infrastructure is integral to India’s path to universal 

health coverage: without an explicit focus on quality, a push towards universal coverage is 

unlikely to lead to better health for mothers and newborns. 
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Appendix 

 
 
Supplementary Figure 2.1: Indicators of basic structural capacity for delivery and newborn care in 
primary facilities 
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Supplementary Figure 2.2: Mean facility capacity scores in Empowered Action Group (EAG) states  
Mean facility capacity scores were calculated by summarizing overall capacity at district level, 
weighting facilities by total deliveries 
 

 

 

Supplementary Figure 2.3: Mean facility capacity scores in non-EAG states 
Mean facility capacity scores were calculated by summarizing overall capacity at district level, 
weighting facilities by total deliveries 
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Abstract 

Background  

Quality of healthcare is an important determinant of future progress in global health. However, 

the distributional aspects of quality of care have received inadequate attention. We assessed 

whether high quality maternal care is equitably distributed by (1) mapping the quality of 

maternal care in facilities located in poorer versus wealthier areas of Kenya; and (2) comparing 

the quality of maternal care available to Kenyans in and not in poverty.  

 

Methods  

We assessed three measures of maternal care quality: facility infrastructure and clinical quality 

of antenatal care and delivery care, using indicators from the 2010 Kenya Service Provision 

Assessment, a standardized facility survey with direct observation of maternal care provision. 

We calculated poverty of the area served by antenatal or delivery care facilities using the 

Multidimensional Poverty Index. We used regression analyses and non-parametric tests to 

assess differences in maternal care quality in facilities located in more and less impoverished 

areas. We estimated effective coverage with a minimum standard of care for the full population 

and those in poverty. 

 

Findings 

A total of 564 facilities offering at least one maternal care service were included in this analysis. 

Quality of maternal care was low, particularly clinical quality of antenatal and delivery care, 

which averaged 0.52 and 0.58 out of 1 respectively, compared to 0.68 for structural inputs to 

care. Maternal healthcare quality varied by poverty level: at the facility level, all quality metrics 

were lowest for the most impoverished areas and increased significantly with greater wealth. 

Population access to a minimum standard (≥0.75 of 1.00) of quality maternal care was both low 



 

 42 

and inequitable: only 17% of all women and 8% of impoverished women had access to minimally 

adequate delivery care.  

 

Interpretation  

The quality of maternal care is low in Kenya, and care available to the impoverished is 

significantly worse than that for the better off. To achieve the national targets of maternal and 

neonatal mortality reduction, policy initiatives need to tackle low quality of care, starting with 

high-poverty areas. 
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Introduction  

While the Millennium Development Goals (MDG) strategy was successful in expanding 

coverage of antenatal care (ANC) and skilled attendance at birth in low- and middle-income 

countries (LMICs), improvements in maternal and child health outcomes did not always 

follow.1-3 In Kenya, for example, ANC coverage and presence of a skilled attendant at birth each 

increased twenty percentage points from 2000 to 2015, but maternal and neonatal mortality 

remain high (510 per 100,000 live births and 22.2 per 1,000 live births respectively, in 2015).4,5 

One reason for this is shortcomings in the quality of health care available to women and 

children, an issue that is beginning to receive international attention.6-13   

The inverse care law posits that the availability of good medical or social care varies 

inversely with the need of the population served.14 While wealth disparities in mortality are well 

documented, less is known about the contribution of poor quality of care to these disparities. 

Prior research has documented inequities in reproductive and maternal health care access and 

outcomes within countries.15 In Kenya, the burden of under-five mortality disproportionately 

affects rural, poorer and less-educated families.16 Compared to children whose mothers have 

higher than secondary education, children whose mothers are not educated are 46% more likely 

to die before age five.17 The poorest women received fewer essential services during ANC care 

and were four times as likely to deliver without a skilled attendant as women in the wealthiest 

quintile, according to the 2008 – 2009 Demographic and Health Survey (DHS).16 A recent study 

indicates heterogeneity in quality of ANC across and within Kenyan provinces but did not detect 

statistically significant variation in ANC quality by women’s education level.18 However, there 

are limited data on equity in maternal health care quality, particularly beyond ANC. Scarce 

health systems data, lack of systematically collected quality measures, and limited availability of 

timely subnational wealth data have constrained such inquiry in LMIC to date.  

In this study, we analyze inequities in the quality of maternal health care in Kenya.  We 

use three measures of maternal care quality: an index of facility infrastructure for maternal care, 
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and indexes of ANC clinical quality and delivery care clinical quality. We combine these 

measures with population data to (1) describe the geographic distribution of poverty and 

maternal care quality in Kenya, and (2) compare the quality of maternal care available to 

Kenyans in and not in poverty. 

 

Methods  

Study sample  

We combined data from multiple sources for this analysis. We drew our sample of 

maternal care facilities in Kenya from the Service Provision Assessment (SPA) survey conducted 

by the DHS Program in 2010. SPA is a standardized, facility-based cross-sectional survey with 

direct observation of maternal care provision, designed to be representative of the health system 

(public and privately run facilities) at national and regional levels. We limited our sample of 

facilities to those providing at least one maternal care service, whether ANC or delivery care.  

Demographic data were extracted from two sources: the Oxford Poverty and Human 

Development Initiative and the 2014 population-representative DHS.  

The 2010 Constitution established 47 counties in Kenya. We obtained county boundaries 

from the GADM database version 2.8, a spatial database for global administrative areas, and the 

estimated 2010 population density from WorldPop (Creative Commons Attribution 4.0 

International License).19 For mapping purposes, we obtained the location of all health facilities 

in Kenya from Kenya Open Data. Analysis proceeded in two stages: description of poverty and 

maternal care quality at the county level and assessment of poverty as a predictor of facility 

quality based on facility catchment areas.  

 

Poverty 

We defined poverty using the multidimensional poverty index (MPI). The MPI measures 

poverty using ten indicators in three dimensions: education (years of schooling and school 
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attendance), health (child mortality and nutrition) and standard of living (cooking fuel, 

sanitation, water, electricity, floor and asset ownership). The MPI reflects both the incidence 

and the average intensity of poverty. A person is identified as impoverished if she is deprived in 

at least one third of the weighted indicators. Using data from the 2008 – 2009 DHS, the Oxford 

Poverty and Human Development Initiative estimated MPI per square kilometer (km) for the 

full country, with accompanying uncertainty estimates based on width of the 95% credible 

interval.20 We calculated number of those impoverished, average poverty and average 

uncertainty per county. Based on data showing that nearly 90% of women in Kenya lived within 

5 km of a health facility,21 we defined facility catchment area using a buffer zone with a 5-km 

radius and calculated average proportion of individuals in poverty within these areas. We 

classified counties and catchment areas into five levels (poorest to richest) using even intervals 

of 20% poverty. 

As a secondary metric, we extracted household wealth index from the 2014 DHS survey 

and calculated average wealth per county (weighted with household sampling weights). The 

2014 DHS was designed to provide representative summaries at the county level. We classified 

counties into wealth quintiles based on the thresholds applied in defining wealth quintiles for 

households.   

 

Maternal care quality 

The Institute of Medicine’s canonical report on quality of healthcare proposes that a high 

quality health system is safe, effective, patient centered, timely, efficient, and equitable.22 We 

operationalized these measures using Donabedian’s framework of structure, process and 

outcome.23 Structural elements, such as availability of medicines and equipment, represent 

necessary, but not sufficient, conditions for the delivery of a given quality of health care. Process 

indicators represent the closest approximation of the actual quality of health care offered, as 

these include both technical (appropriate delivery of clinical procedures) and interpersonal 
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(client-provider interactions) aspects of healthcare delivery. Outcome indicators measure health 

improvements attributable to medical care, for example, under-five mortality rate. These 

measures, however, may be affected by factors other than quality of healthcare delivered that 

influence outcomes.  

Using Donabedian’s framework, we identified indicators for structural inputs to 

maternal care (infrastructure, staffing, and equipment) as well as clinical care processes in 

antenatal care and delivery care to cover the spectrum of maternal care. Indicators for maternal 

care structure were constructed using data extracted from the SPA facility audit and provider 

interviews. This index included thirty items covering infrastructure (e.g., functional water and 

electricity), staffing (e.g., availability of 24-hour delivery care, staff training in ANC or delivery 

care), and equipment and supplies, such as iron folate for ANC and injectable uterotonics for 

delivery. See Supplementary Figure 3.1 for details. Facilities offering only one of ANC or delivery 

care were scored based on general facility infrastructure items and those elements relevant to 

the service provided.  

Clinical care processes were assessed using direct observation of ANC and deliveries in a 

subset of facilities. We created an ANC clinical quality index using forty actions providers are 

expected to perform during all first ANC visits, drawn from the Focused Antenatal Care Model 

Checklist;24 sample items include assessment of client history, counseling on danger signs, and 

administration of tetanus toxoid injection and HIV test (Supplementary Figure 3.2). To measure 

clinical quality of delivery care, we applied the quality of the process of intrapartum and 

immediate postpartum care (QoPIIPC) metric validated by Tripathi et al.25 to the SPA data, 

extracting indicators matching eighteen of the twenty QoPIIPC items. These included checking 

woman’s blood pressure, washing hands before any examination, and timely administration of 

uterotonic (Supplementary Figure 3.3). Clinical observations were averaged within each facility, 

weighted with the patient sampling weight rescaled within facility. For each quality index, 

indicators were averaged to provide a facility summary score from 0 to 1, with missing values 
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excluded. Completeness of each indicator is shown in Supplementary Table 3.1 ; missingness 

was minimal for infrastructure and ANC observations, but substantial (up to 32%) for observed 

deliveries, particularly for items at early stages of labor that frequently occur outside of the 

health facility.  

 

Covariates 

We calculated patient load per facility based on reported delivery clients (including 

cesarean section as applicable) and reported ANC visits in the past 12 months.  

 

Statistical analysis 

We first described quality of care and population in poverty at the county level. We 

calculated weighted averages of each quality metric per county, weighting facilities by total 

maternal care visits (deliveries plus ANC visits), total ANC visits, and total deliveries for the 

maternal infrastructure, ANC quality, and delivery quality indices respectively. We calculated 

the weighted standard error (SE) of each quality index within county, using the full sample 

standard deviation (SD) for counties with a single facility, and generated a 95% confidence 

interval (CI) for each county using this SE. We present summary statistics of county population 

and health facility access by strata of poverty level. We calculated average quality by level of 

poverty and used average SE by poverty level to generate 95% CIs for each estimate. A non-

parametric test for trend was employed to assess differences in maternal care quality by county 

poverty level. 

To quantify population access to quality care, we defined a threshold of at least 0.75 on 

each index as minimally adequate maternal care quality. Given the lack of universally defined 

minimum quality standards, we selected this threshold on the premise that women should 

receive most of these basic items at minimum. We calculated access to adequate maternal care 

by summing the total population and impoverished individuals within counties with adequate 
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care quality. We repeated this analysis using the bounds of the 95% CI for county quality 

estimates to quantify uncertainty around population access to quality care.  

In order to obtain a more precise understanding of quality of care accessible to poor 

women, we assessed poverty and quality at the facility level; we regressed each quality index on 

poverty level of the surrounding area, clustered by county to account for adjacent facilities with 

overlapping catchment areas. We used the poorest areas (>80% poverty) as the reference group 

for all models except for quality of delivery care: due to the small number of facilities with 

directly observed deliveries in the poorest quintile (N=2), we collapsed the two poorest quintiles 

as the reference category for these models.  

We conducted multiple sensitivity analyses. To assess sensitivity to the definition of the 

catchment area, we repeated the analysis redefining the catchment area for hospitals to cover 20 

km. To test robustness to uncertainty in the MPI estimates, we excluded facilities with average 

uncertainty greater than 50%. To assess the reproducibility of the results with an alternative 

poverty metric, we regressed average quality per county on wealth quintile as measured in the 

2014 DHS.   

Statistical analysis was done using Stata 14.1 (StataCorp, Texas) and mapping using 

QGIS Version 2.12 (Free Software Foundation, Massachusetts) and ArcGIS 10.3.1 (Esri, 

California).  

 

Ethical approval 

The original survey implementers obtained ethical approvals for data collection; the 

Harvard University Human Research Protection Program deemed this secondary analysis 

exempt from human subjects review. 
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Results 

The 2010 SPA successfully assessed 695 of 703 sampled facilities (98.9% response rate); 

568 of these facilities provided at least one maternity care service. Four facilities (0.7%) lacked 

valid geographic data, yielding an analytic sample of 564 facilities with maternal care services 

(557 offering ANC and 400 providing normal delivery services).  

 

Figure 3.1: Kenyan health system and facilities sampled in SPA 
Location of all health facilities in Kenya obtained from Kenya Open Data based on data from the Kenya 
National Bureau of Statistics in 2007. 

 

As shown in Figure 3.1, the geographic distribution of sampled facilities followed the 

distribution of the health system as a whole, with most facilities located in the densely populated 

areas of Nairobi, the southern coast, and south western Kenya. Forty five percent of the 

population of Kenya (18.1 million individuals) lived within 5 km of a sampled facility 

(Supplementary Figure 3.4 shows population density and catchment areas). An average of 12 
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facilities providing maternal care were assessed per county (range 2 – 52) with a total of 544 

observations of first ANC visits and 621 labor and delivery observations, although one and five 

of the 47 counties lacked data on directly observed antenatal care and delivery care, respectively. 

These counties were significantly more likely to be poor than counties with observations 

(Fisher’s exact test p<0.05). 

Table 3.1 shows the distribution of counties and health facilities by poverty level; a 

plurality of Kenyans lived in counties with 40 – 60% of the population in poverty. Nairobi is the 

only county with <20% poverty in Kenya. The distribution of health facilities largely matched 

population share, with the exception of a greater concentration of cesarean section-capable 

facilities in wealthier counties. 

 
Table 3.1: Distribution of population and health services in Kenya by poverty

 
SPA surveyed 695 facilities; 5 could not be matched to county due to lack of detailed geographic data. 56 
of these 690 facilities provided at least one maternal care service 

 

Quality of maternal care services was low in assessed facilities, with average scores of 

0.68 (SD 0.15) for maternal care infrastructure, 0.52 (SD 0.19) for ANC quality, and 0.58 (SD 

0.17) for delivery quality. As shown in Figure 3.2, quality of maternal care infrastructure was 

more uniform across the country as well as being higher than quality of ANC or delivery care. 

Considerable heterogeneity is apparent between quality on the three domains in a given county, 

suggesting uneven quality throughout the course of pregnancy and delivery. Visual inspection 
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suggests higher quality for infrastructure and delivery care in the wealthiest counties around 

Nairobi.  

 

Figure 3.2: Geographic distribution of poverty and quality maternal care 
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Figure 3.3, which pools data from across the country, shows that quality of care increases 

with decreasing poverty across the three quality domains. This trend was significant for both 

maternal care infrastructure and delivery care (non-parametric test for trend p<0.05). 

 

Figure 3.3: Quality of maternal health services by county poverty level 
Non-parametric test for trend significant for quality of maternal care infrastructure and quality of delivery 
care, p<0.05 
 

We also found inequities in population access to minimally adequate maternal care 

(quality at least 0.75 out of 1.00). Fifty-six percent of the population in poverty lived in counties 

with adequate maternal care infrastructure compared to 69% of those not in poverty (63% of 

total population, uncertainty interval 29% to 80%; see Supplementary Table 2). Adequate 
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delivery care quality at the county level was available to 8% of impoverished women and 24% of 

those not impoverished (17% in total, uncertainty interval 3% to 41%). Access to quality ANC 

was extremely low regardless of poverty: 9% of the population lived in counties with minimally 

adequate quality (uncertainty interval 3% to 30%). 

Results of models that regressed facility quality on level of poverty in surrounding areas 

(Table 3.2) show that quality scores increased steadily with decreasing poverty, reaching 

estimated differences of 16% on infrastructure for maternal care quality (95% CI 12%, 20%), 

19% on ANC quality (7%, 31%), and 12% on delivery care quality (95% CI 0%, 25%) between the 

richest and poorest or, for delivery care, poorest and second poorest areas (see Supplementary 

Table 3.3 for distribution of facilities and observations by poverty).  

 

Table 3.2: Association between poverty and maternal care quality

 
All models clustered by county to account for correlation between catchment areas of neighboring 
facilities. 
The analysis for clinical quality of delivery care uses facilities in areas with 60%+ poverty as the reference 
category due to the small number of facilities in the poorest group. 
Results in bold are significant at p≤0.05. 
 

 

Women living in intensely impoverished areas could expect to receive only one third of 

basic clinical actions in their first ANC visit and half of basic essential evidence-based actions in 

delivery care compared to approximately 60% in each area for women in wealthier (<60% 

poverty) areas.  These findings were largely robust to sensitivity checks for the definition of 
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catchment areas, uncertainty in poverty estimation, and verification using an alternate wealth 

measure, although differences in ANC quality did not reach significance in the county-level 

analysis using DHS wealth quintiles (see Supplementary Table 3.4 for sensitivity results). 

 

Discussion 

In this study, we described the quality of maternal care in Kenya across three 

dimensions: facility infrastructure and clinical process quality of antenatal and delivery care. 

Our findings indicate low overall quality, particularly for clinical quality of antenatal and 

delivery care. We also found substantial heterogeneity in quality by population wealth: all 

quality indicators were lowest for the poorest population quintile and increased with increasing 

wealth. Evidence indicates similar inequities in population access to a minimal standard of care 

as well. This is consistent with evidence from other studies that have noted a quality deficit in 

health services available to the poor.26-30 

Few studies have addressed inequities in quality of maternal care. A study in five African 

countries, including Kenya, found significantly lower quality of basic maternal care functions 

(infrastructure and signal functions) in public facilities compared to private;13 the location of 

private facilities in wealthier areas may be one mechanism underlying inequities in access to 

quality care. A study in Mexico identified lower coverage of adequate (timely, repeated, and 

thorough) ANC among women with less education and lower SES.31 However, in a recent study 

in Kenya, Lee et al. documented substantial variation in quality of ANC across and within 

provinces but found no statistically significant association with women’s education level.18 In 

contrast, we find significantly poorer quality for women in poor areas. Our findings pertain to 

the quality of care accessible to women in more or less impoverished areas rather than to care 

received by a specific individual; we also employed more comprehensive metrics of 

socioeconomic disadvantage and maternal care quality. We found stronger evidence for 
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inequities in access for maternal care infrastructure and quality of delivery care than ANC, 

underscoring the importance of assessing quality of care throughout pregnancy and delivery.  

Infrastructure for maternal care scored higher than clinical care quality and varied the 

least across facilities and counties. This suggests partial fulfillment of the 1994 – 2010 Kenya 

Health Policy Framework goal of ensuring equitable allocation of resources to reduce health 

disparities.32 However, we found considerable wealth gaps in quality for delivery care: while 

24% of poor women had access to minimally adequate quality of delivery care, only 8% of poor 

women had access to such care. Evidence from multiple LMICs indicates that provider effort is a 

more consistent determinant of primary care quality than structural constraints;33 as such, 

assessment of resources and services alone would substantially understate the disparities in 

access to high quality care for poor women. Deficits in care delivery relative to infrastructure are 

not unexpected: interventions to improve clinical quality are often more challenging to 

implement than provision of supplies. Human capacity interventions have been linked to 

modest improvements at best;34,35 care as delivered often falls short of provider’s own 

knowledge, let alone evidence-based guidelines.33  

Researchers estimate that competent intrapartum care could avert one third of maternal 

deaths and over half of neonatal deaths annually;36 a recent study suggested most avertable 

neonatal mortality in Malawi could be associated with low-quality delivery facilities.37 Poor 

quality delivery care for poor women may thus explain some of the disparities in maternal and 

newborn survival between rich and poor women, which are often concealed by national 

averages.38 The five poorest counties in Kenya by MPI experience the highest maternal mortality 

rates in the country, ranging from 790 to 3,795 per 100,000 live births, far above the national 

average of 495 per 100,000.39 Achieving the national goal of reducing maternal mortality to 113 

per 100,000 by 203032 will require intensive intervention in these most impoverished areas.  

Our study also shows that access to a basic threshold of quality maternal care services is 

low in Kenya: minimally adequate quality of delivery care, at county level, was available only to 
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17% of the population, and effective ANC coverage to 9%. Our findings are similar to those 

reporting effective coverage from other sub-Saharan Africa countries. Delivery facilities in 

Malawi provided on average only 16 of 25 essential items for quality maternal care in 2013.37 A 

study from Ghana indicates that 39% of the facilities provided substandard routine delivery 

care, and 63% provided poor emergency obstetric care, resulting in 50% of births in the study 

area not receiving high quality care despite a 68% coverage of facility-based births.40 Likewise, a 

study of ANC quality in Zambia indicated that only 3% of the facilities provided optimal ANC 

service, while 47% of facilities provided adequate service, and the remaining 50% offered 

inadequate service.41 Collectively, these findings lend credence to suggestions that ineffective 

health care coverage is common in sub-Saharan Africa and a likely explanation for persistent 

poor health outcomes despite increased access to care. 

There are several limitations in this analysis. First, we are not able to link facilities to 

specific patient populations that use them, instead drawing catchments around facilities. 

Catchment areas around private facilities in particular may not reflect the actual users of the 

facility. While bypassing of facilities may bias our results, studies show that the poor tend to 

bypass less than wealthier women, limiting this threat to our inference.42 Second, the MPI 

estimates are based on interpolations subject to uncertainty, although our results were 

unchanged limiting to areas with higher certainty. Third, missing data and small number of 

observations limits analysis of the quality of delivery care metric. Although direct observation is 

the gold standard of measurement, it is difficult to obtain multiple, complete observations of 

deliveries, particularly for low-volume facilities most common in poor, sparsely populated areas. 

Incomplete information in assessing quality of delivery care could bias the results, although this 

measurement error is more likely to attenuate effect estimates than overstate them. Finally, the 

SPA sample is not constructed to be representative at the county level or catchment area. 

County-level estimates should be interpreted with the conservative uncertainty estimates 

provided. Generalizing the facility-level analysis to the full country assumes that the population 
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surrounding these facilities is representative of the population around all health facilities, at 

least in terms of socioeconomic status. This assumption is plausible, particularly given that 

sampled areas covered 45% of the population.  

To our knowledge, this is the first study to use nationally-representative data to quantify 

quality of antenatal and delivery care using the gold-standard measure of direct observation of 

over 500 ANC visits and over 600 deliveries. We have combined these facility data with 

population metrics to provide greater insight into inequities in access to effective coverage of 

maternal health services throughout pregnancy and delivery. Our results are robust to several 

sensitivity checks.  

Our findings offer support for the inverse care law for maternal health care in Kenya. We 

have demonstrated substantial deficiencies in quality, as well as a steep wealth gradient in 

access to quality maternity care. This work has several policy implications for maternal care in 

Kenya. The 2014 – 2030 Health Policy Framework includes equitable distribution of health 

services and interventions as a policy principle.32 Basic maternal care is broadly accessible to 

Kenyan women, and the policy of free delivery care in public hospitals has led to large increases 

in coverage of skilled attendance at births since 2000.4 However, this focus on access to care will 

be insufficient to reduce avertable morbidity and mortality among the most vulnerable women 

and children if the quality of health services available to them is poor. To achieve the country’s 

ambitious targets of a 59% reduction in neonatal mortality and a 77% reduction in maternal 

mortality by 2030, improving the quality of maternal care must become a health system policy 

priority in Kenya. Improved care for poor women should be at the forefront of such efforts to 

correct wealth disparities and to avert the most maternal and newborn deaths. 

In Kenya and in other high mortality settings, this evidence should spur action to 

measure quality of care beyond availability of services and supplies, to track progress in quality 

improvement, and to collect wealth-disaggregated data on quality and effective coverage. 

Quality improvement initiatives need to prioritize improving care in clinics serving poor 
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communities before others. Further research is also warranted to better understand the causes 

of inequity in quality of facility-based maternal care. Coverage with poor quality of care for the 

most vulnerable does not represent progress for women and newborns. 
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Appendix 

 

Supplementary Figure 3.1: Quality of maternal care infrastructure  
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Supplementary Figure 3.2: Quality of clinical care in first ANC visits (N=544 observations) 
*Excluded from quality metric for primiparous women  
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Supplementary Figure 3.3: Quality of processes of intrapartum and immediate postpartum care (N = 621 
observations) 
One item from the validated index, HIV testing, was not assessed in the Kenya SPA; two other 
items from the validated index, on heavy bleeding or headaches experienced during pregnancy, 
were asked as a single item in the SPA; there are thus 18 items on the metric calculated here.  
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Supplementary Figure 4: Areas surrounding SPA sample of maternal health (5 kilometer radius around 
facilities) and population density in Kenya, with inset of Nairobi 
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Supplementary Table 3.1: Completeness of indicators for facilities and observations 
 

 % Complete % Missing 

Infrastructure (N=564 facilities, 557 with ANC and 400 with delivery care) 
Communication 99.8% 0.2% 

Water 99.5% 0.5% 

Electricity 100.0% 0.0% 

Ambulance 100.0% 0.0% 

Tetanus toxoid vaccine 88.7% 11.3% 

Scale 99.8% 0.2% 

Blood pressure cuff 100.0% 0.0% 

Fetoscope 99.8% 0.2% 

Stethoscope 100.0% 0.0% 

Daily ANC service 100.0% 0.0% 

Speculum 99.8% 0.2% 

Iron folate 99.5% 0.5% 

Infection control measures in ANC room 100.0% 0.0% 

Health workers trained in ANC 98.0% 2.0% 

Exam light 100.0% 0.0% 

Umbilical cord clamps & blade 100.0% 0.0% 

Delivery beds 99.5% 0.5% 

Blood pressure cuff 96.8% 3.3% 

Stethoscope 96.8% 3.3% 

Injectable oxytocic 100.0% 0.0% 

Newborn bag and mask 100.0% 0.0% 

24-hour delivery care 93.8% 6.3% 

Partographs 98.8% 1.3% 

Infection control measures in delivery room 100.0% 0.0% 

Exam light 96.8% 3.3% 

Private delivery room 100.0% 0.0% 

Magnesium sulphate 100.0% 0.0% 

Heat source 100.0% 0.0% 

Towels 100.0% 0.0% 

Health workers trained in delivery care 99.5% 0.5% 

ANC quality (N=544 observations)   
Measure fundal height 99.8% 0.2% 

Check blood pressure 99.8% 0.2% 

Measure weight 99.8% 0.2% 

Ask number prior pregnancies 99.8% 0.2% 

Ask maternal age 100.0% 0.0% 

Check pallor for anemia 99.8% 0.2% 

Prescribe tetanus toxoid vaccine 99.8% 0.2% 

Do or refer for HIV test 99.6% 0.4% 
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Supplementary Table 3.1 (Continued) 

Check legs / hands / feet for oedema 99.8% 0.2% 

Do or refer for anemia test 99.6% 0.4% 

Do or refer for urine test 99.4% 0.6% 

Do or refer for syphilis test 99.4% 0.6% 

Ask danger sign: other 99.8% 0.2% 

Ask re past abortion* 100.0% 0.0% 

Prescribe iron folate 99.8% 0.2% 

Conduct breast exam 99.4% 0.6% 

Counsel on delivery location 99.8% 0.2% 

Counsel funds, transport for delivery 100.0% 0.0% 

Ask re past assisted delivery* 100.0% 0.0% 

Counsel re: nutrition 99.8% 0.2% 

Counsel on newborn vaccination 100.0% 0.0% 

Describe how to take iron pills 100.0% 0.0% 

Ask danger sign: fetal movement 99.4% 0.6% 

Counsel return if bleeding 100.0% 0.0% 

Ask re past miscarriage* 99.8% 0.2% 

Ask danger sign: bleeding 99.8% 0.2% 

Counsel on health worker at delivery 100.0% 0.0% 

Counsel return if fatigued 100.0% 0.0% 

Counsel return if swollen face or hands 100.0% 0.0% 

Counsel breastfeeding 100.0% 0.0% 

Ask re past heavy bleeding* 99.8% 0.2% 

Ask re past neonatal mortality* 100.0% 0.0% 

Ask danger sign: swelling 99.6% 0.4% 

Counsel return if headache 99.8% 0.2% 

Ask danger sign: headache or blurred vision 99.6% 0.4% 

Ask danger sign: fatigue 99.4% 0.6% 

Counsel return if fever 100.0% 0.0% 

Ask danger sign: fever 99.4% 0.6% 

Counsel on supplies for delivery 100.0% 0.0% 

Conduct vaginal exam 98.7% 1.3% 

Delivery quality (N=621 observations)  
Examine for perineal and vaginal lacerations 88.6% 11.4% 

Wear sterile gloves for vaginal exam 89.7% 10.3% 

Initiate use of partograph 80.0% 20.0% 

Prepare uterotonic drug 91.0% 9.0% 

Mother initiates breastfeeding within 1 hour 87.0% 13.0% 

Take blood pressure 72.3% 27.7% 

Examine placenta 88.9% 11.1% 

Explain what will happen in labor 88.2% 11.8% 
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Supplementary Table 3.1 (Continued) 

Dry newborn immediately 89.0% 11.0% 

Place newborn skin to skin if baby breathing 88.2% 11.8% 

Take mother's pulse 72.3% 27.7% 

Administer uterotonic correctly 100.0% 0.0% 

Tie or clamp cord after 2/3 minutes 88.7% 11.3% 

Prepare newborn bag and mask 85.8% 14.2% 

Ask re: headaches, bleeding 72.1% 27.9% 

Wash hands before any exam 68.0% 32.0% 

Take mother's vital signs 15 min. after delivery 87.4% 12.6% 

Palpate uterus 15 min. after delivery 87.1% 12.9% 
 
 
 
 
 
 
Supplementary Table 3.2: Population access to minimally adequate standard of care (quality at least 0.75 
out of 1.00) 
 

 Population percentage [95% Uncertainty Interval] 

 Total Impoverished Not impoverished 

Quality of maternal care 

infrastructure 
63.0% [28.7, 79.5] 56.3% [17.7, 75.4] 68.8% [38.1, 83.1] 

Quality of antenatal care 
8.9% [3.4, 30.9] 10.2% [3.3, 32.1] 7.8% [3.5, 30.0] 

Quality of delivery care 
16.9% [2.9, 41.1] 8.0% [2.3, 28.6] 24.1% [3.4, 50.9] 

 

 

Supplementary Table 3.3: Distribution of facilities and observations by poverty of surrounding area 
 

  ANC Labor & Delivery 

Poverty 

level 

Maternal 

care 

facilities 

Facilities 

with 

service 

Facilities 

with 

observation 

Total 

observations 

Facilities 

with 

service 

Facilities 

with 

observation 

Total 

observations 

80%+  24 24 6 10 14 2 2 

60 – 80%  56 53 29 49 44 17 51 

40 – 60%  212 211 127 254 159 67 239 

20 – 40%  183 181 86 161 121 56 238 

0 – 20%  89 88 37 70 62 27 91 

Total 564 557 285 544 400 169 621 
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Supplementary Table 3.4: Robustness checks of association between poverty and maternal care quality  

 
 Quality of maternal 

care infrastructure 

Clinical quality of 

antenatal care 

Clinical quality of 

delivery care 

1: facilities with 5 / 20 
km catchment areas 

β (95% CI) β (95% CI) β (95% CI) 

N=564 N=285 N=169 

Poverty level    

80%+ 0.00 (REF) 0.00 (REF) 
0.00 (REF) 

60 - 80% 0.01 (-0.05, 0.07) 0.11 (0.01, 0.22) 
40 - 60% 0.04 (-0.02, 0.10) 0.11 (0.00, 0.21) 0.01 (-0.04, 0.06) 

20 - 40% 0.08 (0.01, 0.14) 0.19 (0.09, 0.30) 0.09 (0.00, 0.19) 
0 - 20% 0.11 (0.04, 0.17) 0.13 (0.04, 0.22) 0.19 (0.15 0.23) 

Intercept 0.63 (0.57, 0.68) 0.39 (0.31, 0.48) 0.52 (0.49, 0.56) 

    

2: Poverty estimate 
certainty > 50% in 5 
km catchment areas 

β (95% CI) β (95% CI) β (95% CI) 

N=483 N=240 N=146 

Poverty level    

80%+ 0.00 (REF) 0.00 (REF) 
0.00 (REF) 

60 - 80% 0.06 (0.00, 0.12) 0.09 (-0.03, 0.21) 

40 - 60% 0.05 (0.02, 0.08) 0.14 (0.01, 0.28) 0.03 (-0.04, 0.10) 

20 - 40% 0.12 (0.08, 0.16) 0.27 (0.13, 0.40) 0.12 (0.03, 0.21) 
0 - 20% 0.16 (0.12, 0.20) 0.19 (0.07, 0.31) 0.14 (0.01, 0.27) 

Intercept 0.59 (0.57, 0.61) 0.34 (0.22, 0.46) 0.50 (0.45, 0.55) 

    

3: County analysis with 
DHS wealth quintile 

β (95% CI) β (95% CI) β (95% CI) 

N=47 N=46 N=42 

Wealth quintile    

Poorest 0.00 (REF) 0.00 (REF) 0.00 (REF) 

Poorer 0.05 (-0.04, 0.15) -0.06 (-0.23, 0.10) 0.01 (-0.12, 0.14) 

Middle 0.06 (-0.02, 0.14) 0.02 (-0.11, 0.15) 0.04 (-0.07, 0.15) 

Richer 0.14 (0.05, 0.23) 0.13 (-0.02, 0.28) 0.18 (0.06, 0.30) 
Richest 0.14 (0.02, 0.27) 0.00 (-0.21, 0.20) 0.15 (-0.01, 0.30) 

Intercept 0.67 (0.60, 0.73) 0.53 (0.41, 0.64) 0.51 (0.41, 0.61) 

 
  



 

 70 

 

Chapter 4: Is facility-level obstetric care competence associated 

with severe maternal outcomes? An analysis of the WHO 

Multicountry Survey on Maternal and Newborn Health 

 

Jigyasa Sharma1, Hannah H. Leslie1, Özge Tuncalp2, João Paulo Souza3, Margaret E. Kruk1 

 

1Department of Global Health and Population, Harvard T. H. Chan School of Public Health, 

Boston, MA, United States of America  

2Department of Reproductive Health Research, World Health Organization, Geneva, 

Switzerland  

2Universidade de São Paulo, São Paulo, Brasil 

  



 

 71 

Abstract  

Background  

Global attention to quality of facility-based childbirth care is at an unprecedented level, 

but guidance on measuring quality and benchmarking facility performance remains limited. To 

address this gap, we analyzed facility competence in basic obstetric care processes during 

childbirth and its association with severe maternal outcomes in twenty-nine countries.   

 

Methods 

This secondary analysis of the World Health Organization Multicountry Survey on 

Maternal and Newborn Health (2010-2011) included 293,039 women from 308 health facilities 

in Africa, Asia, Latin America and the Middle East. Based on the receipt of five targeted 

interventions, we defined competent care performance indices (CCPIs) for routine care 

(prophylactic oxytocin for vaginal deliveries and prophylactic antibiotics for caesarean section) 

and complication management (therapeutic oxytocin for hemorrhage, parenteral antibiotics for 

sepsis and magnesium sulfate for eclampsia). We measured facility performance on these 

indicators and used non-parametric and parametric regression models to assess their 

relationship with severe maternal outcomes (SMO: mortality and near-miss), adjusting for 

potential confounders. We used 75th percentile as a cutoff for both indices to benchmark poor 

and good quality facilities, and predicted SMOs for different levels of facility quality.  

 

Findings 

Considerable variation in severe maternal outcomes was observed between countries and 

within countries, with increased heterogeneity in countries with high maternal mortality ratios. 

Median scores for CCPI routine care [0.98; IQR: 0.06] and complication management [0.80; 

IQR: 0.36] were high. Non-parametric regression indicated an inverse relationship between 

CCPIs and SMO at high values for the indices. Adjusted for individual risk and facility and 
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country characteristics, facilities in the top quartile for both routine (�0.99) and complication 

(�0.94) indices had lower odds of SMO; in the fully-adjusted model with both indices, the odds 

ratio for routine care was 0.70 [95% CI: 0.54, 0.90] and complication management was 0.55 

[95%CI: 0.43.0.71]. Prediction based on fully-adjusted models indicates a 54% reduction in 

SMOs, from 618 [95%CI: 459, 777] to 287 [95% CI: 198, 376] per 100,000 births if all facilities 

performed at the level of the higher quality facilities for routine care and complication 

management.  

 

Interpretation  

Performance of basic competent routine care and complication management in facilities 

with high delivery volume and surgical capacity is variable and sub-optimal globally, and 

anything less than near-complete performance is associated with poor maternal health 

outcomes. Indices of competent care performance can be used for benchmarking facility quality 

and to drive research and thoughtful action on improving quality of facility-based childbirth 

care globally. 
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Introduction  

With an increased coverage of essential, life-saving interventions, the past two decades 

have seen considerable success in improving maternal and newborn health. But this rate of 

decline is insufficient to realizing the ambitious maternal and newborn health targets of the 

Sustainable Development Goals (SDGs).1,2 And many countries continue to have persistently 

high maternal mortality ratios despite achieving high levels of facility births.3,4  

The notion that increasing coverage of facility-based births will improve maternal and 

newborn health has been widely accepted in the global health community and promoted 

extensively in the past by global agencies. The continued prioritization of this strategy is 

illustrated by the centrality of universal health coverage in the SDG agenda.1 However, not all 

delivery facilities are equal in their ability to expertly avert or manage complications to save 

lives.3 In a multicountry study, despite a high coverage of essential interventions, the burden of 

excess deaths was substantial: some facilities had up to two-to-three-times higher than expected 

maternal mortality for the level of assessed severity.5 The same study showed substantial 

variation in maternal health outcomes across seemingly comparable study facilities, potentially 

owing to poor quality of care.5 Addressing poor quality of care of available services will therefore 

be critical in harnessing the true potential of health systems, and to, consequently, accelerate 

global progress towards ending preventable mortality and morbidity during childbirth.3,6-9 

Identifying poor quality and improving it requires a systematic approach to measuring 

quality of care. Good quality of care during childbirth includes, amongst other factors, timely 

provision of evidence-based clinical and non-clinical interventions by competent and motivated 

providers in a supportive environment to maximize both health and patient-centered outcomes.6 

Comprehensively measuring the various dimensions of quality and its nuances is difficult.10 

Proxy measures, ranging from elements of structure (e.g. availability of medicine and 

equipment), process (e.g. timely provision of clinical interventions) or outcome (e.g. maternal 

mortality rate), are often employed to gauge the quality of care.6,11 Research shows that, 
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although important, structural elements are not necessarily correlated with provision of 

evidence-based care and therefore offer poor insight on the quality of care delivered.12 

Consequently, the focus has slowly been shifting towards measurement of process and outcomes 

of care.  

The lack of guidance on measuring quality and benchmarking facility performance is a 

paramount hindrance in the path towards improving quality of care.3 Because major global goals 

are focused on reducing maternal mortality and morbidity, ideally, facility performance would 

be benchmarked by these health outcomes. But this has two major limitations: first, health 

outcomes at the facility level are influenced by the underlying case-mix, and second, the low 

absolute number of adverse maternal events at the facility level restricts meaningful statistical 

inquiry.13,14  As such, process measures, validated against health outcomes, could serve as a 

useful and feasible proxy for quality. Linking performance measures with outcomes could be 

useful in benchmarking facility performance, monitoring and improving quality of care. 

Assessing the association of performance measures with outcomes is of importance in exploring 

whether the measures can inform decisions that are appropriate, meaningful and useful from 

both research and programmatic purposes.15 However, scarce data on systematically collected 

performance and outcome measures have constrained such inquiry in maternal and newborn 

health, especially in low- and middle income countries.16  

To address the dearth of empirical evidence linking poor process quality to poor 

outcomes for maternal health, we use a large multicountry survey on maternal and newborn 

health to: (1) define measures, indicative of quality of childbirth care at the facility level, based 

on global standards, (2) assess the association between such measures and severe maternal 

outcomes, and (3) quantify severe maternal outcomes associated with varying levels of quality.  
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Methods 

Study design and data samples  

We drew our data sample from the World Health Organization Multicountry Survey in 

Maternal and Newborn Health (WHOMCS) database, a large cross-sectional study implemented 

in a worldwide network of 357 health facilities from 29 countries from Africa, Asia, Latin 

America and the Middle East, powered to investigate maternal health outcomes. Facilities with 

caesarean section capacity, and performing at least 1000 deliveries per year were eligible for 

inclusion. Health facilities were randomly selected from those eligible, through a stratified, 

multi-stage sampling strategy to represent the facility-based health care systems available in 

each country (private, social service, public, etc.). The study population consisted of all women 

who gave birth in the participating facilities during the assessment period. Data on all eligible 

study participants were obtained from hospital records at hospital discharge, transfer, or death 

up to 7 days postpartum. Trained data collectors visited facilities daily to identify women with 

life-threatening conditions, review and verify medical records and clarify any data concerns or 

missingness through consultation with facility medical staff.17 Data were collected between May 

1, 2010 and December 31, 2011, with a mean data collection period of 89 days (SD: 21) in each 

facility. The study protocol and further methodological details of the WHOMCS have been 

published elsewhere.5,17  

In this secondary analysis, facilities that had at least one case of pregnancy-related 

complication (postpartum hemorrhage, sepsis or pregnancy-induced hypertension) were 

included (91.3% of all facilities in the parent study), as this was necessary in assigning a facility-

level score for competent routine care and complication management. 

 

Facility-level competent care performance indices  

Consistent with the WHO quality of care framework that defines competent care as 

“evidence-based practices for routine care and management of complication”,6 we defined two 
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composite indices of competent care provision (CCPI) as our main exposure variables: routine 

care and complication management. Two indices, as opposed to a single composite index was 

preferred, as routine care and complication management care apply to different group of women 

with distinct obstetric profiles and underlying risk.  

The additive index for routine care (i.e., care all women should receive) comprised two 

indicators: (1) prophylactic uterotonics for vaginal delivery; and (2) prophylactic antibiotics for 

caesarean section. Likewise, the index for complication management (i.e., care only for women 

with specific complications) comprised three indicators: (1) parenteral uterotonics for 

postpartum hemorrhage; (2) parenteral antibiotics for sepsis; and (3) parenteral 

anticonvulsants for eclampsia or pre-eclampsia. With the assumption that diagnosis was correct, 

facilities were scored based on whether correct intervention was applied in each case of routine 

care or complication management.  

Individual performance measures were aggregated into composite measures at the 

facility level using opportunity-based or denominator-based weights, where number of instances 

where correct intervention was applied is divided by the number of opportunities for each type 

of intervention.18 In this weighting scheme, facility score depends on the number of 

opportunities for applying a specific intervention (denominator) and equal importance is 

assigned to each indicator within the given index, not considering the differential level of 

relevance or importance associated with the individual indicators based on expert judgement.18 

This implies that major case-mix differences across facilities are also adjusted for in this 

weighting. But an implication of this choice is that scores are likely going to move towards the 

boundary values (0 or 1) for facilities that handle a very small number of cases.18 We do not 

expect this to have a significant impact on our results as these facilities contribute less, since the 

analysis is conducted at the individual level. 
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For each index, indicators were averaged to provide a facility summary score from 0 to 1; 

based on an a priori decision, facilities that score at or less than 0.5 on routine care index, which 

was rare (0.05%; n=17) were considered outliers and excluded from the analysis. 

 

Severe maternal outcome  

In accordance with the parent study, we defined women with severe maternal outcome 

(SMO) as having had a maternal death or maternal near miss up to 7 days after giving birth, 

irrespective of gestational age or delivery status. Maternal near miss cases are defined as women 

who survived a life-threatening condition, identified by a marker of organ dysfunction.  

We chose severe maternal outcome as the primary outcome variable in this study for two 

reasons. First, maternal death is a rare event, even in studies with very large sample size like this 

one. Second, investigating near miss cases and deaths offer a more complete assessment of 

quality as both outcomes may result from failure to recognize and appropriately manage 

complications during labor and delivery in a timely, competent manner.    

 

Independent variables for adjustment  

The association between facility care process quality and health outcomes may be 

confounded by, among others, attributes of the facility such as facility level or type and the type 

of cases received by the facility. For instance, a primary care facility may have fewer resources 

than a district hospital which may also be dealing with a larger volume of cases overall and be 

working with a different mix of cases (more complicated cases due to referral or self-selection) 

than that presented in the primary level facilities. Severe maternal outcomes may therefore be 

observed in higher-level facilities, not necessarily due to poorer quality of care but due to other 

confounding factors.  

The tier of facility could potentially vary by country, therefore to create a common 

classification system, we categorized facilities using annual delivery volume, based on observed 
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deliveries over the study period, as: low (less than 2000 births; 35.71% facilities, 11.18% 

women); medium (2000-4000 birth; 30.19% facilities, 23.12 women) and high (at least 4000 

births; 34.09% facilities, 65.70 women). This classification is likely to reflect the different health 

system levels different structural capacity as well as different provider and specialist mix in the 

facilities.  

We also adjusted for potential confounding by case-mix (e.g., sicker women presenting at 

some hospitals) with a variable for woman’s underlying risk for delivery complications. We 

defined women at high-risk case of complications using established risk factors that were 

available from the data:  preterm delivery, multiple births, history of caesarean section, or if she 

was referred to the index facility during labor.  

 

Statistical analysis  

We first described the distribution of severe maternal outcome (SMO) across countries 

and facilities within each country. We defined competent routine care and complication 

management at the facility level and described their distribution overall and across countries.  

We implemented several approaches to assessing the relationship between competent care 

indices and SMO. First, we used a non-parametric regression (locally weighted scatterplot 

smoothing, LOWESS) technique to investigate the relationship between continuous exposure 

(standardized) and outcome variables. LOWESS allows an exploration of non-linear relationship 

between exposure and outcome as it does not require specifying a global function of any form to 

fit a model to the data. Instead, it only to fit segments of the data using linear least squares 

regression.19 In other words, the validity of this nonparametric regression estimation strategy 

does not turn on the constant effects assumption (estimation does not depend on the correct 

specification of a single parametric model). 

Next, based on the observations from LOWESS models, we categorized the exposures as 

binary variables using 75th percentile on routine (³0.99) and complication delivery (³0.94) 
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indices as a cut-off to define good and poor quality facilities. We chose this threshold given the 

lack of universally defined threshold and on the premise that the underlying indicators in these 

composite measures represent minimally adequate criteria for competent, evidence-based care 

during labor and delivery. This allows us to discriminate top performing facilities (top quartile) 

versus poorer performing facilities. We fit logistic models (binomial distribution with logit link) 

to quantify the association between SMO and facility quality. Odds ratio were used as a measure 

of association given the low baseline prevalence of SMO (0.62%) in the study population.20 

Standard errors were clustered at the facility level to account for survey design. We built an 

additive model, i.e., model with both indices, as these indices contain different, but 

complementary, information about quality and facility-level competence. All models were 

adjusted for country fixed-effects. Consistent with previously published analysis using this 

database, facilities from Jordan, Occupied Palestinian Territories and Qatar were combined as 

one group for multilevel models as there was only one facility in each setting.21  

We conducted subgroup analysis for women with at least one complication during her 

current labor and delivery, as this subset of women have a distinct clinical profile than those 

without any complication, and their outcomes potentially more sensitive to quality of care 

offered. We also conducted several sensitivity analyses by repeating the parametric regression 

analyses using different thresholds for facility quality as robustness check. 

Statistical analysis was done using Stata 15.1 (StataCorp, Texas).  

 

Ethical approval  

The original survey implementers obtained necessary ethical approvals for the World 

Health Organization Multicountry Survey on Maternal and Newborn Health; this secondary 

analysis was deemed exempt from human subjects review by the Harvard University Human 

Research Protection Program. 
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Results  

Among the 357 facilities included in the parent study, 308 were included in this analysis. 

Forty-nine facilities were excluded: outcome measure was missing for all observations in one 

facility; 17 facilities scored less than 0.5 on routine score, and were considered as outliers with 

concerns over data quality; and 31 facilities did not have any complications observed. Final 

analytic sample comprised 293,039 women from 308 facilities.  

As detailed in Table 1, the distribution of low (<2000), medium [2000-4000) and high 

(≥4000) volume facilities was even: 35.71% facilities were low volume (N=110; 11.18% women), 

30.19% were medium (N=93; 23.12% women) and 34.09% were high volume (N=105; 65.70% 

women).  

Table 4.1: Description of the study facilities and regions covered 
 

  

Number of 
facilities Percentage Number of 

women Percentage 

Facility volume          

Low 110 35.71 32,753 11.18 

Medium  93 30.19 67,759 23.12 

High  105 34.09 192,527 65.70 

WHO region         

AFRO 88 28.57 64,863 22.13 

AMRO 71 23.05 61,538 21.00 

EMRO 32 10.39 46,248 15.78 

SEARO 55 17.86 69,440 23.70 

WPRO 62 20.13 50,950 17.39 

World Bank income level         

Low 79 25.65 83,681 28.56 

Lower middle 164 53.25 155,555 53.08 

Upper-middle and high 65 21 53,803 18.36 

MMR level (2012)         

 Low MMR (<20) 9 2.92 6,588 2.25 

 Moderate MMR [20-100) 143 46.43 129,266 44.11 

High MMR [100-299) 62 20.13 69,027 23.56 

Very High MMR (≥30] 94 30.52 88,158 30.08 

Facility volume categorized based on total births per year: Low (<2000); Medium [2000-4000); High 
(≥4000) 
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The study sample comprised of health facilities from countries with various income 

levels (World Bank classification), maternal mortality ratio and from different regions of the 

world (World Health Organization classification). The study population presented a diverse 

demographic and obstetric profile (Supplementary Table 4.1). About one in ten of the women 

were aged less than 20 years and almost half were between 20 and 35 years. Missingness for age 

was minimal at 0.27%. Almost one-fifth of the women were marked as high risk based on 

premature labor, multiple birth, referral status and history of previous caesarean section. 

Approximately 70.6% births were vaginal deliveries and 1.55% of women experienced 

postpartum hemorrhage, 0.69% developed sepsis and 2.59% had pregnancy induced 

hypertension.  

Maternal deaths per 100,000 ranged from 0 in six countries to 283 in Afghanistan, while 

SMO varied even more, with 189 women per 100,000 experiencing a severe outcome in Brazil 

and 2057 in Niger (Figure 4.1). As the study facilities are not a representative sample of all 

delivery facilities in the country, the observed mortality in the facilities is different (lower in 

most cases) than the national MMR.  

 

Figure 4.1: Distribution of severe maternal outcomes (SMO) and maternal deaths across countries 
[facilities included in the study] 
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Figure 4.1 (Continued) 
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Additionally, Figure 4.2 illustrates considerable in-country heterogeneity in outcomes 

observed across facilities with increasing heterogeneity across facilities in countries with poor 

maternal health outcomes, such as Angola, Democratic Republic of Congo, Niger, Nigeria, 

Pakistan and Uganda.    

 

 

Figure 4.2: Distribution of severe maternal outcome rate (per 100,000 births) for all study facilities 
(N=308) 

 

Figure 4.3 illustrates the distribution of exposures (competent routine care and 

complication management) overall and by facility volume. Data on the five indicators (targeted 

interventions) used to calculate composite indices of competent care were complete for all 

observations (i.e., no missingness) see Supplementary Table 4.1).  
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Figure 4.3: Distribution of exposures (routine and complication care) overall and by facility volume 
 

Most facilities performed routine care competence tasks in all cases, with median 

performance of 0.98 and IQR of 0.06. Facility performance on complication was lower than that 

for routine care with a median score of 0.80 and IQR of 0.36; see Supplementary Table 4.2 for 

further detail.  

Facility-level competence is variable within countries as shown in Figure 4.4, with more 

heterogeneity for complication management index than that for routine care.     
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Figure 4.4: Distribution of exposures (routine and complication care) by country 
 

Figure 4.5 visualizes the relationship between SMO and CCPI for routine care and 

complication management, based on non-parametric (LOWESS) regression model. For routine 

care, we observe no strong association between increasing CCPI score and SMO for the most 

part; however, for very high values of the routine care index, there is a decline in the risk of 

SMO. Similarly, there is no evident association between CCPI complication management score 

and SMO except for a small incline in very low (artifact of sparse data) and high scores for the 

index. The observed “break-point” in the relationship between CCPIs and SMO at higher values 

of the CCPI could signal a potential inflection point for well-performing facilities. 
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Figure 4.5: Unadjusted nonparametric association of competent routine and complication care with 
severe maternal outcome (N=293039) 

 

Table 4.2 shows the results of unadjusted, partially- and fully-adjusted multilevel models 

assessing the relationship between SMO and binary categorization of poor and good performing 

facilities based on their CCPI scores. In the fully-adjusted model (Model 5) facilities offering 

good quality routine care (top quartile) had lower odds of SMO compared to those in the bottom 

three quartiles (adjusted odds ratio, aOR: 0.70; 95%CI: 0.54, 0.90). Similarly, for complication 

management the odds of SMO were lower for top performing quartile of facilities compared to 

the rest (aOR: 0.55; 95%CI: 0.43,0.71).  

 

Table 4.2: Multilevel regression analyses of association between exposures and outcome (N=293039)
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Table 4.2 (Continued) 
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The odds of SMO are also lower for higher volume facilities compared to lowest volume 

facilities. No statistically significant interaction was observed between routine and complication 

care performance variables (Model 6). However, a considerable level of variance is explained at 

the country level: as Table 4.2 details, Afghanistan, Mongolia, Nigeria and Niger have 

statistically significant, increased odds of SMO, whereas Brazil, China, Sri Lanka, Nepal, 

Philippines, Paraguay, Vietnam and Jordan, Occupied Palestinian Territories and Qatar have 

statistically significant reduced odds of SMO, compared to the reference country (India) after 

inclusion of all other covariates. Subgroup analysis for women with complications only indicates 

the same direction of association as that observed in full-sample main analyses, but fails to 

reach statistical significance at 0.05 level (Supplementary Table 4.3).  

Results of sensitivity analyses for models that regressed SMO on different functional 

forms of CCPI indices are detailed in Supplementary Tables 4.4-4.6. Briefly, the associations 

failed to reach statistical significance in the linear regression model (Supplementary Table 4.4). 

The results from main analyses remain largely robust to sensitivity analyses using different 

thresholds (50th and 75th percentile) to define poor versus good quality routine and complication 

management, although CCPI complication management score cut-off at median did not reach 

statistical significance (Supplementary Table 4.6), further indicating that high-end, not just 

better than average, performance is required for reducing adverse outcomes.    

Figure 4.6 visualizes the penalty of poor quality based on the fully-adjusted regression 

model (Table 4.2, Model 5). Observed SMO is lower than it would be if all facilities were set to 

poor quality for both routine care and complication management. The observed SMO rate (per 

100,000 births) in our study population is 618 [95%CI: 459, 777] which is lower than the 

predicted SMO rate of 740 SMOs per 1000, births (95%CI: 645, 835)if all facilities were set to 

the level of poor performing facilities for both routine and complication management. The 

observed rate is substantially higher than the predicted SMO rate if facilities are set to the level 

of top performers for routine care and/or complication indices; with the predicted SMO rate at a 
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low 287 per 100,000 births (95% CI: 198, 376) if all facilities offered care at the level of the top 

performers for both indices. We also note that in a stratified analysis, the largest gains in 

averting adverse maternal outcomes can be gained by changing facility quality in low-income 

countries; see Supplementary Table 4.7 for details of the prediction models

 

Figure 4.6: Predicted severe maternal outcomes for different levels of facility performance for routine care 
and complication management, overall and by country income level 

 

Discussion  

To our knowledge, this study is the first to assess an association between facility-level 

competence for childbirth care and severe maternal outcomes. Using data on nearly 300,000 

deliveries from 29 countries, we found that anything less than near-complete performance on 

routine and emergency care during childbirth at health facilities is associated with excess 

maternal mortality and morbidity. Our results indicate decreased odds of severe maternal 

outcomes (aOR for routine care: 0.70; 95%CI: 0.54, 0.90 and complication management: 0.55; 

95%CI: 0.43,0.71) in high-quality facilities, i.e., the top 25% or those scoring at least 0.99 for 
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routine care and 0.94 for complication management indices, compared to other facilities 

globally. This is consistent with the nascent, but steadily growing, evidence base showing an 

association between poor quality care and maternal and newborn health outcomes.22,23  

A stronger association between the index for complication management and severe 

maternal outcomes, compared to the index for routine care, suggests that the former is likely a 

more efficient measure of overall quality, as most births will not result in complications while 

competent complication management is required for a subset of women.  Competent 

complication management implies timely diagnosis and action, requiring more resources, skill 

and discretion. Still, given this and the overall high performance of routine care, it is notable 

that any deviation from perfect application of routine obstetric care in these populations is 

associated with excess risk of an adverse outcome. Prediction models based on this correlation 

indicate that if all facilities in our study performed at the level of the higher-quality facilities for 

routine care and complication management, there would 331 fewer cases of severe maternal 

outcomes per 100,000 births, which, although higher than in best performing countries, is close 

to half of the observed level of adverse outcomes in our study population. This association 

suggests that improvements in facility quality could potentially improve health outcomes 

substantially among women who deliver in higher quality facilities.  

The indicators of facility-level competence used in this analysis represent the very 

minimum that can be expected when pregnant women reach facilities for labor and delivery 

care. The indicators focus on the evidence-based actions that should be second-nature to skilled 

birth attendants. Moreover, our indicators do not account for the timeliness or correct 

application of the intervention, or other critical aspects of quality care, including respectful and 

supportive care.6 Lagging on these indicators, i.e. anything but close to a perfect score can, 

therefore, be interpreted as a signal of quality deficits in the facility, especially considering our 

results indicating its association with severe maternal outcome. 



 

 91 

Additional factors associated with severe maternal outcomes include birth volume in 

facilities, woman’s risk level and country context. We note decreased odds of SMO in higher-

volume facilities (aOR for medium volume: 0.53 (.32, 0.87) and high volume: 0.59 (0.38, 0.92)) 

compared to low-volume facilities. This extends the literature indicating an inverse relationship 

between birth volume and quality of maternal care, with diminishing gains at high-volume 

facilities.24 Woman’s risk dramatically increases the risk of adverse maternal outcomes, 

underscoring the importance of effective antenatal care, including ensuring appropriate linkages 

to timely, high-quality labor and delivery care.25-28 Even after controlling for various facility-

level and individual risk factors, we note variability in odds of severe maternal outcomes across 

countries, potentially owing to differences in overall performance of health system, unmeasured 

health systems quality variables (e.g. training of healthcare providers), and country’s socio-

demographic context. Lower odds of SMO is observed in countries that are richer (e.g. Brazil) or 

lower-income but with notably better performing health systems (e.g. Sri Lanka) that have made 

targeted investments within and outside the health sector to improve the lives of women and 

children.    

A key strength of this study was the ability to assess the relationship between indicators 

of process quality of childbirth care and health outcomes, as most studies on quality of maternal 

and newborn care have primarily focused on inputs to and process of care, and only a few have 

progressed to associating quality indicators with health outcomes.3,22,29-31 To our knowledge this 

is the only existing survey powered to study severe maternal outcomes with a link to the health 

facility of care receipt; a large multi-site study is currently underway to link process indicators 

for childbirth care with health outcomes.32 Indirect estimates of proportion of maternal 

mortality avertable with better quality are useful, but these are subject to modeling 

assumptions.33 Demonstrating and quantifying the association between poor quality and 

maternal outcomes with real data is important to advance understanding of effects and to 

inform policy, including cost-effectiveness and cost-benefit. Ultimately what matters most is 
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improving health outcomes and these must be at the health of all accountability frameworks and 

in design and evaluation of health policies, especially in LMICs.34 Our study, quantifying the 

quality penalty is therefore an important contribution towards making a successful case for 

investing in quality.  

This study also advances the methodology for investigating quality of care during 

childbirth. Quantifying true quality of care, in a comprehensive manner, is challenging. The 

process of care during childbirth is a complex, with potential for variation in quality along every 

step of the way.6 Process indicators are arguably the closest approximation of the actual quality 

of health care offered, but comprehensively measuring it is resource-intensive.11,35 For instance, 

the gold standard for measuring technical aspects of process of care is direct observation, but it 

is neither time- nor cost-efficient. However, the indices for process quality used in this analysis 

are based on data that can be collected through low-cost facility-audit, or through routinely 

collected data as countries expand and move towards digitizing their health management and 

information system capabilities. Likewise, hospital morbidity and mortality can be useful in 

gauging the quality of care in facilities when adjusted for disease severity, as many adverse 

outcomes result from failure to prevent or appropriately manage labor complications.4 By 

linking facility performance in 308 facilities globally with health outcomes for nearly 300,000 

women, we have validated the utility of process indicators used in this analysis and thus 

demonstrated a novel method of benchmarking facility quality for competent childbirth care.  

  A growing body of research documents the poor quality of care for pregnant women and 

newborns, especially in LMICs. These studies document inadequate service readiness and sub-

optimal process quality, sparking discussions on efficiently organizing health systems and to 

prioritize quality improvement approach the facility level to optimize both health outcomes and 

patient experience.3,24 The indices of competent care we have developed and validated with 

health outcomes can be a useful guide to identify and course-correct poor performing facilities 

by learning from high-quality facilities within and across countries. Because the measures we 
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propose can be used as a basis for estimating health impact of potential changes, these could 

also be employed for targeting improvement and for comparing potential strategies.  

Our study had several limitations. As discussed earlier, the indices are constructed based 

on indicators of competent care for delivery and were collected from facility records, which may 

not accurately state the correct diagnosis for a complication and thus misclassify whether the 

women received appropriate treatment. Despite the measures built into data collection process 

to review and verify entries in facility record, this could introduce bias in our assessment of care 

quality, but the direction of bias cannot be ascertained based on the available data alone. There 

could be residual confounding due to risk selection not captured by the variables used to classify 

a woman as high risk. Ideally, we would control for any complication and its severity at health 

facility arrival for every incoming case. However, in absence of such data, we used proxy 

indicators to adjust for risk selection, which was strongly associated with risk of severe maternal 

outcome. Second, our analysis was limited by the relative homogeneity of the study facilities as 

75% of the facilities scored over 0.94 for routine care. The facilities included in this study are not 

a representative sample of the facilities in the countries; given the volume of deliveries in the 

study facilities and capacity for surgical care, we know that the study facilities offer higher level 

of care and may serve as referral facilities in most cases. In a representative sample of facilities 

in a country, we would anticipate a wider distribution for facility performance22,24,36,37, and a 

greater burden of poor quality and resulting severe maternal outcomes. Third, identifying a 

threshold for defining poor quality in absence of concrete guidelines is a limitation that we have 

effort to address by increasing our reliance of empirical approaches like non-parametric 

regression modelling and several robustness checks. Our measurement decision regarding the 

choice of weighting scheme (opportunity-based weights) could arguably introduce some bias; 

however, as discussed previously, we do not expect a significant impact given the analysis is 

conducted at the individual and not facility level. In fact, our results indicating that high quality 
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care, as defined by the resulting indices was related to maternal outcomes, provides evidence to 

support our choice around measurement and weighting.  

Our results indicate an association, and not a causal link, between indices of competent 

routine care and complication management during childbirth and severe maternal outcomes. 

Further research is needed to affirm and extend these findings. As such, we are not arguing that 

changing the indicators of evidence-based care will improve quality overall or lead to improved 

health outcomes. We instead recommend, at this juncture in time where we are beginning to 

explore the extent and causes of variations in quality, to use the indices of competent routine 

care and complication management for benchmarking facility performance.3 The relevance of 

the indices is in their potential for guiding thoughtful action and research on quality by sorting 

facilities to identify well and poorly performing facilities. Our findings also highlight the need to 

understand national health systems and social determinants in understanding variation in 

adverse maternal outcomes.38 We note that a substantial share of the variation is explained at 

the country level, which could not be further explored in this analysis given the data limitations. 

It is also worth noting that facility performance varied within countries, especially in those with 

high MMR. This raises important question about the overall quality and performance of national 

health systems and the equitable distribution of good quality maternal care within countries, 

warranting further exploration.3,37-39  

Poor quality of available services is a binding constraint in improving health outcomes33, 

and as our results indicate, this is true for maternal health as well. For decades, global and 

national efforts have focused on encouraging women to access childbirth care in facilities, with 

less attention to quality of care. Continuing this strategy without a deliberate consideration to 

the quality of care in health facilities is neither efficient not ethical, as indicated by the burden of 

severe maternal outcomes associated with poor quality.5 Better monitoring of quality of services 

– with a focus on health outcomes - is imperative for identifying gaps in performance that can 

guide improvement efforts and support fulfillment of countries’ SDG aspirations. This study, 
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advancing the methodology for identifying best performers, offers a starting point for 

understanding the levels of and trends in quality across different contexts and is a timely 

response to the global call for feasible yet rigorous measurement tools for strengthening health 

systems and improving the quality of facility-based childbirth care.  
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Supplementary Figure 1: Unadjusted association of competent routine and complication care with severe 
maternal outcome (N=293039) 
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Supplementary Table 4.1 (Continued) 
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Chapter 5: Discussion 

Summary of findings 

Measuring and improving quality of care provided to pregnant women and newborns is a 

timely and critical agenda within the global mandate for improving the health and well-being of 

women and children.1-4 Guided by the World Health Organization’s framework for quality care 

for pregnant women and newborns5, the three empirical studies presented in this dissertation 

demonstrate innovative methods to understand the level and trends in quality in India, Kenya 

and across 29 countries in Africa, Asia, Latin America and the Middle East regions. The three 

studies, individually and collectively, elucidate and propose steps towards addressing the 

methodological challenges in measuring quality of facility-based care during pregnancy and 

childbirth. Findings can be used to guide further research, increase accountability and guide 

thoughtful action to improve health and patient-centered outcomes for mothers and their 

newborns.  

In the first study, using a national health facility survey, I document that primary care 

public facilities in India fail to meet nationally set minimum recommended standard for basic 

intrapartum care in both rural and urban areas, and facility capacity is worst in states with worst 

health outcomes. This finding reflects critical deficiencies in facility capacity for routine and 

emergency care in primary care facilities and is consistent with findings from other low-income 

countries documenting inadequate service preparedness in low volume facilities across five 

African countries.6 Given India’s commitment to universal health coverage and continued efforts 

to strengthen public health service provision, the evidence from this study emphasizes the need 

to prioritize investigating and improving the quality of care offered in public health facilities, 

particularly in states with a record of poor maternal and newborn health outcomes, to realize the 

intended benefits of increasing access to care nationwide, especially for poor and vulnerable 

populations that lack access to high quality care elsewhere.   
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In the second study, I use large-scale facility assessment data to document that the 

quality of maternal care in Kenya was low in all domains, particularly clinical quality of 

antenatal and delivery care. By combining a nationally representative health system assessment 

with population-representative demographic data to describe the geographic distribution of 

poverty and maternal care quality, I demonstrate that quality was unequally distributed, with 

quality lowest at facilities in impoverished areas and increasing with increasing wealth. 

Furthermore, using a threshold of providing 75% of evidence-based practices for delivery care, I 

find that only 8% of poor women and 17% of all women had access to minimally adequate care. 

These findings prompt important questions on effective coverage of maternal health services in 

Kenya and highlights the need for focused policy initiatives for addressing the quality gap and its 

inequitable distribution in the country.  

In the third study, using a multicountry dataset of over three hundred facilities and close 

to 300,000 women receiving facility-based childbirth, I find considerable variation in process 

quality and severe maternal outcomes between and within countries. This analysis demonstrates 

that anything less than near-complete performance on basic indicators of routine care and 

complication management during facility-based childbirth is associated with poor maternal 

health outcomes. By linking facility level competence with health outcomes, I assessed that 

improving facility performance to the level of the best performers, or benchmark facilities could 

bring down severe maternal outcomes to a half of observed level. This novel analysis contributes 

to the ongoing efforts to develop innovative methods for measuring and benchmarking facility 

quality to drive meaningful action on improving facility-based childbirth care quality globally.   

 

Limitations and future directions 

An important limitation in quality assessments undertaken in this dissertation, which is 

reflective of the broader challenge facing the global maternal and newborn health and health 

system quality research, is the poor availability of empirical data for measuring quality of care 



 

 109 

comprehensively.7 Although there has been progress in data collection methodologies for 

assessing quality of care8, the depth of information available, especially through large-scale 

surveys, which are required for action and accountability at systems-level or investigating rare 

outcomes such as severe maternal outcome, is inadequate.9,10 This is illustrated in the 

assessment of quality of care in three studies in this dissertation that address only some 

domains of provision of care and structural inputs to care as identified in the 2014 WHO 

framework for quality of care for pregnant women and newborns5; data on indicators of 

experience of care are scarcely, if at all available, through large scale surveys.    

The analysis of publicly available, nationally representative health system data from 

India and Kenya demonstrate the possibilities and limitations of large-scale surveys in 

investigating quality of care comprehensively, and identifies gaps in the surveys that need to be 

addressed to enhance country’s capacity for understanding and addressing quality deficits in 

service provision. The investigation of quality of care in public health facilities in India was 

limited by the lack of data on actual provision of care (process of care). Measuring structural 

inputs to care is important and reveals deficits in the foundation for delivering quality care, but 

by itself, is a poor proxy for care as delivered.11 Even in Kenya, where I used process of care 

elements using data from direct observation of care, data on experience of care were lacking, an 

important but often neglected element of quality of care and determinant of both of health 

outcomes and patient-centered outcomes.12 Similarly, both datasets from India and Kenya 

lacked information on referral and information systems, an important aspect of quality care in 

maternal and newborn health where effective and timely sharing of patients and their 

information, especially as complications arise, is critical for a rapid response for ultimately 

averting mortality and severe morbidities.2,5,13,14  

Strengthening publicly available health information systems with process and outcome 

indicators for maternal health is important for both accountability and action in the era of the 

Sustainable Development Goals given the centrality of universal coverage of essential services in 
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the global agenda.1,7 The success of universal coverage of care relies on the availability and 

timely utilization of high quality services. Therefore, there is an increasing demand for moving 

beyond coverage data towards quality-corrected or effective coverage for gauging country 

progress towards meeting the global goals and targets.15-18 However, gaps in large scale 

assessment of health system quality will hinder any such progress.19,20 Strengthening health 

information systems should be approached with an eye towards assessing clinical effectiveness 

of care, positive user experience and respectful care during pregnancy and childbirth.  

Moving forward, methodological innovations in linking household and facility data will 

also be essential for better addressing the knowledge gaps in health system quality research and 

policy.1,15 Using publicly available data from Kenya, I have demonstrated a way to link facility 

assessment with population data, however, there are limitations and challenges to this method 

of ecological or indirect linking, as previously discussed. Further validation of linking methods 

as highlighted in this dissertation and elsewhere in the literature is a necessary next step 

towards better measurement of quality of care.15 The importance of health facility data, 

including facility surveys and routine reporting systems in improving monitoring of coverage 

and quality data has been noted by the research and policy communities.1 The multicountry 

analysis linking process of facility-based intrapartum care data with health outcomes offers a 

potential innovation in using data that can be routinely collected through improved health 

management and information system even in low-income country settings to benchmark facility 

performance and take actions towards improving quality of facility-based childbirth care.  

 

Conclusion 

The global health research and policy communities increasingly recognize that without 

comprehensive, high quality maternal health services at its center, universal health coverage 

alone will not result in the desired improvement in maternal and newborn health globally.4 

Through the three empirical analyses, this dissertation sheds light on the suboptimal and 
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variable distribution of quality maternal and newborn care both within and between countries, 

despite the limitations of the empirical data available and methodological advancements for 

assessing the quality of maternal and newborn care, especially in low- and middle-income 

country settings. This dissertation contributes to the growing body of evidence indicating that 

quality is inadequate and is a binding constraint in improving health of mothers and newborns. 

Findings underscore the need to generate context-specific evidence to ensure targeting of 

programs to improve quality of care globally and highlights the pressing need to invest resources 

in improving measurement and monitoring of quality of facility-based care for pregnant women 

and newborns. 
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