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Abstract  

Major reductions in morbidity and mortality could be achieved through high-quality, high-

coverage implementation of proven maternal and child health interventions, including facility-

based delivery by skilled birth attendants and prevention of mother-to-child HIV transmission 

through the provision of antiretroviral drugs. Methodologic advances in implementation 

science could identify opportunities to improve the effectiveness of these programs. This 

dissertation illustrates how epidemiologic methods can be applied to implementation science 

research using data from two large-scale maternal and child health programs; namely the 

BetterBirth Program, which implemented the World Health Organization’s Safe Childbirth 

Checklist in Uttar Pradesh, India, and the U.S. President’s Emergency Plan for AIDS Relief 

(PEPFAR) funding of prevention of mother-to-child HIV transmission (PMTCT) activities in 

Kenya.  This dissertation A) reviews the development of the BetterBirth Program’s 

implementation package to identify methodologic lessons learned that can assist future 

researchers seeking to develop and evaluate complex interventions; B) performs regression 

analyses to investigate the relationship between coaching intensity, adherence to essential 

birth practices (EBPs), and maternal and perinatal health outcomes in the BetterBirth study in 

order to provide insights into the optimal coaching regimen for future interventions; and C) 

estimates the impact of per capita PEPFAR funding for PMTCT on infant and neonatal mortality 

and HIV counseling, testing, and receipt of test results during antenatal care in Kenya using a 
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quasi-experimental dose-response analysis of publicly available data.  These evaluations 

illustrate how the collection and analysis of quantitative data can advance our understanding of 

the overall effectiveness of large-scale maternal and child health programs and provide insights 

into how the implementation of these programs should be improved. 
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Chapter One: Optimizing the development and evaluation of complex interventions: Lessons 

learned from the BetterBirth Program and associated trial 

ABSTRACT:  

Background: Despite extensive efforts to develop and refine optimized intervention packages, 

complex interventions often fail to produce the desired health impacts in full-scale evaluations. 

A recent example of this phenomenon is BetterBirth, a complex intervention designed to 

implement the World Health Organization’s Safe Childbirth Checklist and improve maternal and 

neonatal health. Using data from the BetterBirth Program and its associated trial as a case 

study, we identified lessons to assist in the development and evaluation of future complex 

interventions. 

Methods: BetterBirth was refined across three sequential development phases prior to being 

tested in a matched-pair, cluster-randomized trial in Uttar Pradesh, India. We reviewed 

published and internal materials from all three development phases to identify barriers 

hindering the identification of an optimal intervention package and identified corresponding 

lessons learned. For each lesson, we describe its importance and provide an example inspired 

by the BetterBirth Program’s development to illustrate how it could be applied to future 

studies. 

Results: We identified three lessons: 1) Develop a robust theory of change (TOC); 2) Define 

optimization outcomes, which are used to compare the effectiveness of the intervention across 

development phases, and corresponding criteria for success, which are used to determine 

whether the intervention has been sufficiently optimized to warrant full-scale evaluation; and 
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3) Create and capture variation in the implementation intensity of components. When applying 

these lessons to the BetterBirth intervention, we demonstrate how a TOC could have promoted 

more complete data collection. We propose an optimization outcome and related criteria for 

success and illustrate how they could have resulted in additional development phases prior to 

the full-scale trial. Finally, we show how variation in components’ implementation intensities 

could have been used to identify effective intervention components.  

Conclusion: These lessons learned can be applied during both early and advanced stages of 

complex intervention development and evaluation. By using examples from a real-world 

scenario to demonstrate the relevance of these lessons and illustrating how they can be applied 

in practice, we hope to encourage future researchers to collect and analyze data in a way that 

promotes more effective development and evaluation of complex interventions.  
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BACKGROUND  

Complex interventions consist of a package of several interacting components (1, 2) and are 

widely used in public health applications including HIV prevention (3), smoking cessation (4), 

and prevention of childhood obesity (5).  Complex interventions are ideally both effective, or 

able to produce a heath impact, and optimized, or able to efficiently use available resources in 

a way that produces the greatest possible heath impact. Currently, there is little consensus on 

how to best develop complex interventions. Methodologically rigorous approaches, such as the 

factorial or fractional-factorial designs often used in the Multiphase Optimization Strategy 

(MOST) framework, can estimate causal effects of individual package components (6, 7).  

However, these designs require researchers to specify detailed information on candidate 

components at the beginning of the study, which may not be feasible early in the development 

process. They can also be prohibitive in cluster-randomized studies where few units are 

available for randomization (8) or the cost per unique treatment condition is high (9).  The 

recently developed Learn-as-You-Go (LAGO) design allows researchers to estimate the effects 

of individual components using data collected in phases, with data from previous phases being 

used to recommend interventions for subsequent phases (10). However, this design has yet to 

be used in a real-world study.  

In practice, complex interventions are often developed and refined using expert and 

stakeholder consensus and qualitative research (11-14). These approaches are rarely 

accompanied by quantitative analyses illustrating the effectiveness of individual 

implementation components or demonstrating that the intervention has been sufficiently 

optimized to warrant a full-scale evaluation. Consequently, many interventions fail to produce 
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the desired impact on health outcomes in a full-scale trial (15). One recent example of this 

phenomenon is an intervention called BetterBirth, a complex intervention designed to improve 

the quality of care in childbirth facilities with the ultimate goal of improving maternal and 

neonatal health. Despite extensive preliminary research during the intervention development 

process (16), the intervention did not improve maternal and child health in a recent high-profile 

trial, although it did improve birth attendant adherence to evidence based practices (17).  This 

paper identifies lessons learned from the BetterBirth experience and provides illustrative 

examples showing how these lessons could be applied to the development and evaluation of 

future complex interventions. 

METHODS 

Overview of the BetterBirth intervention 

BetterBirth is a complex intervention consisting of a multi-component implementation package 

designed to promote the use of the World Health Organization’s Safe Childbirth Checklist (SCC). 

The 28-item SCC is intended to help birth attendants successfully complete evidence-based 

essential birth practices (EBPs) that prevent or successfully manage complications during 

facility-based deliveries (18). BetterBirth was developed through a multi-phase process. The 

initial implementation package was informed by team members’ prior experiences successfully 

implementing a similar quality of care improvement tool, the Safe Surgical Checklist (19, 20) and 

by a pilot study of the SCC conducted in a hospital in Karnataka, India (21).  This initial package 

was refined over three sequential development phases conducted in primary-level health 

facilities in Uttar Pradesh, India. The first two phases, Pilot 1 and Pilot 2, were pre-post studies 
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conducted in two and four facilities, respectively. The third development phase occurred 

among the first 15 control-intervention pairs enrolled in a matched-pair, cluster-randomized 

trial (CRT) designed to assess effectiveness of the BetterBirth intervention on reducing maternal 

morbidity and maternal and infant mortality (22). We consider these 15 pairs to constitute a 

development phase because researchers originally planned to conduct preliminary analyses 

among these facilities and further adapt the intervention as needed prior to enrolling the 

remaining CRT facilities.  However, time and budgetary constraints ultimately prevented further 

adaptations to the final implementation package.  To accommodate both the pre-post and 

matched-pair, cluster-randomized designs, we designate all births occurring in a control site or 

any births occurring in an intervention site prior to the introduction of the BetterBirth 

intervention as part of the “control period” and any birth occurring in an intervention site after 

the introduction of the BetterBirth intervention as part of the “intervention period.”  

Across the three development phases, the content, delivery, and intensity of implementation 

package components assigned to facilities varied, as described in Hirschhorn et al. (16) and 

summarized in Table 1.1. During Pilot 1, the BetterBirth intervention included 3 package 

components: leadership engagement, an educational and motivational program launch, and 

ongoing coaching visits to promote checklist use and EBP adherence. The fourth package 

component, a data feedback cycle in which birth attendants were provided with quantitative 

information on their performance, was added to the Pilot 2 and CRT phases.  In each phase, the 

intervention’s effectiveness was assessed based on birth attendants’ SCC use and EBP 

adherence, which was directly observed by trained independent nurses and recorded using 

standardized data collection tools.  EBP observations occurred during three distinct periods of 
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delivery: on admission to facility, just before pushing, and within one hour after birth. However, 

practical considerations related to the timing and duration of labor prevented all births from 

being continuously observed from admission through discharge such that not all EBPs were 

observed for each birth. Data on EBP adherence was available on 113 births from Pilot 1; 2,369 

births from Pilot 2; and 6,562 births from the CRT phase. 

Table 1.1 The BetterBirth implementation package by phase 

Phase Leadership 
engagement 

Educational & 
Motivational Launch 
 

Data Feedback    
Coaching visits   

Pilot Phase 
1 

Non-standard initial 

engagement, with a 

focus on facility rather 

than district leadership 

3-day launch featuring 

one day of flipchart & 

video-based training, 

one day of checklist 

demonstrations and 

placement of checklist 

posters on walls, and 

one day of facilitated 

practice sessions on 

checklist use.  

None 

1 coaching visit every 

2 weeks for the first 6 

months, then 1 

coaching visit per 

month. 

Pilot Phase 
2 

Standardized initial 

engagement with 

district and facility 

leadership 

Semi-standardized 2-

day launch featuring 

flipchart; videos; 

checklist posters; 

roleplaying; and the 

identification of a 

Childbirth Quality 

Coordinator   

Ongoing feedback, 

using paper-based 

reports. Frequency of 

report generation 

and delivery to sites 

unspecified.  

3 coaching visits per 

week for the first 4 

weeks, then less 

frequently. 

CRT 

Standardized initial 

engagement with 

district and facility 

leadership. 

 

Semi-regular meetings 

with district leadership  

Standardized 2-day 

launch featuring 

flipchart; videos; 

checklist posters; 

roleplaying; the 

identification of a 

Childbirth Quality 

Coordinator; and a 

safe-childbirth pledge.  

Ongoing feedback 

using app-based 

reports.  Frequency of 

report generation 

and frequency of sites 

reviewing feedback in 

the app are 

unspecified. 

2 coaching visits per 

week for months 1-4; 

1 coaching visit per 

week for months 5-6; 

1 coaching visit per 

fortnight in month 7; 

1 coaching visit per 

month in month 8. 
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Identifying lessons learned 

To identify barriers preventing the identification an optimal BetterBirth implementation 

package, we reviewed published articles, research protocols, internal reports, data collection 

tools, implementation team weekly updates, and data from all three development phases of 

the BetterBirth intervention. The results of this review were used to identify both barriers that 

hindered the identification of an optimal intervention package and corresponding lessons 

learned.  For each lesson, we described its importance and used material inspired by the 

BetterBirth Program to illustrate how this lesson could be applied in practice. These illustrative 

examples were designed to aid in the development and evaluation of future complex 

interventions. 

Illustrative examples and analysis 

Our theory of change (TOC) was drafted after our initial review and refined following a group 

discussion with members from the BetterBirth team. To assess the overall effectiveness of the 

intervention, we used a generalized linear model with adjusted for the development phases 

(Pilot 1, Pilot 2, and CRT phases), the intervention (vs. control) period, and their interactions 

(23). When assessing the coaching component, we additionally added coaching intensity, 

calculated for each birth as the number of coaching visits that occurred at their facility in the 30 

days prior to their birth (24). In Pilot 2, only the first and last dates of coaching and the total 

number of coaching visits per site were recorded.  In order to calculate coaching intensity 

metrics, we imputed these missing coaching dates under the assumption that they followed a 

uniform distribution bounded by the first and last dates of coaching.  All models accounted for 
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clustering at the facility level by estimating standard errors using the empirical variance with an 

exchangeable working covariance structure.  

RESULTS 

We identified three key lessons learned: 1) Develop a robust theory of change, 2) Define 

optimization outcomes, which are used to compare the effectiveness of the intervention across 

development phases, and corresponding criteria for success, which are used to determine 

whether the intervention has been sufficiently optimized to warrant full-scale evaluation, and 

3) Create and capture variation in the implementation intensity of intervention components. 

For each lesson, we describe its importance, discuss how it applies to the BetterBirth Program, 

and provide an illustrative example. 

Lesson 1:  Develop a robust theory of change 

Theories of change (TOC) are tools that define and communicate researchers’ underlying 

assumptions and hypotheses about the processes through which a complex intervention 

improves outcomes (25-27). The assumptions and hypotheses encoded in a TOC can be 

informed by a wide range of generalized theories commonly used in implementation science 

(28) including classical theories from psychology and sociology like the Theory of Planned 

Behavior (29) and implementation theories like the Theoretical Domains Framework (30). 

However, TOCs differ from generalized theories because they describe causal relationships 

between variables in a way that is specific to both the intervention of interest and the context 

in which that intervention is being implemented (26, 27). TOCs should include the complex 

intervention’s individual components, primary outcome, and any process outcomes 
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hypothesized to be on the causal pathway between at least one intervention component and 

the primary outcome. Additionally, TOCs should contain information on contextual factors 

expected to impact the relationship between these variables. Many researchers use the terms 

logic model and TOC interchangeably, and some logic models include sufficiently detailed 

causal pathways such that they can function as a TOC (e.g. 31).  However, while TOCs 

necessarily include information about the assumed causal connections between variables, logic 

models often assume simplistic progressions between groups of variables, such as inputs, 

outputs, outcomes, and impacts (e.g. 32, 33) without making their causal assumptions explicit 

(26, 27).  

The causal assumptions contained in a TOC provide a structure for identifying and addressing 

the challenging hallmarks of complex intervention research (1, 2). By identifying which 

hypothesized causal links are thought to be of greatest importance to the overall success of the 

intervention (or, alternatively, are the subject of greatest uncertainty), TOCs help prioritize data 

collection and guide subsequent data analyses (2, 25, 26, 34). Testing for the existence of the 

hypothesized causal links identified in the TOC can help identify ineffective intervention 

components, highlight incorrect assumptions about the underlying mechanism of change or 

context in which the intervention is being implemented, and inform future adaptions to the 

intervention (26, 34-36). TOCs can also identify the appropriate data source and unit of analysis 

for each variable and can highlight which data sources will need to be linked together for 

analysis (37, 38).  Finally, TOCs can strengthen collaborations between interdisciplinary team 

members who may not otherwise share common assumptions or vocabulary for describing the 

intervention (25, 26, 39).  



 

 10 

Lesson 1: Application to BetterBirth 

The BetterBirth team used two theoretical frameworks to develop their intervention: the 

“Engage, Educate, Execute, and Evaluate” framework in Pilot 1 (Figure 1.1a) and the “Engage, 

Launch, Support” framework in the Pilot 2 and CRT phases (Figure 1.1b). Although these 

frameworks were grounded in a generalized model known as the “4-Es” (40), they did not 

constitute a TOC because as they did not contain information on the specific causal pathways 

through which individual implementation package components are hypothesized to improve 

maternal and child health. While these frameworks were effective at communicating the 

program’s overall implementation strategy, they could not be used to prioritize data collection, 

guide analyses, or suggest opportunities for adapting and improving the intervention.  In 

parallel with these frameworks, an informal TOC developed among BetterBirth team members 

(Figure 1.1c). However, this TOC was too simplified to inform data collection or analysis and, 

without formalized language and broad stakeholder buy-in, could not strengthen collaborations 

among team members (41). 

We produced an alternative, robust TOC for the BetterBirth intervention (Figure 1.2).  We 

represented this TOC using arrows to designate hypothesized causal relationships, shading to 

identify the desired unit of analysis for each variable, and superscripts to identify which 

variables were measured in each BetterBirth development phase. Many variables that were 

identified in this TOC as playing an important role in the BetterBirth Program, such as birth 

attendant ability, were not measured during the development phases. Other variables, such as 

birth attendant attitudes towards the SCC, were measured in only one phase and therefore 

could not be compared across phases.   
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Figure 1.1 Frameworks used during the development of the BetterBirth intervention

Panel A:  Engage, Educate, Execute, Evaluate framework used during Pilot 1 

 

Panel B:  Engage, Launch, Support framework used during Pilot 2 and CRT 

 

Panel C: Informal theory of change used by BetterBirth team   

Engage

Sensitize senior administrative and 
clinical leaders about maternal and 

child health issues and the SCC

Educate

Local facilitators and 
birth attendants on SCC 

and quality of care at 
child birth

Execute

The checklist launch 
with participation of 
the entire staff and 

leadership

Evaluate

Checklist utilization 
over time to ensure 

barriers are identified 
and addressed



 

 

 

Figure 1.2 Robust theory of change for the BetterBirth intervention 

12 
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This practice prevented deep understanding on the impact of changes made to the 

implementation package on the intervention. Finally, some hypothesized casual links in the TOC 

existed between variables that were assessed at different units of analysis.  For example, 

attitude towards the SCC, which was assessed at the birth attendant level, was hypothesized to 

impact SCC use, which was assessed at the individual birth level. However, because the data 

collection process did not allow for individual birth attendants to be linked to individual births, 

this hypothesized link could only be assessed using data aggregated at the facility level. 

Developing a robust TOC at the start of the intervention development process could have 

highlighted these limitations earlier, promoted more complete data collection, and provided 

additional opportunities to learn about the intervention.  

Lesson 2: Select optimization outcomes and specify criteria for success 

After creating a TOC, a subset of process outcomes can be selected as optimization outcomes. 

Optimization outcomes serve two functions during the complex intervention development 

process.  First, comparing optimization outcomes across development phases identifies 

whether changes to the intervention have improved the intervention’s overall effectiveness. 

Second, comparing optimization outcomes against criteria for success identifies whether the 

complex intervention has been sufficiently optimized to warrant evaluation in a full-scale trial 

(42). In the context of intervention development, criteria for success (42), which have also been 

described as optimization criteria (6) and  “Go/No Go” rules (43), describe the minimal effect 

the intervention should have on the optimization outcomes such that there is a reasonable 

chance that the intervention could meaningfully impact the primary outcome. Interventions 
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that fail to meet these criteria require additional phases of development before progressing to 

a full-scale evaluation.  

To serve these two functions, optimization outcomes should be defined and assessed 

consistently across all development phases.  They should also be valid surrogates, or proxies, 

for the primary outcome. Surrogate outcomes are widely used in clinical efficacy trials when 

collecting data on the primary outcome is expensive, time-consuming, or otherwise infeasible 

(43, 44). The effect of the intervention on a valid surrogate outcome will correspond to the 

effect of intervention on the primary outcome. However, it can be difficult to identify valid 

surrogate outcomes (45, 46). Several high-profile trials demonstrate how poorly chosen 

surrogates can lead to misleading conclusions about an intervention’s effectiveness (47-51). 

Multiple strategies for empirically validating surrogate outcomes have been  proposed, 

including a meta-analytic approach which can be used in settings where researchers have 

access to data on intervention status, optimization outcomes, and primary outcomes from 

multiple trials or for several sub-populations within a single trial (52, 53). However, this sort of 

data is usually not available to researchers seeking to developing a new intervention. In the 

absence of empirical verification, researchers must use their knowledge about the intervention 

and its expected effects to determine whether a candidate optimization outcome is likely to be 

a valid surrogate for the primary outcome.  

In settings where the intervention is hypothesized to improve the primary outcome, 

researchers typically select an optimization outcome that is a) also expected to improve as a 

result of the intervention and b) is positively correlated with the primary outcome. In this 

setting, the following conditions will nearly always guarantee that the optimization outcome is 
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a valid surrogate. More general conditions can be found elsewhere (45, 46).  First, the positive 

correlation between the surrogate and the primary outcome should reflect a positive causal 

effect and not be induced by bias. For example, in BetterBirth, it was believed that increased 

checklist use would be positively correlated with maternal and child survival.  However, 

checklist use would not have been a valid surrogate for survival if this correlation was explained 

by confounding rather than causation, as would have occurred if educated birth attendants 

were both more likely to use the checklist and more likely to have good patient outcomes.  

Second, if there are mechanisms through which the intervention could have unintended 

adverse effects on the primary outcome, those mechanisms should also adversely impact the 

surrogate outcome. For example, it is plausible that the BetterBirth intervention could have 

increased birth attendants’ adherence to specific tasks, such as providing oxytocin immediately 

after delivery, by decreasing the amount of time and resources they dedicated to other tasks, 

such as taking the temperature of newborns. In this context, adherence to any single task 

would have been unlikely to serve as a valid surrogate because it would not have reflected the 

potential unintended consequences of decreased adherence to other tasks. Third, if 

improvements in the surrogate are only beneficial among a specific subgroup of individuals, as 

would be the case in the presence of effect modification, then the intervention should improve 

the surrogate outcome within that subgroup. For example, in the context of the BetterBirth 

intervention, antibiotics were only expected to improve survival among the subgroup of 

mothers and infants who were at-risk of infection.  Therefore, increases in antibiotic 

prescription rates would have only been a valid surrogate for survival if those increases were 

occurring specifically among mothers and infants identified as being at risk of infection.  
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In addition to selecting an optimization outcome, researchers must also specify criteria for 

success.  Criteria for success should reflect both the strength of the relationship between the 

optimization outcome and the primary health outcomes and whether that relationship is likely 

to exhibit non-linear effects. Situational considerations should dictate whether criteria for 

success are set in relative or absolute terms. For example, if researchers believe that the 

primary outcome will only change after the optimization outcome crosses a certain threshold, 

then criteria for success should be defined with respect to that absolute threshold, not in terms 

of relative improvements. If multiple process outcomes are selected as optimization outcomes, 

the criteria for success should account for each of these outcomes, either by combining them 

into a single composite outcome (e.g. average EBP adherence must reach 86%) or by creating 

individual success criterion for each outcome (e.g. adherence to each EBP much reach 70%). 

Selecting optimization outcomes and specifying criteria for success are both critical steps in the 

optimization process.  If either is misspecified, then researchers could develop an intervention 

that improves the optimization outcome and meets the criteria for success but still fails to 

impact the primary outcome. 

 Finally, the sample size for each development phase should be calculated with respect to the 

optimization outcomes and their corresponding criteria for success. Phases do not necessarily 

need to be powered for formal hypothesis tests with a 5% Type I error rate (43).  However, 

each phase should be powered such that estimates for the effect of the intervention on the 

optimization outcome are precise enough to inform a decision to proceed to the full-scale trial. 

For example, if the criteria for success are defined as observing a confidence interval for the 

optimization outcome that includes or exceeds some pre-specified value (54), then power 
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calculations seek to ensure that the confidence intervals for the optimization outcome will be 

informatively narrow (42, 55). 

Lesson 2: Application to BetterBirth 

During the BetterBirth intervention’s development phases, EBP adherence was used to assess 

the intervention’s effectiveness since the primary health outcomes of maternal morbidity and 

maternal and infant mortality were relatively rare. During these phases, each EBP was analyzed 

and reported on independently, with different sets of EBPs being used in different pilot phases 

(16, 56). Criteria for success were not specified for any EBP. This approach had several 

limitations. First, it is unlikely that adherence to individual EBPs served as valid surrogates. As 

previously discussed, adherence to individual tasks may not capture other unintended adverse 

consequences of the intervention. Furthermore, secondary analysis of the BetterBirth Trial data 

has suggested that individual EBPs were generally not correlated with improved health 

outcomes (57). Second, without predefined criteria for success, it is unclear how EBP adherence 

data informed the decision to progress to a full-scale trial. Although the BetterBirth Trial 

observed large, statistically significant relative gains in EBP adherence to EBPs remained low. 

For example, although intervention sites were 53 times more likely to use appropriate hand 

hygiene than control sites, they still only used appropriate hand hygiene 35% of the time (17). If 

criteria for success had been defined in terms of absolute EBP adherence, these improvements 

may have been recognized as too modest to result in meaningful health improvements, which 

would have triggered additional development phases. Third, these limitations were 

compounded by inconsistent data collection across the three development phases.  Not all EBPs 

were assessed in all phases, and the timing and duration of EBP data collection relative to the 
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start of coaching differed from phase to phase. Consequently, observed changes in EBP 

adherence could have been caused by either real changes in the program’s effectiveness or by 

inconsistencies in data collection. Finally, while the CRT (N=6,562) was powered to detect 8.5 

percentage point differences in EBP adherence between intervention and control sites, Pilot 1 

(N=113) and Pilot 2 (N= 2,369) had relatively small sample sizes and were underpowered to 

detect meaningful differences in EBP adherence. 

Table 1.2 illustrates how a composite outcome of overall EBP adherence could have served as 

the optimization outcome and provided additional information about the intervention’s 

effectiveness prior to the full-scale trial.  We defined overall EBP adherence as the proportion 

of observed EBPs that were successfully completed at each birth out of a set of eight EBPs that 

were measured consistently across all three phases (Table 1.2).  This composite outcome was 

expected to serve as a valid surrogate for maternal and infant survival for several reasons. First, 

overall EBP adherence was correlated with improved infant survival (57), and it was assumed 

that this correlation reflected a causal effect. Second, the set of EBPs included in the outcome 

was include EBPs measured at all three pausepoints and EBPs performed on both the mother 

and the baby, so if the intervention had produced any unintended adverse effects, these 

negative effects would have likely resulted in reduced adherence to at least one of the included 

EBPs. Finally, each EBP included in the composite outcome was believed to be beneficial for all 

births, not just among a certain subgroup, so increased overall EBP adherence was expected to 

benefit the entire patient population. The use of overall EBP adherence as an optimization 

outcome was also supported by our TOC because a) it was proximal to the primary outcome of 

infant and maternal mortality and b) there were no hypothesized causal pathways from the 
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intervention components to infant and maternal mortality that did not go through EBP 

adherence.  We defined our criteria for success as observing an intervention period in which 

the 95% confidence interval for overall EBP adherence included 86%.  This threshold was based 

on a previously successful implementation of the SCC in a hospital in Karnataka, India, where 

EBP adherence increased from 34% to 86% and researchers observed a marginally significant 

halving of stillbirths (21). Our analysis suggested that, although the intervention increased EBP 

adherence in all phases, changes to the implementation package across phases did not fully 

improve total EBP completion. Furthermore, even though Pilot 1 and Pilot 2 are underpowered 

and had correspondingly wide confidence intervals, the 95% confidence intervals for overall 

EBP adherence during the intervention period did not include 86% in any phase, which 

suggested that the implementation package was not sufficiently optimized at the time of the 

trial 

Table 1.2 Effectiveness of each phase of the BetterBirth intervention  on overall Essential Birth 
Practice (EBP) Adherence,  which was calculated as the percentage of observed EBPs that were 
successfully completed out of eight EBPs: 1) use of a partograph, 2) maternal blood pressure at 
admission, 3) maternal temperature at admission, 4) appropriate hand hygiene prior to a push, 
5) provision of oxytocin to the mother within one minute of delivery, 6) assessment of baby 
weight, 7) assessment of newborn temperature, and 8) initiation of breastfeeding within 1 
hour. N=9,044 observations 

Phase 
Percentage point change in EBP 

adherence between intervention 
and control periods 

Total EPB adherence during 
intervention period 

Pilot 1 9.7% (-11%, 30%) 40% (23%, 56%) 

Pilot 2 23% (17%, 28%) 37% (28%, 46%) 

CRT1 33% (25%, 41%) 44% (39%, 50%) 

1EBP adherence during CRT differs from what has been previously reported due to inclusion of 8, rather than 18, 
EBPs and because data is reported for entire post-intervention period rather than only for 2-month post-
intervention and 12-month post-intervention periods.  
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Lesson 3: Create and capture variation in implementation intensity of components 

If criteria for success are not satisfied, investigating relationships between individual 

implementation components and other variables in the TOC can help identity strategies for 

improving the intervention. These analyses require researchers to assess variation in 

implementation intensity, which can be viewed as the “strength” or the “dose” of each 

intervention component  (58, 59).  Variation in implementation intensity can arise from both 

planned and unplanned factors. Planned variation occurs when researchers assign study 

participants to receive different intensities of an intervention component, as is the case in 

multi-arm studies (60), factorial designs (7), or when researchers adapt the complex 

intervention across sequential phases of development. Planned variation can also occur when 

researchers phase in, phase out, or otherwise change the intensity of the components over 

time (58), as in a stepped wedge design (61). Unplanned variation in implementation intensity 

is often described in terms of fidelity, or the extent to which the content, frequency, duration, 

and coverage of implementation components delivered to participants deviates from the 

planned intervention (62-64). Although sources of variation in implementation intensity may be 

unplanned, they can be anticipated and measured. For example, researchers can document the 

dates of implementation component delivery, identify to whom components were delivered 

(and to whom they were not), and use self-reported or expert reviews to assess whether the 

delivery of the intervention occurred as planned (65).  

Observing an association between the intensity an individual implementation component and 

relevant process outcomes identified in the TOC can provide evidence to support the 

effectiveness of that component (2). As with all observational research, the extent to which this 
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association reflects causal effects depends on the extent to which other confounders are 

accounted for (66-68). In the case of complex interventions, special care should be taken to 

adjust for the intensity of the remaining intervention components using either randomization 

(e.g. 69) or analytic approaches (e.g. 70, 71, 72). Researchers seeking to identify the effects of 

individual components should consider the extent to which various components’ 

implementation intensities are correlated with each other. The more strongly two components 

are correlated, the more difficult it is to identify their independent effects. Strong correlations 

often arise from the study design.  For example, problematic collinearity occurs when 

researchers simultaneously introduce, intensify, or diminish the intensity of multiple 

components in a single arm or phase of a study.  Collinearity can also occur if a common factor, 

such as highly motivated leadership, simultaneously affects fidelity to multiple intervention 

components. To improve their ability to estimate the effectiveness of individual 

implementation components, researchers may wish to both create planned, uncorrelated 

variation in implementation intensity as part of the study’s design and capture unplanned 

variation that arises in the field.  

Lesson 3: Application to BetterBirth 

Although the intensity of implementation package components varied across the BetterBirth 

development phases by design (Table 1.1), multiple components were simultaneously 

intensified in each phase. This practice created strong collinearities between individual 

components and prevented the identification of their individual effects.  For example, the effect 

of having non-standardized leadership engagement could not be isolated from the effect of a 

three-day launch duration since each of these conditions appeared only in Pilot 1. Fidelity was 
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not systematically measured for any component. Despite these limitations, the BetterBirth 

intervention generated planned variation in the implementation intensity of coaching, which 

occurred frequently in the initial weeks of the intervention and gradually became less frequent 

over time. In addition to this planned source of variation, the BetterBirth team gathered data 

on the dates of the coaching visits, allowing us to assess unplanned variation that occurred 

when sites deviated from the intended coaching schedule. Unfortunately, due to the multi-

collinearity of the remaining components, coaching is the only intervention package component 

whose effect can be individually analyzed.   

In our TOC, we hypothesized that coaching would improve birth attendant motivation and 

ability, leading to increased EBPs adherence. We tested for the existence of this relationship by 

assessing the association between coaching intensity, defined for each infant as the number of 

coaching visits occurring at their site of birth in the 30 days prior to their birth, and overall EBP 

adherence. We observed a linear dose-response relationship between the number of coaching 

visits per month and overall EBP adherence (Figure 1.3).  This association suggested that 

coaching was an effective intervention component. However, the model also illustrates that 

providing even 15 coaching visits per month would not have been sufficient to reach the criteria 

for success.  This analysis suggested that other implementation components may have needed 

to be added or intensified for the intervention to be effective. 



 

 23 

 

Figure 1.3 Dose-response relationship between EBP adherence and coaching intensity  
 

DISCUSSION  

Through our review of the development of the BetterBirth intervention and its associated trial, 

we identified three lessons learned that can help future researchers develop and evaluate 

complex interventions: 1) Develop a robust theory of change, 2) Define optimization outcomes 

and criteria for success, and 3) Create and capture variation in the implementation intensity of 

individual components. Our illustrative examples demonstrate how these lessons could have 

been applied to BetterBirth. Specifying a TOC prior to data collection could have promoted 

more complete data collection and generated additional opportunities to learn about the 

intervention. Identifying an optimization outcome that was a valid surrogate for maternal and 

neonatal health and comparing it against pre-defined criteria for success could have led to 

additional phases of intervention development prior to the full-scale trial. Finally, capturing and 

creating variation in implementation intensity for each implementation component could have 

helped identify which implementation components were effective and suggested potential 

areas for improvement of the implementation package. 
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These three lessons can be applied to both exploratory and more methodologically rigorous 

approaches to complex intervention development and evaluation.  In fact, these lessons are 

highly compatible with the MOST framework, which also encourages researchers to begin with 

a well-developed theoretical framework and to only proceed to a full-scale trial after reaching 

some minimal effectiveness threshold (6, 9).  They are also compatible with the LAGO design, 

which relies on variation in implementation intensity to estimate the effect of individual 

components and optimizes the intervention relative to some pre-specified criteria for success 

(10). Although we intend for these lessons to apply to the development and evaluations of 

complex interventions, many recommendations, including carefully selecting surrogate 

outcomes, defining success criteria, and adequately powering preliminary research, apply more 

generally to preliminary epidemiologic and public health studies, as has been previously noted 

(42, 43, 55). 

 We recommend that researchers operationalizing these lessons consult previous 

recommendations for developing theories of change (26, 27) and assessing fidelity (62, 64, 65). 

Surrogate outcomes have not been widely discussed in implementation science literature, so 

researchers should consult the epidemiologic literature for guidance (45). While researchers 

cannot know a priori whether an optimization outcome will be a valid surrogate for their 

primary outcome, using subject matter knowledge to critically evaluate the optimization 

outcomes’ role in the context of the broader intervention can promote the selection of valid 

optimization outcomes (73). Because development phases for complex interventions are 

usually too small in size or short in duration to collect data on the primary outcome, we 

anticipate that process outcomes, rather the primary outcome itself, will typically be selected 
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as optimization outcomes. However, directly optimizing the primary outcome would avoid the 

risk of selecting an invalid surrogate and choosing inappropriate criteria for success.  In these 

cases, criteria for success would be closely related to the minimum clinically important 

difference used for power calculations in a full-scale trail.  

The selection of the BetterBirth intervention as a case study is both a strength and limitation of 

this paper. Because the BetterBirth Trial was a high-profile, large-scale study conducted by a 

research team with previous experience implementing behavioral change interventions (19, 20, 

74, 75), it provides a realistic example of how complex interventions are currently being 

developed. The lessons learned from this case study are likely applicable to other teams 

currently developing and evaluating complex interventions. Additionally, the availability of 

quantitative data across three development phases allowed us to provide examples illustrating 

how quantitative analyses could be used to improve complex intervention development. 

However, because our lessons learned were identified using a single case study, they may not 

constitute an exhaustive list of factors researchers should consider when developing a complex 

intervention. Additionally, due to the limitations in the data, all quantitative results presented 

in the paper should be principally viewed as illustrative examples rather than valid estimates of 

causal effects. Although we identified areas in which the BetterBirth team’s approach to 

intervention development could have been improved, the minimally structured multi-phase 

approach to complex intervention development approach used by the BetterBirth team  is not 

unusual (see 5, 14, 76, 77 for similar examples). The popularity of this approach may stem from 

limits on the amount of time and resources researchers can dedicate to preliminary studies. 

Funders may wish to explore more flexible funding mechanisms with longer durations to ensure 
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that researchers have sufficient resources to fully optimize their evaluation prior to assessing its 

effectiveness.  

When developing complex interventions, researchers must inevitably make difficult decisions 

that ultimately determine the success of the intervention. We feel that these decisions are 

more likely to be correct if researchers developing complex interventions first develop a theory 

of change and then test and refine this theory using quantitative analysis. We acknowledge that 

initial theories of change, criteria for success, and implementation intensity metrics may 

undergo substantial changes throughout the complex intervention development process.  In 

addition to quantitative analyses, qualitative research is likely necessary for exploring 

unanticipated findings, contextualizing results, and generating new hypotheses. However, 

systematically documenting these processes and anticipating how they will impact subsequent 

quantitative analysis will promote learning throughout the intervention development process 

and give the final version of the complex intervention its best chance of succeeding in a full-

scale trial. 

CONCLUSION 

As complex interventions become more common in health research, identifying strategies for 

developing and refining these interventions is critical. Theories of change, optimization 

outcomes, and implementation intensity metrics are generalizable strategies that can be used 

to improve the development and evaluation of complex interventions. By demonstrating the 

relevance of these strategies and how they can be applied in practice, we hope to encourage 
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the collection and use of data in a way that that promotes more effective development and 

evaluation of complex interventions.
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Chapter Two: Coaching intensity, adherence to essential birth practices, and health outcomes 

in the BetterBirth Trial 

ABSTRACT 

Background: Globally, most maternal and perinatal deaths could be prevented through access 

to high-quality, facility-based care. Coaching is one implementation strategy that could improve 

the quality of care in primary-level birth facilities by promoting birth attendant adherence to 

essential birth practices (EBPs) known to reduce the risk of maternal and perinatal mortality.  

The appropriate intensity of coaching needed to promote and sustain behavior change is 

unknown. We used data from the BetterBirth Trial, which assessed the impact of a complex 

intervention designed to implement the World Health Organization’s Safe Childbirth Checklist 

(SCC) in Uttar Pradesh, India, to investigate the relationship between coaching intensity, EBP 

adherence, and maternal and perinatal health outcomes. 

Methods:  For each birth during the study, we defined metrics reflecting multiple domains of 

coaching intensity, including coaching frequency (coaching visits delivered per month), 

cumulative coaching (total coaching visits delivered over the course of the intervention), and 

coaching fidelity (coaching delivered as scheduled). We considered coaching delivered at both 

the facility and the birth attendant levels. We assessed coaching intensity’s association with 

birth attendant adherence to a set of 18 EBPs and with maternal and perinatal health outcomes 

using regression models. 

Results: Coaching frequency was associated with increased EBP adherence. Delivering 6 

coaching visits per month at the facility level was associated with adherence to 1.3 additional 
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EBPs (95% CI: 0.6, 1.9). High-frequency, high-coverage coaching at the birth attendant level was 

associated with greater improvements: providing 70% of birth attendants with at least one visit 

per month was associated with adherence to 2.0 additional EBPs (95% CI: 1.0-2.9). Neither 

cumulative coaching nor infidelity to the proscribed coaching schedule were associated with 

EBP adherence.  Coaching was generally not associated with health outcomes, possibly due to 

the relatively small magnitude of association with EBP adherence. 

Conclusions: Frequent coaching may promote birth attendant behavior change, especially if 

coaching is delivered with high coverage at the birth attendant level. However, the effects of 

coaching may not persist over the long term, suggesting that effective coaching-based 

interventions may require frequent coaching for longer periods.   

Trial Registration: NCT02148952 registered on May 29th, 2014 at ClinicalTrials.gov  

Keywords (3-10): India, Childbirth, Coaching, Checklist, Birth attendants, WHO Safe Childbirth 

Checklist, quality of care 
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INTRODUCTION 

Rates of maternal and neonatal mortality in Low-and-Middle-Income Countries (LMICs) can be 

10 times higher than in high-income countries (78, 79). Despite global increases in facility-based 

deliveries, progress in reducing these preventable deaths has been slower than expected due to 

poor quality of care in health facilities and poor adherence to evidence-based practices among 

birth attendants (80-84) . Improving the quality of care at birth facilities has the potential to 

avert 531,000 stillbirths, 1.3 million newborn deaths, and 112,000 maternal deaths each year 

(85). However, evidence-based strategies for improving the quality of care in birth facilities are 

lacking. Providing training alone can increase knowledge of evidence-based practices but does 

not necessarily translate into meaningful improvements in quality of care (86, 87). 

Consequently, additional implementation strategies are needed to improve the quality of 

intrapartum and postnatal care.   

One promising implementation strategy to promote birth attendant behavior change is 

coaching.  Coaching is a process that helps individuals use their existing skills, resources, and 

training to improve their performance and achieve personalized goals (88, 89). Unlike 

mentoring, which is focused more broadly on professional and personal development, coaching 

is task-oriented and performance-driven (90). To improve performance, coaches use multiple 

strategies, including modeling desired behaviors, providing supervision and feedback, and 

promoting problem solving (91).  These strategies have been found to be effective at improving 

quality of care in LMICs across a variety of clinical areas (92, 93), including Integrated 

Management of Childhood Illness (94, 95), drug management and prescription practices (96, 
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97), primary care (98), malaria case management (99), voluntary male circumcision (100), and 

reproductive health (101, 102).  

While some studies have reported associations between increased intensity of coaching-related 

activities and improved quality of care (97-99), the optimal coaching intensity needed to 

promote and sustain behavior change is unknown.  Coaching intensity can be described across 

multiple domains, including frequency (e.g. two coaching visits per week); duration (e.g. six 

weeks of coaching); and cumulative dose, which reflects both the frequency and the duration of 

the intervention (e.g. two sessions per week for six weeks equals twelve cumulative visits) (59). 

Once the desired coaching regimen has been determined, coaching intensity can also be 

described in terms of fidelity, or the extent to which coaching is delivered as intended (63). 

Understanding which domains of coaching intensity are most strongly associated with quality of 

care improvements help identify coaching regimens that are optimized to promote behavior 

change and, ultimately, to improve health outcomes.  

 
1Describes a domain of coaching intensity that is not covered in this analysis 

Domains of coaching intensity 
adapted from Warren, Fey, and Yoder (2007) 

 
Coaching form1 – the coaching delivery method, including the coaches’ identity and experience level (e.g. peer 
coaching, expert coaching) and the strategies used by the coach to generate behavior change (e.g. role playing, 
motivational support) 
 
Coaching quality1 – the ability of the coach to correctly and consistently use coaching strategies to generate 
behavior change 

Coaching frequency - the number of coaching sessions delivered over a specific duration of time (e.g. two 
coaching visits per week) 

Coaching duration1 – the time period over which coaching is delivered (e.g. six weeks of coaching) 

Cumulative coaching- the accrual of exposure to coaching over time, which is determined by both coaching 
frequency and coaching duration (e.g. two sessions per week for six weeks equals twelve cumulative visits)  
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One coaching-based intervention designed to improve the quality of care provided to mothers 

and newborns during facility-based childbirth is the BetterBirth Program. Although this 

intervention did not reduce maternal morbidity or maternal and perinatal mortality in a recent 

matched-pair, cluster-randomized trial conducted in Uttar Pradesh, India, it did improve birth 

attendant adherence to many essential birth practices (EBPs) believed by experts to prevent or 

successfully manage complications during facility-based deliveries (56).  In this paper, we use 

data from the BetterBirth Trial to assess coaching intensity’s relationship with birth attendant 

adherence to EBPs and maternal and perinatal health outcomes. By investigating multiple 

dimensions of coaching intensity, we aim to provide insights into the optimal coaching regimen 

for future coaching-based interventions. 

METHODS 

Intervention 

The BetterBirth Program was designed to promote the use of the World Health Organization’s 

Safe Childbirth Checklist (SCC), a 28-item tool intended to assist birth attendants in performing 

EBPs. Coaching has been recommended as a core component of SCC implementation packages 

since the checklist’s initial development (18) and was a major feature of the BetterBirth 

Program’s multicomponent implementation package. The BetterBirth Program used an Engage-

Launch-Support model, which has been previously described in detail (16, 17, 103). Briefly, 

district and facility level leadership were introduced to the BetterBirth Program and engaged in 

identifying and addressing local needs. Then, an educational and motivational launch event was 

held at each facility to introduce birth attendants to the SCC and train them on its use.  Finally, 
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ongoing coaching and data feedback were used to support behavior change.  Peer-to-peer 

coaching occurred at both the birth attendant and facility leadership levels with birth 

attendants, who were primarily nurses, being coached by trained nurses and facility leadership 

being coached by physicians or health professionals. Coaching followed an “Opportunity-

Ability-Motivations-Supplies” framework adapted from previous behavior change models (104, 

105).  In this framework, coaches motivated birth attendant behavior change; collected data 

and provided feedback on current adherence to EBPs; identified existing opportunity-, ability-, 

motivation-, or supply-related barriers to EBP adherence; and engaged in group problem 

solving to address these barriers. Coaches did not provide additional technical training but 

could use strategies like role-playing or advocating for additional training opportunities to 

address ability-related barriers.  Birth attendant coaching was scheduled to occur twice per 

week during the first through fourth months of the intervention, once per week during the fifth 

and sixth months of the intervention, once every two weeks during the seventh month, and 

once per month in the eighth month for a total of 43 visits. Facility leadership coaching 

followed a similar, but less intensive schedule for a total of 23 visits. The same coaching 

schedule was proscribed to all facilities, regardless of the facility’s delivery load or birth 

attendant staff size. To promote long-term sustainability, each site designated a Childbirth 

Quality Coordinator who was intended to serve as a long-term, facility-based coach. 

Trial design and study setting 

This implementation package was evaluated in a matched-pair, cluster-randomized trial that 

enrolled 120 primary-level health facilities in Uttar Pradesh, India, a region with high maternal 

(258/100,000 live births) and neonatal (49/1,000 live births) mortality (106). All facilities 
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enrolled in the BetterBirth Trial were required to conduct at least 1,000 deliveries per year, 

have at least 3 birth attendants trained at the level of auxiliary nurse midwife or higher, have 

no concurrent quality improvement or research programs, and have district and facility 

leadership who were willing to participate. Eligible facilities were matched on baseline 

characteristics and randomized within pairs to receive either the coaching-based intervention 

or the current standard of care. Roll out of the intervention was staggered across six 

geographically-defined research hubs centered in the urban areas of Agra, Gorakhpur, 

Lucknow, Meerut, and Varanasi. Full details on study design and data collection, including 

sample size calculations, can be found elsewhere (22). 

Data collection  

At each facility, registers were used to document the date of admission for each birth as well as 

any instances of mortality and morbidity occurring at the facility. Data on seven-day health 

outcomes were obtained using a call center, which contacted mothers and their families via 

mobile phone between 8 and 42 days postpartum, followed by home-visits if neither the 

woman nor a family member could be reached by phone after 22 days postpartum (107).  In a 

convenience sample of births occurring in 30 facilities (15 intervention, 15 control) additional 

data were collected on birth attendant EBP adherence, which was directly observed by trained 

independent nurses and recorded using standardized data collection tools. These 30 facilities 

were located in the Lucknow hub, which was located in central Uttar Pradesh. These 

independent observers did not intervene in clinical care.  EBP observations occurred during 

three distinct periods of delivery: on admission to facility, just before pushing, and within one 

hour after birth. However, practical considerations related to the timing and duration of labor 
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prevented all births from being continuously observed from admission through discharge such 

that not all EBPs were observed for each birth. For intervention facilities, the date of each 

coaching visit as well as the identity of the birth attendants who were coached during that visit 

were recorded by the nurse coaches. 

Outcomes 

We considered two types of outcomes: birth attendant EBP adherence and maternal and 

perinatal health outcomes.  EBP adherence was defined as the number birth practices that 

were successfully completely by a birth attendant out of 18 practices that should be completed 

for all mother-infant dyads (Table 2.1) (56).  Births were eligible for inclusion in our EBP analysis 

if they occurred at one of the 15 intervention facilities where EBP adherence data was 

collected, if they occurred after the start of coaching at that facility, and if the birth been 

directly observed during admission to facility, just before pushing, and within one hour after 

birth such that adherence to all 18 practices was recorded. Following the main trial, our primary 

health outcome was a composite outcome of events occurring within 7 days after delivery 

which included severe maternal morbidity, defined as self-reported complications including 

seizures, loss of consciousness for more than one hour, fever with foul-smelling vaginal 

discharge, hemorrhage, or stroke; maternal mortality; or perinatal mortality, defined as 

stillbirth or death within the first seven days of life. A secondary composite health outcome 

consisting of only seven-day maternal or perinatal mortality was also considered (56). Births 

were included in the health outcomes analysis if they if they occurred in an intervention facility 

after the start of coaching, if mothers had consented to follow-up, and if data on seven-day 

outcomes had been obtained. Because the timing of direct observations of birth attendant 
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adherence to EBPs (which occurred 0-8 and 13-17 months after the start of coaching) differed 

somewhat from the timing of call center activities (which continued from 0-13 months after the 

start of coaching), the EBP adherence sample is not a subset of health outcomes sample. 

However, some births appear in both samples.

Table 2.1 Eighteen Essential Birth Practices (EBPs). Independent observers assessed birth 
attendant adherence to EBPs, but not the technical skill or quality with which the EBP was 
performed.  

At Admission Before Pushing After Birth Any time 

Partograph started Hand hygiene Oxytocin 
administered 
within 1 minute 

Maternal 
temperature taken 

Birth companion 
present 

Clean towel 
available 

Birth companion 
present 

Maternal blood 
pressure taken 

 
Clean blade 
available 

Baby weighed 
 

 
Cord tie available Baby temperature 

taken 

 

 
Mucus extractor 
available 

Skin-to-skin 
warming initiated 

 

 
Neonatal bag 
available 

Skin-to-skin 
warming 
maintained for 1 
hour 

 

 
Clean pads 
available 

Breast feeding 
initiated 
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Coaching Intensity 

For each birth, we calculated metrics that reflected multiple domains of coaching intensity, 

including coaching frequency, cumulative coaching, and coaching fidelity.  These metrics were 

based on the dates of the peer-to-peer birth attendant coaching visits that had occurred at a 

given facility prior to each birth. For coaching frequency, we assigned each birth a coaching 

intensity equal to the number of coaching visits occurring at that facility in the 30 days prior to 

the date of admission (visits in the past month). Because we hypothesized that the impact of 

coaching on birth-related outcomes would be stronger when we considered the intensity of 

coaching provided to the birth attendants conducting the delivery rather than to the facility as a 

whole, we also created coaching frequency metrics that reflected coaching delivered at the 

birth attendant level. In our data, it was not possible to identify which birth attendants 

conducted specific deliveries, so we created birth attendant (BA) level coaching metrics that 

were aggregated at the facility level, including average number of visits in the past 30 days 

among birth attendants (mean visits per month per BA), the proportion of birth attendants who 

had received at least one coaching visit in the past month (% BAs receiving ≥1 visit in past 

month), and the standard deviation of coaching visits in the past month among birth attendants 

(standard deviation in visits among BAs in past month). We hypothesized that facilities would 

experience greater benefits from coaching if birth attendants had, on average, a greater 

number of visits in the past month (mean visits per month per BA), higher coaching coverage (% 

BAs receiving ≥1 visit in past month), and a more equal distribution of coaching visits among 

birth attendants (lower standard deviation in visits among BAs in the past month). All birth-

attendant level coaching metrics were calculated under the assumption that the birth 
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attendants listed in the coaching database reflected a complete list of birth attendants 

employed by the facility over the course of the intervention. These metrics also did not 

consider staff turnover, which was assumed to be minimal over the intervention period. We 

also explored coaching frequency metrics calculated over a one-week, rather than a one-

month, time horizon. However, since these two sets exposures produced similar results, we 

have presented only the results for the one-month time horizon. Results for the one-week time 

horizon can be found in the Supplemental Materials. 

For cumulative coaching, we assigned each birth a coaching intensity equal to the total number 

of coaching visits accrued at the facility between the start of program and their date of 

admission (total visits).  As with coaching frequency, we believed that a) coaching delivered at 

the birth attendant level would be have a greater impact than coaching delivered at the facility 

level and b) facilities with more equal coverage of coaching among birth attendants would 

experience greater benefits from coaching. Therefore, for each birth we also calculated the 

mean number of visits accrued among birth attendants between the start of program and the 

admission date (mean visits per BA), the proportion of birth attendants who had received at 

least 10 coaching visits (% BAs receiving ≥10 visits), and the standard deviation of coaching 

visits among birth attendants (standard deviations in visits among BAs).   

Coaching fidelity was defined according to the proscribed coaching schedule of attaining at 

least two visits per week during the first four months of the intervention, at least one visit per 

week during the fifth and sixth months, at least one visit every two weeks during the seventh 

month, and at least one visit per month during the eighth month. Current coaching infidelity 

was a binary variable reflecting whether the date of admission occurred on a day when the 
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facility had deviated from this schedule. Cumulative coaching infidelity reflected the total 

number of non-adherent days accrued between the start of program and the date of admission. 

For example, if a facility had been three days late for its first coaching visit and four days late for 

its second coaching visit, then subsequent births would receive a cumulative coaching infidelity 

value of seven. 

Statistical methods   

Because the BetterBirth Program proscribed high-frequency coaching early in the intervention 

and gradually reduced the frequency of coaching over time, there were strong correlations 

among coaching frequency metrics, cumulative coaching metrics, and time since the start of the 

intervention. We explored these correlations graphically and using Spearman correlation 

coefficients. To assess associations between each metric of coaching intensity and our 

outcomes of interest, we used generalized linear models and accounted for clustering at the 

facility level by estimating standard errors using the empirical variance with an exchangeable 

working covariance structure (23). For EBP adherence, we estimated the change in the number 

of EBPs adhered to associated with each coaching intensity metric using an identity link and a 

normal distribution. For binary health outcomes, we estimated the risk ratios associated with 

each coaching intensity metric using a log link and a binomial distribution (108). Because 

coaching metrics had very different ranges (e.g. total coaching ranged from 1 to 47 while % of 

BA receiving ≥10 visits ranged from 0 to 1), we report effect sizes associated with increasing 

each continuous coaching metric from its 25th percentile to its 75th percentile, or by one 

interquartile range (IQR). These percentiles were calculated in the health outcomes dataset. 

Where relevant, we also report effect sizes for a one-unit increase. For all models, we used 
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score tests to assess the statistical significance of model parameters (109). Our primary models 

adjusted for facility-level covariates, including research hub location; being located in a high-

priority district, which is a designation used by the Indian government to identify districts with a 

high overall burden of mortality; distance to district hospital in kilometers; and number of 

skilled birth attendants at that facility. At the birth level, models also adjusted for whether or 

not the birth occurred on the same day as a coaching visit.  We fit models for each coaching 

metric separately and also used stepwise regression to assess whether multiple coaching 

metrics should be included in the same model based on an α ≤0.05 criteria for model entry and 

exit. Because the effects of behavior change interventions often fade over time (110), a 

phenomenon which would bias results against cumulative coaching metrics and in favor of 

coaching frequency metrics, in a secondary set of models we additionally adjusted for months 

since the start of the intervention. We tested for potential non-linear relationships between 

months since the start of the intervention and our outcomes of interest using restricted cubic 

splines (24) selected using a publicly available SAS macro (111). Finally, we assessed whether 

the association between coaching intensity and our outcomes of interest changed over the 

course of the intervention by adding an interaction between each coaching metric and months 

since the start of the intervention to our models. Because of the strong collinearities between 

coaching metrics and months since the start of the intervention, several models produced 

statistically-significant interaction terms that were not interpretable.  Therefore, to ensure 

interpretability, we reported results for these interaction models only if both the time-by-

coaching interaction term and the overall effect of coaching based on the joint null hypothesis 
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that both the main effect of coaching and its interaction term were zero, were statistically 

significant at the α=0.05 level. 

RESULTS 

Study population 

Data on EBP adherence at intervention facilities was collected for 3,283 births. We excluded 

262 births that occurred before the start of the coaching intervention and 938 that were not 

observed for all three pause points for a final sample of 2,083 births. Health outcomes data at 

intervention facilities was collected among 83,166 births. We excluded six deliveries referred in 

from another facility, 436 deliveries that occurred outside of the facility, five women admitted 

for abortion, 352 births that occurred before the start of coaching, 1,868 births where patients 

did not consent to follow-up, and 265 births that were lost to follow-up for a final sample of 

80,234 births (Figure 2.1).  An additional 457 births lacked complete data on maternal 

morbidities and were excluded from analyses of the primary composite outcome. The EBP 

adherence and health outcome samples overlapped by 1,100 births and shared many 

similarities (Table 2.2); however, facilities in the EBP adherence sample came exclusively from 

the Lucknow hub, located in the center of the state, and were more likely to be in a high 

priority district. Due to differences in the timing of data collection in the two samples, births in 

the EBP adherence sample were less likely to have occurred on a coaching day. 
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Figure 2.1 Study populations for EBP adherence (A) and health outcomes (B) analyses 

 

A B 
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Table 2.2 Descriptive statistics for EBP adherence and health outcomes study populations 
  EBP Adherence Sample Health Outcomes 

Sample 

  N (%) / Mean (SD) % / Mean (SD) 

Facility-level variables N=15 N=60 

Research hub   

Agra --- 9 (15%) 

Gorakhpur --- 11 (18%) 

Lucknow 15 (100%) 19 (32%) 

Meerut --- 7 (12%) 

Varanasi --- 14 (23%) 

High priority district  7 (47%) 7 (12%) 

Distance to district hospital (km) 29 (12) 30 (14) 

Number of skilled birth attendants 4.5 (1.1) 4.4 (1.2) 

Annual delivery load  1,795 (468) 1,599 (435) 

Birth Level variables N=2,083 N=80,234 

Birth occurred on coaching day 107 (5.1%) 7,533 (9.4%) 

Months since intervention started at facility 8.5 (5.8) 6.7 (2.8) 

EBP Adherence (out of 18 practices) 12 (2.4) --- 

Primary Composite1 --- 12,062 (15%) 

Secondary Composite --- 3,907 (4.9%) 
1457 births are missing data on maternal morbidity and are therefore missing data on the primary composite 
outcome
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Coaching intensity 

Fidelity to the coaching schedule was very high.  By the end of the intervention, 53/60 (88%) 

facilities reached the target of 43 total coaching visits, six (10%) reached 42 visits, and one 

facility reached 37 visits. However, fidelity at the facility level did not necessarily translate into 

high coverage at the birth attendant level. While birth attendants attained, on average, 10 

coaching visits by the end of the intervention, 34% attained fewer than 5 visits. As would be 

expected based on the proscribed coaching schedule, cumulative coaching metrics increased 

with months since the start of the intervention while coaching frequency metrics decreased 

over time (Figure 2.2). Cumulative coaching measures were positively associated with time 

since intervention (ρ: 0.36 to 0.87) and with each other (ρ =0.30 to 0.86) while coaching 

frequency metrics were negatively associated with time since intervention (ρ=-0.82 to -0.97) 

and positively associated with each other (ρ: 0.79 to 0.98) (Supplemental Materials Table 2.5). 



 

 

  

Figure 2.2 Coaching intensity metrics over time.  Each panel provides the mean and (standard deviation) for each coaching metric in 
the EBP adherence and health outcome samples. 
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EBP Adherence 

In our primary model, all four coaching frequency metrics were strongly associated with 

increased EBP adherence (Table 2.3). On average, providing a facility with six coaching visits per 

month was associated with adhering to an additional 1.3 EBPs (95% CI 0.6, 1.9). The association 

between EBP adherence and coaching frequency was even stronger if coaching coverage was 

high among BAs: providing 70% of BAs with at least one visit per month was associated with 

adherence to 2.0 additional EBPs (95% CI: 1.0, 2.9) and achieving 100% coverage of monthly 

visits was associated with adherence to 2.8 additional EBPs (95% CI: 1.4-4.2). However, no 

cumulative coaching or coaching infidelity metrics were significantly associated with EBP 

adherence. Our stepwise selection procedure did not identify a model that included multiple 

coaching metrics. 

When we included months since the start of the intervention in our model, we did not detect 

any non-linear effects of time. After adjusting for time since the start of the intervention mean 

visits in the past month per BA and % of BAs receiving ≥1 visit in the past month, two coaching 

frequency metrics that were both assessed at the birth attendant level, remained significantly 

and positively associated with increased EBP adherence. While non-significant, adjusting for 

time since start of the intervention also resulted in the cumulative coaching metrics becoming 

non-significantly associated with increased EBP adherence.  

 



 

 

Table 2.3 Association between coaching intensity and EBP adherence. Effects are reported for both a one-unit increase and for 
increasing each continuous coaching metric from its 25th percentile to its 75th percentile, or by one interquartile range (IQR). 
Results are from a generalized linear with an identity link. Standard errors are estimated using the empirical variance with an 
exchangeable working covariance structure to account for clustering at the facility level. (N=2,083 births) 

 
 Model 11 Model 22 

Coaching Domain 
Units in IQR 

increase 

Δ in practices 
adhered to 

associated with 
one-unit increase 

(95% CI) 

Δ in practices 
adhered to 

associated with 
IQR increase 

(95% CI) 
p-

value 

Δ in practices 
adhered to 

associated with 
one-unit increase 

(95% CI) 

Δ in practices 
adhered to 

associated with 
IQR increase 

(95% CI) 
p-

value 

Coaching Frequency        

Visits in the past month 6.0 0.2 (0.1, 0.3) 1.3 (0.6, 1.9) <.01 0.2 (0.0, 0.4) 1.0 (-0.1, 2.2) 0.10 

Mean visits in the past month per BA 1.3 1.0 (0.6, 1.4) 1.2 (0.7, 1.8) <.01 0.9 (0.2, 1.6) 1.2 (0.3, 2.1) 0.01 

% of BAs receiving ≥1 visit in past month 70% 2.8 (1.4, 4.2) 2.0 (1.0, 2.9) 0.01 3.4 (1.0, 5.8) 2.4 (0.7, 4.0) 0.03 

Standard deviation in visits among BAs 
past month 

1.3 0.9 (0.5, 1.4) 1.2 (0.6, 1.8) 0.01 0.7 (0.0, 1.5) 1.0 (0.0, 1.9) 0.08 

Cumulative coaching        

Total visits  8.0 -0.0 (-0.1, 0.0) -0.4 (-0.8, 0.1) 0.09 0.1 (0.0, 0.1) 0.6 (0.3, 0.9) 0.07 

Mean visits per BA  5.3 -0.2 (-0.4, 0.0) -1.0 (-2.1, 0.1) 0.09 0.2 (0.0, 0.4) 1.0 (0.0, 2.0) 0.21 

% of BAs receiving ≥10 visits  40% -3.0 (-5.9, -0.1) -1.2 (-2.4, 0.0) 0.12 0.3 (-3.5, 4.1) 0.1 (-1.4, 1.6) 0.89 

Standard deviation in visits among BAs  3.5 -0.2 (-0.4, 0.1) -0.6 (-1.5, 0.2) 0.12 0.3 (0.0, 0.5) 0.9 (0.2, 1.7) 0.08 

Coaching infidelity        

Current coaching infidelity NA3 0.3 (-0.7, 1.3) ---3 0.55 -0.5 (-1.3, 0.4) ---3 0.27 

Cumulative coaching infidelity 12 -0.0 (-0.1, 0.0) -0.5 (-1.0, 0.1) 0.08 0.1 (0.0, 0.1) 0.8 (0.0, 1.6) 0.11 
1Adjusted for whether the facility was in a high-priority district, distance to district hospital, facility staff size, facility delivery load, whether birth occurred on 
the same day as a coaching visit. 2 Adjusted for everything in Model 1 plus months since start of the intervention. 3Because current coaching infidelity is a 
binary outcome, we report the effect for infidelity vs. no infidelity, rather than for a one IQR increase 
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When we included an interaction term between coaching intensity metrics and time since the 

start of the intervention, the effect of coaching was found to vary over time for only one 

coaching metric, mean coaching visits per BA (Supplemental Materials Table 2.6). This 

cumulative coaching measure was associated with increased EBP adherence in the early 

months of the intervention when coaching occurred very frequently, but the positive 

association did not persist after coaching visits ceased (Figure 2.3)

 
Figure 2.3 Effect modification of the association between mean coaching visits among birth 
attendants (cumulative) and EBP adherence over months of the intervention (N=2,083)

Health outcomes 
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In general, coaching was not associated with health outcomes (Table 2.4). In our primary 

model, coaching infidelity was associated with increased risk of the primary composite 

outcome, which reflected maternal morbidity, maternal mortality, and perinatal mortality; but 

this result attenuated after adjusting for months since the start of the intervention. After 

adjusting for months since the start of the intervention, we also observed a significant 

association between average visits per BA and increased risk of the primary composite outcome 

(RR: 1.10, 95% CI: 1.03, 1.18). However, because this model also estimated an implausibly 

strong 18% reduction in the risk of mortality or morbidity over the course of a year (RR: 0.82, 

95% CI: 0.71, 0.95), this association and likely reflects strong correlations between time and 

coaching rather than a true adverse effect of coaching. Our stepwise selection procedure did 

not identify a model that included multiple coaching metrics, and no significant interactions 

were detected



 

 

Table 2.4 Risk ratios for the association between coaching and health outcomes. Effects are reported for increasing each continuous 
coaching metric from its 25th percentile to its 75th percentile, or by one interquartile range (IQR). Results are from a generalized 
linear model with a log link and binomial distribution. Standard errors are estimated using the empirical variance with an 
exchangeable working covariance structure.  

 

Coaching domain 
Units in 
increase 

Primary Composite 

Maternal morbidity or maternal or infant mortality 
(n/N=12,062/79,777) 

Secondary Composite 
Maternal or infant mortality 

(n/N=3,907/80,234) 

Model 11 Model 22 Model 11 Model 22 

RR (95% CI) 
p-

value RR (95% CI) 
p-

value RR (95% CI) 
p-

value RR (95% CI) 
p-

value 

Coaching Frequency          

Visits in the past month 6.0 1.03 (0.99, 1.07) 0.14 1.03 (0.94, 1.13) 0.49 0.98 (0.92, 1.05) 0.61 1.01 (0.88, 1.15) 0.91 

Mean visits in the past month per BA 1.3 1.03 (1.00, 1.06) 0.10 1.02 (0.97, 1.08) 0.36 0.98 (0.93, 1.04) 0.54 0.99 (0.92, 1.07) 0.84 

% of BAs receiving ≥1 visit in past month 70% 1.05 (1.00, 1.10) 0.05 1.06 (0.98, 1.15) 0.15 1.00 (0.92, 1.09) 0.99 1.07 (0.93, 1.22) 0.36 

Standard deviation in visits among BAs in 
past month 

1.3 1.02 (0.98, 1.05) 0.30 0.99 (0.94, 1.05) 0.82 1.00 (0.95, 1.06) 0.98 1.06 (0.99, 1.14) 0.11 

Cumulative coaching          

Total visits 8.0 0.99 (0.97, 1.02) 0.50 1.02 (0.98, 1.05) 0.42 1.01 (0.97, 1.05) 0.59 1.00 (0.94, 1.06) 0.93 

Mean visits per BA 5.3 1.01 (0.96, 1.07) 0.70 1.10 (1.03, 1.18) 0.03 1.07 (0.98, 1.18) 0.18 1.10 (0.98, 1.25) 0.16 

% of BAs receiving ≥10 visits 40% 1.00 (0.96, 1.05) 0.87 1.04 (0.99, 1.09) 0.14 1.04 (0.96, 1.13) 0.32 1.04 (0.94, 1.15) 0.42 

Standard deviation in visits among BAs 3.5 1.00 (0.95, 1.06) 0.89 1.04 (0.98, 1.11) 0.25 1.04 (0.96, 1.13) 0.34 1.04 (0.96, 1.14) 0.37 

Coaching infidelity          

Current coaching infidelity3 1 1.06 (1.01, 1.12) 0.04 1.05 (1.00, 1.11) 0.08 0.97 (0.86, 1.09) 0.58 0.98 (0.87, 1.10) 0.69 

Cumulative coaching infidelity 12 1.00 (0.96, 1.05) 0.85 1.06 (0.99, 1.13) 0.10 1.03 (0.98, 1.09) 0.23 1.05 (0.99, 1.12) 0.12 
1Adjusted for hub name, whether the facility was in a high-priority district, distance to district hospital, facility staff size, facility delivery load, whether birth 
occurred on the same day as a coaching visit 
2 Adjusted for everything in Model 1 plus months since start of the intervention 
3 Because current coaching infidelity is a binary outcome, we report the effect for infidelity vs. no infidelity, rather than for a one IQR increase 
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DISCUSSION 

Our analysis suggests that in the BetterBirth Trial, coaching frequency was associated with 

increased EBP adherence. Associations between coaching frequency and EBP adherence tended 

to be stronger when considering coaching delivered at the birth attendant, rather than the 

facility, level. In contrast, cumulative coaching was generally not associated with EBP 

adherence.  However, when we adjusted for time since the start of the intervention, cumulative 

coaching metrics became non-significantly positively associated with and EBP adherence, and, 

when we allowed the effect of coaching to change over time,  one cumulative coaching metric, 

mean visits per BA, was significantly associated with increased EBP adherence in the early 

months of the intervention but not after coaching visits ceased. Because the BetterBirth 

coaching schedule created strong correlations among coaching metrics, it is difficult to isolate 

the independent effects of coaching frequency and cumulative coaching. Despite this limitation, 

our analyses suggest that high-frequency, high-coverage coaching can prompt birth attendant 

behavior change.  However, the positive effects of coaching diminish over time and sustaining 

the effects of a coaching-based intervention may require high-frequency, high-coverage 

coaching over a long-term period.  

Health outcomes were generally not associated with coaching.  This lack of association may 

reflect the fact that the magnitude of the association between coaching and total EBP 

completion was relatively modest. This small absolute change may not have produced sufficient 

improvements in the quality of care to impact health outcomes. We did observe an increased 

probability of experiencing maternal morbidity, maternal mortality, or perinatal mortality on 

days when sites had deviated from the intervention’s proscribed coaching schedule. Because 
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we did not observe evidence of protective effects of coaching in any other models, this 

association likely does not reflect direct benefits of coaching. Instead, it may suggest that sites 

that were unable to adhere to the coaching schedule were also experiencing other structural 

issues, such as poor leadership or inaccessibility, that placed mothers and infants at risk of 

harm.   

While previous papers have reported dose-responses between coaching intensity and coaching 

effectiveness (97-99), to our knowledge, this is the first paper to simultaneously investigates 

multiple domains of coaching intensity. Consequently, there was relatively little guidance on 

how to define coaching intensity metrics. Contrary to initial expectations, greater standard 

deviations in visits among BAs in the past month, which we expected to reflect the unequal 

distribution coaching among birth attendants and be associated with worse outcomes, was 

associated with improved EBP adherence. This metric was strongly positively associated with 

the other coaching frequency metrics (ρ=0.79-0.98) and therefore likely did not perform well as 

an independent metric of unequal coaching among birth attendants. Similarly, cumulative 

coaching infidelity and cumulative standard deviation in visits among birth attendants, both of 

which were hypothesized to have adverse effects, were highly correlated with and produced 

results similar to those cumulative coaching metrics believed to have beneficial effects. In many 

coaching-based interventions, cumulative infidelity to the coaching schedule and disparities in 

the distribution of coaching among health care workers would be expected to increase over 

time.  Consequently, cumulative coaching infidelity and standard deviation-based coaching 

metrics may exhibit problematic correlations with other coaching metrics in many settings and 

may therefore be generally difficult to interpret as metrics of coaching intensity. 
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Our finding that frequent coaching is associated with moderate improvements in EBP 

adherence is similar to previous reports. A recent meta-analysis found that strategies used by 

coaches, including supervision, training, and group problem solving, are associated with 

improving healthcare worker performance by 1, 6.4, and 13.6 percentage points, respectively 

(93). Our models suggest that providing a facility with 6 coaching visits per month is associated 

adherence to 1.3 additional EBPs, which corresponds to a 7.2 percentage-point increase on our 

18-point EBP adherence scale. While the magnitude of the association between coaching and 

EBP adherence is relatively small, providing high-frequency, high-coverage coaching may be 

able to make a more dramatic difference Our results also parallel findings related to Low Dose, 

High Frequency (LDHF) training, which combines brief onsite trainings with short, frequent 

practice sessions and has resulted in positive behavior change among birth attendants and 

improved maternal and child health outcomes (112, 113). While LDHF models emphasize the 

acquisition of new skills through training and practice rather than coaching, both the LDHF 

model and our results suggest that frequent contact with health care workers may be necessary 

to improve quality of care. 

In this study, all facilities were front-line health facilities receiving peer-to-peer coaching 

provided by external coaches according to the “Opportunity-Ability-Motivations-Supplies” 

framework.  Consequently, we do not know the extent to which the relationships observed in 

this analysis can be generalized to other forms of coaching. Other programs that have used 

coaching as a Safe Childbirth Checklist implementation strategy have reported extremely 

variable EBP adherence at endline (Median: 64%, Range: 32-93%) (21, 114-118). In general, 

these interventions have not specified behavior change models nor have they provided full 
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details on the frequency or duration of coaching delivered. Consequently, it is difficult to 

determine the extent to which observed differences in the effectiveness of these interventions 

result from contextual differences between study settings or differences in their coaching 

intensity.  Furthermore, some of these studies relied primarily on internal coaches recruited 

from within intervention facilities (115, 118). While the intensity of external coaching 

interventions can be evaluated using dates of coaching visits, this approach would not apply to 

internal coaches who are embedded within the intervention facilities and may therefore 

engage in coaching for variable amounts of time each day. Alternative approaches of assessing 

coaching intensity, such as time-motion studies, may be more appropriate for evaluating the 

intensity of internal coaching strategies (119).  

Our analysis has several limitations. As discussed above, the BetterBirth Program’s coaching 

schedule created strong correlations among coaching intensity metrics, which complicates the 

interpretation of some findings. Second, although we sought to minimize bias by adjusting for 

facility-level characteristics, residual confounding is possible if unmeasured facility or birth 

attendant characteristics impacted coaches’ behavior. For example, reports suggest that in 

order to minimize travel time coaches would provide difficult-to-reach facilities with visits on 

back-to-back days. If less accessible facilities experienced worse outcomes, we would expect 

this practice to bias our results against coaching frequency metrics. Coaches may have also 

been more likely to provide coaching to the facilities or birth attendants who were most 

motivated and receptive to their help, which we would expect to bias our results in favor of 

coaching. Finally, because we were unable to link individual birth attendants to individual births 

in our dataset, we assessed coaching delivered at the birth-attendant level using aggregated 
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metrics that did not consider staff turnover within the health facility. We would expect this 

measurement error to underestimate the direct benefits of providing coaching to individual 

birth attendants.   

Despite these limitations, our research provides several practical insights for those seeking to 

implement or study future coaching-based interventions. First, high fidelity to a facility-centric 

coaching schedule will not necessarily translate to good coaching coverage among health care 

workers. Interventionists should specify and monitor coaching delivered at both the facility and 

the health-care-worker levels. Second, our study suggests that high-frequency coaching can 

impact health worker behavior. Future interventionists may wish to explore cost-effective 

methods for maintaining high-frequency coaching over longer periods of time, such as 

recruiting internal coaches or combining in-person coaching visits with remote coaching 

conference calls. Third, identifying optimal coaching regimens requires designing interventions 

that have uncorrelated variation in coaching frequency and cumulative coaching. This could be 

achieved, for example, by conducting a three-armed trial with one control arm, one arm 

receiving evenly spaced coaching visits over a set duration of time, and a third arm receiving 

the same total number of coaching visits delivered over the same duration of time but following 

a tapered schedule similar to the BetterBirth Program’s. Finally, statistically significant 

improvements in quality of care indicators do not necessarily translate into meaningful 

improvements in health outcomes. In general, changes in quality of care indicators will be more 

likely to predict improvements in health outcomes if researchers choose a quality of care 

indicators have been empirically demonstrated to have a causal relationship with the health 

outcome and if the magnitude of the change is clinically meaningful on the absolute scale (e.g. 
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EBP adherence increased by 20 percentage points from 60% to 80%) rather than on the relative 

scale (e.g. EBP adherence doubled from 5% to 10%) (120). We recommend that future 

researchers consider whether the quality of care improvements observed in their study are 

large enough to plausibly generate meaningful improvements in the health outcomes. If not, 

more frequent coaching, additional implementation strategies, or both may be required to 

produce the desired health impact.  

CONCLUSIONS 

Frequent coaching was associated with increased adherence to essential birth practices among 

birth attendants in the BetterBirth Trial.  This association tended to be stronger for coaching 

delivered at the birth attendant level compared to coaching delivered at the facility level. 

Cumulative coaching metrics were not associated with essential birth practice adherence, 

suggesting that the effects of coaching may not persist over time. Effective coaching-based 

interventions may require more frequent, high-coverage coaching for longer periods. Coaching 

was generally not associated with health outcomes, suggesting that additional coaching and 

other implementation strategies may be needed to achieve the desired health impact.



 

 

SUPPLEMENTAL MATERIALS 

Table 2.5 Spearman correlation coefficients (ρ) among coaching metrics and intervention duration. Top numbers refer to EBP adherence dataset 
(N=2,083) and bottom to health outcomes dataset (N=80,234).  Groups of cumulative coaching and coaching frequency variables are bolded.
  A B C D E F G H I J K L M N O 

Months since the start of the intervention (A) 1.00 
1.00 

-.85 
-.97 

-.87 
-.93 

-.85 
-.82 

-.87 
-.92 

-.82 
-.83 

-.81 
-.79 

-.81 
-.77 

-.81 
-.80 

0.81 
0.87 

0.65 
0.50 

0.57 
0.42 

0.60 
0.36 

-.23 
-.23 

0.77 
0.71 

Visits in the past month (B)  1.00 
1.00 

0.96 
0.96 

0.92 
0.85 

0.96 
0.95 

0.90 
0.86 

0.88 
0.82 

0.86 
0.80 

0.88 
0.83 

-.78 
-.85 

-.55 
-.47 

-.50 
-.38 

-.43 
-.33 

0.16 
0.19 

-.71 
-.71 

Mean visits in the past month per BA (C)   1.00 
1.00 

0.95 

0.93 

0.98 

0.94 

0.89 

0.82 

0.91 

0.83 

0.89 

0.81 

0.90 

0.82 

-.80 
-.80 

-.48 
-.32 

-.45 
-.25 

-.37 
-.28 

0.17 
0.19 

-.70 
-.67 

% of BAs receiving ≥1 visit in past month (D)    1.00 
1.00 

0.89 

0.79 

0.86 

0.71 

0.86 

0.73 

0.87 

0.73 

0.84 

0.71 

-.78 
-.69 

-.50 
-.23 

-.50 
-.16 

-.49 
-.30 

0.18 
0.17 

-.68 
-.57 

Standard deviation in visits among BAs in past month (E)     1.00 
1.00 

0.87 

0.81 

0.88 

0.79 

0.85 

0.77 

0.89 

0.81 

-.79 
-.80 

-.51 
-.37 

-.46 
-.30 

-.35 
-.21 

0.19 
0.18 

-.69 
-.65 

Visits in the past week (F)      1.00 
1.00 

0.97 
0.97 

0.95 
0.94 

0.97 
0.97 

-.79 
-.76 

-.56 
-.44 

-.56 
-.36 

-.44 
-.32 

-.05 
-.08 

-.74 
-.66 

Mean visits in the past week per BA (G)       1.00 
1.00 

0.98 

0.99 

0.98 

0.98 

-.78 
-.71 

-.49 
-.34 

-.49 
-.27 

-.37 
-.27 

-.04 
-.07 

-.72 
-.61 

% of BAs receiving ≥1 visit in past week (H)        1.00 
1.00 

0.95 

0.95 

-.77 
-.69 

-.50 
-.31 

-.50 
-.25 

-.41 
-.26 

-.02 
-.06 

-.71 
-.59 

Standard deviation in visits among BAs in past week (I)         1.00 
1.00 

-.77 
-.72 

-.50 
-.36 

-.49 
-.29 

-.36 
-.27 

-.04 
-.07 

-.71 
-.62 

Total visits (J)          1.00 
1.00 

0.64 

0.48 

0.60 

0.38 

0.53 

0.38 

-.22 
-.22 

0.60 
0.62 

Mean visits per BA (K)           1.00 
1.00 

0.83 

0.86 

0.78 

0.52 

-.19 
-.12 

0.55 
0.44 

% of BAs receiving ≥10 visits (L)            1.00 
1.00 

0.61 

0.30 

-.17 
-.10 

0.57 
0.35 

Standard deviation in visits among BAs (M)             1.00 
1.00 

-.18 
-.08 

0.46 
0.35 

Current coaching infidelity (N)              1.00 
1.00 

-.08 
-.13 

Cumulative coaching infidelity (O)               1.00 
1.00 
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Table 2.6 Effect modification of coaching intensity by months since start of the intervention. All p-values were calculated using score 
tests.  The p-value of the overall significance of coaching reflects the joint null hypothesis that both the main effect of coaching and 
the coaching-by-time interaction term are equal to zero. 

 

EBP Adherence 
N=2,083 births 

Primary Composite 

Maternal morbidity, 
maternal or infant mortality 

(n/N=12,062/79,777) 

Secondary Composite 

Maternal or infant mortality 
(n/N=3,907/80,234) 

Coaching Intensity 

p-value for 

interaction 

term 

p-value for 

overall 

significance 

of coaching 

p-value for 

interaction 

term 

p-value for 

overall 

significance 

of coaching 

p-value for 

interaction 

term 

p-value for 

overall 

significance 

of coaching 

Coaching Frequency (past month)       
Visits in the past month 0.09 0.62 0.09 0.82 0.11 0.71 
Mean visits in the past month per BA 0.08 0.28 0.09 0.94 0.11 0.25 
% of BAs receiving ≥1 visit in past month 0.06 0.15 0.97 0.38 0.26 0.70 
Standard deviation in visits among BAs in past month 0.07 0.53 0.32 0.48 0.44 0.49 
Coaching Frequency (past week)       
Visits past week 0.07 0.43 0.02 0.06 0.02 0.14 
Mean visits in the past week per BA 0.11 0.74 0.01 0.10 0.04 0.08 
% of BAs receiving ≥1 visit in past week 0.09 0.64 0.04 0.28 0.05 0.34 
Standard deviation in visits among BAs in past week 0.09 0.52 0.02 0.15 0.03 0.31 
Cumulative coaching       
Total visits 0.23 0.09 0.12 0.22 0.09 0.77 
Mean visits per BA <.01 0.04 0.91 0.03 0.54 0.43 
% of BAs receiving ≥10 visits 0.02 0.11 0.98 0.26 0.79 0.68 
Standard deviation in visits among BAs 0.05 0.04 0.97 0.31 0.98 0.45 
Coaching infidelity       
Current coaching infidelity 0.04 0.06 0.92 0.46 0.44 0.54 
Cumulative coaching infidelity 0.63 0.14 0.07 0.53 0.85 0.39 
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Table 2.7 Effects of coaching frequency on EBP adherence using a one-week time horizon. Effects are reported for both a one-unit 
increase and for increasing each continuous coaching metric from its 25th percentile to its 75th percentile, or by one interquartile 
range (IQR). Results are from a generalized linear with an identity link. Standard errors are estimated using the empirical variance 
with an exchangeable working covariance structure to account for clustering at the facility level. (N=2,083 births) 

   Model 11 Model 22 

Coaching Intensity 

Units in IQR 

increase 

Δ in practices 

adhered to 

associated with 
one-unit 

increase (95% CI) 

Δ in practices 

adhered to 

associated with 
IQR increase 

(95% CI) 

p-

value 

Δ in practices 

adhered to 

associated with 
one-unit 

increase (95% CI) 

Δ in practices 

adhered to 

associated with 
IQR increase 

(95% CI) 

p-

value 

Coaching Frequency        
Visits past week 1.0 0.7 (0.3, 1.0) 0.7 (0.3, 1.0)  <.01 0.3 (-0.1, 0.6)  0.3 (-0.1, 0.6) 0.14 
Mean visits in the past week per BA 0.3 2.8 (1.5, 4.2) 0.8 (0.4, 1.2) 0.01 1.6 (0.2, 3.0) 0.5 (0.1, 0.9) 0.03 
% of BAs receiving ≥1 visit in past week 30% 4.0 (2.0, 6.0) 1.2 (0.6, 1.8) 0.01 2.2 (0.3, 4.1) 0.7 (0.1, 1.2) 0.04 
Standard deviation in visits among BAs in 
past week 

0.5 2.0 (0.9, 3.0) 1.0 (0.5, 1.5) 0.01 0.8 (-0.3, 1.9) 0.4 (-0.2, 0.9) 0.14 

1Adjusted for whether the facility was in a high-priority district, distance to district hospital, facility staff size, facility delivery load, whether birth occurred on 
the same day as a coaching visit 
2 Adjusted for everything in Model 1 plus months since start of the intervention (no non-linear effects of time detected). 
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Table 2.8 Effects of coaching frequency on health outcomes using a one-week time horizon. Effects are reported for increasing each 
continuous coaching metric from its 25th percentile to its 75th percentile, or by one interquartile range (IQR). Results are from a 
generalized linear model with a log link and binomial distribution. Standard errors are estimated using the empirical variance with an 
exchangeable working covariance structure.  

 

Coaching Intensity 

Units 

in 

one 

IQR 

Primary Composite 

Maternal morbidity or maternal or infant mortality 
(n/N=12,062/79,777) 

Secondary Composite 

Maternal or infant mortality 
(n/N=3,907/80,234) 

Model 11 Model 22 Model 11 Model 22 

RR (95% CI) 

p-

value RR (95% CI) 

p-

value RR (95% CI) 

p-

value RR (95% CI) 

p-

value 

Coaching Frequency          
Visits past week 1.0 1.01 (0.99, 1.03) 0.41 0.99 (0.97, 1.02) 0.71 0.99 (0.95, 1.03) 0.69 1.00 (0.95, 1.06) 0.93 
Mean visits in the past week per BA 0.3 1.01 (0.99, 1.04) 0.27 1.00 (0.98, 1.03) 0.82 0.99 (0.95, 1.03) 0.70 1.00 (0.96, 1.05) 0.97 
% of BAs receiving ≥1 visit in past week 30% 1.02 (0.99, 1.06) 0.18 1.01 (0.98, 1.05) 0.40 1.01 (0.95, 1.07) 0.76 1.03 (0.97, 1.10) 0.30 
Standard deviation in visits among BAs 
in past week 

0.5 1.02 (0.99, 1.05) 0.21 1.01 (0.97, 1.05) 0.65 1.00 (0.95, 1.05) 0.99 1.03 (0.96, 1.10) 0.40 

1Adjusted for whether the facility was in a high-priority district, distance to district hospital, facility staff size, facility delivery load, whether birth occurred on 
the same day as a coaching visit 
2 Adjusted for everything in Model 1 plus months since start of the intervention (no non-linear effects of time detected). 
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Chapter Three:  Impact of PEPFAR's Prevention of Mother to Child Transmission of HIV program 

funding in Kenya: A quasi-experimental evaluation 

ABSTRACT 

Background: From 2004-2014, the President’s Emergency Plan for AIDS Relief (PEPFAR) 

invested over US$248,000,000 in Prevention of Mother-to-Child Transmission (PMTCT) of HIV in 

Kenya. Concurrently, under-five mortality in Kenya decreased by half. The extent to which this 

decrease is attributable to PEPFAR is unknown.  

Methods: Using 2004-2014 Country Operational Reports, we linked funding to Demographic 

and Health and AIDS Indicator Surveys. We estimated the impact of annual (ANN-PCF) and 

cumulative (CUM-PCF) per capita PEPFAR funding on infant and neonatal mortality and HIV 

testing at antenatal care (ANC), adjusting for year, province, and respondent characteristics 

using a quasi-experimental dose-response analysis.  

Results: Among survey respondents, data was available for 26,876 infants and 20,775 mothers. 

A $0.33 increase in ANN-PCF, corresponding to the difference between the 75th and 25th (IQR) 

percentiles of funding, was significantly associated with a 16% (95% CI: 4-27%) reduction in 

infant mortality after a 1-year lag. This mortality reduction persisted after 2- and 3-year lags. A 

1-IQR increase in CUM-PCF was associated with a 14% decrease in infant mortality (95% CI: 1-

25%), which persisted after a 1-year lag, and with a 7% increase in HIV testing at ANC (95% CI: 

3-11%), which intensified with subsequent lags. Funding was unassociated with neonatal 

mortality. Between 2004-2014, sustained funding levels of $0.33 ANN-PCF would have averted 

118,039 to 273,924 infant deaths. 
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Conclusions: Evidence from publicly-available data suggests that PEPFAR’s PMTCT funding 

reduced infant mortality and increased HIV testing at ANC in Kenya. The full impact of funding 

may not be felt until several years after allocation. 
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INTRODUCTION 

Between 1988 and 2003, Kenya experienced a 32% increase in under-five mortality, which has 

been partially attributed to the HIV epidemic (121, 122). In response, Kenya established 

Prevention of Mother-to-Child Transmission of HIV (PMTCT) programs in over 10,000 facilities 

(123). The services provided by PMTCT programs are designed to prevent the vertical 

transmission of HIV during pregnancy, delivery, and breastfeeding and include HIV testing, post-

test counseling for HIV-positive and -negative women, and access to anti-retroviral medications 

for HIV-positive women. Kenya’s investment in PMTCT was supported by the U.S. President’s 

Emergency Fund for AIDS Relief (PEPFAR), which contributed over $248 million to PMTCT 

programs in Kenya between 2004 and 2014 (124). 

Although PEPFAR’s investments in PMTCT coincided with a halving of Kenya’s under-five 

mortality rate (125), it is unknown whether this improvement can be causally attributed to 

PEPFAR funding for PMTCT. PMTCT is critical to the survival of children born to HIV-positive 

mothers. Without PMTCT, 25% of children born to HIV-positive mothers become HIV-positive, 

and, without treatment, 50% of HIV-positive children in low-resource settings die before their 

second birthday (126, 127). However, child mortality decreased in most sub-Saharan African 

countries during the 2000s (128), and regional trends, rather than PEPFAR funding, could 

explain all or part of Kenya’s reductions in child mortality. Additionally, PEPFAR-funded 

activities targeting adults could have displaced essential newborn and infant health services 

(129, 130), resulting in worsened child health outcomes.  

Although PEPFAR focus countries have experienced greater reductions in adult mortality than 

non-focus countries (131, 132), previous studies have not found corresponding reductions in 
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child mortality (130, 133, 134). However, prior research has not specifically assessed the impact 

of PEPFAR funding for PMTCT, one of PEPFAR’s activities most directly linked to children, on 

child health outcomes. In this paper, we use a quasi-experimental dose-response model to 

evaluate whether the magnitude of PEPFAR funding for PMTCT is casually associated with 

increased probability of receiving HIV counseling, testing, and test results as part of antenatal 

care (ANC) and reduced risk of neonatal and infant mortality in Kenya.  

METHODS 

Data Sources 

Health outcome data came from the publicly available Kenya Demographic and Health Surveys 

(KDHS) and AIDS Indicator Surveys (KAIS), which use stratified two-stage clustered random 

sampling to select nationally-representative samples. Our analysis included data from the five 

most recent surveys: KDHS 2003, 2008/2009 and 2014 and KAIS 2007 and 2012 (123, 135-138). 

HIV testing at ANC was measured among female respondents who had given birth within five 

years of the 2007, 2008/2009, 2012 surveys and two years of the 2014 survey and is defined as 

receiving counseling on PMTCT, an HIV test, and test results during ANC. For women with 

multiple births, ANC data was gathered for the most recent birth. Neonatal and infant 

mortality, defined as death within the first month and first year of life, respectively, were 

assessed using female respondents’ birth histories from the 2003, 2008/2009, and 2014 

surveys. For each live birth, mothers reported their child’s birth date, vital status, and death 

date, if applicable. Because maternal HIV is a common cause of maternal and infant death, birth 

histories can underestimate infant mortality in generalized HIV epidemics (139); however, bias 

can be reduced by considering recent births (140). Therefore, neonatal and infant mortality 
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were assessed among children born 1-60 and 12-60 months prior to the interview date. 

Although the 2012 KAIS gathered data on abbreviated birth histories, we excluded it in our 

primary analysis because neonatal and infant mortality was not included in the final report of 

the survey (see Supplementary Materials Methods Section A) (123). Data on the independent 

variable, PEPFAR funding for PMTCT, was extracted from publicly available Country Operational 

Plans (COPs), which describe annual planned expenditures (see Supplementary Materials 

Methods Section B) (141).  

Statistical Methods 

We assessed the association between per capita PEPFAR funding for PMTCT and health 

outcomes using a dose-response model, a type of quasi-experimental design used for causal 

inference (142). For annual per capita funding (ANN-PCF), each individual’s dose equaled the 

amount of PEPFAR funding allocated to their province of residence in their year of birth (or, for 

HIV testing at ANC, in the year they gave birth) divided by the province’s full population (143) 

.For cumulative per capita funding (CUM-PCF), each individual’s dose was calculated using the 

cumulative total of PEPFAR funding for PMTCT allocated to their province from the beginning of 

PEPFAR until their year of birth. We investigated zero to three-year lags between funding 

allocation and the time that funding was hypothesized to have effects (see Supplementary 

Materials Table 3.5). Individuals without funding data were excluded from primary analyses but 

included in sensitivity analyses.  

We estimated risk ratios and 95% confidence intervals associated with PEPFAR funding for 

PMTCT using weighted generalized estimating equations (GEEs) that created a representative 

sample across surveys and stepwise selection of restricted cubic splines that assessed for 
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potential non-linear relationships between funding and health outcomes (23, 24) All models 

adjusted for province and controlled for calendar year using restricted cubic splines. Fully-

adjusted models further controlled for household wealth quintile, water and sanitation access, 

urban/rural status, and mosquito net ownership; respondent education, ethnicity, religion, 

marital status, age, parity, and exposure to mass media; and, for neonatal and infant mortality, 

child’s sex, preceding birth interval, and birth order rather than parity (see Supplementary 

Materials Methods Section C for details). To estimate the number of lives saved by PEPFAR 

funding for PMTCT, we used the one-year lagged model to predict the number of infants who 

would have died between 2004 and 2014 under different levels of ANN-PCF (see 

Supplementary Materials Methods Section D for details). 

We evaluated the sensitivity of our results to missing exposure data by conducting analyses 

assuming that province-years with missing funding data received $0.04, $0.23, $0.32, $0.56, 

and $0.93 in ANN-PCF (reflecting the minimum, 25th percentile, median, 75th percentile, and 

maximum of observed funding levels, respectively) and, for infant mortality, using inverse 

probability weighting (see Supplementary Materials Methods Section E) (144). We also 

assessed whether the effect of PEPFAR funding on infant mortality differed by maternal HIV 

status among the subset of infants with known maternal HIV status based on HIV testing 

conducted in the 2003 and 2008 surveys (see Supplementary Materials Methods Section F for 

details).  

RESULTS 

Infant Mortality 
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The 2003, 2008/09, and 2014 surveys included birth histories for 128,199 children, 26,876 of 

whom were born 12-60 months before the survey. Of these, 1,222 died within the first year of 

life. After a one-year lag, a $0.33 increase in ANN-PCF, corresponding to the difference between 

the 75th and 25th percentiles (IQR) of observed ANN-PCF data, was associated with a significant 

16% reduction in infant mortality (95% CI: 4-27) in the fully adjusted model (Table 3.1). This 

reduction was sustained after two- and three-year lags (Figure 3.1) but was not significant in 

the unlagged model. For CUM-PCF, a $0.83 increase (reflecting the IQR of CUM-PCF) was 

similarly associated with a 14% decrease in infant mortality (95% CI: 1-25%) in the unlagged 

model. This reduction was sustained after a 1-year lag, with associations attenuating and 

becoming non-significant after subsequent lags. 

Table 3.1 Risk ratios and 95% confidence intervals for infant mortality.  
 ANN-PCF CUM-PCF 

Minimally Adjusted1 Fully Adjusted2 Fully Adjusted2 

No lag RR for $0 to 1 IQR increase3  
RR for $0 to maximum increase4 
p-value 

0.88 (0.73, 1.07)  
0.70 (0.41, 1.20)  
0.20 

0.90 (0.75, 1.07)  
0.73 (0.44, 1.21)  
0.22 

0.86 (0.75, 0.99)  
0.37 (0.15, 0.91)  
0.04 

1-year lag RR for $0 to 1 IQR increase3 
RR for $0 to maximum increase4 
p-value 

0.83 (0.72, 0.95)  
0.59 (0.40, 0.87)  
0.01 

0.84 (0.73, 0.96)  
0.61 (0.42, 0.90)  
0.01 

0.86 (0.74, 0.99)  
0.36 (0.14, 0.91)  
0.04 

2-year lag RR for $0 to 1 IQR increase3  
RR for $0 to maximum increase4 
p-value 

1.19 (0.82, 1.74)  
0.51 (0.32, 0.81)  
0.265 

0.86 (0.75, 0.99)  
0.66 (0.44, 0.98)  
0.04 

0.93 (0.81, 1.06)  
0.60 (0.24, 1.47)  
0.27 

3-year lag RR for $0 to 1 IQR increase3  
RR for $0 to maximum increase4 
p-value 

0.83 (0.71, 0.97)  
0.60 (0.39, 0.92)  
0.02 

0.84 (0.72, 0.98)  
0.61 (0.40, 0.95)  
0.03 

0.91 (0.78, 1.06)  
0.55 (0.20, 1.50)  
0.24 

1Adjusted only for province and calendar year. 
2Adjusted for province, calendar year, household wealth quintile, water and sanitation access, urban/rural status 
and mosquito net ownership, maternal age at birth, education, ethnicity, religion, marital status, and exposure to 
mass media; and child's sex, short preceding birth interval, and birth order. 
3A $0 to 1 IQR increase in PEPFAR funding for PMTCT corresponds to a $0.33 change in annual per capita funding 
(ANN-PCF) and a 0.83 change in cumulative per capita funding (CUM-PCF).  
4A $0 to maximum increase in PEPFAR funding for PMTCT corresponds to a $0.93 change in ANN-PCF and a $5.46 
change in CUM-PCF.
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Figure 3.1 Dose-response relationship between per capita PEPFAR funding for PMTCT and 
infant mortality. Each panel presents the number of deaths (n) out of the number of infants 
with complete exposure data (N). (Estimates are adjusted for province; year of birth; household 
wealth quintile, water and sanitation access, urban/rural status and mosquito net ownership; 
maternal age at birth, education, ethnicity, religion, marital status, and exposure to mass 
media; and child's sex, birth order, and short preceding birth interval.)  
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HIV Testing at ANC 

The 2007, 2008-2009, 2012, and 2014 surveys included data on 57,721 female respondents, 

21,488 of whom had recently given birth. Of the 20,775 women with data on HIV testing, 

11,984 received HIV testing during ANC. ANN-PCF was not associated with HIV testing at ANC in 

any model (Table 3.2). However, after a one-year lag, a $0.83 increase in CUM-PCF was 

associated with a 7% increase in HIV testing at ANC (95% CI: 4-15%). This association intensified 

with subsequent lags: a $0.83 increase in CUM-PCF was associated with a 9% increase after a 

two-year lag (95% CI: 5-14%) and a 19% increase after a three-year lag (95% CI: 11-28%, Figure 

3.2). 

Table 3.2 Risk ratios and 95% confidence intervals for HIV testing at ANC. 
 ANN-PCF CUM-PCF 

Minimally Adjusted1 Fully Adjusted2 Fully Adjusted2 

No lag 
RR for $0 to 1 IQR increase3  
RR for $0 to maximum increase4 
p-value 

0.99 (0.96, 1.03)  
0.97 (0.88, 1.08)  
0.61 

0.98 (0.94, 1.01)  
0.93 (0.84, 1.04)  
0.20 

0.96 (0.89, 1.04)  
1.10 (0.85, 1.42)  
0.335 

1-year lag 
RR for $0 to 1 IQR increase3  
RR for $0 to maximum increase4 
p-value 

1.01 (0.97, 1.06)  
1.04 (0.93, 1.16)  
0.48 

1.01 (0.97, 1.05)  
1.03 (0.92, 1.16)  
0.57 

1.07 (1.03, 1.11)  
1.54 (1.20, 1.98)  
0.0008 

2-year lag 
RR for $0 to 1 IQR increase3  
RR for $0 to maximum increase4 
p-value 

1.01 (0.97, 1.04)  
1.02 (0.93, 1.12)  
0.67 

1.02 (0.98, 1.06)  
1.05 (0.95, 1.17)  
0.33 

1.09 (1.05, 1.14)  
1.76 (1.35, 2.31)  
<0.0001 

3-year lag 
RR for $0 to 1 IQR increase3  
RR for $0 to maximum increase4 
p-value 

1.00 (0.97, 1.03)  
1.01 (0.93, 1.09)  
0.88 

1.02 (0.99, 1.05)  
1.06 (0.98, 1.16)  
0.15 

1.19 (1.11, 1.28)  
1.65 (1.20, 2.28)  
<0.00015 

1Adjusted only for province and calendar year. 
2Adjusted for province, calendar year, household wealth quintile, water and sanitation access, urban/rural status 
and mosquito net ownership and maternal age at last birth, education, ethnicity, religion, marital status, parity and 
exposure to mass media.  
3A $0 to 1 IQR increase in PEPFAR funding for PMTCT corresponds to a $0.33 change in annual per capita funding 
(ANN-PCF) and a 0.83 change in cumulative per capita funding (CUM-PCF).  
4A $0 to maximum increase in PEPFAR funding for PMTCT corresponds to a $0.93 change in ANN-PCF and a $5.46 
change in CUM-PCF. 
5A significant departure from linearity was detected, the p-value reflects the significance of the non-linear 
relationship. 
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Figure 3.2 Dose-response relationship between per capita PEPFAR funding for PMTCT and HIV 
Testing at ANC, defined as receiving counseling on PMTCT, being tested for HIV, and receiving 
the results of this HIV test during an antenatal care. Each panel presents the number of women 
tested (n) out of the number of women reporting a recent birth with complete exposure data 
(N). (Estimates are adjusted for province; year of birth; household wealth quintile, water and 
sanitation access, urban/rural status and mosquito net ownership and maternal age at last 
birth, education, ethnicity, religion, marital status, parity, and exposure to mass media.)
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Neonatal Mortality 

Our analysis included 33,181 neonates born 1-60 months before the survey, 822 of whom died 

during the first month of life. Neonatal mortality was not associated with ANN-PCF or CUM-PCF 

(Table 3.3, Supplementary Materials Figure 3.4).  

Table 3.3 Risk ratios and 95% confidence intervals for neonatal mortality. 

 

ANN-PCF CUM-PCF 

Minimally Adjusted1 Fully Adjusted2 Fully Adjusted2 

No lag 
RR for $0 to 1 IQR increase3  
RR for $0 to maximum increase4 
p-value 

1.17 (0.92, 1.49)  
1.56 (0.79, 3.06)  
0.22 

1.21 (0.96, 1.52)  
1.71 (0.90, 3.27)  
0.12 

0.98 (0.83, 1.17)  
0.90 (0.29, 2.78)  
0.85 

1-year lag 
RR for $0 to 1 IQR increase3  
RR for $0 to maximum increase4 
p-value 

1.03 (0.83, 1.28)  
1.08 (0.59, 1.99)  
0.80 

1.05 (0.84, 1.31)  
1.15 (0.62, 2.14)  
0.66 

1.03 (0.86, 1.23)  
1.18 (0.36, 3.80)  
0.79 

2-year lag 
RR for $0 to 1 IQR increase3  
RR for $0 to maximum increase4 
p-value 

0.99 (0.82, 1.20)  
0.98 (0.57, 1.68)  
0.94 

1.00 (0.83, 1.21)  
1.01 (0.60, 1.70)  
0.98 

1.11 (0.92, 1.34)  
2.04 (0.60, 6.96)  
0.26 

3-year lag 
RR for $0 to 1 IQR increase3  
RR for $0 to maximum increase4 
p-value 

0.94 (0.75, 1.18)  
0.85 (0.45, 1.59)  
0.60 

0.96 (0.77, 1.19)  
0.88 (0.47, 1.65)  
0.69 

1.06 (0.86, 1.31)  
1.47 (0.36, 5.98)  
0.59 

1Adjusted only for province and calendar year. 
2Adjusted for province, calendar year, household wealth quintile, water and sanitation access, urban/rural status 
and mosquito net ownership, maternal age at birth, education, ethnicity, religion, marital status, and exposure to 
mass media; and child's sex, short preceding birth interval, and birth order. 
3A $0 to 1 IQR increase in PEPFAR funding for PMTCT corresponds to a $0.33 change in annual per capita funding 
(ANN-PCF) and a 0.83 change in cumulative per capita funding (CUM-PCF).  
4 A $0 to maximum increase in PEPFAR funding for PMTCT corresponds to a $0.93 change in ANN-PCF and a $5.46 
change in CUM-PCF. 

Lives Saved 

Based on the one-year lagged model, increasing PEPFAR funding for PMTCT from $0 to $0.33 in 

ANN-PCF would have averted 118,039 infant deaths between 2004-2014 and increasing funding 

from $0 to $0.93 in ANN-PCF would have averted 286,438 infant deaths over the same period. 

These estimates are conservative and do not include benefits accrued among mothers or 

among children older than one. When KAIS 2012 was included, the estimated lives saved was 
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appreciably larger: a $0.33 increase in ANN-PCF was associated with a 36% reduction in infant 

mortality after a one-year lag (95% CI: 12-53%), which, over the 2004-2014 period, would 

correspond to 273,924 infant deaths averted at funding levels of $0.33 in ANN-PCF and 547,179 

infant deaths averted at funding levels of $0.93. 

Sensitivity Analyses 

Sensitivity analyses for our unlagged, one-year lagged, and three-year lagged models generally 

corresponded to the main results. For infant mortality, ANN-PCF remained associated with a 

13-19% reduction when province-years with missing data were assigned $0.04-0.32 in ANN-PCF 

or with inverse probability weighting (Supplemental Materials Tables 3.6-3.8). When using a 

two-year lag, discrepancies reflected the detection of new non-linear results. When we 

investigated the effect of PEPFAR funding by maternal HIV status, PEPFAR was significantly 

protective against mortality among infants born to HIV-negative mothers in the unlagged and 

one-year lagged model but not among infants born to HIV-positive mothers (Supplementary 

Materials 3.9).  However, due to the small number of deaths among infants with known 

maternal HIV status (214 deaths among the positive and 45 among the negatives), there was no 

evidence that PEPFAR funding had significantly different effects in the two groups.  

DISCUSSION 

Our study joins a growing body of literature that suggests PEPFAR has benefited population 

health (131-133, 145-147). Using publicly available data, we found evidence that PEPFAR 

funding for PMTCT is causally associated with reduced infant mortality and increased HIV 

testing at ANC in Kenya. Our quasi-experimental dose-response design provides stronger 

evidence for a causal effect of PEPFAR funding than other designs, such as pre-post designs, 
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commonly used to assess PEPFAR’s effectiveness, because it directly adjusts for secular time 

trends (148).  

Earlier studies had not found significantly greater reductions in infant mortality among PEPFAR 

focus countries relative to non-focus countries; however, they did report non-significant 

protective effects (133, 134). Our significant findings may stem from one or more factors: 

funding for PMTCT may impact infant mortality more directly than overall PEPFAR funding; our 

study period (2004-2014) was longer than for previous studies (2004-2010); our study was not 

confounded by country-level factors; and Kenya received more PEPFAR funding than most 

other PEFPAR countries and may have experienced correspondingly greater effects. Despite its 

positive impact on infant mortality and HIV testing at ANC, PEPFAR funding was unassociated 

with neonatal mortality, perhaps because many pediatric HIV-infections occur after the 

neonatal period (127) or because neonatal mortality may be more resistant to public health 

interventions than post-neonatal mortality (128).  

Delayed Effects of Annual Funding 

Annual funding was unassociated with reduced infant mortality in the year of allocation but 

became beneficial at later lags (Figure 3.1). Although non-significant, similar trajectories were 

observed for HIV testing at ANC and neonatal mortality, suggesting that the full impact of 

annual funding may not be observable for several years. This delay may reflect logistical delays 

as PEPFAR funds are absorbed by local PMTCT programs but may also reflect biologic realities: 

there is a 9-month lag between conception and birth and another 12-month lag between birth 

and ascertaining infant survival. Both logistic and biologic factors should be considered when 

defining a program evaluation’s time horizon. 
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Cumulative Funding and Threshold Effects 

When using cumulative, rather than annual, funding we observed more significant associations 

after shorter lags. Compared to annual funding, cumulative funding may better reflect 

sustained investments in infrastructure and personnel. The significant non-linear association 

between 3-year lagged cumulative funding and HIV-testing at ANC may suggest a threshold 

effect for cumulative per capita funding.  However, as of 2014 only one (Nyanza) of eight 

provinces had received >$2.68 in CUM-PCF, this apparent threshold may be largely driven by a 

single province and we did not observe significant thresholds in any of the other adjusted 

models. The joint findings of the ANN-PCF and CUM-PCF models suggest that there is a delayed 

effect of annual funding on PMTCT-related outcomes, that the effect of cumulative funding is 

greater than the effect of spending in any individual year, and that there is no evidence of 

diminishing returns to PEPFAR’s investment in PMTCT programs. 

Robustness of results 

Our findings were relatively robust to sensitivity analyses assessing possible bias due to missing 

funding data. Only under unlikely scenarios where missing province-years received very high 

ANN-PCF ($0.56-0.93) did our results for infant mortality become attenuated across all lags. 

Discrepancies between the main analysis and sensitivity analyses either reflected the detection 

of new non-linear relationships or occurred under unlikely scenarios in which missing province-

years received very high ANN-PCF. These analyses suggest that, despite limitations of COPs as a 

source of regional funding data, our findings are unlikely to be explained by missing data 

patterns.  
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When we examined whether the effect of funding on infant mortality differed by mothers’ HIV 

status, PEPFAR was not associated with significantly lower infant mortality among infants of HIV 

positive mothers; however, power was severely limited by the small sample of mothers with 

known HIV status. In contrast, infants of HIV-negative mothers experienced reduced mortality, 

possibly reflecting positive spillover effects including improved health literacy, health 

professional training, and health system resources.  

Limitations 

We sought to minimize unmeasured confounding by adjusting for fixed effects of province, 

which controls for unobserved time-invariant province characteristics, and for year, which 

controls for nationwide secular trends. However, our analysis could be confounded by province 

characteristics that both vary over time and are correlated with PEPFAR funding for PMTCT, 

such as funding for anti-malarial campaigns. We strove to partially capture time-varying 

province characteristics by adjusting for respondent-level characteristics, such as mosquito net 

ownership. However, bias from time-varying confounding is possible, particularly if PEPFAR 

preferentially allocated funds to implementing partners working in provinces with improving 

health outcomes. Additionally, the data source for our exposure, COPs, describe annual 

planned expenditures, which may not reflect actual expenditures, and disaggregate funding by 

implementing partner rather than geography, limiting our ability to assign funding to provinces. 

We expect these administrative processes to result in random measurement error and 

underestimation of effects. However, systematic bias could occur if, for example, implementing 

partners working in provinces with strong health systems reported higher quality information in 

COPs than those working in provinces with weak health systems. Furthermore, our analysis 
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links province-level funding to individual-level outcomes and does not account for variation in 

the distribution of PEPFAR-funded activities within a province or variation in individuals’ 

engagement with PEPFAR-funded PMTCT programs. Thus, these findings are best interpreted as 

the effect of living in a province receiving a given level of PEPFAR funding and likely 

underestimate the benefits of interacting directly with a PEPFAR-funded PMTCT program. 

Finally, because health outcome data was unavailable after 2014, our analysis does not capture 

effects of recent PEPFAR-funded PMTCT-related activities. 

Public Health Relevance 

This study illustrates how cost-effective, large-scale program evaluations can be conducted 

using pre-existing data sources. We relied exclusively on COPs, which are produced annually by 

all PEPFAR focus countries, and the Demographic and Health (DHS) and AIDS Indicator Surveys 

(AIS). At least one DHS or AIS has been conducted in all 31 countries producing COPs. 

Consequently, our approach may be applied in other geographic settings and adapted for other 

HIV-related health outcomes. PEPFAR and other international donors seeking to evaluate 

programmatic impact might consider routinely collecting annual data on financial expenditures 

disaggregated by geography. Linking this financial data to DHS, AIS, or ongoing PEPFAR-funded 

population-based HIV impact assessment (PHIA) surveys would enable future impact 

evaluations. Recently released subnational-level data on PEPFAR’s programmatic activities for 

2015-2016 (124) could also be used in future dose-response evaluations. 

Investigating a dose-response between funding and health outcomes addresses policy 

questions about the effectiveness of programs and can inform allocation of future funds. Our 

study follows three previous studies investigating the magnitude of PEPFAR funding as an 
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exposure and resulting effect on intended health and behavioral outcomes, with varying 

findings (145, 146, 149). For example, Lo and colleagues did not observe an association 

between funding for abstinence and being faithful activities and reduced high-risk sexual 

behavior (149). Access to range of literature on the effects of funding for specific HIV 

prevention approaches can help policy makers decide which evidence-informed activities to 

fund and increase allocation of funds to approaches demonstrated to be effective.  

CONCLUSION 

PEPFAR funding for PMTCT was associated with substantially reduced infant mortality and 

increased HIV testing at ANC in Kenya. This research illustrates how pre-existing data sources 

can be used to conduct cost-effective, large-scale program evaluations in a robust and timely 

manner.
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SUPPLEMENTAL MATERIALS 

Methods Section A: Birth history data from KAIS 2012 

Although the KAIS  2012 gathered data on abbreviated birth histories, we excluded it in our 

primary analysis of neonatal and infant mortality. This decision was driven by several factors. 

First, the KAIS 2012 did not report on birth history data in their final report, which may reflect 

the fact that women’s birth histories, which have traditionally been a major focus of 

Demographic and Health Surveys such as the KDHS, have not traditionally been a major focus of 

AIDS Indicator Surveys, such as the KAIS. This omission may also reflect underlying concerns 

about the data quality. As shown in the table below, the five-year neonatal and infant mortality 

rate calculated using data from the KAIS 2012 was substantially lower than that calculated from 

other surveys, even when the time frame covered by those other surveys overlapped 

substantially with the time frame covered by the KAIS 2012.   

Table 3.4 Five-year infant and neonatal mortality by survey year   

Infant mortality Neonatal Mortality 

Survey Years 
Covered 

Deaths Infants  Mortality rate  

% , (95% CI) 

Deaths Neonates  Mortality rate  

% , (95% CI) 

KDHS 2003 1998-2003 349 4750 7.7, ( 6.7, 8.7) 197 5960 3.3, ( 2.7, 3.9) 

KDHS 2008 2003-2009 254 4850 5.4, ( 4.3, 6.4) 176 6083 3.1, ( 2.4, 3.8) 

KAIS 2012 2008-2013 52 3548 2.4, (0, 4.7) 30 4435 0.6, ( 0.3, 0.8) 

KDHS 2014 2009-2014 619 17276 3.8, ( 3.4, 4.2) 449 21138 2.2, ( 1.9, 2.5) 

 

Due to these underlying concerns, we choose to omit KAIS 2012 from our primary analysis of 

infant and neonatal mortality. 
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Methods Section B: Data Extraction from Country Operational Plans (COPs) 

Each year, PEPFAR focus countries submit country operational plans (COPs) containing 

PEPFAR’s annual planned expenditures disaggregated by implementation partner and budget 

code. We identified annual PMTCT funding from the COPs using the “MTCT” budget code. 

Narrative information from the COPs were used to assign dollar amounts to one of Kenya’s 

eight provinces. Between 2004-2006, all financial data was redacted from the COPs. Overall, we 

assigned 53% of total planned PEPFAR expenditures for PMTCT to specific provinces; the 

remainder could not be assigned to specific provinces either because it had been allocated to 

nationwide programs (16%) or implementing partners working across province borders (10%) 

or because there was insufficient information to assign funding to a specific implementing 

partner (20%) (Figure 3.3). Dollar amounts were converted to 2010 USD using a GDP deflator. 

We set funding for pre-PEPFAR years to zero.   

Methods Section C: Modeling the risk ratio 

We estimated risk ratios and 95% confidence intervals associated with PEPFAR funding for 

PMTCT using generalized weighted estimating equations (GEEs), using exchangeable working 

covariance structures with robust standard errors to account for correlations within sampling 

clusters (23). To create a representative sample across surveys, we used denormalized weights 

calculated by multiplying the survey sampling weights by the number of individuals in the 

survey’s sampling frame divided by the survey’s sample size (150). To maximize statistical 

efficiency, we used the working binomial variance or, if models failed to converge, the working 

Poisson variance (108, 151). We assessed potential non-linear relationships between funding 

and health outcomes using restricted cubic splines (24), selecting spline terms using a SAS 
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macro available on the last author’s website (111) and presenting the model with the linear 

term if non-linear relationships were non-significant. All models adjusted for province and 

controlled for calendar year using restricted cubic splines. Fully-adjusted models further 

adjusted for household characteristics, including household wealth quintile, water and 

sanitation access, urban/rural status, and mosquito net ownership, and respondent 

characteristics, including education level, ethnicity, religion, marital status, maternal age 

categorized as <20, 20-34, and ≥35 years of age, and exposure to mass media. For the outcomes 

of neonatal and infant mortality, fully adjusted models also adjusted for child’s sex, short 

preceding birth interval (≤24 months) and birth order (rather than parity). To account for 

secular changes in wealth, we developed harmonized wealth quintiles using the first principal 

component of household assets measured across all surveys (152). 

Methods Section D: Estimating the number of lives saved 

To estimate the number of lives saved by PEPFAR funding for PMTCT, we used the one-year 

lagged model to predict the probability of infant mortality in each province-year assuming $0, 

$0.33, and $0.93 in ANN-PCF.  We multiplied these predicted probabilities of death by the 

number of infants born in each province-year between 2004 and 2014 calculated by allocating 

the UN Population Division’s national birth estimates proportionally to the World Bank Group’s 

Subnational Population Database’s adult population estimates (143). 

Methods Section E: Inverse probability weighting for missing exposure data 

For infant mortality, we used inverse probability weighting to adjust for possible bias due to the 

exclusion of infants with missing data on ANN-PCF (144). We predicted the probability that 

each infant was missing data on ANN-PCF using a logistic regression model that included the 
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outcome, with model covariates and two-way interactions being added to the model when 

significant at p<0.05. The inverse of this predicted probability, truncated at the 99th percentile, 

was used as a weight in the regression of infant mortality on ANN-PCF.  

Methods Section F: Effect of PEPFAR funding for PMTCT by maternal HIV status 

The sample size for our analysis stratified by maternal HIV status was limited because only the 

KDHS 2003 and KDHS 2008/2009 gathered both full birth history data and dried blot spots used 

to ascertain maternal HIV status. The sample size for this analysis consisted of  3,803 infants of 

HIV-negative mothers, 214 of whom had experienced infant mortality, and 369 infants of HIV-

positive mothers, 45 of whom had experienced infant mortality. Because financial data from 

the COPs was retracted between 2004-2006, we were unable to fit dose-response models in 

the subset of infants whose mothers’ HIV status was known. Instead, we modeled the zero- to 

three-year lagged effect of dichotomized pre- vs. post- PEPFAR funding, adjusted for year and 

province.
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Figure 3.3 Assigning PEPFAR funding to Kenyan provinces using Country Operational Plans 
(COPs). The number at the top of each bar gives the number of provinces (out of 8) with data 
on PEPFAR funding for PMTCT in that year. 
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Table 3.5 Exemplary calculations for lagged annual and cumulative per-capita funding for a 
single province. “.” designates a missing value. 

 
Annual per-capita funding for 

PMTCT 
Cumulative per-capita funding 

for PMTCT 

Year 

Funding 
for PMTCT 
(Millions, 
2010 USD) 

Population 
(Millions) Unlagged 

1-
year 
lag 

2-
year 
lag 

3-
year 
lag Unlagged 

1-
year 
lag 

2-
year 
lag 

3-
year 
lag 

2000 $0 7.61 $0 $0 $0 $0 $0 $0 $0 $0 

2001 $0 7.86 $0 $0 $0 $0 $0 $0 $0 $0 

2002 $0 8.12 $0 $0 $0 $0 $0 $0 $0 $0 

2003 $0 8.39 $0 $0 $0 $0 $0 $0 $0 $0 

2004 . 8.67 . $0 $0 $0 . $0 $0 $0 

2005 . 8.95 . . $0 $0 . . $0 $0 

2006 . 9.24 . . . $0 . . . $0 

2007 $2.57 9.54 $0.28 . . . $0.28 . . . 

2008 $3.08 9.85 $0.32 $0.28 . . $0.60 $0.28 . . 

2009 $5.60 10.17 $0.56 $0.32 $0.28 . $1.16 $0.60 $0.28 . 

2010 $2.03 10.50 $0.19 $0.56 $0.32 $0.28 $1.35 $1.16 $0.60 $0.28 

2011 $1.97 10.83 $0.18 $0.19 $0.56 $0.32 $1.53 $1.35 $1.16 $0.60 

2012 $0.52 11.17 $0.04 $0.18 $0.19 $0.56 $1.57 $1.53 $1.35 $1.16 

2013 $3.02 11.52 $0.25 $0.04 $0.18 $0.19 $1.82 $1.57 $1.53 $1.35 

2014 $2.54 11.88 $0.20 $0.25 $0.04 $0.18 $2.02 $1.82 $1.57 $1.53 
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Figure 3.4 Dose-response relationship between per capita PEPFAR funding for PMTCT and 
neonatal mortality. Each panel presents the number of deaths (n) out of the number of infants 
with complete exposure data (N). Estimates are adjusted for province; year of birth; household 
wealth quintile, water and sanitation access, urban/rural status and mosquito net ownership; 
maternal age at birth, education, ethnicity, religion, marital status, and exposure to mass 
media; and child's sex, birth order, and short preceding birth interval. 

  



 

 85 

Table 3.6 Summary of sensitivity analyses results for infant mortality. Cells include the risk ratio 
(RR) corresponding to a $0.33 increase in annual PEPFAR funding per capita. Table shows p-
values for test of linear trend (L) or, if significant departures from linearity were detected, the 
test for non-linearity (NL) and test for the significance of the curve (C). 

  Infant Mortality 

  No lag 1 year lag 2 year lag 3 year lag 

U 0.88 (0.73, 1.07)  
L: 0.20 

0.83 (0.72, 0.95)  
L: 0.01 

1.19 (0.82, 1.74)  
NL: 0.04  
C: 0.26 

0.83 (0.71, 0.97)  
L: 0.02 

A 0.90 (0.75, 1.07)  
L: 0.22 

0.84 (0.73, 0.96)  
L: 0.01 

0.86 (0.75, 0.99)  
L: 0.04 

0.84 (0.72, 0.98)  
L: 0.03 

S1 0.93 (0.80, 1.08)  
L: 0.36 

0.91 (0.81, 1.02)  
L: 0.09 

1.13 (0.83, 1.52)  
NL: 0.05  
C: 0.31 

0.87 (0.77, 0.98)  
L: 0.03 

S2 0.89 (0.75, 1.06)  
L: 0.19 

0.86 (0.75, 0.98)  
L: 0.02 

1.18 (0.88, 1.59)  
NL: 0.02  
C: 0.23 

0.85 (0.73, 0.98)  
L: 0.03 

S3 0.89 (0.75, 1.05)  
L: 0.17 

0.86 (0.75, 0.99)  
L: 0.03 

1.15 (0.89, 1.49)  
NL: 0.02  
C: 0.18 

0.85 (0.73, 0.99)  
L: 0.04 

S4 0.93 (0.82, 1.05)  
L: 0.23 

0.91 (0.80, 1.03)  
L: 0.12 

1.27 (1.01, 1.59)  
NL: 0.003  
C: 0.03 

1.01 (0.83, 1.23)  
NL: 0.05  
C: 0.95 

S5 0.96 (0.89, 1.04)  
L: 0.36 

0.95 (0.88, 1.04)  
L: 0.25 

1.02 (0.94, 1.11)  
L: 0.69 

0.96 (0.87, 1.06)  
L: 0.38 

S6 0.90 (0.76, 1.07)  
L: 0.23 

0.84 (0.74, 0.96)  
L: 0.02 

1.19 (0.83, 1.69)  
NL: 0.03  
C: 0.24 

0.81 (0.68, 0.95)  
L: 0.01 

KEY 

U=Minimally adjusted analysis 
A=Fully adjusted analysis 
S1=Missing province-years received $0.04 in annual per capita funding 
S2=Missing province-years received $0.23 in annual per capita funding  
S3=Missing province-years received $0.32 in annual per capita funding  
S4=Missing province-years received $0.56 in annual per capita funding  
S5=Missing province-years received $0.93 in annual per capita funding 
S6=Inverse probability weighting  
■ Funding associated with improved health outcomes 
■ Funding significantly associated with improved health outcomes 
■ Concave relationship between funding & health outcomes 
■ Significant concave relationship between funding & health outcomes 
■ Funding associated with worse health outcomes 
■ Funding significantly associated with worse health outcomes 
☐ Funding not associated with health outcomes 
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Table 3.7 Summary of sensitivity analyses results for HIV testing at ANC. Cells include the risk 
ratio (RR) corresponding to a $0.33 increase in annual PEPFAR funding per capita. Table shows 
p-values for test of linear trend (L) or, if significant departures from linearity were detected, the 
test for non-linearity (NL) and test for the significance of the curve (C). 

  HIV testing at ANC 

  No lag 1 year lag 2 year lag 3 year lag 

U 0.99 (0.96, 1.03)  
L: 0.61 

1.01 (0.97, 1.06)  
L: 0.48 

1.01 (0.97, 1.04)  
L: 0.67 

1.00 (0.97, 1.03)  
L: 0.88 

A 0.98 (0.94, 1.01)  
L: 0.20 

1.01 (0.97, 1.05)  
L: 0.57 

1.02 (0.98, 1.06)  
L: 0.33 

1.02 (0.99, 1.05)  
L: 0.15 

S1 0.99 (0.97, 1.02)  
L: 0.61 

0.99 (0.96, 1.02)  
L: 0.44 

0.93 (0.88, 0.99)  
NL: 0.009  
C: 0.02 

1.01 (0.99, 1.04)  
L: 0.26 

S2 0.94 (0.88, 1.00)  
NL: 0.04  
C: 0.04 

1.00 (0.96, 1.03)  
L: 0.91 

1.02 (0.99, 1.05)  
L: 0.29 

1.02 (0.99, 1.05)  
L: 0.17 

S3 0.99 (0.95, 1.02)  
L: 0.43 

1.01 (0.97, 1.04)  
L: 0.78 

1.03 (1.00, 1.06)  
L: 0.08 

1.02 (0.99, 1.05)  
L: 0.18 

S4 0.99 (0.96, 1.02)  
L: 0.46 

1.02 (0.98, 1.05)  
L: 0.34 

1.04 (1.01, 1.07)  
L: 0.01 

1.01 (0.99, 1.04)  
L: 0.29 

S5 0.99 (0.97, 1.02)  
L: 0.60 

1.01 (0.99, 1.03)  
L: 0.22 

1.03 (1.01, 1.04)  
L: 0.008 

1.01 (0.99, 1.03)  
L: 0.42 

KEY 

U=Minimally adjusted analysis 
A=Fully adjusted analysis 
S1=Missing province-years received $0.04 in annual per capita funding 
S2=Missing province-years received $0.23 in annual per capita funding  
S3=Missing province-years received $0.32 in annual per capita funding  
S4=Missing province-years received $0.56 in annual per capita funding  
S5=Missing province-years received $0.93 in annual per capita funding 
S6=Inverse probability weighting  
■ Funding associated with improved health outcomes 
■ Funding significantly associated with improved health outcomes 
■ Concave relationship between funding & health outcomes 
■ Significant concave relationship between funding & health outcomes 
■ Funding associated with worse health outcomes 
■ Funding significantly associated with worse health outcomes 
☐ Funding not associated with health outcomes 
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Table 3.8 Summary of sensitivity analyses for neonatal mortality. Cells include the risk ratio (RR) 
corresponding to a $0.33 increase in annual PEPFAR funding per capita. Table show p-values for 
test of linear trend (L). No significant departures from linearity were detected. 

  Neonatal Mortality 

  No lag 1 year lag 2 year lag 3 year lag 

U 1.17 (0.92, 1.49)  
L: 0.22 

1.03 (0.83, 1.28)  
L: 0.80 

0.99 (0.82, 1.20)  
L: 0.94 

0.94 (0.75, 1.18)  
L: 0.60 

A 1.21 (0.96, 1.52)  
L: 0.12 

1.05 (0.84, 1.31)  
L: 0.66 

1.00 (0.83, 1.21)  
L: 0.98 

0.96 (0.77, 1.19)  
L: 0.69 

S1 1.12 (0.92, 1.36)  
L: 0.28 

0.98 (0.81, 1.19)  
L: 0.86 

0.89 (0.75, 1.04)  
L: 0.14 

0.94 (0.80, 1.12)  
L: 0.50 

S2 1.13 (0.91, 1.41)  
L: 0.28 

1.02 (0.84, 1.25)  
L: 0.82 

1.62 (1.07, 2.46)  
NL: 0.01  
C: 0.02 

1.01 (0.83, 1.23)  
L: 0.91 

S3 1.11 (0.90, 1.38)  
L: 0.34 

1.04 (0.86, 1.26)  
L: 0.66 

1.57 (1.11, 2.24)  
NL: 0.008  
C: 0.01 

1.05 (0.85, 1.29)  
L: 0.66 

S4 1.04 (0.88, 1.23)  
L: 0.64 

1.06 (0.91, 1.22)  
L: 0.47 

1.53 (1.12, 2.08)  
NL: 0.03  
C: 0.01 

1.09 (0.90, 1.31)  
L: 0.38 

S5 1.00 (0.90, 1.12)  
L: 0.94 

1.04 (0.95, 1.14)  
L: 0.43 

1.15 (1.03, 1.28)  
L: 0.02 

1.07 (0.95, 1.20)  
L: 0.29 

KEY 

U=Minimally adjusted analysis 
A=Fully adjusted analysis 
S1=Missing province-years received $0.04 in annual per capita funding 
S2=Missing province-years received $0.23 in annual per capita funding  
S3=Missing province-years received $0.32 in annual per capita funding  
S4=Missing province-years received $0.56 in annual per capita funding  
S5=Missing province-years received $0.93 in annual per capita funding 
S6=Inverse probability weighting  
■ Funding associated with improved health outcomes 
■ Funding significantly associated with improved health outcomes 
■ Concave relationship between funding & health outcomes 
■ Significant concave relationship between funding & health outcomes 
■ Funding associated with worse health outcomes 
■ Funding significantly associated with worse health outcomes 
� Funding not associated with health outcomes 
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Table 3.9 Relationship between PEPFAR funding for PMTCT and infant mortality by maternal 
HIV status among infants among infants with known maternal HIV status based on HIV testing 
conducted in the 2003 and 2008 surveys.  PEPFAR funding was dichotomized as pre- vs. post-
PEPFAR. 

  Maternal HIV Status Test for interaction 
between PEPFAR 
funding and HIV 

status 

HIV negative 
n/N=214/3803 

HIV positive 
n/N=45/369 

RR, (95% CI) RR, (95% CI) 

No lag 0.32 (0.13, 0.77) 0.63 (0.24, 1.67) 0.09 
1 year lag 0.53 (0.33, 0.86) 1.00 (0.43, 2.30) 0.15 
2 year lag 1.08 (0.62, 1.90) 1.88 (0.73, 4.85) 0.28 
3 year lag 0.77 (0.40, 1.46) 1.47 (0.49, 4.37) 0.33 
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