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ABSTRACT
Objective  Health system strengthening (HSS) activities 
should accompany disease-targeting interventions 
in low/middle-income countries (LMICs). Economic 
evaluations provide information on how these types 
of investment might best be balanced but can be 
challenging. We conducted a systematic review to evaluate 
how researchers address these economic evaluation 
challenges.
Methods  We identified studies about economic evaluation 
of HSS activities in LMICs using a two-stage approach. 
First, we conducted a broad search to identify areas 
where economic evaluations of HSS activities were being 
conducted. Next, we selected specific interventions 
for more targeted literature review. We extracted study 
characteristics using the Consolidated Health Economic 
Evaluation Reporting Standards (CHEERS) checklist. Finally, 
we summarised authors’ modelling decisions using a 
framework that examines how models are developed to 
emphasise generalisability, precision, or realism.
Findings  Our searches produced 1978 studies, out 
of which we included 36. Most studies used data from 
prospective trials and calculated cost-effectiveness directly 
from these trial inputs, rather than using simulation 
methods. As a group, these studies primarily emphasised 
precision and realism over generalisability, meaning that 
their results were best suited to specific settings.
Conclusions  The number of included studies was small. 
Our findings suggest that most economic evaluations of 
HSS do not leverage methods like sensitivity analyses or 
inputs from literature review that would produce more 
generalisable (but potentially less precise) results. More 
research into how decision-makers would use economic 
evaluations to define the expansion path to strengthening 
health systems would allow for conceptualising impactful 
work on the economic value of HSS.

INTRODUCTION
Despite the great potential of health system 
strengthening (HSS) activities to substantially 
reduce the morbidity and mortality burden 
in low/middle-income countries (LMICs),1 

the examination of their value for money 
has received relatively little attention from 
researchers. Methods for the economic eval-
uation of disease-targeting programmes and 
technical interventions are quite mature, 
but the variety and idiosyncrasies of health 
systems make the assessment and economic 
evaluation of HSS activities more chal-
lenging.2 Even though it is clear that HSS is 
critical, policymakers often lack empirical 
evidence to inform how they should priori-
tise HSS relative to disease-targeting interven-
tions or which specific activities of HSS they 
should prioritise and fund.

HSS refers to investments in the infrastruc-
ture of healthcare delivery or in improving 
interactions between components of a health 

Key questions

What is already known?
	► Health system strengthening (HSS) is an important 
step towards increasing the capacity and quality of 
care in low-income and middle-income countries.

	► Economic evaluation of HSS activities can inform 
decisions about how HSS should be balanced with 
investments in disease-targeting interventions but is 
challenging to perform.

What are the new findings?
	► Our systematic review summarises and analyses the 
methodological choices that researchers have used 
to address the challenges of conducting economic 
evaluation on HSS activities.

What do the new findings imply?
	► We show that a substantial share of economic eval-
uations of HSS activities do not report the use of 
simulation methods, uncertainty analyses or distri-
butional analyses.

	► The use of these methods could increase the reli-
ability and generalisability of this research.
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system.3 4 The goals of investing in HSS are generally to 
improve the capacity, efficiency, or quality of healthcare 
delivered, or to expand the range of services offered.5 
Many examples show how health workforce training, phys-
ical infrastructure, supplies and coordination between 
healthcare providers can improve health outcomes for 
individuals at all stages of life.6 This has proven espe-
cially true when outbreaks of infectious diseases occur: 
in diseases such as Ebola and COVID-19, fragile health 
systems can exacerbate the epidemics’ impacts.7 8

For these reasons, there has been acknowledge-
ment of the interdependence between cross-cutting, 
‘horizontal’ investments in HSS and disease-targeting, 
‘vertical’ approaches to improving health services access 
and health outcomes in LMICs.9 Economic evaluation 
of HSS activities would help to optimise the balance 
between these two types of investments—cross-cutting 
or ‘horizontal’ HSS investments versus standalone or 
‘vertical’ disease programme investments—so as to both 
respond to urgent needs for curative and preventative 
interventions and to build a more robust health system. 
HSS plays a unique role in LMICs vis-à-vis high-income 
countries: while the latter can generally implement new 
disease-targeting interventions while assuming that the 
delivery mechanism is already in place, LMICs, where 
health systems are weaker, must often design and build 
these delivery mechanisms prior to investment in new 
interventions.10–12

Economic evaluation methodologies such as cost-
effectiveness analysis (CEA) have primarily assessed the 
value of narrowly defined (eg, disease-targeting) inter-
ventions. Further methodological developments, though, 
could improve the usefulness of economic evaluation for 
HSS activities, and be used to inform decisions about 
how much should be invested in disease-targeting inter-
ventions versus HSS activities, for example.13 Compared 
with its use in assessing disease-targeting interventions, 
economic evaluation of HSS can be more challenging. 
This is, in part, because HSS often produces a range of 
multifaceted impacts across various diseases and condi-
tions, which can be difficult to measure in their entirety.14 
Less is known about the broad and overlapping health 
impacts of HSS, compared with the disease-specific 
impacts of targeted interventions. As such, measuring 
only those benefits that are most obvious may make 
HSS activities seem like less favourable investments 
relative to disease-specific interventions, whose impacts 
are easier to define; on the other hand, attempting to 
account for every impact of an HSS activity may render its 
economic evaluation impossible. It can also be difficult 
to determine whether conclusions about the value of a 
given HSS activity can be generalised to other settings, 
or whether they apply only to a specific context. Finally, 
health systems’ architectures are highly context-specific, 
which makes the generalisability and comparability of 
HSS activities across settings difficult.

In this study, we systematically reviewed published 
economic evaluations of HSS activities to improve our 

understanding of the methods currently being used to 
overcome the challenges cited above. We also collected 
information on which outcomes were selected and eval-
uated to determine how researchers address the chal-
lenges of identifying, estimating and reporting the most 
important outcomes associated with HSS activities. To 
analyse the methodologies used in the included studies, 
we employed a well-established comprehensive check-
list of quality for health economic evaluations.15 We 
then summarised the array of published studies using 
an existing framework that uses the trade-offs modellers 
make in conducting their evaluations to determine how 
the findings could best be interpreted and translated into 
practice. Finally, we provide a few recommendations for 
future research on the conduct of economic evaluations 
of HSS activities.

METHODS
Search strategy
Because HSS is a term with broad meanings and because 
our interest was primarily methodological, we used a two-
stage approach to the literature search. The first stage 
served to provide an overview of the types of HSS activ-
ities included in economic evaluations. Our goal in this 
first stage was not to be comprehensive and exhaustive, 
but rather to broadly illustrate a growing area for CEA. 
During this first stage, we also identified specific activities 
for inclusion in more targeted literature searches. From 
the results of the first search, we selected three illustra-
tive activities that represented three potential types of 
HSS activity—that is, tool, workforce strengthening and 
platform development—and that seemed to be well-
represented in the literature. We then conducted the 
second stage of literature review, where we performed a 
more exhaustive search for economic evaluations on the 
three selected potential types of HSS activity.

To conduct the first, wide-ranging stage of our litera-
ture review, we used Medical Subject Headings (MeSH) 
terms, which collect a range of subjects under a common 
term. We searched MEDLINE for articles published in 
2010 or later using a selection of MeSH terms designed 
to identify economic evaluations of HSS activities in 
LMICs (see online supplemental appendix section S1 for 
complete search strings). The initial search strategy was 
executed in October 2020 and was followed by a snow-
ball search of references in the articles selected for full-
text review. From this first search, we selected electronic 
medical records (EMRs) to represent tool-based HSS 
activities, task-shifting to represent workforce activities 
and home-based maternal and neonatal visits to repre-
sent delivery platform development.

For the second, targeted stage of our literature review, 
we worked with a medical librarian to develop search 
strings focused on MeSH terms as well as specific words 
in titles and abstracts that would gather all the economic 
literature on these activities (see online supplemental 
appendix section S2 for specific strings used). We 

 on M
arch 17, 2022 by guest. Protected by copyright.

http://gh.bm
j.com

/
BM

J G
lob H

ealth: first published as 10.1136/bm
jgh-2021-007392 on 11 M

arch 2022. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjgh-2021-007392
https://dx.doi.org/10.1136/bmjgh-2021-007392
https://dx.doi.org/10.1136/bmjgh-2021-007392
http://gh.bmj.com/


Hendrix N, et al. BMJ Global Health 2022;7:e007392. doi:10.1136/bmjgh-2021-007392 3

BMJ Global Health

conducted this search in November 2021, including a 
snowball literature search.

Inclusion and exclusion criteria
Studies were included if they reported both economic 
and health outcomes associated with HSS activities in one 
or more LMICs. We did not place any restrictions on the 
type of health outcome reported. However, we required 
that an incremental cost-effectiveness ratio (ICER) be 
reported in or calculable from the study, whether it was 
provided by the authors or not. We reviewed only publi-
cations available in English.

We followed Hauck et al5 in defining HSS as any invest-
ment in ‘human and capital resources’ on which the 
delivery of specific health interventions depends. As such, 
we excluded any study that focused on an intervention 
that did not somehow expand the capabilities of some 
segment of the health system. While some definitions of 
HSS include public education and increased demand 
due to improved health literacy, we have excluded those 
interventions from the current study in favour of focusing 
on the physical and workforce infrastructure of health-
care delivery.16

One reviewer (NH) screened titles and abstracts 
for inclusion in the first stage of the review, while two 
reviewers (NH and SB) screened titles and abstracts 
in the second stage. Two reviewers (NH and SV) inde-
pendently screened the full text of studies that had not 
been excluded in the prior stage. Discrepancies were 
resolved by discussion between the two reviewers.

Data extraction and analysis
We developed a list of data to extract from each study 
based on the CHEERS checklist.15 This included infor-
mation on the intervention and its comparator; setting; 
perspective (eg, payer, society); time horizon; model type 
(if any); source(s) of disability (or utility) weights, if used; 
source(s) of cost and effectiveness estimates; sensitivity 
analyses (if any); and ICER. One reviewer (NH) inde-
pendently extracted data from the studies, which was 
assessed for completeness by a second reviewer (SV). 
We also used the CHEERS checklist to assess the quality 
of included studies. As our focus was on the methods 
employed in these studies, we used only the methods 
portion of the CHEERS checklist in both the data extrac-
tion and quality assessment portions of our study.

For the purposes of classifying types of HSS activities, 
we modified an existing taxonomy developed by The 
Lancet Global Health Commission on High Quality Health 
Systems.1 Our modified taxonomy included the following 
classes: (i) governance, which deals with medical and 
payment policies, as well as intersectoral interventions, 
such as sanitation infrastructure; (ii) platforms, which 
reflects the physical facilities available to healthcare 
staff and the services they offer; (iii) workforce, which 
we define as investment in the human capital of health 
workers and (iv) tools, which includes information tech-
nology and devices that improve care delivery. Each 

intervention was assigned a category through discussion 
between the two reviewers.

We also classified the health outcomes reported into 
three categories: disability, mortality and other. This cate-
gorisation is similar to the outcomes used by the Global 
Burden of Disease study.17 Deaths and life years lost or 
gained were counted as mortality-related outcomes. The 
constructed metrics of quality-adjusted life years (QALYs) 
and disability-adjusted life years (DALYs), which include 
both mortality and morbidity outcomes, were counted as 
morbidity-related outcomes for simplicity. Any outcome 
not classifiable into the previous two categories was 
placed into the ‘other’ category.

As an exploratory analysis of trends in cost-effectiveness 
between the different types of HSS activities, we reframed, 
when possible, selected health outcomes as estimated 
DALYs averted. We first assumed that QALYs gained 
were equivalent to DALYs averted. This is a very rough 
approximation that we felt could however be accept-
able for our purpose here due to the similarity in their 
calculation methods.18 We next approximated life-years 
gained to DALYs averted by assuming that no disability 
weight would be applied to the period of improved 
survival. Finally, we applied this same assumption to 
deaths averted by converting it to life years gained, using 
roughly the difference between the mean target age at 
which the intervention took place and the life expectancy 
for Japanese females (ie, the highest life expectancy in 
the world) as a reference age for life expectancy. Most 
of these studies already included discounting, and so 
we did not apply a separate discount rate. Because of 
the complexity of estimating the impact of disease cases 
averted, improved guideline adherence, or other similar 
health outcomes, we did not include these in the ICER 
comparisons.

Overview of cost-effectiveness literature
We concluded our analysis by summarising broad choices 
made by researchers performing economic evaluations 
on HSS activities. Economic evaluation requires choices 
about what to include and what not to include. These 
trade-offs are necessary for the creation of tractable 
models and should be informed by the purposes for 
which models are created. We summarised broad choices 
made by researchers performing economic evaluations 
and CEAs on HSS activities to gain insight into how 
researchers envisioned their work being used. For this 
portion of our analysis, we used a framework developed 
by Levins that seeks to classify models in terms of the 
trade-offs that they make.19 This framework identifies 
three major goals of model development: generalisa-
bility, precision and realism. Generalisability is the ability 
to use a model across different settings, which includes 
estimating value both in larger populations in the same 
setting (generalisability) and across different settings 
(transportability); precision is how much uncertainty 
there is around the model’s results; and realism is the 
degree to which model inputs correspond to the real 
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world. Researchers are able to emphasise no more than 
two of these goals as they develop their models.

Identifying researchers’ choices in these terms illumi-
nates how their results can be interpreted and translated 
into practice.20 For example, researchers who empha-
sise generalisability and precision may use equation-
based models with simplifying assumptions from which 
broad theories can be developed.19 Studies developed to 
provide generalisability and realism often make similar 
simplifying assumptions, but integrate more empirical 
data from the real world. However, their lack of preci-
sion—often in the form of wide confidence intervals—
means that they are best suited to providing relative or 
qualitative results. Finally, researchers who choose to 
focus on precision and realism often produce studies that 
can provide reliable and accurate predictions for specific 
settings but lack broad generalisability. There is no stan-
dardised method of classifying studies using this frame-
work, therefore we recorded our subjective impressions 
of the implicit choices made by study authors.

Patient and public involvement
Neither patients nor the public were involved with the 
design and conduct of this systematic review.

RESULTS
The first stage of our search identified 1661 publications 
(figure 1) and was conducted with the goal of identifying 
specific HSS activities that may have been the subject of 

several economic evaluations. Following title and abstract 
screening, 30 studies remained. We identified an addi-
tional 12 studies through snowball search of the selected 
studies’ references and conducted a full-text review of 
each. A total of 27 studies were included (see table 1 for 
selected characteristics of included studies and online 
supplemental appendix table S1 for full study character-
istics). All the studies rejected during full-text review met 
our definition of HSS but did not report information on 
both costs and health benefits.

The second stage of our search focused on three 
specific activities: use of EMRs, home-based maternal and 
neonatal visits, and task-shifting. We reviewed 30 EMR-
related titles and abstracts, of which three remained in 
the final analysis after review of complete papers. Our 
search resulted in 192 titles and abstracts related to 
home-based maternal and neonatal care, of which we 
included five in the final analysis. Finally, we reviewed 
95 titles and abstracts on the subject of task-shifting and 
included eight papers in our analysis.

Because some papers identified in the first search also 
appeared in the second, we arrived at a total of 36 unique 
papers.

Summary characteristics of studies from the first stage
Studies in the first search primarily focused on ‘plat-
form’ and ‘workforce’ interventions, with eight studies 
representing each category (figure 2). The cross-cutting 
nature of many HSS activities made it difficult to ascertain 
whether any particular group would benefit from some 
activities (eg, EMRs), but 17 of the 27 studies focused on 
activities that would primarily benefit maternal and child 
health, an important focus area in LMICs. Studies were 
produced at a relatively constant pace over the past 10 
years, with no noticeable acceleration or deceleration in 
their rate of publication.

Of the 27 studies, only nine used simulation-based 
modelling methods such as decision trees, Markov models 
or agent-based models to estimate intervention cost-
effectiveness. Decision trees and public health tools (such 
as the Lives Saved Tool21 22) were the most commonly 
used model types. A small number of studies used 
Markov modelling and agent-based models. Most studies, 
regardless of their analytic methods, used primary data to 
estimate intervention impact and effectiveness. Among 
primary data sources, cluster randomised trials (CRTs) 
were the most common. Studies that included secondary 
data primarily used literature review rather than expert 
opinion. Most studies clearly indicated the methods of 
costing used. Among costing methods, nine studies used 
microcosting (ie, ‘bottom-up’ costing) alone, making it 
the most common costing methodology encountered, 
followed by a mix of microcosting and gross costing (ie, 
‘top-down’) methods,23 which seven studies used.

Most studies reported disability and mortality outcomes 
(online supplemental appendix figure S1). Eight studies 
that reported disability outcomes used weights from the 
Global Burden of Disease study,24 which was the most 

Figure 1  Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses diagram showing the flow of the first 
stage of the systematic study review process.
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common source of this information across all included 
studies. Other outcomes reported included level of guide-
line adherence, episodes of illness averted, numbers of 
fully immunised children, lengths of hospital stay, and 
changes in productivity of both patients and providers. 
Only three studies exclusively reported outcomes that 
did not include disability or mortality, but a total of eight 
studies reported at least one such outcome.

Summary characteristics of studies on specific activities
We observed some differences in the studies we identi-
fied during the second stage of our literature review. Of 
the 16 studies included in this stage, 7 used disability-
related outcomes and 8 used mortality-related outcomes. 
A substantial proportion of these studies used outcomes 
that were difficult to generalise across settings, such as 
length of hospital stay (eg, for EMR studies) or fully 
treated cases (eg, for task-shifting studies).

Compared with the studies identified in the first stage of 
literature review, which primarily used the health system 
perspective, a larger share (6 out of 16) of these studies 
also used the partial societal perspective (ie, including 

some costs from the payer and patient perspective). We 
also observed that more of these studies (14 of 16) used 
primary data for effectiveness estimates. These were 
generally cluster randomised trials, but preanalyses/
postanalyses and open-label trials were also represented 
among these studies. Preanalyses/postanalyses used cost 
and health outcomes from before and after an interven-
tion, while open-label trials gave participants the choice 
of which intervention they receive.

We observed a trend towards using similar methods 
within studies on the same topic. For example, among 
studies on task-shifting, all except one study used micro-
costing. However, we could not quantify the significance 
of any differences between the activity-specific articles 
and those we identified from the broader literature in 
the first stage of our search.

Study quality
Several of the 36 unique studies were of high quality and 
met virtually all the standards reviewed from the CHEERS 
checklist (n=8) (online supplemental appendix table S2). 
However, the perspectives used for costing and quality of 

Figure 2  Summary characteristics of the included studies (n=36). CRT, Cluster Randomized Trial; RCT, Randomized 
Controlled Trial.
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life calculations were partially explained in eight of the 
included studies. Also, 8 studies were unclear about the 
time horizon used; among the 21 studies that included 
preference-based measures, 9 did not fully detail the 
methods used for estimating the quality-of-life impacts of 
the interventions. Finally, four of the nine model-based 
studies provided succinct discussions of their models’ 
structures or assumptions.

Included studies generally reported their results thor-
oughly. However, 13 did not explore the uncertainty 
around their findings. Only 10 studies included discus-
sions about subgroup heterogeneity.

Holistic assessment of modelling choices
We assessed 26 of the 36 studies as focusing on preci-
sion and realism (table 1). Among those that included a 
focus on generalisability, we found that they were equally 
split between emphasising realism and precision. We 
primarily assessed studies as emphasising generalisability 
when they used simulation models or sensitivity analyses 
to extrapolate observed data or to explore uncertainty. 
Studies emphasising realism largely avoided basing any 
study inputs on simulation or mathematical formulas. 
Finally, we assessed studies as emphasising precision 
when they used inputs such as accounting records that 
tied the study results to specific settings.

DISCUSSION
Our goal for this study was to identify the methods used 
in economic evaluation studies pertaining to HSS activi-
ties and the strategies that researchers have used to cope 
with the challenges of conducting economic evaluations 
of HSS activities in LMICs. We identified a relatively small 
number of studies compared with the large body of CEA 
literature on disease-targeting interventions, although 
the settings studied were relatively diverse. Maternal and 
child health was the topical area of a large proportion of 
the studies included. Our literature review suggests that 
the most common strategy for conducting economic eval-
uations of HSS activities was to conduct analyses along-
side a prospective trial rather than using simulation-based 
methods and secondary data, as is commonly found in 
the CEA literature. HSS activities generally produce a 
broad array of multifaceted impacts, whose effects are 
often quite context-specific. This creates challenges for 
the construction of simulation models, the identification 
of suitable inputs, as well as for generalisability. As such, 
we hypothesise that this choice of using inputs directly 
from prospective trials was a strategy that researchers 
used to avoid the difficulties associated with simulation 
methods in this context.

However, the conduct of economic analyses alongside 
prospective trials involves trade-offs. We used Levins’s 
framework to identify these trade-offs and found that 
most included studies would sacrifice generalisability 
for precision and realism. This means that these studies’ 
findings would likely be applicable only in specific 

settings and circumstances. As such, decision-makers 
from other settings would likely face substantial chal-
lenges, including considerations of uncertainty, in using 
these studies to strengthen their health systems (out 
of the specific context of these studies). Moreover, the 
designing, constructing and restructuring of health 
systems in LMICs is relatively more common compared 
with high-income countries. As such, the applicability 
of these relatively narrowly focused studies in reconfig-
ured health systems—even in the same setting—might be 
rendered difficult.

In contrast, one-third of studies emphasised gener-
alisability across settings and thus would have greater 
external applicability. These studies were more likely to 
rely on secondary data, such as literature review, for their 
inputs. They were also somewhat more likely to use simu-
lation modelling methods, such as agent-based models, 
decision trees and Markov models. Several of these 
studies were grounded in results from trials in specific 
settings but used alternative inputs in sensitivity and 
scenario analyses to provide qualitative cost-effectiveness 
findings that would also be applicable in other settings.

Methodological limitations were common in the 
studies that we identified. There are many known chal-
lenges to conducting economic evaluations in LMICs.25 26 
For example, a large number of these studies that empha-
sised precision and realism did not conduct the types of 
sensitivity analyses that are informative for the interpreta-
tion of economic evaluation outcomes. Methods like one-
way sensitivity analysis not only can point to the range of 
likely results, but also indicate what parameters are most 
influential in driving these results. By not including sensi-
tivity analyses, many studies would neglect a potentially 
powerful source of insight about what data should be 
collected in future studies and how to effectively imple-
ment HSS activities.

Based on our findings, we offer a few suggestions for 
the conduct of future economic evaluations of HSS activ-
ities, both within a specific setting and beyond across 
environments.

First, we suggest using a broader array of outcomes 
to capture the distribution of impacts as well as non-
health effects of HSS activities. Disability and mortality 
are clearly relevant to decision-makers, but financial 
risk protection and preventing medical impoverishment 
have also been acknowledged as major health system 
goals.27–29 Only one of the included studies measured the 
consequences of HSS activities on financial protection.30 
Likewise, the distributional effects of HSS activities across 
socioeconomic groups were not considered, except in 
one study30, even though HSS activities could potentially 
greatly benefit the poorest.

We also encourage researchers to consider empha-
sising both generalisability to larger populations within 
the same setting and transportability across populations. 
There are many barriers to conducting economic eval-
uations in LMICs including limited availability of data, 
and substantial variability in costs across settings.31 These 
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difficulties are only compounded when attempting to 
evaluate HSS activities. For these reasons, a more gener-
alisable approach may be desirable for local adaptations 
of economic evaluations, which could draw from the 
systematic literature review synthesised here and ensure 
that these economic evaluations are both tractable for 
researchers and useful to decision-makers.

Finally, we suggest developing novel analytic methods 
to capture the effects of HSS activities across sectors 
and time. Methodological innovations imported from 
fields such as operations research could give researchers 
insight into how HSS activities modify the dynamic rela-
tionships between different parts of the health system and 
beyond.13 32 33 For example, HSS could be modelled as a 
set of interacting components that can result in non-linear 
improvements in health services delivery. These interac-
tions can modify three attributes of the health system: 
economies of scale (size-based changes in efficiency), 
economies of scope (changes in efficiency brought about 
by the coproduction of related interventions) and the 
development of new platforms (novel channels for the 
delivery of services).5 For instance, the conceptualisation 
of HSS activities as changing these three attributes might 
provide multipliers on the effects of disease-targeting 
interventions, thus allowing researchers to use elements 
of conventional CEA modelling to capture the effects of 
HSS.

While our suggestions outlined above may help concep-
tualise economic evaluations of HSS activities, a mature 
body of literature in this area would be ultimately respon-
sive to the needs of decision-makers. Some research 
suggests that decision-makers have struggled to integrate 
the results of CEAs into their priority setting activities.34 35 
This may be due in part to a failure to adequately adapt 
CEA methods to the specific decision-making processes.36 
The refinement of methods for performing economic 
evaluation on HSS activities should therefore primarily 
depend on responding to decision-makers’ needs (eg, 
see box 1 for the illustrative context of Ethiopia).

Our study was limited in several important ways. First, 
most importantly, we had a small sample of studies that 
covered a narrow range of topics. Second, the studies we 
identified may also reflect sponsorship and publication 
biases; for example, funding agencies may incentivise 
evaluations of individual projects, as opposed to model-
ling the comprehensive costs and benefits of a set of HSS 
activities implemented in different settings. This bias may 
also have manifested in the fact that most interventions 
examined were found to be highly cost-effective. Because 
of such potential biases, as well as uncertainties around 
the transferability of outcomes to different settings, we 
were unable to draw conclusions about the relative cost-
effectiveness of different classes of HSS activity. Third, 
our choice of the CHEERS checklist over other guide-
lines for economic evaluations such as the International 
Decision Support Initiative’s reference case may have 
brought our attention to certain methodological choices 
at the cost of others.37 Finally, we were only able to search 

the English-language literature, which may have excluded 
important contributions published in other languages 
(eg, French, Portuguese).

In conclusion, the existing literature on the cost-
effectiveness of HSS has been primarily conducted along-
side prospective trials, especially CRTs. Although this 
strategy can produce precise estimates for the specific 
setting in which they were conducted, it can limit the 
generalisability of the study’s findings beyond to other 
settings. Existing methodologies offer ways of improving 
the relevance of this research. Methodological research 
could support this goal, such as by developing a list of 
best practices for evaluating the costs and benefits of 
HSS activities. However, the needs of decision-makers 
should ultimately drive this area of research. Future 
studies should be conducted to better characterise which 
features of economic evaluation methods can be best 
tailored for priority setting of HSS interventions.
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Section S1: MEDLINE search strings for first-stage review 

First stage, broad search 

(“Capacity building” [MeSH Terms] OR “Health Facilities” [MeSH Terms] OR “Health Workforce” 
[MeSH Terms] OR “Health Personnel” [MeSH Terms] OR “Health Services” [MeSH Terms] OR 
“Public Health” [MeSH Terms] OR “Delivery of health care” [MeSH Terms] OR “Health care 
quality” [MeSH Terms] OR “Information systems” [MeSH Terms]) AND (“Costs and cost 
analysis” [MeSH Terms] OR “Cost benefit analysis” [MeSH Terms] OR “Health care costs” 
[MeSH Terms]) AND (“Developing countries” [MeSH Terms]) 

 

Section S2: MEDLINE search strings for second-stage review 

Electronic medical records review 

(((health system*[tiab] OR Infrastructure*[tiab] OR ((health-care OR healthcare) AND 
(system*[tiab] OR service*[tiab] OR deliver*[tiab] OR access*[tiab])) OR ((Human[tiab] AND 
capital[tiab]) AND resource*[tiab]) AND ("Health Care Facilities, Manpower, and 
Services"[Mesh] OR "Health Services"[Mesh] OR "Delivery of Health Care"[Mesh] OR "Health 
Services Administration"[Mesh] OR "Health Care Quality, Access, and Evaluation"[Mesh] OR 
"Health Services Accessibility"[Mesh] OR "Health Information Systems"[Mesh] OR "Health 
Systems Plans"[Mesh] OR "Health Systems Agencies"[Mesh] OR "Public Health Systems 
Research"[Mesh] OR "Health Information Interoperability"[Mesh] OR "Healthcare 
Financing"[Mesh])) AND ((Cost-effectiv*[tiab] OR cost-benefit*[tiab] OR (Economic*[tiab] AND 
(evalu*[tiab] OR expend*[tiab] OR policy[tiab] OR policies[tiab] OR factor*[tiab] OR theor*[tiab] 
OR remit*[tiab] OR utility*[tiab] OR benefit*[tiab] OR index[tiab] OR indice*[tiab])) OR “value for 
money” OR Value[tiab] OR microeconomic*[tiab] OR marcoeconomic*[tiab] OR ((Cost[tiab] OR 
costs[tiab]) AND (minimiz*[tiab] OR reduc*[tiab] OR increase*[tiab] OR save[tiab] OR 
saving[tiab] OR analy*[tiab] OR analys*[tiab] OR compar*[tiab] OR measure*[tiab] OR price[tiab] 
OR pricing[tiab] OR benfit*[tiab]))) AND ("Health Care Economics and Organizations"[Mesh] OR 
"Socioeconomic Factors"[Mesh]))) AND ("Developing Countries"[Mesh] OR developing 
countr*[tiab] OR developing nation*[tiab] OR less developed countr*[tiab] OR less developed 
nation*[tiab] OR third world nation*[tiab] OR third world countr*[tiab] OR under developed 
nation*[tiab] OR underdeveloped nation*[tiab] OR under developed countr*[tiab] OR 
underdeveloped nation*[tiab] OR underserved countr*[tiab] OR underserved area*[tiab] OR 
developing econom*[tiab] OR resource poor[tiab] OR resource limit*[tiab] OR limited 
resource*[tiab] OR limiting resource*[tiab] OR low resource[tiab] OR resource constrain*[tiab] 
OR constrained resource*[tiab] OR middle income countr*[tiab] OR middle income nation*[tiab] 
OR low income countr*[tiab] OR low income nation*[tiab] OR poor countr*[tiab] OR poor 
nation*[tiab] OR lmic[tiab] OR lmics[tiab] OR "Africa"[Mesh] OR "Asia"[Mesh] OR "South 
America"[Mesh] OR "Latin America"[Mesh] OR "Central America"[Mesh] OR africa[tiab] OR 
asia[tiab] OR south america*[tiab] OR latin america*[tiab] OR central america*[tiab] OR 
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afghanistan*[tiab] OR albania*[tiab] OR algeria*[tiab] OR samoa*[tiab] OR angola*[tiab] OR 
argentina*[tiab] OR armenia*[tiab] OR azerbaijan*[tiab] OR bangladesh*[tiab] OR belarus*[tiab] 
OR belize*[tiab] OR benin*[tiab] OR bhutan*[tiab] OR bolivia*[tiab] OR bosnia*[tiab] OR 
herzegovina*[tiab] OR botswana*[tiab] OR brazil*[tiab] OR bulgaria*[tiab] OR burkin*[tiab] OR 
burundi*[tiab] OR cabo verde*[tiab] OR cape verde*[tiab] OR cambodia*[tiab] OR 
cameroon*[tiab] OR central africa*[tiab] OR chad*[tiab] OR china[tiab] OR chinese[tiab] OR 
colombia*[tiab] OR comoros[tiab] OR comorian*[tiab] OR congo*[tiab] OR costa rica*[tiab] OR 
côte d'ivoire[tiab] OR ivorian*[tiab] OR ivory coast[tiab] OR cuba*[tiab] OR djibouti*[tiab] OR 
dominica*[tiab] OR ecuador*[tiab] OR egypt*[tiab] OR el salvador[tiab] OR salvadoran*[tiab] OR 
guinea*[tiab] OR eritrea*[tiab] OR eswatini*[tiab] OR swaziland*[tiab] OR ethiopia*[tiab] OR 
fiji*[tiab] OR gabon*[tiab] OR gambia*[tiab] OR republic of georgia[tiab] OR ghana*[tiab] OR 
grenada*[tiab] OR guatemala*[tiab] OR guyana*[tiab] OR haiti*[tiab] OR honduras*[tiab] OR 
india*[tiab] OR indonesia*[tiab] OR iran*[tiab] OR iraq*[tiab] OR jamaica*[tiab] OR jordan*[tiab] 
OR kazakhstan*[tiab] OR kenya*[tiab] OR kiribati*[tiab] OR democratic people s republic of 
korea[tiab] OR north korea*[tiab] OR kosovo[tiab] OR kosovar*[tiab] OR kyrgyz*[tiab] OR 
lao[tiab] OR laos[tiab] OR laotian*[tiab] OR lebanon*[tiab] OR lesotho[tiab] OR liberia*[tiab] OR 
libya*[tiab] OR madagascar*[tiab] OR malawi*[tiab] OR malaysia*[tiab] OR maldives*[tiab] OR 
mali[tiab] OR malian[tiab] OR malians[tiab] OR marshall island*[tiab] OR mauritania*[tiab] OR 
mexico[tiab] OR mexican*[tiab] OR micronesia*[tiab] OR moldova*[tiab] OR mongolia*[tiab] OR 
montenegr*[tiab] OR morocc*[tiab] OR mozambi*[tiab] OR myanmar*[tiab] OR namibia*[tiab] 
OR nepal*[tiab] OR nicaragua*[tiab] OR niger[tiab] OR nigerien*[tiab] OR nigeria*[tiab] OR 
macedonia*[tiab] OR pakistan*[tiab] OR paragua*[tiab] OR peru*[tiab] OR philippines[tiab] OR 
filipino*[tiab] OR russia*[tiab] OR rwanda*[tiab] OR são tomé and principe[tiab] OR 
senegal*[tiab] OR serbia*[tiab] OR sierra leone*[tiab] OR solomon island*[tiab] OR 
somalia*[tiab] OR south africa*[tiab] OR sudan*[tiab] OR sri lank*[tiab] OR st lucia*[tiab] OR 
saint lucia*[tiab] OR st. vincent*[tiab] OR saint vincent*[tiab] OR grenadines[tiab] OR 
surinam*[tiab] OR syria*[tiab] OR tajikistan*[tiab] OR tanzania*[tiab] OR thailand[tiab] OR 
thai[tiab] OR thais[tiab] OR timor*[tiab] OR togo[tiab] OR togolese*[tiab] OR tonga*[tiab] OR 
tunisia*[tiab] OR turkey[tiab] OR turks[tiab] OR turkish[tiab] OR turkmenistan*[tiab] OR 
tuvalu*[tiab] OR uganda*[tiab] OR ukrain*[tiab] OR uzbekistan*[tiab] OR vanuatu*[tiab] OR 
venezuela*[tiab] OR vietnam*[tiab] OR viet nam*[tiab] OR west bank[tiab] OR gaza[tiab] OR 
gazan*[tiab] OR yemen*[tiab] OR zambia*[tiab] OR zimbabwe*[tiab])) AND (electronic medical 
record[MeSH Terms]) OR (electronic medical records[MeSH Terms]) 

 

Home-based maternal and neonatal care review 

(((health system*[tiab] OR Infrastructure*[tiab] OR ((health-care OR healthcare) AND 
(system*[tiab] OR service*[tiab] OR deliver*[tiab] OR access*[tiab])) OR ((Human[tiab] AND 
capital[tiab]) AND resource*[tiab]) AND ("Health Care Facilities, Manpower, and 
Services"[Mesh] OR "Health Services"[Mesh] OR "Delivery of Health Care"[Mesh] OR "Health 
Services Administration"[Mesh] OR "Health Care Quality, Access, and Evaluation"[Mesh] OR 
"Health Services Accessibility"[Mesh] OR "Health Information Systems"[Mesh] OR "Health 
Systems Plans"[Mesh] OR "Health Systems Agencies"[Mesh] OR "Public Health Systems 
Research"[Mesh] OR "Health Information Interoperability"[Mesh] OR "Healthcare 
Financing"[Mesh])) AND ((Cost-effectiv*[tiab] OR cost-benefit*[tiab] OR (Economic*[tiab] AND 
(evalu*[tiab] OR expend*[tiab] OR policy[tiab] OR policies[tiab] OR factor*[tiab] OR theor*[tiab] 
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OR remit*[tiab] OR utility*[tiab] OR benefit*[tiab] OR index[tiab] OR indice*[tiab])) OR “value for 
money” OR Value[tiab] OR microeconomic*[tiab] OR marcoeconomic*[tiab] OR ((Cost[tiab] OR 
costs[tiab]) AND (minimiz*[tiab] OR reduc*[tiab] OR increase*[tiab] OR save[tiab] OR 
saving[tiab] OR analy*[tiab] OR analys*[tiab] OR compar*[tiab] OR measure*[tiab] OR price[tiab] 
OR pricing[tiab] OR benfit*[tiab]))) AND ("Health Care Economics and Organizations"[Mesh] OR 
"Socioeconomic Factors"[Mesh]))) AND ("Developing Countries"[Mesh] OR developing 
countr*[tiab] OR developing nation*[tiab] OR less developed countr*[tiab] OR less developed 
nation*[tiab] OR third world nation*[tiab] OR third world countr*[tiab] OR under developed 
nation*[tiab] OR underdeveloped nation*[tiab] OR under developed countr*[tiab] OR 
underdeveloped nation*[tiab] OR underserved countr*[tiab] OR underserved area*[tiab] OR 
developing econom*[tiab] OR resource poor[tiab] OR resource limit*[tiab] OR limited 
resource*[tiab] OR limiting resource*[tiab] OR low resource[tiab] OR resource constrain*[tiab] 
OR constrained resource*[tiab] OR middle income countr*[tiab] OR middle income nation*[tiab] 
OR low income countr*[tiab] OR low income nation*[tiab] OR poor countr*[tiab] OR poor 
nation*[tiab] OR lmic[tiab] OR lmics[tiab] OR "Africa"[Mesh] OR "Asia"[Mesh] OR "South 
America"[Mesh] OR "Latin America"[Mesh] OR "Central America"[Mesh] OR africa[tiab] OR 
asia[tiab] OR south america*[tiab] OR latin america*[tiab] OR central america*[tiab] OR 
afghanistan*[tiab] OR albania*[tiab] OR algeria*[tiab] OR samoa*[tiab] OR angola*[tiab] OR 
argentina*[tiab] OR armenia*[tiab] OR azerbaijan*[tiab] OR bangladesh*[tiab] OR belarus*[tiab] 
OR belize*[tiab] OR benin*[tiab] OR bhutan*[tiab] OR bolivia*[tiab] OR bosnia*[tiab] OR 
herzegovina*[tiab] OR botswana*[tiab] OR brazil*[tiab] OR bulgaria*[tiab] OR burkin*[tiab] OR 
burundi*[tiab] OR cabo verde*[tiab] OR cape verde*[tiab] OR cambodia*[tiab] OR 
cameroon*[tiab] OR central africa*[tiab] OR chad*[tiab] OR china[tiab] OR chinese[tiab] OR 
colombia*[tiab] OR comoros[tiab] OR comorian*[tiab] OR congo*[tiab] OR costa rica*[tiab] OR 
côte d'ivoire[tiab] OR ivorian*[tiab] OR ivory coast[tiab] OR cuba*[tiab] OR djibouti*[tiab] OR 
dominica*[tiab] OR ecuador*[tiab] OR egypt*[tiab] OR el salvador[tiab] OR salvadoran*[tiab] OR 
guinea*[tiab] OR eritrea*[tiab] OR eswatini*[tiab] OR swaziland*[tiab] OR ethiopia*[tiab] OR 
fiji*[tiab] OR gabon*[tiab] OR gambia*[tiab] OR republic of georgia[tiab] OR ghana*[tiab] OR 
grenada*[tiab] OR guatemala*[tiab] OR guyana*[tiab] OR haiti*[tiab] OR honduras*[tiab] OR 
india*[tiab] OR indonesia*[tiab] OR iran*[tiab] OR iraq*[tiab] OR jamaica*[tiab] OR jordan*[tiab] 
OR kazakhstan*[tiab] OR kenya*[tiab] OR kiribati*[tiab] OR democratic people s republic of 
korea[tiab] OR north korea*[tiab] OR kosovo[tiab] OR kosovar*[tiab] OR kyrgyz*[tiab] OR 
lao[tiab] OR laos[tiab] OR laotian*[tiab] OR lebanon*[tiab] OR lesotho[tiab] OR liberia*[tiab] OR 
libya*[tiab] OR madagascar*[tiab] OR malawi*[tiab] OR malaysia*[tiab] OR maldives*[tiab] OR 
mali[tiab] OR malian[tiab] OR malians[tiab] OR marshall island*[tiab] OR mauritania*[tiab] OR 
mexico[tiab] OR mexican*[tiab] OR micronesia*[tiab] OR moldova*[tiab] OR mongolia*[tiab] OR 
montenegr*[tiab] OR morocc*[tiab] OR mozambi*[tiab] OR myanmar*[tiab] OR namibia*[tiab] 
OR nepal*[tiab] OR nicaragua*[tiab] OR niger[tiab] OR nigerien*[tiab] OR nigeria*[tiab] OR 
macedonia*[tiab] OR pakistan*[tiab] OR paragua*[tiab] OR peru*[tiab] OR philippines[tiab] OR 
filipino*[tiab] OR russia*[tiab] OR rwanda*[tiab] OR são tomé and principe[tiab] OR 
senegal*[tiab] OR serbia*[tiab] OR sierra leone*[tiab] OR solomon island*[tiab] OR 
somalia*[tiab] OR south africa*[tiab] OR sudan*[tiab] OR sri lank*[tiab] OR st lucia*[tiab] OR 
saint lucia*[tiab] OR st. vincent*[tiab] OR saint vincent*[tiab] OR grenadines[tiab] OR 
surinam*[tiab] OR syria*[tiab] OR tajikistan*[tiab] OR tanzania*[tiab] OR thailand[tiab] OR 
thai[tiab] OR thais[tiab] OR timor*[tiab] OR togo[tiab] OR togolese*[tiab] OR tonga*[tiab] OR 
tunisia*[tiab] OR turkey[tiab] OR turks[tiab] OR turkish[tiab] OR turkmenistan*[tiab] OR 
tuvalu*[tiab] OR uganda*[tiab] OR ukrain*[tiab] OR uzbekistan*[tiab] OR vanuatu*[tiab] OR 
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venezuela*[tiab] OR vietnam*[tiab] OR viet nam*[tiab] OR west bank[tiab] OR gaza[tiab] OR 
gazan*[tiab] OR yemen*[tiab] OR zambia*[tiab] OR zimbabwe*[tiab])) AND (((((maternal care 
pattern[MeSH Terms])) OR (maternal health[MeSH Terms])) OR (maternal health service[MeSH 
Terms])) OR (health service, maternal child[MeSH Terms])) OR (infant health[MeSH Terms]) 

 

Task shifting review 

(((health system*[tiab] OR Infrastructure*[tiab] OR ((health-care OR healthcare) AND 
(system*[tiab] OR service*[tiab] OR deliver*[tiab] OR access*[tiab])) OR ((Human[tiab] AND 
capital[tiab]) AND resource*[tiab]) AND ("Health Care Facilities, Manpower, and 
Services"[Mesh] OR "Health Services"[Mesh] OR "Delivery of Health Care"[Mesh] OR "Health 
Services Administration"[Mesh] OR "Health Care Quality, Access, and Evaluation"[Mesh] OR 
"Health Services Accessibility"[Mesh] OR "Health Information Systems"[Mesh] OR "Health 
Systems Plans"[Mesh] OR "Health Systems Agencies"[Mesh] OR "Public Health Systems 
Research"[Mesh] OR "Health Information Interoperability"[Mesh] OR "Healthcare 
Financing"[Mesh])) AND ((Cost-effectiv*[tiab] OR cost-benefit*[tiab] OR (Economic*[tiab] AND 
(evalu*[tiab] OR expend*[tiab] OR policy[tiab] OR policies[tiab] OR factor*[tiab] OR theor*[tiab] 
OR remit*[tiab] OR utility*[tiab] OR benefit*[tiab] OR index[tiab] OR indice*[tiab])) OR “value for 
money” OR Value[tiab] OR microeconomic*[tiab] OR marcoeconomic*[tiab] OR ((Cost[tiab] OR 
costs[tiab]) AND (minimiz*[tiab] OR reduc*[tiab] OR increase*[tiab] OR save[tiab] OR 
saving[tiab] OR analy*[tiab] OR analys*[tiab] OR compar*[tiab] OR measure*[tiab] OR price[tiab] 
OR pricing[tiab] OR benfit*[tiab]))) AND ("Health Care Economics and Organizations"[Mesh] OR 
"Socioeconomic Factors"[Mesh]))) AND ("Developing Countries"[Mesh] OR developing 
countr*[tiab] OR developing nation*[tiab] OR less developed countr*[tiab] OR less developed 
nation*[tiab] OR third world nation*[tiab] OR third world countr*[tiab] OR under developed 
nation*[tiab] OR underdeveloped nation*[tiab] OR under developed countr*[tiab] OR 
underdeveloped nation*[tiab] OR underserved countr*[tiab] OR underserved area*[tiab] OR 
developing econom*[tiab] OR resource poor[tiab] OR resource limit*[tiab] OR limited 
resource*[tiab] OR limiting resource*[tiab] OR low resource[tiab] OR resource constrain*[tiab] 
OR constrained resource*[tiab] OR middle income countr*[tiab] OR middle income nation*[tiab] 
OR low income countr*[tiab] OR low income nation*[tiab] OR poor countr*[tiab] OR poor 
nation*[tiab] OR lmic[tiab] OR lmics[tiab] OR "Africa"[Mesh] OR "Asia"[Mesh] OR "South 
America"[Mesh] OR "Latin America"[Mesh] OR "Central America"[Mesh] OR africa[tiab] OR 
asia[tiab] OR south america*[tiab] OR latin america*[tiab] OR central america*[tiab] OR 
afghanistan*[tiab] OR albania*[tiab] OR algeria*[tiab] OR samoa*[tiab] OR angola*[tiab] OR 
argentina*[tiab] OR armenia*[tiab] OR azerbaijan*[tiab] OR bangladesh*[tiab] OR belarus*[tiab] 
OR belize*[tiab] OR benin*[tiab] OR bhutan*[tiab] OR bolivia*[tiab] OR bosnia*[tiab] OR 
herzegovina*[tiab] OR botswana*[tiab] OR brazil*[tiab] OR bulgaria*[tiab] OR burkin*[tiab] OR 
burundi*[tiab] OR cabo verde*[tiab] OR cape verde*[tiab] OR cambodia*[tiab] OR 
cameroon*[tiab] OR central africa*[tiab] OR chad*[tiab] OR china[tiab] OR chinese[tiab] OR 
colombia*[tiab] OR comoros[tiab] OR comorian*[tiab] OR congo*[tiab] OR costa rica*[tiab] OR 
côte d'ivoire[tiab] OR ivorian*[tiab] OR ivory coast[tiab] OR cuba*[tiab] OR djibouti*[tiab] OR 
dominica*[tiab] OR ecuador*[tiab] OR egypt*[tiab] OR el salvador[tiab] OR salvadoran*[tiab] OR 
guinea*[tiab] OR eritrea*[tiab] OR eswatini*[tiab] OR swaziland*[tiab] OR ethiopia*[tiab] OR 
fiji*[tiab] OR gabon*[tiab] OR gambia*[tiab] OR republic of georgia[tiab] OR ghana*[tiab] OR 
grenada*[tiab] OR guatemala*[tiab] OR guyana*[tiab] OR haiti*[tiab] OR honduras*[tiab] OR 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Global Health

 doi: 10.1136/bmjgh-2021-007392:e007392. 7 2022;BMJ Global Health, et al. Hendrix N



 5 

india*[tiab] OR indonesia*[tiab] OR iran*[tiab] OR iraq*[tiab] OR jamaica*[tiab] OR jordan*[tiab] 
OR kazakhstan*[tiab] OR kenya*[tiab] OR kiribati*[tiab] OR democratic people s republic of 
korea[tiab] OR north korea*[tiab] OR kosovo[tiab] OR kosovar*[tiab] OR kyrgyz*[tiab] OR 
lao[tiab] OR laos[tiab] OR laotian*[tiab] OR lebanon*[tiab] OR lesotho[tiab] OR liberia*[tiab] OR 
libya*[tiab] OR madagascar*[tiab] OR malawi*[tiab] OR malaysia*[tiab] OR maldives*[tiab] OR 
mali[tiab] OR malian[tiab] OR malians[tiab] OR marshall island*[tiab] OR mauritania*[tiab] OR 
mexico[tiab] OR mexican*[tiab] OR micronesia*[tiab] OR moldova*[tiab] OR mongolia*[tiab] OR 
montenegr*[tiab] OR morocc*[tiab] OR mozambi*[tiab] OR myanmar*[tiab] OR namibia*[tiab] 
OR nepal*[tiab] OR nicaragua*[tiab] OR niger[tiab] OR nigerien*[tiab] OR nigeria*[tiab] OR 
macedonia*[tiab] OR pakistan*[tiab] OR paragua*[tiab] OR peru*[tiab] OR philippines[tiab] OR 
filipino*[tiab] OR russia*[tiab] OR rwanda*[tiab] OR são tomé and principe[tiab] OR 
senegal*[tiab] OR serbia*[tiab] OR sierra leone*[tiab] OR solomon island*[tiab] OR 
somalia*[tiab] OR south africa*[tiab] OR sudan*[tiab] OR sri lank*[tiab] OR st lucia*[tiab] OR 
saint lucia*[tiab] OR st. vincent*[tiab] OR saint vincent*[tiab] OR grenadines[tiab] OR 
surinam*[tiab] OR syria*[tiab] OR tajikistan*[tiab] OR tanzania*[tiab] OR thailand[tiab] OR 
thai[tiab] OR thais[tiab] OR timor*[tiab] OR togo[tiab] OR togolese*[tiab] OR tonga*[tiab] OR 
tunisia*[tiab] OR turkey[tiab] OR turks[tiab] OR turkish[tiab] OR turkmenistan*[tiab] OR 
tuvalu*[tiab] OR uganda*[tiab] OR ukrain*[tiab] OR uzbekistan*[tiab] OR vanuatu*[tiab] OR 
venezuela*[tiab] OR vietnam*[tiab] OR viet nam*[tiab] OR west bank[tiab] OR gaza[tiab] OR 
gazan*[tiab] OR yemen*[tiab] OR zambia*[tiab] OR zimbabwe*[tiab])) AND (task-switch*[tiab])) 
OR (task switch*[tiab])
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Table S1: Characteristics of included studies 

Table S1A: Characteristics of studies included in first stage of review 

First author 
Year 
published Setting Interventions 

Class of 
HSS Comparator 

Time 
horizon Discounting Perspective 

Model type (if 
applicable) 

Arora1 2017 
India and 
Bangladesh 

Telephone management of pressure ulcers for 
people with spinal injuries Platforms 

Control arm of 
randomized 
controlled trial 

12 
weeks None Partial societal 

Not simulation 
based 

Barasa2 2012 Kenya 
Dissemination of guidelines for pediatric 
emergency care Workforce 

Control arm of 
cluster 
randomized trial 

18 
months 3% Health system 

Not simulation 
based 

Broughton3 2013 Niger 
Quality improvement to prevent post-partum 
hemorrhage Governance 

Same site(s) 
before 
intervention 

Not 
stated 3% 

Health system w/ 
and w/o donor 
funding Decision tree 

Burn4 2014 All LICs Pulse oximeter use during surgery Tools 
Modeled usual 
care 1 year 3% Health system Decision tree 

Buttorff5 2012 India 
Task-shifting for mental health care (provided by 
lay health workers) Workforce 

Control arm of 
cluster 
randomized trial 1 year None Partial societal 

Not simulation 
based 

Chen6 2012 Nicaragua Volunteer orthopedic surgeon trips Platforms 

Expert 
evaluation of 
likely 
counterfactuals Lifetime 3% Health system 

Not simulation 
based 

Colbourn7 2015 Malawi 
Women's community groups; quality improvement 
in maternal / child health Governance 

Control arm of 
cluster 
randomized trial 

10 
years 3% Health system 

Not simulation 
based 

Driessen8 2012 Malawi Implementation of electronic medical records Tools 
Modeled usual 
care 1 year 5% Health system 

Not simulation 
based 

Gertler9 2014 Argentina 
Pay for performance incentives for use and quality 
of maternal and child health services Governance 

Control arms in 
natural 
experiment Lifetime 3% Health system 

Not simulation 
based 

Hayford10 2014 Bangladesh 

Extended clinic hours, vaccinator training, active 
surveillance, and community participation in 
vaccination Workforce 

Same site(s) 
before 
intervention 1 year None Health system 

Not simulation 
based 

Howlader11 2011 Bangladesh 
Strengthening maternal care in community health 
centers Platforms 

Modeled usual 
care 

Not 
stated None Health system 

Not simulation 
based 

Jansen12 2014 India 
Facilitating improved follow-up for cleft palate 
surgeries Platforms 

Same site(s) 
before 
intervention 

2.5 
years None Health system 

Not simulation 
based 

LeFevre13 2013 Bangladesh 

Improved training and mobilization in neonatal 
community care with or without the addition of 
home-based care Platforms 

Control arm of 
cluster 
randomized trial Lifetime 3% 

Health system + 
partial societal 
perspective 

Not simulation 
based 

Lewycka14 2013 Malawi 
Training of women's groups and peer counselors 
for maternal and infant health Workforce 

Control arm of 
cluster 
randomized trial Lifetime None Health system 

Not simulation 
based 

Luangasanatip15 2018 Thailand 
Hand-washing promotion among ICU healthcare 
workers Workforce 

Modeled usual 
care Lifetime 3% Health system Microsimulation  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Global Health

 doi: 10.1136/bmjgh-2021-007392:e007392. 7 2022;BMJ Global Health, et al. Hendrix N



 7 

Manasyan16 2010 Zambia Training midwives in essential newborn care Workforce 

Same site(s) 
before 
intervention 1 year None Health system 

Not simulation 
based 

Nandi17 2015 India Scale-up of home-based neonatal care Platforms 
Modeled usual 
care 1 year None Health system Markov model 

Pitt18 2016 Ghana Home-based neonatal care Platforms 

Control arm of 
cluster 
randomized trial Lifetime 3% Health system 

Not simulation 
based 

Prinja19 2018 India 
Mobile electronic medical record program with 
reminders for guidelines based care Tools 

Control arm of 
cluster 
randomized trial Lifetime 3% 

Health system + 
partial societal 
perspective Decision tree 

Sabin20 2012 Zambia 
Training traditional birth attendants in neonatal 
emergencies Workforce 

Control arm of 
cluster 
randomized trial Lifetime 3% Partial societal 

Not simulation 
based 

Seaman21 2020 

GBD-region specific 
averages of all 
LMICs within region 

Hepatis B vaccination with controlled temperature 
chain protocol and compact prefilled auto-disable 
syringes Tools 

Modeled usual 
care Lifetime 3% Health system Microsimulation 

Shepard22 2020 Zimbabwe 
Results-based financing for maternal and child 
care Governance 

Control arm of 
cluster 
randomized trial Lifetime 3% Health system 

Multipurpose tool 
(LiST by Health 
Policy Project) 

Somigliana23 2011 Uganda Obstetrics-focused ambulance service Tools 

Expert 
evaluation of 
likely 
counterfactuals Lifetime 3% Health system 

Not simulation 
based 

Stenberg24 2019 67 LMICs 

Strengthening primary care and supporting, cross-
sectoral interventions as part of universal health 
coverage Governance 

Modeled usual 
care Lifetime 3% Health system 

Multipurpose tool 
(OneHealth Tool) 

Tripathy25 2010 India 
Women's community groups teaching new 
mothers about health of self and infant Platforms 

Control arm of 
cluster 
randomized trial Lifetime 3% Health system 

Not simulation 
based 

Vossius26 2014 Tanzania Training in neonatal resuscitation Workforce 

Same site(s) 
before 
intervention Lifetime 3% Health system 

Not simulation 
based 

Zeng27 2018 Zambia 
Results-based financing for maternal and child 
care Governance 

Control arm of 
cluster 
randomized trial Lifetime 3% Health system 

Multipurpose tool 
(LiST by Health 
Policy Project) 
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First author Effectiveness measure Utility elicitation 
Effectiveness estimate 
source Cost estimate source Sensitivity analyses 

Thematic 
emphases 

Arora Patient QALYs pre/post EQ-5D of patients 
Primary data: Patient 
survey in randomized trial Microcosting of resource and time use 

Probabilistic sensitivity analysis, 
cost-effectiveness acceptability 
curve, alternative perspective 
(health system) 

Precision, 
realism 

Barasa 

Average % improvement in 14 
indicators between intervention 
and control sites; DALYs estimated 
by external source 

Global Burden of 
Disease study 

Primary data: Results of 
cluster randomized trial 

Mixed: Gross costing for resource use, 
microcosting for time spent 

Probabilistic sensitivity analysis 
(Monte Carlo methods) 

Generality, 
realism 

Broughton 

Post-partum hemorrhages, DALYs, 
deaths averted; compliance with 
birth management and newborn 
care standards Literature review 

Primary data: Interviews 
with clinic staff Gross costing: Project accounting records 

Probabilistic sensitivity analysis 
(Monte Carlo methods) 

Precision, 
realism 

Burn 

DALYs averted (discounted; 
disability due to non-fatal hypoxic 
brain injury not included) 

Global Burden of 
Disease study 

Secondary data: 
Systematic review 

Microcosting: Modeled annualized cost of 
use for "Lifebox" pulse oximeters plus 
treatment of additional hypoxia cases 
detected by pulse oximetry 

Probabilistic sensitivity analysis of 
some effectiveness and cost 
parameters 

Generality, 
precision 

Buttorff 
QALYs produced; work days 
gained; psychiatric symptom score 

Mapping of disability 
survey onto utility 
weights 

Primary data: Results of 
WHO Disability 
Assessment Schedule in 
cluster randomized trial 

Microcosting: Patient healthcare costs and 
time costs; staff costs; diagnostic costs 

One way sensitivity analysis 
based on bootstrapped costs 

Precision, 
realism 

Chen DALYs averted 
Global Burden of 
Disease study 

Secondary data: Expert 
evaluation Microcosting of resource and time use 

One way sensitivity analysis of 
discount rate and age weighting 
factor in utility function 

Precision, 
realism 

Colbourn 

Maternal, neonatal, and perinatal 
mortality; DALYs averted 
(attributable to reduced mortality 
only) 

Global Burden of 
Disease study 

Primary data: Results of 
cluster randomized trial 

Mixed: Gross costing for resource use, 
microcosting for time spent 

Probabilistic sensitivity analysis 
(Bayesian methods) 

Precision, 
realism 

Driessen 

Length of hospital stays, time 
transcribing medical records, 
laboratory use None 

Secondary data: 
Literature review  Microcosting using secondary data 

Scenario analysis with reduced 
benefit and reduced personnel  

Precision, 
realism 

Gertler 

Ten tracers indicating quality of 
maternal and child health services; 
DALYs for neonatal death and low 
birth weight only 

Assumption, literature 
review 

Primary data: Results of 
natural experiment 

Gross costing: Governmental and project 
accounting records 

One way sensitivity of health 
outcomes (neonatal deaths and 
low birth weights averted) only 

Precision, 
realism 

Hayford Fully immunized children None 
Primary data: Results of 
pre/post analysis  

Mixed: gross costing for resource use, 
microcosting for time spent None 

Precision, 
realism 

Howlader Maternal mortality None 
Secondary data: 
Literature review 

Secondary data using "ingredients 
approach" None 

Generality, 
precision 

Jansen 
Number of follow-up appointments 
kept None 

Primary data: Results of 
pre/post analysis  

Mixed: Gross costing for resource use, 
microcosting for time spent None 

Precision, 
realism 

LeFevre 
Neonatal deaths averted; DALYs 
averted 

None (DALY calculation 
based on life expectancy 
at birth only) 

Primary data: Results of 
cluster randomized trial 

Mixed: gross costing for health system 
costs, microcosting for patient costs Probabilistic sensitivity analysis 

Generality, 
realism 

Lewycka Years of life lost None 
Primary data: Results of 
cluster randomized trial Gross costing: Project accounting records None 

Precision, 
realism 
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Luangasanatip QALYs gained; deaths averted Literature review 
Secondary data: 
Literature review 

Mixed: Gross costing for administrative 
costs, microcosting for resource use and 
time spent 

Numerous two-way sensitivity 
analyses 

Generality, 
precision 

Manasyan Lives saved; DALYs averted 

None (DALY calculation 
based on life 
expectancy at birth 
only) 

Primary data: Results of 
pre/post analysis  Microcosting of resource and time use None 

Precision, 
realism 

Nandi 

Incidence of severe neonatal 
morbidity; neonatal deaths 
averted None 

Secondary data: 
Literature review 

Secondary data: Cluster randomized trial 
from Prinja 2013 

100 sample probabilistic 
sensitivity analysis on incidence, 
case fatality rate, demand, 
efficacy, and cost parameters 

Generality, 
realism 

Pitt 
Neonatal mortality, (discounted 
3% per year) life-years saved None 

Primary data: Results of 
cluster randomized trial 

Unclear (included both direct and indirect 
costs) 

One-way sensitivity analysis on 
costs, number of births, 
interventions, and intervention 
effectiveness 

Precision, 
realism 

Prinja 
Infant deaths averted; episodes of 
illness averted; DALYs averted 

Global Burden of 
Disease study 

Primary data: Results of 
cluster randomized trial 

Secondary: estimated payment associated 
with HCW performance increase, other 
costs taken from other studies conducted 
in North India 

Probabilistic sensitivity analysis 
on all parameters 

Precision, 
realism 

Sabin Deaths averted; DALYs averted 

Global Burden of 
Disease study (only 
DALYs averted by 
avoiding deaths are 
counted) 

Primary data: Results of 
cluster randomized trial Microcosting of resource and time use 

One-way sensitivity analysis of 
all parameters 

Precision, 
realism 

Seaman DALYs averted 
Global Burden of 
Disease study 

Secondary data: 
Literature review 

Microcosting: Known product costs for 
cold chain strengthening and prefilled 
syringes Probabilistic sensitivity analysis 

Generality, 
precision 

Shepard 
QALYs based on lives saved, 
according to LiST tool Assumption 

Primary data: Results of 
cluster randomized trial Microcosting of resource and time use 

One way sensitivity analysis 
based on mean / SD of costs and 
outcomes produced by exposed / 
control clinics 

Generality, 
realism 

Somigliana Life years saved None 
Secondary data: Expert 
evaluation 

Gross costing: Accounting records from 
district hospital and ambulance service 

Threshold analysis of cost of 
ambulance 

Precision, 
realism 

Stenberg 
Deaths averted; gains in life 
expectancy at birth None 

Secondary data: Life 
table approach from 
WHO 

Modeled: WHO cost projections for 
meeting sustainable development goals None 

Generality, 
precision 

Tripathy Lives saved; life-years saved None 
Primary data: Results of 
cluster randomized trial Gross costing: Project accounting records None 

Precision, 
realism 

Vossius Lives saved; DALYs averted 

None (DALY calculation 
based on life 
expectancy at birth 
only) 

Primary data: Results of 
pre/post analysis  

Gross costing: Project and governmental 
accounting records Probabilistic sensitivity analysis 

Precision, 
realism 

Zeng 
Lives saved; QALYs based on 
lives saved 

Global Burden of 
Disease study 

Primary data: Results of 
cluster randomized trial 

Mixed: Microcosting for pharmaceuticals, 
gross costing for other expenditures 

Scenario analysis showing only 
expanded use of services without 
increase in quality 

Precision, 
realism 

DALY: Disability-Adjusted Life Year; GBD: Global Burden of Disease; HCW: Health Care Worker; HSS: health system strengthening; L(M)IC: Low- 

(and Middle-) Income Country; QALY: Quality-Adjusted Life Year 
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Table S1B: Characteristics of studies on electronic medical records 

First 
author 

Year 
published Setting Interventions 

Class of 
HSS Comparator 

Time 
horizon Discounting Perspective 

Model type (if 
applicable) 

Driessen8 2012 Malawi 
Implementation of electronic medical 
records Tools 

Modeled 
usual care 1 year 5% 

Health 
system 

Not simulation 
based 

Sabin20 2012 Zambia 
Training traditional birth attendants 
in neonatal emergencies Workforce 

Control arm 
of cluster 
randomized 
trial Lifetime 3% 

Partial 
societal 

Not simulation 
based 

Xue28 2012 China 
Implementation of electronic medical 
records Tools 

Same site(s) 
before 
intervention 5 years None 

Health 
system 

Not simulation 
based 

 

First 
author Effectiveness measure Utility elicitation 

Effectiveness 
estimate source Cost estimate source Sensitivity analyses 

Thematic 
emphases 

Driessen 

Length of hospital stays, 
time transcribing medical 
records, laboratory use None 

Secondary data: 
Literature review  Microcosting using secondary data 

Scenario analysis with 
reduced benefit and 
reduced personnel  

Precision, 
realism 

Sabin 
Deaths averted; DALYs 
averted 

Global Burden of 
Disease study 
(only DALYs 
averted by avoiding 
deaths are 
counted) 

Primary data: 
Results of cluster 
randomized trial 

Microcosting of resource and time 
use 

One-way sensitivity 
analysis of all parameters 

Precision, 
realism 

Xue 
Length of hospital stay, 
infection rate, mortality None 

Primary data: 
Results of pre/post 
analysis 

Gross costing: Project accounting 
records None 

Precision, 
realism 
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Table S1C: Characteristics of studies on home-based maternal and neonatal care 

First 
author 

Year 
published Setting Interventions 

Class of 
HSS Comparator 

Time 
horizon Discounting Perspective 

Model type (if 
applicable) 

Jo29 2019 Bangladesh 
Enhanced home-based maternal 
and neonatal healthcare Platforms 

Control arm 
of cluster 
randomized 
trial 

Not 
stated 3% 

Health 
system 

Not simulation 
based 

LeFevre13 2013 Bangladesh 

Improved training and mobilization 
in neonatal community care with or 
without the addition of home-based 
care Platforms 

Control arm 
of cluster 
randomized 
trial Lifetime 3% 

Health 
system + 
partial 
societal 
perspective 

Not simulation 
based 

Mathewos30 2017 Ethiopia 
Home-based maternal and neonatal 
care Platforms 

Control arm 
of cluster 
randomized 
trial Lifetime 3% 

Health 
system 

Not simulation 
based 

Nandi17 2015 India 
Scale-up of home-based neonatal 
care Platforms 

Modeled 
usual care 1 year None 

Health 
system Markov model 

Pitt18 2016 Ghana Home-based neonatal care Platforms 

Control arm 
of cluster 
randomized 
trial Lifetime 3% 

Health 
system 

Not simulation 
based 

 

First 
author Effectiveness measure Utility elicitation 

Effectiveness 
estimate source Cost estimate source Sensitivity analyses 

Thematic 
emphases 

Jo 
Neonatal deaths averted; 
DALYs averted 

None (DALY 
calculation based 
on life expectancy 
at birth only) 

Primary data: 
Results of cluster 
randomized trial 

Gross costing: Project accounting 
records 

Probabilistic sensitivity 
analysis 

Precision, 
realism 

LeFevre 
Neonatal deaths averted; 
DALYs averted 

None (DALY 
calculation based 
on life expectancy 
at birth only) 

Primary data: 
Results of cluster 
randomized trial 

Mixed: gross costing for health 
system costs, microcosting for 
patient costs 

Probabilistic sensitivity 
analysis 

Generality, 
realism 

Mathewos 
Neonatal deaths averted; 
DALYs averted 

None (DALY 
calculation based 
on life expectancy 
at birth only) 

Primary data: 
Results of cluster 
randomized trial 

Gross costing: Project accounting 
records 

Probabilistic sensitivity 
analysis 

Precision, 
realism 

Nandi 

Incidence of severe 
neonatal morbidity; 
neonatal deaths averted None 

Secondary data: 
Literature review 

Secondary data: Cluster 
randomized trial from Prinja 2013 

100 sample probabilistic 
sensitivity analysis on 
incidence, case fatality 
rate, demand, efficacy, and 
cost parameters 

Generality, 
realism 

Pitt 

Neonatal mortality, 
(discounted 3% per year) 
life-years saved None 

Primary data: 
Results of cluster 
randomized trial 

Unclear (included both direct and 
indirect costs) 

One-way sensitivity 
analysis on costs, number 
of births, interventions, and 
intervention effectiveness 

Precision, 
realism 
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Table S1D: Characteristics of studies on task-shifting 

First author 
Year 
published Setting Interventions Class of HSS Comparator 

Time 
horizon Discounting Perspective 

Model type (if 
applicable) 

Buttorff5 2012 India 
Task-shifting for mental health care 
(provided by lay health workers) Workforce 

Control arm of 
cluster 
randomized trial 1 year None Partial societal 

Not simulation 
based 

Chanda31 2011 Zambia 

Task shifting to community health 
workers for treatment of 
uncomplicated malaria Workforce 

Unblinded trial 
based on patient-
preferred 
treatment Lifetime 5% Health system 

Not simulation 
based 

Datiko32 2010 Ethiopia 
Task shifting to health extension 
workers for treatment of tuberculosis Workforce 

Control arm of 
cluster 
randomized trial Not stated 3% Partial societal 

Not simulation 
based 

Do Prado33 2011 Brazil 

Task shifting to home-based 
guardians for directly observed 
treatment of tuberculosis Workforce 

Unblinded trial 
based on patient-
preferred 
treatment 1 year None Partial societal 

Not simulation 
based 

Patouillard34 2011 Ghana 

Task shifting to community health 
workers for intermittent preventative 
treatment for malaria Workforce 

Control arm of 
cluster 
randomized trial Not stated 3% Health system 

Not simulation 
based 

Puett35 2012 Bangladesh 

Task shifting to community health 
workers for treatment of severe acute 
malnutrition Workforce 

Control arm of 
cluster 
randomized trial Lifetime 3% Health system 

Not simulation 
based 

Sabin20 2012 Zambia 
Training traditional birth attendants in 
neonatal emergencies Workforce 

Control arm of 
cluster 
randomized trial Lifetime 3% Partial societal 

Not simulation 
based 

Yan36 2014 China 

Task shifting to community 
organizations for HIV prevention and 
care Workforce 

Same site(s) 
before 
intervention Not stated None Health system 

Not simulation 
based 
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First author Effectiveness measure Utility elicitation 
Effectiveness estimate 
source Cost estimate source Sensitivity analyses 

Thematic 
emphases 

Butorff 
QALYs produced; work days 
gained; psychiatric symptom score 

Mapping of disability 
survey onto utility 
weights 

Primary data: Results of 
WHO Disability 
Assessment Schedule in 
cluster randomized trial 

Microcosting: Patient healthcare costs and 
time costs; staff costs; diagnostic costs 

One way sensitivity analysis 
based on bootstrapped costs 

Precision, 
realism 

Chanda 
Properly identified and treated 
cases None 

Primary data: Results of 
open-label trial 

Mixed: Gross costing for administrative 
costs, microcosting for resource use and 
time spent None 

Precision, 
realism 

Datiko Fully treated cases None 
Primary data: Results of 
cluster randomized trial Microcosting of resource and time use 

One-way sensitivity analysis of all 
parameters 

Precision, 
realism 

Do Prado Fully treated cases None 
Primary data: Results of 
open-label trial Microcosting of resource and time use None 

Precision, 
realism 

Patouillard Fully treated children None 
Primary data: Results of 
cluster randomized trial Microcosting of resource and time use None 

Precision, 
realism 

Puett Deaths averted; DALYs averted 
Global Burden of 
Disease study 

Primary data: Results of 
cluster randomized trial Microcosting of resource and time use 

Probabilistic sensitivity analysis of 
costs 

Generality, 
realism 

Sabin Deaths averted; DALYs averted 

Global Burden of 
Disease study (only 
DALYs averted by 
avoiding deaths are 
counted) 

Primary data: Results of 
cluster randomized trial Microcosting of resource and time use 

One-way sensitivity analysis of all 
parameters 

Precision, 
realism 

Yan Cases of HIV identified None 
Primary data: Results of 
pre/post analysis Microcosting of resource and time use None 

Precision, 
realism 
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Table S2: Review of all included studies using the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) checklist 
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Arora, 2017 Y Y Y Y Y NA  Y Y Y Y Y NA NA Y Y Y Y N 

Barasa, 2012 Y Y Y Y Y Y Y Y Y Y Y NA NA Y Y Y Y N 

Broughton, 2013 N Y Y Y N Y Y Partial Y Y Partial Y Y Y Y Y Y N 

Burn, 2014 N Y Y Y N Y Y Y Y Y Y Partial Partial Y Y Y Y N 

Buttorff, 2012 Y Y N Y Y NA Y Y Y Y Y NA NA Y Y Y Y Y 

Chanda, 2011 Y Y Y Y Y Y Y Y NA Y N NA NA Y Y Y N N 

Chen, 2012 Y Y Y Partial Y Y Y Partial Partial Y Y NA NA Y Y Y N Y 

Colbourn, 2015 Y Y Y Y Y Y Y Y Y Y Y NA NA Y Y Y Y N 

Datiko, 2010 Y Y Y Y N Y Y Y NA Y Y NA NA Y Y N Y N 

Do Prado, 2011 Y Y Y Y Y NA Y Y NA Y Y NA NA Y Y Y N N 

Driessen, 2012 Y Y N Partial Y Y Y Y NA Y Partial NA NA Y Y Y Y N 

Gertler, 2014 Y Y Y Y Y Y Partial Y Y Y Y NA NA Y Partial Y Partial N 

Hayford, 2014 Y Y Y Y Y NA Partial Y NA Y Y NA NA Y Y Y N N 

Howlader, 2011 Y Y Y Partial Y Y Partial N NA Y Y NA NA Y Y Partial N N 

Jansen, 2014 Y Y Partial Partial Y NA Y Y Y Y Y NA NA Y Y N Partial N 

Jo, 2019 Y Y Y Y N N Y Y NA Y Partial NA NA Y Y Y Y N 
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LeFevre, 2013 Y Y Y Y Y Y Y Y Partial Y Y NA NA Y Y Y Y Y 

Lewycka, 2013 Y Y Y Y Y N Y Y NA Y Y NA NA Y Y Y Y N 

Luangasanatip, 
2018 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 

Manasyan, 2010 Y Y Partial Y Y NA Y Y Partial Y Y NA NA Y Y Y N N 

Mathewos, 2017 Y Y Y Y Y Y Y Y Partial Y Y NA NA Y Y Y Y N 

Nandi, 2015 Y Y Partial Y Y NA Y Y NA Y Y Y Y Y Y Y Y Y 

Patouillard, 2011 Y Y Y Y N Y Y Y NA Y Y NA NA Y Y Y N N 

Pitt, 2016 Y Y Y Y Y Y Y Y Partial Partial Y NA NA Y Y Y Y N 

Prinja, 2018 Y Y Y Y Y Y Y Y N Y Y Y Y Y Y Y Y Y 

Puett, 2012 Y Y Y Y Y Y Partial N NA Y Y NA NA Y Y Y Y N 

Sabin, 2012 Y Y Y Y Y Y Y Y Y Y Y NA NA Y Y Y Y N 

Seaman, 2020 Y Y Y Y N Y Y Y Y Y Y Y Y Y Y Y Y Y 

Shepard, 2020 Y Y Y Y Y Y Y Y Partial Y Partial Y Y Y Y Y Y Y 

Somigliana, 2011 Y Y Y Y Y Y Y Y NA Y Partial NA NA Y Y Y Y N 

Stenberg, 2019 Y Y N Y Y N Y Y NA Y Y Y Partial Y Y Y Y Y 
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Figure S1: Count of studies reporting different combinations of health outcomes (n = 36). 
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