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Abstract

Community health workers (CHWSs) are a vital part of the health infrastructure in Uganda and in many other low- and middle-income countries.
While the need for CHWs is clear, it is less clear how they should dispense health products to maximize the health benefits to their community.
In this study, we assess the cost-effectiveness of several competing CHW distribution strategies in the context of treatment for child diarrhoea.
We used data from a fourarmed clusterrandomized controlled trial to assess the cost-effectiveness of (1) free distribution of oral rehydration
salts (ORS) via home deliveries prior to diarrhoea onset (free delivery arm), (2) free distribution via vouchers where households retrieved the
treatment from a central location (voucher arm), (3) a doorto-door sales model (home sales arm) and (4) a control arm where CHWs carried
out their activities as normal. We assessed the cost-effectiveness from the implementor’s perspective and a societal perspective in terms of
cost per case treated with ORS and cost per disability-adjusted life year (DALY) averted. Free delivery was the most effective strategy and the
cheapest from a societal perspective. Although implementor costs were highest in this arm, cost savings comes from households using fewer
resources to seek treatment outside the home (transport, doctor fees and treatment costs). From the implementors’ perspective, free delivery
costs $2.19 per additional case treated and $56 per DALY averted relative to the control. Free delivery was also extremely cost-effective relative
to home sales and vouchers, but there was a large degree of uncertainty around the comparison with vouchers. Free distribution of ORS by
CHWs prior to diarrhoea onset is extremely cost-effective compared to other CHW distribution models. Implementers of CHW programmes
should consider free home delivery of ORS.

Keywords: Cost-effectiveness analysis, diarrhoea, child health, international health

health products and basic health services to their community

Key messages

e Free delivery was the most effective strategy and the
cheapest from a societal perspective.

e Although implementor costs were highest in this arm, cost
savings comes from households using fewer resources to
seek treatment outside the home (transport, doctor fees
and treatment costs).

e From the implementors’ perspective, free delivery costs
$2.19 per additional case treated and $56 per DALY averted
relative to the control.

e Free delivery was also extremely cost-effective relative to
home sales and vouchers, but there was a large degree of
uncertainty around the comparison with vouchers.

Introduction

Community health workers (CHWs) are a vital part of the
health infrastructure in Uganda and, in many other low-
and middle-income countries (World Health Organization,
2016), CHWs are generally tasked with providing essential

members. This increases access to products and services that
poor households often forgo (Bjorkman Nyqvist ez al., 2019).
While the need for CHWs is clear, it is less clear how such
programmes should be designed, and there is wide variation
in the way in which CHW programmes are structured (Kok
etal., 2015; Scott et al., 2018). For example, some CHW:s sell
health products for a profit, whereas others dispense for free;
some CHWSs deliver products door-to-door while others dis-
pense from a central location. It is important to understand
which of these design features are most cost-effective to make
the best use of resources and to maximize the health benefits
of CHW services.

In this study, we used data from a four-armed cluster-
randomized controlled trial (RCT) to assess the cost-
effectiveness of several competing CHW programme design
features in the context of treatment for child diarrhoea. Diar-
rhoea is the second leading cause of child mortality globally,
although nearly all these deaths could be prevented with the
use of oral rehydration salts (ORS) and zinc (Cash et al., 1970;
Pierce et al., 1969; Santosham, 1982; Spandorfer et al., 2005;
Munos et al., 2010). However, ORS and zinc are widely
underused, leaving children at risk (Forsberg et al., 2007
Pantenburg et al., 2012; Ram et al., 2008; Santosham et al.,
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2010; Sood and Wagner, 2014; Sreeramareddy et al., 2017).
Finding cost-effective ways of increasing ORS and zinc use
is a key objective of the global health community, and CHWs
are increasingly tasked with increasing access to ORS and zinc
(Bjorkman Nyqvist et al., 2019).

We compare a model of free distribution of ORS and zinc
via home deliveries (free delivery arm), free distribution model
where households retrieve the treatment from a central loca-
tion using a voucher (voucher arm) and home sales model
(home sales arm). We also compare each intervention to a con-
trol arm where CHWs carried out their activities as normal
(control arm). Prior studies from this trial document that free
delivery increased the share of diarrhoea cases treated with
ORS by 19 percentage points (34%) compared to the control
arm and 12 percentage points (16%) compared to the home
sales arm (Wagner et al., 2019). There was no difference in
ORS coverage between the delivery and voucher arms, both
of which provided treatment for free. Free distribution also
appears to have increased CHW effort compared to selling
(Wagner et al., 2020).

Although the free distribution arms were both effective,
it is not clear to what extent they were cost-effective. Free
distribution is more expensive from the perspective of the
implementor because it requires subsidizing the ORS. More-
over, although free delivery and vouchers produced simi-
lar ORS coverage, fewer households in the voucher arm
retrieved the free treatment compared to the free delivery
arm (Wagner et al., 2020), which could make it more cost-
effective. In this paper, we estimate the cost-effectiveness of
free delivery, vouchers and home sales from an implemen-
tor perspective and societal perspective in terms of cost per
case treated and cost per disability-adjusted life year (DALY)
averted.

Methods
Setting and location

The interventions were carried out by Community Health Pro-
moters (CHPs), a CHW programme implemented by BRAC
Uganda. BRAC has CHP programmes across 12 countries
and manages over 3000 CHPs in over 74 districts in Uganda.
CHPs are community members who are hired by BRAC to
sell essential health products to others in the village. CHPs
purchase products from BRAC at a subsidized price and
sell the products back to community members for a profit
(usually at the market price). CHPs sell an array of prod-
ucts, including ORS, zinc, water treatment, bed nets, malaria
treatment and other basic household items (e.g. soap). This
entrepreneurial model was recently found to have a sub-
stantial impact on under Syears child mortality and has
been growing in global popularity over the last decade (The
Economist, 2012; Bjorkman Nyqvist ez al., 2019). Our status
quo scenario for the cost-effectiveness analysis (CEA) uses the
above model.

We worked with BRAC to select six of their branches to
enrol in the study. Branches are local offices used to coordi-
nate all of BRAC’s operations in the surrounding villages. We
then enrolled all villages affiliated with the selected branches
where a CHP was active (about 20 per branch) resulting
in 118 villages. All branches were within a 100-km radius
of Kampala, Uganda’s capital city, and most villages were
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considered peri-urban. The interventions took place at the vil-
lage level, since one CHP is dedicated to serve an entire village.
Although some villages were in close proximity to each other,
CHP catchment areas did not overlap.

Interventions

The target population for the intervention was households
with a child under 5 years old (henceforth under-5). Interven-
tions are described in more detail in prior work (Wagner et al.,
2019). We randomly assigned each CHP/village to one of four
study arms.

Control—status quo

No intervention took place and CHPs carried out their normal
activities. Caretakers had standard access to ORS and zinc
from CHPs and at local health facilities and pharmacies.

Free delivery

We instructed CHPs to visit all of the households in their
catchment area that contained a child under-5 (roughly 100
households) at the beginning of the study and give care-
takers two packets of ORS and 10 tablets of zinc per
child under-5 (free of charge) to store in their homes.
In addition, we instructed CHPs to provide the standard
information on ORS and zinc that CHPs are trained to
provide.

Vouchers

We instructed CHPs to visit all of the households in their
catchment area that contained a child under-$5 at the begin-
ning of the study and provide caretakers with one voucher
per child under-5 that they could redeem at the CHPs home
for two packets of ORS and 10 tablets of zinc. We also asked
CHPs to provide the standard information on ORS and zinc.
On average, it takes about 10 minutes to walk to the CHPs
home.

Pre-emptive home sales

We instructed CHPs to visit all of the households in their
catchment area with a child under-5 at the beginning of
the study and offer to sell ORS and zinc to caretakers at
the market price ($0.15 USD per ORS packet and $0.30
for a 10 tablet strip of zinc). CHPs were allowed to retain
the money from any sales. We also asked CHPs to provide
the standard information on ORS and zinc. This model is
very similar to the status quo model. The key difference is
that we gave CHPs ORS and zinc for free and instructed
them to visit all households, whereas, in the status quo arm,
the CHPs had to purchase ORS and zinc from BRAC and
generally did not make monthly home sales offers to all
households.

CHPs were instructed to visit every household in villages
assigned to an intervention arm. However, fidelity was imper-
fect and many households did not receive a visit. Moreover,
CHPs in the free distribution arms visited more households
than the other two arms (Wagner et al., 2020). These differ-
ences in home visit probability are part of the intervention’s
causal effect and have implications for both cost (more CHP
time spent making household visits) and effectiveness (more
exposure to CHPs promoting ORS use).
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Sampling and data collection

The household sampling design is described in more detail
elsewhere (Wagner et al., 2019). In short, we sampled house-
holds to enrol in the study from a list of all households with
children under-5 created by each CHW. We conducted a base-
line survey prior to the intervention and an endline survey
approximately 1 month after the intervention started. At both
baseline and endline, the interviewers asked the main care-
taker whether a child had a diarrhoea episode in the last
4 weeks and how this case was managed. Only the endline
survey asked about key cost parameters for a diarrhoea case
(money spent on treatment, clinic costs, transport costs and
time spent seeking care) and thus we only use the endline data
in this analysis. The team surveyed 7949 caretakers at end-
line, of which 2122 cared for a child with a case of diarrhoea
(27%). This resulted in data on 2363 cases at endline (some
households had multiple cases).

Study perspectives

We conducted our CEA from the perspective of BRAC,
the implementor, where only BRAC’s programme costs are
included, and also from a societal perspective, where we also
include costs incurred by the households and the CHP.

Health outcomes and time horizon

We estimated incremental cost-effectiveness ratios (ICERs)
both in terms of cost per additional case treated with ORS
and cost per disability adjusted life-year (DALY) averted. We
used a time horizon of 1 month (the length of time between
intervention and endline) and included all households for this
analysis (including households with no case of diarrhoea).
We only considered treatment costs and benefits of ORS
use (excluding costs and benefits of zinc) because the health
benefits of zinc alone and zinc added to ORS are less well doc-
umented. All households contributed to the programme costs,
but only households with a diarrhoea episode contributed to
the benefits. This assumes that there is no benefit to receiving
ORS if there was no diarrhoea episode in the prior 4 weeks.
The appendix provides a detailed description of how we esti-
mate number of cases treated and DALYs averted for each
study group and we provide an overview below.

Cases treated

To estimate the number of diarrhoea cases treated with ORS
for each scenario, we multiplied the number of cases in each
arm by the probability of the case being treated with ORS as
estimated by Wagner et al. (2019). This is described in more
detail in the appendix.

Deaths

To estimate the number of deaths in each group, we first
estimated the probability of death conditional on having a
diarrhoea episode. We used 2015 data on number of births
and deaths due to diarrhoea from Liu et al. (2015). We
assumed that each child has 5 episodes of diarrhoea per year
(estimated from study data) and that deaths only occurred
among cases not treated with ORS (54% of cases in Uganda).
This assumption is conservative because it lowers the death
rate compared to if we assume that deaths also occurred
among cases treated with ORS. We used number of births,
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cases per year, and probability of not receiving ORS to esti-
mate the number of total cases in Uganda not treated with
ORS. We then divided the number deaths by the number cases
that did not receive ORS to get the probability of death from
a case of diarrhoea. This gives a diarrhoea case fatality rate of
0.0014.

We then used Munos et al. (2010) for estimates of the
effectiveness of ORS on prevention mortality from diarrhoea,
which documents a 93% reduction in diarrhoea mortality as
a result of ORS use (Munos et al., 2010). This allows us to
estimate the number of deaths from cases treated with ORS
and the number deaths from cases not treated with ORS, and
their sum, which is the total deaths form diarrhoea. We do
this separately for each study group.

DALYs averted

To convert deaths to DALYs averted, we used the life
expectancy in Uganda (57 years) combined with the average
child age in our sample (24 months), to first estimate the life-
years saved for each death averted. We then discounted each
future life year gained a standard 3% discount rate (Larson,
2013). This gives about 27.15 discounted life years saved for
each death averted.

Although diarrhoea can have effects on disability (e.g. fre-
quent diarrhoea could lead to malnutrition and stunting), the
magnitude of these effects is not well documented and likely
contributes only a small portion of all DALYs lost to each
diarrhoea case. As such, we ignored the potential reductions
in disability that result from increased ORS use and assumed
all of the DALY's averted come from life years saved. Ignoring
disability produces a conservative estimate of DALY's averted.

Estimating resources and costs
Programme costs

In the status quo scenario, BRAC incurs a cost of about
$0.02 per packet distributed because CHPs purchase ORS
from BRAC for about $0.05 and the wholesale price is $0.07.
In the three intervention scenarios, BRAC incurs the full cost
of ORS (i.e. $0.07 per packet). We multiplied the total number
of packets distributed by the cost per packet to get total cost
in each study group. We then estimated the average cost per
household for each of the four groups. Finally, we multiplied
the average cost per household by the population size of the
control group (to keep the population size consistent across
groups). Row 1 of Table 2 presents monthly programme cost
estimates by group assignment. Free delivery was the costli-
est from BRAC’s perspective at about $280 to distribute two
packets of ORS to 1939 households. Vouchers was the next
most costly and was only slightly less expensive than free
delivery. Home sales and the control group were cheapest
at only $84 and $9 dollars, respectively. BRAC’s costs were
low in these groups because only 21% and 7% of households
received ORS, respectively.

Household costs

The household survey recorded the time spent by caretak-
ers seeking treatment for each case of diarrhoea, the amount
spent on clinic fees, the amount spent on treatment, and
the amount spent on transport. To estimate the opportunity
cost of caretaker time, we used the monthly wage for paid
female workers reported in the Uganda Living Standard and
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Measurement Survey, which is about $44 (USD) (Uganda
Bureau of Statistics, 2016). We then divided this number by
20 (number of working days per month) and then by 8 (work
hours per day) to get the average hourly wage for women in
Uganda (about $0.27). We then multiplied the hourly wage
by the time spent seeking treatment for the child’s case of
diarrhoea to estimate the cost of time spent seeking treat-
ment for each household. All currency conversions were done
in the OANDA conversion tool using a base year of 2016
($1USD=~-3400 UGX). Table 2 shows that the cost of time
spent seeking treatment was substantially lower in the free
delivery group than all other groups. This is because caretak-
ers in the free delivery group were less likely to have to leave
the home to seek treatment. The cost of time spent seeking
treatment was highest in the control group, which is consis-
tent with this group being the least likely to seek treatment
from the CHP and the most likely to seek treatment outside
the home.

Cost of time for CHP

As described in Wagner et al. (2020), CHPs in the free deliv-
ery and voucher arms visited more households than CHPs
in the two other arms; about 60% of households received
a visit in the free distribution arms compared to only 35%
in the home sales arm and 23% in the control arm (Wagner
et al., 2020). To estimate opportunity cost of CHP time, we
used data from our household surveys to estimate the num-
ber of minutes spent at each household and the number of
households visited in each arm. We combined the likelihood
of receiving a visit, time spent for a visit, and the CHP wage,
to estimate the opportunity cost of CHP time to make these
visits in each group.

Estimating ICERs

We estimated the ICER of each intervention relative to the
control arm and also relative to the next cheapest alterna-
tive. This involved dividing the extra costs incurred by the
more costly intervention by the extra benefits (see Supple-
mentary Appendix for more details). We compare the ICERs
we estimate to the cost-effectiveness thresholds outlined by
the World Health Organization; 3 x GDP per capita is con-
sidered ‘cost-effective’ and 1 x GDP per capita is considered
‘extremely cost-effective’. GDP per capita in Uganda is $776
(Marseille ez al., 2014; World Bank, 2019).

Sensitivity analysis

We conducted one-way sensitivity analysis to identify the
parameters to which results were most sensitive and multi-
way sensitivity analysis to produce a distribution of estimates
taking into account the joint uncertainty of the various param-
eters. For one-way sensitivity analysis, we used the upper and
lower bounds of the parameter ranges from Table 1 and re-
estimated the ICERs. For estimates from the study data and
for ORS effectiveness, we used the upper and lower bounds
of 95% confidence intervals. We used a wider range for ORS
costs (+£20%) to allow for addition distribution cost that
might arise at scale-up (e.g. increased contact with the supplier
or more transportation costs). For the probability of death,
we used the upper and lower bounds of the number of deaths
provided by Liu et al. (2015). For hourly wage, we increased
and decreased the base wage by 10%.
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For our multiway sensitivity analysis, we sampled each
parameter from a normal distribution centred around the base
value or a uniform distribution bounded by the upper and
lower values. We sampled all parameters simultaneously from
their respective distribution and re-estimated our ICERs. We
repeated this process 1000 times.

Results
Incremental costs and outcomes

Table 2 shows that free delivery was the lowest cost inter-
vention from a societal perspective. Free delivery costs $1213
(USD) to society when implemented for 1 month across 30 vil-
lages. This is compared to $1486 in the voucher arm, $1937
in the home sales arm, and $2058 in the control arm. Free
delivery had lower societal costs because households used
far fewer resources seeking care outside the home and pur-
chasing treatment. Free delivery was also the most effective
(Table 1), which means it dominates all other interventions
from a societal perspective.

Vouchers were the next cheapest from a societal perspective
and the next most effective. Thus, it dominates the other two
scenarios. The control arm was the most expensive and least
effective from a societal perspective.

From BRAC’s perspective, free delivery was the costli-
est ($280.64 per month), followed by vouchers ($216.77
per month) and home sales ($84.29 per month). The sta-
tus quo scenario for ORS dispensing costs BRAC $9.22 per
month. Column 1 of Table 4 shows incremental cost rela-
tive to the control and to the next cheapest alternative. Free
delivery costs an extra $271 per month, vouchers cost an
extra $208 per month and home sales cost an extra $75 per
month.

Table 3 presents cases treated, deaths and DALYs lost in
each arm. In the status quo scenario (control), 336 of 601
cases were treated with ORS. We estimate there to be 0.44
deaths of children under-5 per month, which results in 11.96
DALYs lost. The increase in ORS use in the free delivery arm
reduced the number of deaths from 0.44 to 0.26. Vouchers
reduced deaths to 0.29 and home sales reduced deaths to 0.37.
The decline in lost DALYs was proportional: 11.96 in control
compared to 7.14 in free delivery, 7.84 in vouchers and 10.02
in home sales.

The home sales intervention resulted in 50 additional cases
treated with ORS at $1.51/case (Table 4). An additional 56
cases treated were achieved with the voucher intervention at a
cost of $2.37/case relative to home sales and 1.96/case relative
to the control. Free delivery achieved another 18 cases treated
at $3.56/case relative to vouchers and $2.19 relative to the
control.

Table 5 shows costs per DALY averted and Figure 1 plots
the costs and DALYs averted for each scenario. The home
sales intervention reduced deaths by 0.07, which converts to
1.94 DALYs averted and costs $39 per DALY averted. An
additional 0.08 deaths could be averted under the voucher
intervention, leading to 2.18 DALYs averted at a cost of
$61 per DALY averted relative to home sales and $50 per
DALY averted relative to control. Finally, going from the
voucher intervention to the free delivery intervention averts
an additional 0.03 deaths and 0.70 DALYs at a cost of $91
per DALY averted compared to vouchers and $56 per DALY
averted compared to control. When compared to the home
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sales group, free delivery averts 2.88 DALYs at a cost of $68
per DALY averted (not shown in table).

Sensitivity analysis
One-way sensitivity analysis shows that free delivery was still
cost saving from a societal perspective relative to all other
scenarios even when using upper- or lower-bound cost esti-
mates from Table 1 (results available upon request). The
societal cost of free delivery would have to be under-estimated
by 22%, 60% and 70% in order for it not to be cost sav-
ing compared to vouchers, home sales and the control arm,
respectively.

The probability of death conditional on a diarrhoea
case was the most influential parameter from BRAC’s per-
spective when comparing free delivery to the status quo

Table 1. Parameters
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(Supplementary Appendix Figure A1). It is also worth noting
that even at the most extreme value of this parameter, free
delivery was the most cost effective. One concern is that addi-
tional cases treated under free delivery will experience less
benefit to using ORS if the decision to use ORS is a func-
tion of illness severity. However, we find that free delivery is
still highly cost-effective compared to the control and home
sales arms even at the lower bound of ORS effectiveness.
We conducted a threshold analysis to identify how extreme
key parameters would need to be for free delivery to be
above the extremely cost-effective threshold and we find that
both prevalence and effectiveness would have to about 90%
lower than the base value for free delivery to not be within
the extremely cost-effective threshold. When comparing free
delivery to vouchers, the cost of implementing the interven-
tions (ORS costs) was most influential. When comparing free

Input Base value Lower Upper Source
Population size 1939 N/A N/A Study data
Diarrhoea prevalence 0.31 0.29 0.33 Study data
Cases per year 5 8 2 Study data
Pr(ORSIDiarrhoea) 0.56 0.52 0.60 Study data
Pr(DeathlDiarrhoea) 0.0014 0.0007 0.0026 Liu et al. (2015)
ORS effectiveness (RRR) 0.93 0.69 1 Munos et al. (2010)
Eff free delivery (% point) 0.21 0.13 0.28 Wagner et al. (2019)
Eff home sales (% point) 0.08 0.0005 0.17 Wagner et al. (2019)
Eff vouchers (% point) 0.18 0.10 0.26 Wagner et al. (2019)
Hourly wage (UG women) (USD) 0.28 0.25 0.30 LSMS in 2011/2012
ORS costs per HH (USD)

Control <0.01 <0.01 0.01 Study data

Free + delivery 0.14 0.12 0.17 Study data

Home sales 0.04 0.03 0.05 Study data

Vouchers 0.11 0.09 0.13 Study data
Time costs per HH (USD)

Control 0.17 0.13 0.20 Study data

Free + delivery 0.07 0.06 0.09 Study data

Home sales 0.15 0.12 0.18 Study data

Vouchers 0.14 0.11 0.17 Study data
Treatment costs per HH (USD)

Control 0.65 0.54 0.76 Study data

Free + delivery 0.27 0.20 0.34 Study data

Home sales 0.56 0.45 0.67 Study data

Vouchers 0.41 0.31 0.51 Study data
Clinic costs per HH (USD)

Control 0.35 0.28 0.43 Study data

Free + delivery 0.16 0.10 0.21 Study data

Home sales 0.35 0.26 0.44 Study data

Vouchers 0.21 0.15 0.26 Study data
Transport costs per HH (USD)

Control 0.04 0.03 0.05 Study data

Free + delivery 0.03 0.02 0.04 Study data

Home sales 0.04 0.03 0.05 Study data

Vouchers 0.03 0.02 0.04 Study data
Time spent at HH (minutes)

Control 19.37 14.25 24.50 Study data

Free + delivery 14.59 13.31 15.86 Study data

Home sales 15.66 13.91 17.41 Study data

Vouchers 13.66 12.34 14.98 Study data
Proportion of HH visited

Control 0.24 0.20 0.27 Study data

Free + delivery 0.61 0.57 0.65 Study data

Home sales 0.35 0.31 0.39 Study data

Vouchers 0.55 0.51 0.59 Study data

Note: 2016 was used as the base year for all currency conversions. Time costs were all based on opportunity cost of time using estimates from the Uganda
Living Standard and Measurement Survey [$44 (USD) per month]. Opportunity cost of CHP time used the same monthly wage and was a function of the time
spent at each household and the proportion of households visited. HH, Household; UG, Uganda; RRR, Relative Risk Reduction; LSMS, Living Standard and

Measurement Survey.
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Table 2. Itemized cost estimates
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Monthly costs for 30 villages (USD)

Item Control Free delivery Vouchers Home sales
BRAC costs (ORS) 9.22 280.64 216.77 84.29
Cost of CHP time 39.86 77.38 65.69 48.38
Household costs 2008.66 855.48 1203.84 1804.00
Time 322.59 143.56 269.49 292.82
Treatment 1265.91 522.12 802.44 1083.29
Clinic 685.57 301.00 402.63 680.20
Transport 85.49 59.56 59.21 75.33
Total costs (for 30 villages)
Implementer perspective 9.22 280.64 216.77 84.29
Societal perspective 2057.74 1213.50 1485.69 1936.67
Total costs (for single household)
Implementer perspective 0.002 0.065 0.050 0.019
Societal perspective 0.473 0.279 0.341 0.445

Note: 2016 was used as the base year for all currency conversions. On average, there are 145 households per village. Household costs (in bold) are the sum

of time, treatment, clinic, and transport costs.

Table 3. Cases treated, deaths and DALY lost

Control Free delivery Vouchers Home sales
Cases treated 336 460 442 386
Deaths from diarrhoea 0.44 0.26 0.29 0.37
DALYs lost from diarrhoea 11.96 7.14 7.84 10.02

Note: Each death leads to 27.15 lost DALYs, assuming 3% discounting of future years. 2016 was used as the base year for all currency conversions.

Table 4. Cost per additional case treated

Incremental cost

Incremental cases treated

Cost per additional
case treated (ICER)

Relative to Relative to next Relative to

Relative to next Relative to Relative to next

control cheapest alternative control cheapest alternative control cheapest alternative
Control Reference
Home sales $75.07 $75.07 50 50 $1.51 $1.51
Voucher $207.55 $132.48 106 56 $1.96 $2.37
Free delivery $271.42 $63.87 124 18 $2.19 $3.56

Note: 2016 was used as the base year for all currency conversions.

Table 5. Cost per DALY averted

Incremental DALY averted

Cost per DALY averted (ICER)

Relative to next cheapest

Relative to next cheapest

Relative to control alternative Relative to control alternative
Control Reference
Home sales 1.94 1.94 $39 $39
Voucher 4.12 2.18 $50 $61
Free delivery 4.82 0.70 $56 $91

Note: Each death averted saves 27.15 DALY with 3% discounting of future years. Incremental costs are the same as in Table 4. 2016 was used as the base

year for all currency conversions.

delivery and home sales, the estimated effect sizes were most
influential.

Multiway sensitivity analysis (Supplementary Appendix
Figure A2) shows that the ICER for free delivery com-
pared to control was well below the ‘extremely cost-effective’
threshold ($776) for all 1000 simulations (maximum ICER
of around $200 per DALY averted). When comparing free
delivery to home sales, the ICER was within the extremely
cost-effectiveness threshold on 98% of the simulations.

When comparing free delivery to vouchers, the ICER was
within the extremely cost-effectiveness threshold on only 69%
of the simulations, and vouchers was more cost-effective than
free delivery on 31% of simulations.

Discussion

There is a growing body of evidence suggesting that free distri-
bution can dramatically increase the use of life-saving health
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Figure 1. All costs are compared to a baseline monthly cost of $9.22 for
the control group

products (Dupas and Miguel, 2017; Kremer and Glennerster,
2011) and improve health (Dupas et al., 2020). However, it
is not immediately clear that free distribution is cost-effective.
For example, if free distribution produces a large quantity
of wastage with only modest coverage improvements, then a
model with user fees might be preferred. This study shows that
free distribution can be a very efficient use of resources rela-
tive to other distribution strategies and that free delivery to the
home is particularly efficient. The free delivery intervention
costs the implementer only $56 per DALY averted relative to
the status quo, which is comparable to the most cost-effective
maternal and child health interventions available; for exam-
ple, the management of severe malnutrition and micronutrient
interventions costs around 60$ per DALY averted; house-
holds water treatment costs just over $100 per DALY averted
(Black et al., 2016). Moreover, the ease of access associated
with free delivery reduced the time and money households
spent seeking care, which made it cost saving from a societal
perspective.

This work demonstrates that free delivery is more cost-
effective for ORS dispensing than home sales. Home sales is a
key component of entrepreneurial CHW models, which expe-
rienced growing support over the last decade (The Economist,
2012). The support for this type of model is partly based
on a recent RCT that demonstrated a 27% reduction in
child mortality after the introduction of the entrepreneurial
model (Bjorkman Nyqvist et al., 2019). BRAC alone imple-
ments their entrepreneurial model in 12 countries, and several
other organizations have expanded a version of this model all
over the world. Therefore, these findings have international
relevance and provide important evidence for donors decid-
ing on whether to prop up the public sector model, which
generally uses free distribution, or to invest in this type of
entrepreneurial model.

Vouchers were slightly less expensive for implementors
and achieved nearly the same benefit as free delivery. The
additional time spent redeeming the vouchers increased the
costs from a societal perspective. Moreover, households in
the voucher arm were more likely to seek treatment from
someone other than the CHW, resulting in more money spent
on clinic fees and treatment. However, the effectiveness of
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vouchers was not statistically different from free delivery, and
multiway sensitivity analysis demonstrates a large degree of
uncertainty in this comparison. It is possible that the voucher
programme is more efficient in the long run; as the novelty of
the vouchers wears off, people unlikely to use ORS could stop
redeeming vouchers, which has been evident in other voucher
programmes (Dupas et al., 2020).

Although the price of ORS appears to be a barrier to use for
the caretaker, as demonstrated by Wagner et al. (2019), these
products are very cheap from a donor perspective (Wagner
et al., 2019). It costs only about $10 per village per month
to implement the free delivery programme. This cost is likely
well within most budgets for CHW programmes.

This study suggests that free distribution of health prod-
ucts by CHWs could be an optimal strategy, but it is not
yet clear how well our results translate to other health prod-
ucts. ORS is extremely cheap, extremely effective and most
people use it if available and needed (Wagner et al., 2020).
The cost of distributing more expensive products for free
would be higher and most other health products do not
improve child health to the same degree as ORS. However,
there is a growing body of literature suggesting that free dis-
tribution of other health products (e.g. point-of-use water
treatment, bed nets, and deworming medication) is also pre-
ferred to charging (Dupas and Miguel, 2017; Kremer and
Glennerster, 2011).

Blanket-free delivery of ORS would be less cost-effective in
a setting where diarrhoea prevalence is lower than our setting
because the free treatment will go to more households that do
not need it. Vouchers do a better job of targeting free health
products to households that are likely to use them compared
to free home delivery and, in prior work, we demonstrate
that vouchers screened out households that did not have a
case of diarrhoea (Dupas et al., 2020; Wagner et al., 2020).
Therefore, vouchers might be more efficient when diarrhoea
prevalence is low.

We did not include the benefits of increasing zinc use in
this analysis because the health gains from zinc are less well
documented. However, the Third Edition of Disease Control
Priorities ranks zinc added to ORS as the second most cost-
effective intervention for maternal and child health (Horton,
2017). Moreover, free delivery increased ORS + zinc use by
even more than ORS use alone (Wagner et al., 2019). There-
fore, including the benefits of zinc could improve the cost-
effectiveness of free delivery if the health benefits of zinc are
large enough.

Our cost-effectiveness analysis is limited in several ways.
First, ORS is likely to produce less health benefits for less
severe cases of diarrhoea, which has implications for our
cost-effectiveness results. If the additional cases treated under
free delivery were indeed less severe, health gains could be
over-stated. We find in prior work that the additional cases
treated with ORS in the free delivery arm were slightly less
severe compared to the control group (58% in the control
arm compared to 52% in the free delivery arm), although this
difference were not statistically significant (Wagner-Rubin,
2017). The implies that a large portion of the cases treated
in the free delivery arm had severe infection and that effec-
tiveness of ORS for the additional cases treated was com-
parable to the effectiveness in the control arm. Moreover,
our sensitivity analysis shows that even at the lower bound
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of ORS effectiveness, free delivery is still highly cost-effective
(Supplementary Appendix Figure A1).

Second, it is possible that additional programme costs will
arise at scale-up. Other CHW programmes might have higher
costs if this requires setting up new ORS supply chains and
distribution points. However, the costs of free delivery would
have to increase 10-fold in order for the cost per DALY
averted to approach the ‘extremely cost-effective’ thresh-
old of less than the country’s GDP per capita ($776/DALY
averted in Uganda) (Marseille et al., 2014; World Bank,
2019).

CHWs can play a vital role in increasing access to life-
saving health products in poor and rural communities. This
study shows that giving treatment for child diarrhoea away
for free instead of selling is an extremely cost-effective
approach. Implementers of CHW programmes should con-
sider free home delivery of ORS.

Supplementary data

Supplementary data are available at Health Policy and
Planning online.
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