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Abstract

Background

Over half a million children die each year of diarrheal illness, although nearly all deaths
could be prevented with oral rehydration salts (ORS). The literature on ORS documents
both impressive health benefits and persistent underuse. At the same time, little is known
about why ORS is underused and what can be done to increase use. We hypothesized that
price and inconvenience are important barriers to ORS use and tested whether eliminating
financial and access constraints increases ORS coverage.

Methods and findings

In July of 2016, we recruited 118 community health workers (CHWSs; representing 10,384
households) in Central and Eastern Uganda to participate in the study. Study villages were
predominantly peri-urban, and most caretakers had no more than primary school education.
In March of 2017, we randomized CHWs to one of four methods of ORS distribution: (1) free
delivery of ORS prior to illness (free and convenient); (2) home sales of ORS prior to iliness
(convenient only); (3) free ORS upon retrieval using voucher (free only); and (4) status quo
CHW distribution, where ORS is sold and not delivered (control). CHWs offered zinc supple-
ments in addition to ORS in all treatment arms (free in groups 1 and 3 and for sale in group
2), following international treatment guidelines. We used household surveys to measure
ORS (primary outcome) and ORS + zinc use 4 weeks after the interventions began (be-
tween April and May 2017). We assessed impact using an intention-to-treat (ITT) frame-
work. During follow-up, we identified 2,363 child cases of diarrhea within 4 weeks of the
survey (584 in free and convenient [25.6% of households], 527 in convenient only [26.1% of
households], 648 in free only [26.8% of households], and 597 in control [28.5% of house-
holds]). The share of cases treated with ORS was 77% (448/584) in the free and convenient
group, 64% (340/527) in the convenient only group, 74% (447/648) in the free only group,
and 56% (335/597) in the control group. After adjusting for potential confounders, instructing
CHWs to provide free and convenient distribution increased ORS coverage by 19 percent-
age points relative to the control group (95% Cl 13-26; P <0.001), 12 percentage points
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relative to convenient only (95% Cl 6-18; P <0.001), and 2 percentage points (not signifi-
cant) relative to free only (95% CI —4 to 8; P=0.38). Effect sizes were similar, but more pro-
nounced, for the use of both ORS and zinc. Limitations include short follow-up period, self-
reported outcomes, and limited generalizability.

Conclusions

Most caretakers of children with diarrhea in low-income countries seek care in the private
sector where they are required to pay for ORS. However, our results suggest that price is an
important barrier to ORS use and that switching to free distribution by CHWSs substantially
increases ORS coverage. Switching to free distribution is low-cost, easily scalable, and
could substantially reduce child mortality. Convenience was not important in this context.

Trial registration
Trial registry number AEARCTR-0001288.

Author summary

Why was this study done?

« Alarge body of evidence documents that oral rehydration salts (ORS) are extremely
effective at preventing child mortality from diarrhea.

o At the same time, a large evidence base documents persistent underuse of ORS around
the globe.

o The existing literature provides limited insight into why ORS continues to go underused
and what interventions could effectively increase ORS coverage.

What did the researchers do and find?

o We hypothesized that price and inconvenience are important barriers to ORS use.

» We tested this hypothesis by experimentally varying ORS price and convenience using a
cluster-randomized controlled trial (RCT) with a factorial design.

» We demonstrate that making ORS free and convenient through a novel home delivery
intervention carried out by community health workers (CHWs) increased ORS cover-
age from 56% to 77%.

o Moreover, we use our factorial design to show that price was an important barrier to
ORS use, whereas convenience was not important in our setting.

What do these findings mean?

« Although most caretakers in low-income countries seek care in the private sector, where
they are required to pay for ORS, our findings suggest that prices create an important
barrier to use.
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» Having CHWs switch from charging to free ORS distribution is low cost, easily scalable,
and could substantially reduce child mortality.

Introduction

Diarrhea continues to kill over half a million children each year, almost all in poor nations [1].
Fortunately, use of oral rehydration salts (ORS) could avert nearly all of these deaths [2-6].
Thus, in 1978, The Lancet lauded ORS as “potentially the most important medical advance of
this century” [7].

Despite well documented effectiveness in preventing death from diarrhea, most diarrhea
cases in low-income countries still are not treated with ORS [8-13]. In Uganda, the location of
this study, only 46% of diarrhea cases are treated with ORS [14]. More recently, zinc was
added to diarrhea treatment guidelines (in combination with ORS), after zinc was demon-
strated to reduce illness severity and prevent recurrence [15-17]. However, only 40% of cases
in Uganda receive zinc [14].

At the same time, little is known about why use remains low and what can be done to
increase use [18]. Two potentially important barriers to ORS + zinc use are the price and
the inconvenience of accessing these products. Many studies highlight price as a key barrier
to take-up of several other health products [19-22]. Although ORS + zinc is free at public
health clinics, most caretakers seek care in the private sector where they are required to pay
[14]. Similarly, several studies find inconvenience of access reduces health product take-up
[19,20]. Convenience may be especially important for treating child diarrhea because most
children have several cases per year, requiring caretakers to make this inconvenient trip repeat-
edly [14].

In this study, we used a four-armed randomized controlled trial (RCT) to evaluate the
impact of several novel community health worker (CHW)-based interventions aimed at elimi-
nating financial and access constraints to ORS + zinc use (ORS use is our primary outcome,
but the interventions included both ORS and zinc). CHWs are increasingly utilized to expand
access to health products in low-income countries and are a promising mechanism for
improving ORS + zinc coverage. A novel preemptive delivery intervention made ORS + zinc
free and conveniently available inside the home before a child came down with diarrhea (free
and convenient). A preemptive home sales intervention made accessing ORS + zinc conve-
nient, but not free (convenient only). A “free upon retrieval” intervention made ORS + zinc
free, but not as convenient as home delivery (free only). Finally, a control group had CHWs
carry out their normal activities (ORS + zinc were not free and usually not delivered). This
design compares the effectiveness of competing CHW distribution strategies and sheds light
on reasons for underuse of ORS + zinc.

Methods
Trial design

This study used a cluster randomized factorial design in Mukono, Jinja, and Buikwe districts
in Central and Eastern Uganda. We chose a cluster randomized design because the interven-
tions were administered by CHWs, each of whom covers one village. We allocated equal shares
of CHW s (and villages) to each of the four study arms.
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Participants

Community Health Promoters, a CHW program implemented by BRAC Uganda, carried out
the intervention. BRAC hires community members to act as health workers in their village.
Our interventions were designed to change the way that BRAC’s CHWs distribute ORS + zinc.
Under the status quo (our control group), CHWs sell ORS + zinc in addition to an array of
health products, such as chlorine, bed nets, malaria treatment, and other basic household
items (e.g., soap). CHWs purchase products from BRAC at a subsidized price and sell them to
community members for a profit (usually at the market price). BRAC also trains CHWs to
provide very basic primary care and health education, but CHWs do not have any formal med-
ical training. BRAC instructs CHWs to visit each household once per month. In practice, most
CHWs visit only a minority of homes each month [23]. Promotion of ORS + zinc is a key
aspect of BRAC’s CHW program. The market price for a sachet of ORS is 500 Ugandan Shil-
lings (about US$0.15), while a strip of 10 zinc tablets costs 1,000 Ugandan shillings (about US
$0.30).

In July 2016, we worked with BRAC to recruit 118 CHWs (in 118 villages) to participate in
the study. We selected villages to minimize travel costs, so our sample is not representative of
all of Uganda. All villages were within a 3-hour drive from Kampala, Uganda’s capital city, and
most villages were peri-urban (S1 Appendix Fig A has a map of the study area and more details
on the setting).

CHWs are responsible for roughly 88 households with a child under 5 years old (“under
5”). We estimate that the total population of these villages was 10,384 households with a child
under 5.

At the household level, study participants were sampled caretakers of children under 5 who
lived in enrolled villages.

Interventions

We randomly assigned each CHW /village to one of four groups.

1. Free and preemptive home delivery (free and convenient). We instructed CHWs to
visit all of the households in their catchment area with a child under-five at the beginning of
the study and give caretakers two free packets of ORS and ten free tablets of zinc per child
under-five (the recommended quantity for one case of diarrhea) to store in their homes. In
addition, we asked CHWs to provide BRAC’s standard information on ORS + zinc (see S1
Appendix Fig B which is translated from Luganda).

2. Preemptive home sales (convenient only). We instructed CHW: s to visit all of the
households in their catchment area with a child under five at the beginning of the study and
offer to sell ORS + zinc to caretakers at the market price (US$0.15 per ORS packet and US
$0.30 for 10 tablets of zinc, about 13% of the average daily household income in Uganda [24]).
CHWs retained the revenue from any sales. We also asked CHWs to provide the standard
information on ORS + zinc. This intervention is nearly identical to how BRAC designed their
CHW program; however, in practice, most CHWs do not make these household visits.

3. Free upon retrieval (free only). We instructed CHWs to visit all of the households in
their catchment area that contained a child under five years old at the beginning of the study
and provide caretakers with one voucher per child under five that they could redeem at the
CHW’s home for two packets of ORS and 10 tablets of zinc. We also asked CHWs to provide
the standard information on ORS + zinc. On average, it takes about 10 minutes for caretakers
to walk to the CHW’s home.

4. Control. No intervention took place, and CHWs carried out their normal activities.
Caretakers in these villages had standard access to ORS + zinc at local health facilities and
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Table 1. Mechanisms of interventions.

Preemptive home access Free distribution Increased supply Increased information
Control
Free and convenient X X X X
Convenient only X X X
Free only X X X

https://doi.org/10.1371/journal.pmed.1002734.t001

pharmacies. At baseline, most caretakers obtained ORS from a private seller (43%), CHW
(33%), or a public clinic (20%). Almost all caretakers retrieved ORS after the child came down
with diarrhea. Although ORS is free at public health facilities, over 70% of caretakers that used
ORS at baseline paid for it.

We asked all CHWSs to make one visit per household at the beginning of the study. The
only difference between free and convenient distribution and convenient only distribution is
the price charged by the CHW. Therefore, comparing these groups examines the role of ORS
price (and its effect on both CHW effort and household demand) while holding other factors
constant. Similarly, the only difference between free and convenient distribution and free only
distribution is whether the CHW delivers the ORS + zinc ahead of illness or whether someone
must retrieve the products. Therefore, comparing these groups examines the role of conve-
nience (Table 1).

Households assigned to the free and convenient arm were also informed that they would
receive a small incentive (about US$0.30) if they retained the packaging of the treatment that
was delivered, whether or not the treatment was used. Observation of packaging was then used
as an objective measure to validate self-reported ORS usage. It was not feasible to incentivize
retention of packaging in the other three groups, as that would have incentivized acquisition of
new ORS packets. See S1 Appendix Section S3 for more details on how the field team imple-
mented the incentives for package retention and for evidence on why this does not bias self-
reported estimates.

Randomization

The authors conducted randomization stratified by six BRAC branches, which are local offices
responsible for coordinating CHW activities (19-20 CHWs per branch), and baseline ORS use.
We used the “randtreat” package in StataSE version 14.2 (StataCorp, College Station, TX) to
randomize, which bins villages in each of the different strata and randomly assigns to a study
arm within strata using a random number generator. Masking of participants was not feasible;
data analysts were not masked either, but analysis followed a detailed pre-analysis plan.

Training CHW:  to carry out interventions

We asked CHWs that were assigned to one of the treatment groups to attend a 1-hour training
session at the local BRAC office. We conducted the trainings for the three different interven-
tions separately and asked trainees not to discuss the training with other CHWs. Trainings
were identical across treatment groups aside from instructions on distributing ORS + zinc. See
S1 Appendix Section S1 for full instructions.

After the training, we gave all trainees a box filled with two ORS packets and 10 zinc tablets
per child under 5 in their catchment area. CHW s were responsible for an average of 88 house-
holds with a child under 5, and we provided each CHW with an average of 290 packets of ORS
and 145 strips of zinc (10 tablets per strip). We provided the same quantity of ORS + zinc
regardless of intervention group assignment.
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CHWs agreed to make these deliveries or sales visits within 3 days of the training. We paid
CHW s roughly US$6 at the training and said we would pay them an additional US$6 after
they carried out the interventions. Although CHWs may have perceived this payment as per-
formance-linked, we ultimately provided the full payment to all CHWSs that we trained. Pay-
ment instructions and distribution was identical for each treatment arm.

Sampling and data collection

After enrollment but prior to random assignment, CHWs listed all households in their catchment
area with a child under 5, which was used as a sampling frame. After the village listing, we con-
ducted a baseline survey (July 20, 2016 to August 3, 2016), in which we visited the 40 households on
the list who lived closest to the CHW’s home. We used the baseline sample for stratified randomiza-
tion (described above) to assess village-level balance between study groups on important baseline
characteristics (e.g., ORS use) and to control for potential pre-intervention village-level characteris-
tics. Therefore, baseline sample size is less important for statistical power in our endline analysis,
and we chose a larger endline sample (80 households per village) to maximize statistical power.

One month after the interventions were implemented, we conducted an endline survey, in
which we visited the 80 closest households to the CHW’s home on the list. If a village had
fewer than 80 households with an under-5 child (roughly 50%), we visited all homes on the
list. It is important to note that we instructed CHWs to carry out the intervention for all of the
households in their catchment area, not just the 80 we surveyed. They also did not know
which households we would survey. We ended up sampling 75% of the household in the sam-
pling frame. A 1-month follow-up period was a sufficient duration for roughly one-third of
the households to have a case of diarrhea, which is what we used to estimate statistical power.
Caretakers gave oral informed consent to participate.

At baseline and endline, caretakers who reported a diarrhea case within the last 4 weeks
were asked a series of question about case management as well as about prior diarrhea treat-
ment behavior, knowledge, and characteristics about the household, caretaker, and child.
Caretakers who did not report a recent case completed only a short survey asking about take-
up of ORS + zinc and contact with the CHW. The main analysis includes only caretakers who
cared for a child with a recent case of diarrhea.

Outcomes

Because some caretakers cared for multiple children with diarrhea, we assessed outcomes at
the diarrhea case level. Our prespecified primary outcome was caretaker-reported ORS use for
a case of child (under-5) diarrhea that occurred within the last 4 weeks. We measured ORS use
through a series of questions about whether the caretaker used ORS to treat the recent case.
Each case was coded as 1 if the caretaker reported using any ORS and 0 otherwise.

We also examined several secondary treatment outcomes. We examined zinc use in combi-
nation with ORS, which is the USAID-/WHO-/UNICEF-recommended treatment [17]. We
examined the time between diarrhea onset and ORS use. Finally, we examined use of antibiot-
ics, which are typically unnecessary for child diarrhea. Thus, use of antibiotics largely contrib-
utes to antibiotic resistance without benefiting the child. At the request of an anonymous
reviewer, we also added an ex post outcome of any use of zinc.

Sample size

We powered the study to detect (at the 95% level) an 11- to 14-percentage point difference
(depending on assumptions about intraclass correlation) in ORS use between treatment arms
with power of 0.8.
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Statistical analysis

We used an intention-to-treat (ITT) framework for our main analyses, which tested three
hypotheses: (1) making ORS free and convenient increases ORS use relative to a control
group, (2) making ORS free and convenient increases ORS use more than making it conve-
nient only (role of price), and (3) making ORS free and convenient increases ORS use more
than making it free only (role of convenience). Although some CHWs did not carry out the
intervention properly, we included all CHWs and all households in an ITT analysis to preserve
the unbiasedness benefits of randomization. Thus, our estimated effects capture how each
intervention affected the behavior of both CHWs and households.

We used logistic regressions to examine the impact of the interventions. For diarrhea treat-
ment outcomes, we used an unadjusted model and an adjusted model that included several
pre-specified control variables to correct for potential imbalance and improve the precision of
our estimates. Prespecified control variables included branch fixed-effects, caretaker character-
istics (age, education, number of children), child characteristics (age, diarrhea frequency,
blood in stool, concurrent fever), household characteristics (water source, latrine type, main
source of income), and baseline village characteristics (percentage of households using respec-
tive treatment, percentage of households visited by CHW in past month, percentage of house-
holds aware of free ORS in village, percentage of households with ORS stored in their home).

We clustered standard errors at the village level (using Stata’s -cluster- command) and ana-
lyzed data at the case level [25,26]. All analyses were carried out in StataSE version 14.2. See S1
Appendix section S2.1 for more details on the regression specifications.

For secondary treatment outcomes, we adjusted P values for multiple hypothesis testing
using the free step-down resampling method to control the false discovery rate (see section S6
of the S1 Appendix for details) [27].

A study protocol and pre-analysis plan are available at the AEA RCT Registry (registry
number AEARCTR-0001288). There were no adverse events reported.

Ethics approval

We obtained ethics approval from the UC Berkeley Committee for Protection of Human Sub-
jects, Mildmay Uganda Research Ethics Committee, and Uganda National Council for Science
and Technology.

Results

We recruited 4,150 caretakers to participate in the baseline survey in July 2016. We random-
ized and trained CHWs to carry out the interventions in March of 2017 and followed up with
a household survey of 7,949 caretakers in April and May of 2017 (4 weeks after the interven-
tions started). Random assignment resulted in 30 CHWs in the free and convenient arm, 29
CHWs in the convenient only arm, 29 CHWs in the free only arm, and 30 CHWs in the con-
trol arm (see Fig 1). Of the 88 CHWs invited to a training session, 86 attended. In two villages
assigned to free and convenient distribution, the CHW quit after random assignment and
BRAC did not hire a replacement. Therefore, the intervention was not carried out in these vil-
lages. However, we still included these villages in the ITT analysis.

We identified 1,770 cases of diarrhea at baseline (33% of caretakers reported a case) and
2,363 cases at endline (27% of caretakers reported a case). Four caretakers refused to partici-
pate in the survey, and we excluded seven cases because the caretaker did not know how the
diarrhea was treated. We analyzed 2,356 endline cases of diarrhea: 584 in free and convenient
(25.6% of households), 527 in convenient only (26.1% of households), 648 in free only (26.8%
of households), and 597 in control (28.5% of households).
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118 villages randomly assigned
using stratified allocation
(Estimated Households=10,384 )

\4

Allocation

\ 4

30 villages
allocated to
Control

\4

\ 4

30 villages
allocated to
Free and Convenient

\4

Exclusion

\ 4

29 villages
allocated to
Convenient Only

\4

A\

29 villages
allocated to
Free Only

\ 4

Excluded from analysis

Excluded from analysis

Excluded from analysis

Excluded from analysis

534 caretakers w/ case
597 cases

529 caretakers w/ case
584 cases

480 caretakers w/ case
527 cases

0 villages 0 villages 0 villages 0 villages
6 carctakers 1 caretaker 2 caretakers 1 caretaker
3 refused 0 refused 1 refused 0 refused
3 no outcome 1 no outcome 1 no outcome 2 no outcome
Analysis
\d \d \ v
Analyzed Analyzed Analyzed Analyzed
30 villages 30 villages 29 villages 29 villages
1,873 caretakers 2,064 caretakers 1,842 caretakers 2,159 caretakers

579 caretakers w/ case
648 cases

Fig 1. Randomization diagram. Number of villages is equivalent to number of CHWs. “Caretakers” include the sample that completed the endline survey.
“Caretakers w/ case” include the sample that completed the endline survey and cared for a case of diarrhea in the last 4 weeks. “No outcome” implies that
caretakers did not know whether the case was treated or what treatment was used. “Estimated households” only includes households with a child under 5 and
assumes 88 households with a child under 5 per village (the average in our sample).

https://doi.org/10.1371/journal.pmed.1002734.9001

Table 2 displays characteristics of the sample and baseline diarrhea treatment characteristics
of the villages. Characteristics, including ORS coverage, were similar between groups at base-
line. However, a multinomial logit regressing treatment assignment on all covariates produced
a chi-squared test statistic with a P value of less than 0.01 (S1 Appendix section S2.2). This
result suggests that covariates are jointly predictive of treatment assignment, which is indica-
tive of imbalance and provides motivation for including controls.

Fig 2 presents unadjusted diarrhea treatment outcomes for cases that occurred in the prior
4 weeks to the endline survey. ORS coverage was 76.7% (448/584) in the free and convenient
group, 64.3% (340/528) in the convenient only group, 73.7% (477/647) in the free only group,
and 56.1% (335/597) of cases in the control group (see S1 Appendix Table F for unadjusted
means).

Table 3 presents unadjusted and adjusted effect sizes of free and convenient distribution rel-
ative to the other groups. P values for secondary outcomes—used ORS on same day as diarrhea
began, used ORS + zinc, and used antibiotics (family size of three)—were adjusted for multiple
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Table 2. Sample characteristics and baseline diarrhea case management.

Control Free and convenient Convenient only Free only
Households with case of diarrhea 28.5% 25.6% 26.1% 26.8%
Caretaker characteristics
Age 28.5 30.1 28.3 29.7
Number of children 2.9 3.1 3.0 3.1
Highest education
None 8.0% 11.8% 5.5% 9.4%
Primary 54.2% 45.6% 46.5% 48.4%
Secondary+ 37.8% 42.6% 48.0% 42.2%
Child characteristics
Child age (months) 22.9 239 22.2 24.3
Male 53.8% 54.4% 52.9% 53.3%
Diarrhea case characteristics
Blood in stool 7.0% 5.8% 10.6% 6.2%
Concurrent fever 55.3% 51.3% 56.3% 57.3%
Water source
Piped 14.2% 18.5% 23.8% 27.1%
Protected well 69.3% 68.4% 57.8% 56.1%
Unprotected source 13.3% 9.6% 12.9% 13.4%
Baseline diarrhea treatment characteristics of village®
Percentage of cases used ORS (last 4 weeks) 60.9% 62.2% 58.6% 59.1%
Percentage of cases used ORS + zinc (last 4 weeks) 35.2% 35.6% 29.9% 36.9%
Percentage heard of ORS 96.6% 94.6% 95.6% 98.5%
Percentage aware of free ORS in village 27.4% 25.5% 38.0% 33.2%

“Baseline diarrhea treatment characteristics were collapsed to the village level and merged with endline data.

Unit of observation = case of diarrhea. Multinomial logit regressing treatment assignment on all covariates in the table produces chi-squared test statistic with P < 0.01,

which rejects perfect randomization.
Abbreviation: ORS, oral rehydration salts.

https://doi.org/10.1371/journal.pmed.1002734.t002

hypotheses as describe above. We present estimates as the impact of free and convenient relative
to the other treatment arms because our primary research questions all involve this comparison
(i.e., impact of free and convenient distribution, role of price, and role of convenience). After
adjusting for covariates, the free and convenient distribution arm had 19 percentage points
higher ORS coverage than the control group (95% CI 13-26; P < 0.001), 12 percentage points
higher than the convenient only arm (the role of price; 95% CI 6-18; P < 0.001), and 2 percent-
age points higher (not significant) than the free only arm (the role of convenience; 95% CI —4 to
8; P =0.38). The increase in ORS usage for the free and convenient distribution arm was largest
in villages that had lower ORS coverage prior to the intervention (Fig 3).

ORS + zinc coverage was more than twice as large in the free and convenient group relative
to the control group (63.5% versus 30.7%; adjusted difference of 31 percentage points; 95% CI
21-41; P < 0.001) and 40% larger in the free and convenient group relative to convenient only
(63.5% versus 45.3%; adjusted difference of 17 percentage points; 95% CI 9-26; P < 0.001).
The gap in ORS + zinc use between free and convenient and free only was small and not statis-
tically significant (adjusted difference of 3 percentage points; 95% CI —6 to 12; P = 0.603).

Free and convenient distribution also reduced the time to ORS use; 19.5% of cases in the
control arm and 19.6% in the convenient only arm were treated with ORS on the same day as
diarrhea onset. In the free and convenient group, 38.7% of cases were treated on the same day
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Fig 2. Unadjusted diarrhea treatment outcomes. Exposure to interventions was incomplete (60% in free and
convenient; 19% in convenient only; 42% in free only). Estimates are ITT, and the sample includes all households with
a case of diarrhea in 4 weeks leading up to the interview (control = 597; free and convenient = 584; convenient

only = 527; free only = 648). The confidence intervals were estimated using logistic regressions with standard errors
clustered by village, calculated using the Delta method [28]. All were outcomes prespecified. ITT, intention to treat;
ORS, oral rehydration salts.

https://doi.org/10.1371/journal.pmed.1002734.g002

(adjusted difference of 18 percentage points; P < 0.001 for both). Free and convenient distri-
bution also increased ORS use on the same day as diarrhea onset by 7 percentage points rela-
tive to the free only arm, although results were not statistically significant (adjusting for
controls, 95% CI -1 to 15). Results were similar with a Cox proportional hazard model esti-
mating days to ORS use (truncated at 7 days, S1 Appendix Table B).

In the control group, 26.3% of cases used an antibiotic, which was modestly higher than the
19.3% usage in the free and convenient group (adjusted difference of —8 percentage points;
95% CI —14 to —1; P = 0.04). This is the only result we report in which including covariates
makes a difference, as the raw gap is only statistically significant at the 8% level. There was no
statistically significant difference in antibiotic use among the several treatment arms.

Exposure to the interventions was modest, suggesting that effects could be larger with better
implementation (Table 4). Just over 60% of households in villages assigned to the free and con-
venient group reported a free delivery of ORS, under 20% of households in the convenient
only group received an offer to sell ORS at the home, and 42% of households in the free only
group received vouchers. There was also some spillover of the interventions; 9.8% and 17.6%
of households in the convenient only and free only groups, respectively, received a free delivery
of ORS + zing, both statistically significant increases over the control group (P < 0.01 for
both).

Intermediate outcomes (take-up and storage of ORS) were as expected (Table 4). All treat-
ment arms had more interaction with the CHWs and more take-up of ORS than did the con-
trols. The free and convenient group had more ORS take-up and home storage than the free
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Table 3. Effect sizes from logistic regressions: Free and convenient distribution compared to other arms.

Primary Outcome

Used ORS (primary outcome)

Secondary Outcomes

Used ORS on same day as diarrhea began

Used ORS + zinc

Used antibiotics

Ex-Post Outcome

Used zinc

Free and Convenient Versus Control Free and Convenient Versus Free and Convenient Versus Free
Convenient Only (role of price) Only (role of convenience)
Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

0.21 0.19 0.12 0.12 0.03 0.02

(0.13 to 0.28) (0.13 to 0.26) (0.05 to 0.19) (0.06 to 0.18) (-0.04 to 0.10) (—0.04 to 0.08)
0.19 0.18 0.19 0.18 0.07 0.07

(0.11 to 0.27) (0.11 to 0.25) (0.11 to 0.27) (0.10 to 0.25) (~0.01 t0 0.16) (~0.01 t0 0.15)
0.33 0.31 0.18 0.17 0.03 0.03

(0.22 to 0.44) (0.21 to 0.41) (0.09 to 0.28) (0.08 to 0.26) (~0.06 t0 0.13) (~0.06 t0 0.12)
-0.07 -0.08 -0.05 -0.05 0.04 0.03

(-0.14 t0 0.01) (—0.14 to —0.01) (=0.12 t0 0.03) (-0.12 t0 0.02) (=0.03 t0 0.12) (—0.04 to 0.10)

0.29 0.27 0.15 0.15 0.02 0.02
(0.18-0.41) (0.17 t0 0.37) (0.06-0.24) (0.06 to 0.23) (—0.08 t0 0.12) (—0.07 t0 0.12)

95% ClIs from logistic regression in parentheses. Differences estimated using recycled predictions from logistics regressions (see S1 Appendix Section S2.1). Standard

errors clustered at the village level and estimated using the Delta method [28]. Adjusted models control for prespecified control variables including branch fixed-effects,

caretaker characteristics (age, education, number of children), child characteristics (age, diarrhea frequency, blood in stool, concurrent fever), household characteristics

(water source, latrine type, main source of income), and baseline village characteristics (percentage of households using respective treatment, percentage of households

visited by CHW in past month, percentage of households aware of free ORS in village, percentage of households with ORS stored in their home). See S1 Appendix

Table A for full regression results. Secondary outcomes were prespecified, and P values were adjusted for multiple hypotheses (see SI Appendix Section S6). Ex-post

outcome was not prespecified and was requested ex-post by an anonymous reviewer.

Abbreviations: CHW, community health worker; ORS, oral rehydration salts.

https://doi.org/10.1371/journal.pmed.1002734.t003

only and convenient only arms (P < 0.001 for all). This suggests that the interventions worked
through the expected channels.

CHWs assigned to free and convenient or free only distribution made more home visits
than CHWs assigned to convenient only (Table 4). Follow-up interviews with CHW's suggest
that they avoided sales visits when they expected a household to decline. In contrast, delivering
free ORS or vouchers was appealing to CHWSs because it increased status and/or invoked altru-
ism. These results suggest that instructions to charge for ORS reduces CHW effort (in addition
to reducing household demand).

We used several strategies to validate our primary outcome of self-reported ORS use. First, we
paid households in the free and convenient group a small incentive to retain the packaging for the
treatment delivered by the CHWs (both used and unused). Although most households disposed
of empty packets, 92% of households that reported using ORS had fewer packets to show than
they reported obtaining, suggesting that the missing packets had indeed been used (S1 Appendix
Section S3 and Table C). Next, we used negative controls (placebo tests) to assess the impact of
the interventions on behaviors related to child health that should not be affected by the interven-
tions: malaria treatment, bed net usage, consumption of unclean food or liquid, and hand wash-
ing. We found no statistically significant effect of any of the treatments on these placebo outcomes
(S1 Appendix Table D). Finally, we used shorter recall periods to mitigate recall bias (i.e., any diar-
rhea in the last 7 days [instead of 4 weeks] and cases ongoing at the time of the survey). Point esti-
mates from these analyses are similar to the results in Table 3 (S1 Appendix Table E).

We were also concerned about differential reporting of diarrhea episodes, which could
compromise the comparability of the groups. To bound this potential bias, we assumed that
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Fig 3. Endline ORS use by baseline village-level ORS use. This figure presents the effect size of the free + convenient

intervention relative to the control group at different levels of baseline ORS coverage. The x-axis represents the cut points of
the quartiles of baseline village-level ORS coverage; quartile 1 = 11%-24%; quartile 2 = 25%-58%; quartile 3 = 59%-78%; and

quartile 4 = 79%-100%. The y-axis represents endline ORS coverage. This figure demonstrates that the intervention had a

stronger effect among villages with particularly low ORS use at baseline. Interaction models show that the treatment effect is

statistically different between <25% and >78% (interaction term = 0.249; P = 0.018) and between 59%-78% and >78%
(interaction term = 0.156; P = 0.079). ORS, oral rehydration salts.

https://doi.org/10.1371/journal.pmed.1002734.9003

prevalence in the free and convenient group was identical to that in the control group, adding
about 71 cases to the free and convenient group. We assumed that none of these cases used
ORS, which reduced ORS coverage in the free and convenient group to 69%, still a 13 percent-
age point increase over the control group (P < 0.001). Thus, potentially differential reporting
of a diarrhea episode cannot fully explain the higher ORS use in the free and convenient arm.

Discussion

Instructing CHWs to distribute ORS + zinc for free (either with free delivery ahead of illness
or with a voucher) substantially increased household usage of these products relative to a sales
model. Relative to the status quo, the free and convenient distribution model increased ORS
coverage by 37% (21 percentage points) and more than doubled ORS + zinc coverage (33 per-
centage point increase). Moreover, only 60% of households actually received the free home
deliveries, suggesting that usage could be improved further with better CHW adherence.
These results suggest that CHW programs that sell ORS + zinc should consider switching to
free distribution.

Our study is the first we are aware of to examine the causal impact of the price of ORS
+ zinc on utilization [18]. Households in the free and convenient arm had 19% (12 percentage
points) higher ORS coverage and 40% (18 percentage points) higher ORS + zinc coverage
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Table 4. Intermediate outcomes in 4 weeks following interventions (recall = last 4 weeks).

Control Free and Convenient Convenient Only Free Only

Exposure to Interventions (bolded numbers represent the share of households
that reported receiving the assigned intervention)

Received preemptive delivery® 3.1% 60.5% 9.8% 17.6%
Received home sales offer” 8.1% 11.9% 19.4% ¥ 11.9%
Received voucher 2.2% 4.4% 2.4% 12.4%
Take-Up (in Last 4 Weeks) and Home Storage
Obtained any ORS* 24.7% 70.1% 37.2% 54.3%
ORS stored when diarrhea episode began® 8.5% 50.3% 15.7%** "% 33.3%
Obtained any zinc® 14.7% 67.1% 28.1% 49.7% **
Zinc stored when diarrhea episode began® 6.8% 48.1% 11.2%*%* 31.0%
Treatment Seeking and CHW Contact in Last 4 Weeks
Received home visit from CHW" 23.7% 61.0% 35.5%"**** 55.3%
Visited CHW’s home® 18.7% 27.2%" 22.9% 44.1%
Sought treatment outside home® 65.8% 52.6% 70.5%""* 66.6%""*
Sought treatment from non-CHW® 59.8% 352% 54.4%""* 39.0%

*Includes all caretakers.

*Includes only caretakers that reported a diarrhea episode in last 4 weeks.

'P < 0.1 relative to control.

“P<0.05.

TP <0.01.

*P < 0.1 relative to preemptive delivery.

*P < 0.05.

P <0.01

Abbreviations: CHW, community health worker; ORS, oral rehydration salts.

https://doi.org/10.1371/journal.pmed.1002734.1004

relative to households in the convenient only arm. This suggests that price is an important bar-
rier to ORS + zinc use and has implications beyond CHW programs. Other efforts to increase
ORS + zinc coverage should focus on increasing access to free treatment (e.g., through pre-
emptive free distribution during child immunization and health check-ups or through public-
private partnerships with private health clinics).

Part of the lower usage in the convenient only arm was driven by fewer CHW visits than in
the other treatment arms. CHWs in the free and convenient and free only arms were nearly
twice as likely as CHWs in the convenient only arm to visit a given household. In addition to
distributing either ORS or vouchers, these added visits in the free distribution arms may have
increased ORS use through increased ORS education or by making ORS use more salient.

The lower share of households visited by a CHW in the convenient only arm surprised us
because CHWs in this arm retained 100% of sales revenue as profits. Ex-post conversations
with the CHWs in the home sales arm revealed that they found sales visits unpleasant. In con-
trast, CHWs liked free distribution because it increased their status in the community and
may have invoked altruism. These results suggest that sales visits carried a social penalty,
whereas free distribution was socially rewarding.

There is growing support for entrepreneurial CHW models [23,29]. However, our study
suggests that a market-driven model can both lower ORS demand from households and
reduce CHW motivation (compared to free distribution). Our findings add to the existing evi-
dence that prosocial incentives are sometimes more effective than financial incentives at moti-
vating health workers [30,31].
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Ours is also the first study we are aware of to examine the causal impact of convenience on
ORS use [18]. There was no statistically significant difference in ORS use between free and
convenient distribution and free only distribution arms, suggesting that convenience was not
an important barrier to use in this setting. Most caretakers were willing to endure the small
hassle cost of retrieving the free ORS from the CHW’s home. Over half of caretakers lived
within a 5-minute walk to the CHW’s home. Thus, it is possible that this short distance was
not enough to dampen demand. This lack of detectable effects for convenience could also
partly be explained by our sampling strategy, which excluded the most distant households in
the CHW’s catchment area. Therefore, in the context of our study the free and convenient arm
and free only arm had very similar interventions. Lack of convenience could be a stronger bar-
rier in less densely populated areas, where retrieval costs are larger. Indeed, people that were
further from the CHW’s home were less likely to use ORS in all study arms (S1 Appendix Fig
C). Future research should examine how programs such as ours affect households living fur-
ther from the CHW than in our sample.

In addition to increasing ORS coverage, free and convenient distribution also reduced the
time between diarrhea onset and ORS initiation. Mortality from diarrhea can occur quickly,
and treatment guidelines recommend immediate initiation of ORS after the first symptoms
[17]. Accelerating the start of ORS could provide meaningful health benefits. It appears that
the reduction in time to ORS initiation was partly driven by a convenience effect—making
ORS more convenient through preemptive delivery made ORS use happened quicker than
requiring retrieval from the CHW’s home—but this result was not statistically significant at
conventional levels. However, many caretakers in the free only arm redeemed their vouchers
prior to a child having a diarrhea episode (33% of cases had ORS stored when the episode
began, relative to only 8% in control villages; Table 4). Thus, these households already had
ORS conveniently available when the child came down with diarrhea. This preemptive
retrieval could partly explain why we do not observe a convenience effect.

This is one of the first randomized trials studying ways to increase ORS use [18,23,32]. A
recent systematic review found a shortage of rigorous studies that evaluated interventions to
increase ORS use [18]. In work since this review, Bjorkman, et al. (2016) used an RCT to exam-
ine the impact of the BRAC CHW program on ORS use in Uganda (relative to no CHWs) and
found that the program led to a modest increase in ORS + zinc coverage (from 33% to 38%)
[23]. Our results suggest that simply switching to free CHW distribution of ORS + zinc can
lead to ORS + zinc coverage levels over 60%, a substantial improvement over the status quo.

This study also contributes to our limited understanding of why ORS use remains stagnant
[8,13]. Although there is a substantial amount of resources allocated towards increasing ORS
use, there is little evidence on whether these interventions are targeting the right barriers. Our
results suggest that resources should be allocated towards increasing access to free ORS.

Free distribution of ORS + zinc could be scaled up by BRAC without much additional effort
from health workers or administrators—supply chains are already in place, BRAC already distrib-
utes ORS to CHWs monthly (at a cost), and BRAC already instructs CHW's to make household
visits. Many CHWSs in Uganda and elsewhere sell ORS (e.g., BRAC’s CHWs are in over 3,000 vil-
lages in Uganda and in 12 other countries). Thus, having CHWSs switch to providing ORS for free
is a simple intervention that could lead to large health improvements. For example, if all of
BRAC’s 3,000 CHWs in Uganda switched to free distribution of ORS, this intervention would
result in about 14,400 additional cases treated with ORS per month, saving about 19 lives per
month (see S1 Appendix Section S4 for calculation details). If scale-up in areas where there is no
existing CHW or where CHWs are regularly not stocked with ORS supply would require more
up-front effort. However, the impact of free and convenient ORS distribution could be even larger
in these areas because they are likely to have lower baseline ORS coverage (see Fig 3).
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Although the price of ORS (US$0.15) appears to be a barrier to use for caretakers, it is
cheap from an implementer perspective—it would cost less than US$10 per month to imple-
ment the free preemptive delivery program in one village. Because ORS is one of the most
cost-effective child health interventions available [33], switching from charging to free distri-
bution is extremely cost-effective. In preliminary work, we estimate that switching to free and
convenient distribution would cost only US$64 per disability-adjusted life year averted [34].

Our results cannot be extrapolated to other health products. However, this work adds to a
growing body of literature suggesting that free distribution of other health products substan-
tially increases product coverage (e.g., point-of-use water treatment, bed nets, and deworming
medication) [20]. This suggests that having CHWs distribute other products for free might
also be the preferred strategy.

A key limitation of this study is that we only identified short-term impacts. It is not clear
whether the effectiveness of free distribution will continue in the long run if scaled up. Moreover,
amodel of free distribution might not be financially sustainable over time. However, governments
throughout the world have been distributing ORS for free for several decades. In Uganda, 88% of
public facilities have ORS stocked, suggesting that, in the public sector experience, free distribu-
tion is financially sustainability [35]. Moreover, children treated for diarrhea in the public sector
are much more likely to be treated with ORS than those treated in the private sector [12]. Free dis-
tribution of other health products—e.g., deworming pills, chlorine for drinking water, and bed
nets—have been scaled up with great success by private organizations in a sustainable way [36-
39]. Although private nongovernmental organizations, such as Population Services International
(PSI), initially “socially marketed” these products, evidence on the benefits of free distribution
[21] changed practice, and now PSI distributes many products for free [36].

Another potential concern not captured in our short follow-up period is that free distribu-
tion could reduce the number of private providers who stock ORS. This could dilute the effec-
tiveness of our intervention. Free distribution of other health products has not been shown to
effect local markets [40], but more evidence is needed to understand the private sector
response to an increase in free ORS.

This study has several other limitations. First, our measure of ORS use relies on caretaker
reports. Although caretaker reports are used to monitor ORS use globally, self-reported data
rely on accurate memory and could be subject to social desirability bias. We demonstrated that
comparing observed packets to total packets obtained produced similar ORS coverage esti-
mates as caretaker reports (S1 Appendix Section S4). However, we were only able to count
packets in the free and convenient group and therefore were not able to use this measure as an
outcome. Future studies should identify a more robust way of measuring ORS use. Second,
our sample is not representative of the rest of Uganda. All villages had a CHW present in the
village at baseline, which could explain above average baseline ORS use (60% compared to a
46% country average). Moreover, most villages were peri-urban, whereas much of Uganda is
rural. Therefore, it is unclear what these effects would look like if scaled up nationwide. How-
ever, we find that the effect of free and convenient distribution is larger for households in vil-
lages with lower baseline ORS use, which are more representative of the rest of Uganda (Fig 3).
Therefore, it seems plausible to expect that the effect of free and convenient distribution would
be at least as large in the short term if scaled up to other Ugandan villages. Finally, 9.8% and
17.6% of CHWs in the convenient only and free only arms delivered treatment for free, which
attenuates our estimates of the role price and the role of convenience. Informal conversations
with CHWs and the study team revealed that they were socially rewarded for giving treatment
away for free, which could explain this deviation from the study protocol. However, CHW
deviation from protocol is likely to play out upon scale-up as well. Thus, the extra free delivery
in these groups could be an accurate portrayal of the true effect of each intervention.
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ORS + zinc is extremely effective at preventing mortality from diarrhea, yet it remains
largely underused. As a result, hundreds of thousands of children die each year. This study sug-
gests that having CHWs provide these products for free rather than charging has the potential
to save many of these lives. Implementers of CHW programs should consider free distribution
of ORS + zinc.
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