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Summary
Background Inadequate intake of fruits and vegetables is prevalent in rural areas of India, where around 65% of the
population reside. Financial incentives have been shown to increase the purchase of fruits and vegetables in urban
supermarkets, but their feasibility and effectiveness with unorganised retailers in rural India is unclear.

Methods A cluster-randomised controlled trial of a financial incentive scheme involving ∼20% cashback on purchase
of fruits and vegetables from local retailers was conducted in six villages (3535 households). All households in three
intervention villages were invited to participate in the scheme which ran for three months (February–April 2021),
while no intervention was offered in control villages. Self-reported (pre-intervention and post-intervention) data on
purchase of fruits and vegetables were collected from a random sub-sample of households in control and
intervention villages.

Findings A total of 1109 households (88% of those invited) provided data. After the intervention, the weekly quantity of
self-reported fruits and vegetables purchased were (i) 18.6 kg (intervention) and 14.2 kg (control), baseline-adjusted
mean difference 4 kg (95% CI: −6.4 to 14.4) from any retailer (primary outcome); and (ii) 13.1 kg (intervention) and
7.1 kg (control), baseline-adjusted mean difference 7.4 kg (95% CI: 3.8–10.9) from local retailers participating in the
scheme (secondary outcome). There was no evidence of differential effects of the intervention by household food
security or by socioeconomic position, and no unintended adverse consequences were noted.

Interpretation Financial incentive schemes are feasible in unorganised food retail environments. Effectiveness in
improving diet quality of the household likely hinges on the percentage of retailers willing to participate in such a
scheme.
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Research in context

Evidence before this study
We searched PubMed, Web of Science and EconLit for papers
in any language published from Jan 1, 1990, to Dec 31, 2020.
The search terms used were “financial incentive or reward”
and “fruits or vegetables” and restricted to “randomised
controlled trial or systematic review”. We reviewed the 68
returned abstracts to identify 18 relevant articles, mostly
based on same few interventions in US cities. The risk of bias
for many studies was moderate (many well-conducted studies
but based on a before-after, rather than randomised
controlled, design). While the studies consistently showed the
effectiveness of financial incentives in increasing the purchase
of fruits and vegetables from organised retailers (i.e.,
supermarkets or large grocers), we found no studies in the
context of unorganised retailers (e.g., street vendors) typically
seen in rural areas of low-income and middle-income
countries.

Added value of this study
To our knowledge, this is the first randomised controlled trial
of a financial incentive scheme aimed at increasing the
purchase of fruits and vegetables from unaffiliated retailers in
a rural area of a low-income or middle-income country. The
results confirm the feasibility of using such interventions in
unorganised food retail environments and suggest that such
interventions may be effective, although the study was not
large enough to yield definitive results.

Implications of all the available evidence
The evidence on feasibility of the intervention and promising
(although not confirmatory) results seen in this study, taken
together with previous evidence from other contexts and the
limited risks associated with such an intervention, encourages
policy makers to consider use of financial incentives in
promoting healthier food choices.

Articles

2

Introduction
Low intake of fruits and vegetables is amongst the
leading causes of death and disability globally.1 It in-
creases the risk of cardiovascular disease, diabetes,
cancer, poor bone health, impaired vision, mental health
disorders, and micronutrient deficiencies.2 From a
planetary perspective, lower intake of fruits and vegeta-
bles relative to animal-based foods is associated with
increased greenhouse gas emission, accelerated soil and
ecosystem damage, and greatly increased water usage,
among other challenges.

Intake of fruits and vegetables in India is amongst
the lowest in the world, with three-fourths of the pop-
ulation estimated to consume less than the WHO
recommendation of 400 g daily.3 The intake of fruits and
vegetables in rural India (total rural population ∼900
million) is even lower than in urban India.3,4 With
increasing urbanisation and globalisation, communities
in rural India will undoubtedly be exposed further to
environmental risk factors of non-communicable dis-
eases. The establishment of healthy dietary patterns,
including sufficient intake of fruits and vegetables, at an
early stage of epidemiological transition may help to
stem the unfolding epidemic of non-communicable
diseases in rural India, as well as limiting the environ-
mental impacts of these changes.5,6

Attempts to increase the intake of fruits and vegeta-
bles through nutrition education programs have met
with limited success globally. Whilst improving knowl-
edge is important, people’s food choices are influenced
more strongly by the environments in which these
choices are made; as a result, there is a strong interest in
evaluating interventions that target food environments.
Among these, a range of grocery store interventions,
including product labelling and positioning, promotions,
subsidies, and notably financial incentives (as cash or
vouchers that can be exchanged for desirable items), have
been evaluated.7 However, these studies were invariably
conducted in supermarkets (or large grocers) of high-
income countries (or urban areas of some middle-
income countries).7–9 Furthermore, many of these
studies are observational or pre-post intervention
studies, and we are not aware of any randomised evalu-
ations of financial incentives for fruit and vegetable
intake outside of the United States (apart from one trial
in France).10–13 There is little evidence on the effects of
incentives and incentive types (e.g., level, type, or mo-
dality) on grocery shopping behaviours in rural areas of
low-income and middle-income countries (LMICs),
where most groceries are purchased from a variety of
unorganised retailers such as street vendors, leaving
policy makers with little basis for designing effective
interventions.14

To address this research gap, we developed a finan-
cial incentive scheme in partnership with a rural com-
munity in India and evaluated its effectiveness. Our
primary hypothesis was that the financial incentive
scheme would result in an overall increase in the total
quantity of fruits and vegetables purchased by house-
holds. Our secondary hypotheses were that the increase
would be (a) relatively greater for purchases made from
local retailers participating in the incentive scheme, and
(b) similar across socio-economic and food security
status groups.
Methods
We developed and iteratively refined the intervention
using a systematic process and evaluated it using a
cluster-randomised controlled trial.
www.thelancet.com Vol ▪ ▪, 2023
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Study setting
The study was conducted at the site of an established
cohort study (the Andhra Pradesh Children and Parents’
Study, APCAPS) which includes all households of
29 villages located in Ranga Reddy district of Telangana
state, India.15 The villages are situated 25–50 km from
Hyderabad city, in a geographically contiguous area
which is relatively homogenous in respect to culture,
predominant occupations, cuisine/dietary habits and
food availability and acquisition. The households
(N = 24,819) were last surveyed in 2014 and their contact
information was updated. The present intervention was
developed in 24 APCAPS villages and evaluated in six of
those villages. Ethical approvals were obtained from the
Indian School of Business, Hyderabad, India; Indian
Council of Medical Research-National Institute of
Nutrition, Hyderabad, India; and the London School of
Hygiene & Tropical Medicine (LSHTM), London, UK.
Intervention development
We developed the financial incentive intervention using
the stages outlined in Medical Research Council
—National Institute for Health and Care Research
(MRC/NIHR) guidance on development of complex
interventions, following principles of the Reach, Effec-
tiveness, Adoption, Implementation, and Maintenance
(RE-AIM) framework to maximise potential impact of
the intervention.16,17 The intervention development pro-
cess was also guided by Turner’s conceptual framework
of the food environment.18 First, we conducted a
participatory workshop with 22 stakeholders (drawn
from local leadership, community members, food re-
tailers, relevant policy makers and industry representa-
tives) to discuss preliminary ideas and develop a
roadmap for intervention development. Second, we
conducted a scoping literature review to identify finan-
cial incentive schemes used in grocery shopping envi-
ronments. Third, we collected data using quantitative
and qualitative methods to characterise the local fruits
and vegetables purchasing environment, which
included mapping of the fruit and vegetable supply
chain (including sources and business models at each
stage) and documenting the consumer attitudes,
practices and financial considerations related to the
purchase of fruits and vegetables. The data collection
was carried out in 24 least-urbanised APCAPS study
villages (based on population size from last census). The
methods of data collection have been published in detail
elsewhere, but briefly they included a quantitative sur-
vey of 308 households, in-depth interviews with 34 fruit
and vegetable retailers and 24 key informants, and nine
focus group discussions involving 94 community
members.19 Fourth, findings from the above steps were
used to support identification of five potentially feasible
incentive schemes (fixed discount scheme, points sys-
tem, a tiered loyalty scheme, prepaid program, and
www.thelancet.com Vol ▪ ▪, 2023
cashback loyalty program). Fifth, we presented these five
potential schemes to a sub-group of eight retailers (to
elicit their preferences and potential challenges to their
delivery and misuse) to identify the most preferred and
feasible scheme. Sixth, we developed the prototype
delivery material for the scheme (e.g., coupon booklets,
stamps, information leaflets) and iteratively refined it
with 50 participants over two rounds to establish the
preliminary mode of scheme delivery, threshold (me-
dian household expenditure on fruits and vegetables)
and reward values (20% of expenditure). Finally, a pilot
study was implemented in two study villages to test the
intervention, and feedback used to make further
changes (such as reducing the value of stamps to ac-
count for smaller purchases) before finalising the
scheme, which was evaluated in the trial described
below.
Intervention evaluation
The intervention was evaluated through a cluster rand-
omised controlled trial. The trial protocol was pre-
registered on the American Economic Association
Randomised Controlled Trial Registry (RCT ID:
AEARCTR-0004939). The present evaluation is reported
in accordance with the CONSORT guidelines and ex-
tensions for cluster randomised trials (see Supplemen-
tary Material).

Study design and participants
The trial was conducted in six APCAPS villages.15 To
ensure that the trial villages were comparable for char-
acteristics relevant to the trial, only villages within the
inter-quartile range of 24 APCAPS villages for the
following characteristics were considered for inclusion:
population size, number of fruit and vegetable retailers,
and proportion of population who purchase fruits and
vegetables within the village. The population size data
was available from the last census of APCAPS villages in
2014, and data on retailers and sources of purchase for
fruits and vegetables were collected as part of the
aforementioned surveys conducted as part of the inter-
vention development process. This restriction resulted
in eight non-adjacent villages from which we sought
consent for participation through their village leaders,
before randomly allocating six villages (in 1:1 ratio using
computer generated random number list) to the inter-
vention or control arm and used the remaining two
villages for the pilot study before the trial. Individual-
level consent was subsequently sought from all com-
munity members and retailers who contributed data to
the study.

Description of the intervention
The financial incentive scheme consisted of a coupon
system that could be used to claim a cashback reward of
50 Indian Rupees (INR 50, equivalent to ∼0.67 US$ at
3
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the time of implementation), on weekly purchase of INR
250 (∼3.36 US$) of fruits and vegetables from local re-
tailers. To contextualise these amounts, most house-
holds in the study area earn between INR 5000–15,000
per month, meaning the reward corresponds to between
1.5 and 4% of weekly household income, and fruit and
vegetable purchase threshold corresponds to 7–20% of
weekly household income. All households in the inter-
vention villages were invited to take part in the scheme
and provided with a booklet containing enough coupons
to last for the duration of the study. Each coupon had
space for 25 stamps, each of value INR 10 (∼0.13 US$)
(Fig. 1). After completing any purchase of fruits and
vegetables from the local vendors worth at least INR 10,
participants could get one or more stamps (depending
on the amount purchased in multiples of INR 10) on
their coupon from the study staff stationed at the village
markets during operating hours after showing their
purchases (most produce in the area is sold in standard
size bundles of similar weight). At the end of the week,
participants could submit their completed coupon with
25 stamps and claim the cash reward. Each coupon was
dated and valid only for that week to prevent accumu-
lation of stamps over a prolonged period. The inter-
vention ran for three complete calendar months
(February–April 2021).

Outcome assessments
To assess the quantity of fruits and vegetables pur-
chased before and after the intervention, a sub-sample
of village households were randomly selected from the
household census. If a selected household could not be
contacted (over a maximum of two attempts on separate
days) or declined to participate, additional households
were randomly selected until the target number of
households for each village was reached. The individual
mainly responsible for food shopping in the household
was asked to provide written consent and complete a
brief baseline sociodemographic survey followed by two
rounds of telephonic surveys (∼4 weeks before the start
and after the end of the intervention) about their fruit
Fig. 1: Photographs to illustrate: a) Fruit and vegetable selling at the tri
numbered stamps were used to demark the different days in which purc
and vegetable purchases. During the telephonic surveys,
to ensure accurate recall, participants were called on
alternate days (4 times over a 7-day period) to collect data
on any fruits or vegetables purchased or otherwise ob-
tained (quantity in relevant units, amount spent in INR,
and source for each item) since the last call. The data
collection in intervention and control villages was car-
ried out in parallel to limit any bias arising from sea-
sonal variability in grocery purchasing habits, which was
also accounted for in the analysis (see below).

The pre-specified primary outcome for this analysis
was the total quantity in kilograms (kg) of fruits and
vegetables purchased by households in a week from any
retailer. The reported quantity of individual fruit and
vegetable items purchased every other day over the
seven-day period were summed to estimate the weekly
total. For produce not typically purchased by weight
(such as bunches of herbs and leafy vegetables and
pieces of large individual fruits and vegetables), sample
items were obtained from markets in the trial villages
and weighed, with the average weights applied to the
relevant items.

The key secondary outcomes were the quantity of
fruits and vegetables (kg) purchased (i) from local re-
tailers (since a certain proportion of groceries were
purchased from retailers outside the study villages who
were not part of the incentive scheme); and (ii) by socio-
economic and food security status groups (since public
health interventions could exacerbate disparities if
disproportionately uptaken by higher socio-economic
groups). Food security was measured at baseline using
the nine-item Household Food Insecurity Access Scale
(HFAIS), and each household was scored as recom-
mended by the developers of the scale (none, mild,
moderate, or severe food insecurity) before being ana-
lysed as two groups (none versus the rest).20 Socioeco-
nomic status was measured at baseline using a modified
version of the Standard of Living Index, a household
asset index commonly used in India.21 We asked re-
spondents whether their household owned each of
14 items, and the responses were combined using
al site, and b) Coupon vouchers used for the intervention (different
hases were made).

www.thelancet.com Vol ▪ ▪, 2023
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principal component analysis to give a standardised
score (higher score indicating greater socioeconomic
status), which was split into two groups (above or below
the median score).

We also examined the effect of intervention (i)
separately for fruits and vegetables (to identify any dif-
ferential effects); (ii) excluding onions (because of
strong price fluctuation in this item); (iii) excluding
starchy vegetables (considered in some classifications as
a carbohydrate source rather than vegetable); and (iv) on
quantity of fruits and vegetables obtained from all
sources (i.e., including own cultivation, wild harvest,
etc.). All outcomes were examined in monetary terms
(i.e., amount spent on fruit and vegetables in INR) in
addition to the amount purchased in weight.

Statistical analyses and study power
We assessed the difference in purchases of fruits and
vegetables at the end of intervention between interven-
tion and control villages using multilevel linear regres-
sion. Under the intention-to-treat principle, data from
all households participating in the survey were analysed,
regardless of their actual participation in the interven-
tion. Outcomes were treated as continuous without
transformation following visual inspection of diagnostic
plots. Data were structured at the household level. We
used a random intercept term at the village level to ac-
count for clustering within villages and Kenward-Roger
correction to account for the small number of clusters.22

The main effects were estimated from models adjusting
for quantity of fruits and vegetables purchased by the
households at baseline, village-level mean fruits and
vegetables purchase (to improve precision),23 and the
month of the baseline and end-line surveys (to account
for seasonal variations in availability and prices of fruits
and vegetables). Another model adjusted for additional
covariates that could potentially confound the observed
effect estimates. These included household size, pro-
portion of household members who are <18 years of
age, household dependency ratio, household asset score,
whether village market was the household’s primary
source of fruit and vegetables, and weekly quantity of
fruits and vegetables obtained from other sources by the
household. Differences in the intervention effect by key
sub-groups (food security status, household socioeco-
nomic status) were examined by tests for statistical
interaction. All statistical tests reported are two-sided
and p-values are from Wald test unless stated other-
wise. As loss-to-follow up was far less than our pre-
specified threshold (20%) for use of attrition weights,
only complete case analysis was carried out.

The target sample size for this trial was 1200
households (∼1500 before allowing for loss to follow-
up), from 6 villages (the upper limit of villages we
could include due to practical/financial constraints),
which was estimated to provide 80% power (at 5% sig-
nificance level) to detect a 15% difference (∼1.73 kg) in
www.thelancet.com Vol ▪ ▪, 2023
primary outcome (weekly quantity (kg) of fruits and
vegetables purchased at end-line), assuming a village-
level intra-cluster correlation coefficient of 0.02 and
mean household purchase of 11.5 kg (standard deviation
4.8 kg) of fruits and vegetables per week in the control
arm, estimated from the pilot data.
Modifications to the protocol
We initially planned to conduct the trial from November
2019 to August 2020, with intervention delivery between
January 2020 and June 2020. The intervention was to be
delivered for 6 months, with surveys conducted pre-
intervention and then every 2 months (at 2, 4 and 6
months). We conducted the pre-intervention (baseline)
survey along with the pilot from November 2019 and
were preparing to start the intervention when from
February/March 2020 all fieldwork was severely dis-
rupted by national, regional, and institutional COVID-
19 restrictions. We were only able to restart in-person
data collection in November 2020. This meant we had
to re-do the baseline survey and modify the study pro-
tocol as we only had time and resources to deliver the
intervention for 3 months, with a single survey
post-intervention. The target sample size was not
changed, but with only 1 post-intervention measure per-
household, the power calculation had to be altered as we
would only be able to detect a ∼15% difference (rather
than original planned 10% difference). Based on further
analysis of the process data from the pilot, during this
time we also modified the planned intervention such that
the value of the coupons and value of purchases required
to redeem them were halved (based on participant feed-
back and observation of lower fruit and vegetable pur-
chase than expected). All changes were made
prospectively, and analyses were conducted in an ano-
nymised fashion following the prespecified analysis plan.
Role of the funding source
The study sponsor had no role in study design; collec-
tion, analysis, and interpretation of data; in writing of
the report; or in the decision to submit the paper for
publication.
Results
A total of six villages (total households 3535; population
15,191) were randomised (Fig. 2). All households in the
intervention villages were invited to take part in the
incentive scheme. A random sample of 2587 households
in all villages were invited to take part in the surveys, of
which approximately half could be contacted during the
maximum of two contact attempts. All of those con-
tacted agreed to take part and gave informed consent
(N = 1292). After excluding those households who did
not complete either the baseline (11.8%) or end-line
5
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(2.4%) surveys, complete data on 555 (89%) intervention
and 554 (83%) control households were available for
analyses. The proportion who did not complete endline
surveys (i.e., lost-to-follow-up) was similar between trial
arms (2.1% intervention vs 2.7% control, p = 0.47), and
there was no evidence of difference between completers
and non-completers (Appendix Table S1).

The socioeconomic characteristics of the participating
households were typical of many rural populations in In-
dia (Table 1).21 Less than half of the households had
highest education level as higher than secondary school,
and 12% of the households reported moderate or severe
food insecurity. Around 25% of the households reported
producing fruits and vegetables for selling or their own
consumption. The mean quantity of fruits and vegetables
purchased by households was 13 kg per week.

Intervention and control villages were similar in terms
of study population (intervention mean: 2368, control
mean: 2407), distance from the city of Hyderabad
6 villag
randomi

Random sample of 
households selected to 

par�cipate 
n=1409

Invited and consented 
to par�cipate2

n=625 (44%)

Completed baseline 
weekly purchase 

surveys, 
n=568 (91%)

Could not be 
successfully 
contacted1

n=784 (56%)

Did not complete 
baseline survey,

n=57 (9%). 

Completed end-line 
weekly purchase 

surveys, 
n=555 (98%)

Did not complete 
end-line survey, 

n=13 (2%)

3 interven�on villages
N=1719

1After at least 2 household visits by the field staff on different da
2All of the households successfully contacted were invited to the

Fig. 2: Flow chart of in
(intervention mean: 53 km, control mean: 40 km), and
number of fruit and vegetable vendors present (interven-
tion mean: 21, control mean: 24). The baseline character-
istics of participating households from the intervention
and control villages were also similar although we did note
a higher average quantity of fruits and vegetables pur-
chased per week by households in the intervention villages
(13.7 kg) as opposed to the control villages (11.3 kg), and a
lower proportion reporting food insecurity in intervention
villages (19.1%) compared with control villages (28.7%).

The post-intervention survey was carried out
2–6 weeks after the end of the intervention. Following
the intervention, the intervention villages purchased
18.6 kg of fruits and vegetables per week as compared to
14.2 kg in the control villages, equating to a baseline
adjusted mean difference of 4 kg (95% CI: −6.4 to +14.4)
(Table 2, and outcomes by village given in Appendix
Table S2). When considering only purchases of fruits
and vegetables from local vendors (i.e., those eligible for
es 
sed

Random sample of 
households selected to 

par�cipate
n=1178

Invited and consented 
to par�cipate2

n=667 (57%)

Completed baseline 
weekly purchase 

surveys,
n=572 (86%)

Could not be 
successfully 
contacted1

n=511 (43%)

Did not complete 
baseline survey,

n=95 (14%)

Completed end-line 
weekly purchase 

surveys,
n=554 (97%)

Did not complete 
end-line survey, 

n=18 (3%)

3 control villages
N=1816

ys.

 study and consented to participate.

cluded participants.
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Characteristic Mean (SD) (unless otherwise stated)

Control
N = 554

Intervention
N = 555

Total
N = 1109

Number of household members 4.4 (1.6) 4.6 (1.7) 4.5 (1.7)

Proportion of household members <18 years old 0.27 (0.22) 0.27 (0.22) 0.27 (0.22)

Household dependency ratio
(ratio total n members: n economically active members)

2.8 (1.9) 2.9 (2.1) 2.9 (2.0)

Highest education level in household, n (%)

None 44 (7.9%) 56 (10.1%) 100 (9.0%)

Primary/secondary 320 (57.8%) 286 (51.5%) 606 (54.6%)

Higher 190 (34.3%) 213 (38.4%) 403 (36.3%)

Household food insecurity, n (%)

Not insecure 395 (71.3%) 449 (80.9%) 844 (76.1%)

Mild 75 (13.5%) 55 (9.9%) 130 (11.7%)

Moderate 79 (14.3%) 40 (7.2%) 119 (10.7%)

Severe 5 (0.9%) 11 (2.0%) 16 (1.4%)

Household asset scorea 0.0 (1.6) −0.0 (1.7) −0.0 (1.6)

Household produces FV for selling, n (%) 61 (11.0%) 72 (13.0%) 133 (12.0%)

Household produces FV for own consumption, n (%) 108 (19.5%) 149 (26.9%) 257 (23.2%)

Quantity FV (kg) purchased per household per week
from retailer anywhere

11.3 (6.2) 13.7 (6.4) 13.0 (6.6)

Quantity FV (kg) purchased per household per week
from local retailers only

5.6 (3.5) 7.4 (4.7) 6.5 (4.2)

Quantity of FV (kg) obtained from other sources
(e.g., grown, foraged) per household per week

0.11 (0.49) 0.57 (2.07) 0.34 (1.52)

Total quantity of FV (kg) obtained from all sources
(i.e., purchased or grown/foraged) per household per week

11.8 (6.3) 14.8 (6.7) 13.3 (6.7)

aDerived from principal component analysis of common household assets (mean 0, higher score indicates higher wealth).

Table 1: Baseline characteristics of participating households (n = 1109), APCAPs Fruit and Vegetable Incentive Trial 2020–2021.

Articles
participation in the intervention), households in the
intervention villages purchased 13.1 kg of fruits and
vegetables per week, as compared to 7.1 kg in the control
villages, equating to a baseline-adjusted mean difference
of 5.9 kg (95% CI: 2.6–9.1). The baseline-adjusted mean
Intervention
mean (SD)

Control
mean (SD)

Una

Bet

Quantity in kilograms (per household per week)

FV purchased from any retailera 18.6 (7.6) 14.2 (6.3) 4.1

FV purchased from local retailersb 13.1 (7.0) 7.1 (4.0) 5.8

FV obtained from all sourcesc 18.8 (7.6) 14.4 (6.3) 4.2

Fruit only 4.1 (3.5) 3.3 (3.0) 0.7

Vegetables only 14.5 (6.1) 10.9 (4.6) 3.4

FV excluding onions 16.4 (6.7) 12.6 (5.5) 3.4

FV excluding starchy vegetables 17.5 (7.2) 13.3 (5.9) 4.0

FV = fruits and vegetables. Results are based on multilevel linear regression models inclu
small number of clusters. aPrimary outcome, which is adjusted for baseline level of outc
adjusted for baseline level of outcome (individual- and village-level), month of baseline
use of village market and whether household produces fruits or vegetables for consum

Table 2: Effect of incentive intervention on primary and secondary outcomes
2020–2021.

www.thelancet.com Vol ▪ ▪, 2023
differences were similar among food insecure and food
secure households, and among households above or
belowmedian socioeconomic status (Table 3, and similar
when analysing only local retailers given in Appendix
Table S3). No other unintended adverse consequences
djusted model Baseline adjusteda Covariate adjustedb

a (95% CI) P-value Beta (95% CI) P-value Beta (95% CI) P-value

9 (−1.25, 9.64) 0.099 3.98 (−6.42, 14.38) 0.31 4.18 (−6.51, 14.87) 0.30

5 (2.64, 9.06) 0.007 7.39 (3.84, 10.94) 0.007 7.46 (3.91, 11.02) 0.007

0 (−2.29, 9.68) 0.10 4.61 (−6.63, 15.85) 0.28 4.84 (−6.65, 16.34) 0.27

8 (−0.48, 2.05) 0.16 0.56 (−0.58, 1.70) 0.21 0.54 (−0.69, 1.77) 0.25

0 (−1.59, 8.39) 0.13 2.81 (−6.69, 12.31) 0.42 2.78 (−6.87, 12.44) 0.43

9 (−0.91, 7.88) 0.091 4.27 (−3.96, 12.49) 0.20 4.31 (−4.23, 12.89) 0.21

2 (−1.01, 9.04) 0.090 3.73 (−5.94, 13.40) 0.31 3.79 (−6.18, 13.82) 0.31

ding a random intercept at village level to account for clustering in outcome, and Kenwood-Roger correction for
ome (individual- and village-level) and month of baseline and end-line surveys. bKey secondary outcome, which is
and end-line surveys, household size, proportion of household <18 years, household dependency ratio, asset score,
ption. cIncludes FV purchased as well as cultivated, foraged, or received in-kind/as gifts.

(control arm is reference category, n = 1109 households), APCAPs Fruit and Vegetable Incentive Trial
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Outcome and subgroup Unadjusted model Baseline adjusteda Covariate adjustedb

Beta (95% CI) P–value
interaction

Beta (95% CI) P–value
interaction

Beta (95% CI) P–value
interaction

Quantity of FV purchased in kilograms (per household per week)

Food insecure 5.79 (1.38, 10.20) 0.061 4.81 (−1.81, 11.45) 0.36 4.89 (−1.98, 11.77) 0.38

Food secure 3.73 (−0.38, 7.84) 3.89 (−2.56, 10.34) 4.01 (−2.70, 10.73)

Lower socioeconomic position 4.90 (0.99, 8.80) 0.11 4.35 (−2.07, 10.78) 0.41 4.57 (−2.10, 11.23) 0.28

Higher socioeconomic position 3.60 (−0.30, 7.51) 3.75 (−2.67, 10.17) 3.78 (−2.88, 10.44)

FV = fruits and vegetables. Results are based on multilevel linear regression models including a random intercept at village level to account for clustering in outcome, and
Kenwood-Roger correction for small number of clusters. aAdjusted for baseline level of outcome (individual- and village-level) and month of baseline and end-line surveys.
bAdjusted for baseline level of outcome (individual- and village-level), month of baseline and end-line surveys, household size, proportion of household <18 years,
household dependency ratio, use of village market and whether household produces fruits or vegetables for consumption.

Table 3: Effect of incentive intervention on weekly fruit and vegetable purchase (kg) among food security and socio-economic position subgroups
(control is the reference category, n = 1109 households), APCAPS Fruit and Vegetable Incentive Trial 2020–2021.
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were noted in the study. The results were broadly similar
for fruits and vegetables analysed separately and on
excluding onions or starchy vegetables (Table 2). They
were also robust when analysed in monetary terms (i.e.,
amount in INR spent on of fruits and vegetables) rather
than by weight (Appendix Tables S4 and S5).
Discussion
We conducted a cluster-randomised controlled trial of a
financial incentive scheme offering a ∼20% cashback on
purchase of fruits and vegetables from unorganised local
retailers in rural India. The scheme ran for three months
in three of the six trial villages. After the scheme was
over, the weekly household purchase of fruits and vege-
tables was ∼28% higher for intervention villages com-
pared to control villages (corresponding to ∼1.5 portions
of fruit and vegetables per person per day). When
considering purchases made at local retailers only (able
to participate in the scheme), weekly household purchase
was ∼104% higher in intervention villages than control
villages. This could be partly explained by participants
switching to purchase more fruit and vegetables from
local participating retailers instead of non-local retailers,
demonstrating a high level of engagement in the scheme,
and highlighting that in unorganised food retail envi-
ronments, it may be important for incentive schemes to
be broad-based (i.e., consolidating multiple vendors) in
order to maximise their impact. In this setting, around
half of fruit and vegetables purchased were from local
vendors participating in the scheme. It is likely that the
greater effects would have been noted had vendors from
neighbouring villages been included in the intervention
(not possible in this trial context due to potential spill
over/contamination effects).

Unlike the increase in purchases from participating
local retailers, the increase in purchases from retailers
anywhere was not statistically robust with wide confi-
dence intervals suggesting that our study may have been
underpowered for the primary outcome. While the
in-trial central effect estimate of 28% exceeded our
anticipated effect size of 15% from previous literature,
the in-trial standard deviation (6.2 kg) and village-level
intraclass correlation coefficient (0.15) of the primary
outcome was greater than that obtained from the pilot
study (4.8 kg and 0.02, respectively), possibly due to
seasonal variability in grocery shopping patterns and
smaller number of clusters in the trial (the pilot was
conducted in a different season across 24 villages).
Despite the lack of statistical significance of the primary
outcome by conventional metrics,24 the consistency of the
direction and magnitude of the central effect estimate
with research conducted in urban centres of high-income
countries (showing increases equivalent to reward/dis-
count amount) provides reassurance that financial
incentive schemes may be a viable instrument for
increasing the purchasing fruits and vegetables even in
food environments of rural areas of LMICs dominated by
unorganised retailers.7,9 A lack of difference in the effect
size across food security and socio-economic groups
(which if anything was relatively greater in disadvantaged
groups) provides further reassurance that such in-
terventions (unlike many public health interventions) do
not exacerbate disparities and are likely to benefit those
who need them most. No other harms or unintended
adverse consequences were noted in the study.

As far as we are aware there are no published eval-
uations of financial incentive schemes for unorganised
retailers of fruits and vegetables.14 Evaluations con-
ducted in supermarket environments of high-income
countries (and urban areas of some middle-income
countries) have predominantly been based on before
and after data (from checkout scanners) linked to pro-
grammatic introduction of incentive schemes,7–9 with
emerging evidence from randomised controlled trials
mostly supporting their findings.10,12 The majority of
these studies suggest that financial incentives increase
the purchasing of fruits and vegetables, although the
magnitude of effect has been shown to vary substantially
based on nature of behaviour, size of incentive,
www.thelancet.com Vol ▪ ▪, 2023
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population involved, social context and design, with ef-
fects varying by subtle changes in how incentives are
situated, framed, or deployed.25,26

Several studies from the US have evaluated the
benefits of incentives (e.g., bonus, rebate, or cash value
vouchers) given to low-income families (as part of
the Supplemental Nutrition Assistance Program) and
found that levels of increases in purchase of fruits and
vegetables are broadly proportionate to the reward
value.7 Likewise, in an evaluation of a scheme run by a
health insurance plan across more than 400 supermar-
kets in South Africa, a 10% and 25% cash back reward
for healthy food purchases resulted in 5.6% and 8.5%
increase in the ratio of expenditure on fruits and vege-
tables to total food expenditure, respectively, after the
introduction of the scheme.9 On the other hand, the
relatively modest impact (0.40 US$ increase in monthly
expenditure on fruits and vegetables) of a financial
incentive scheme implemented in an urban supermar-
ket serving low-income families in the USA, despite a
proportionately high reward value (a 10 US$ gift card
offered for 10 US$ expenditure), was attributed to a high
reward threshold (average expenditure on fruits and
vegetables was 8.12 US$ per month), consistent with
behavioural economics theory that the barrier in
changing behaviour is much higher when the behaviour
does not exist at baseline.8,25 The likely magnitude of
effect suggested by our data (∼28% increase in purchase
of fruits and vegetables associated with a reward
equivalent to 20% of expenditure at a threshold equiv-
alent to median expenditure) is broadly consistent, and
potentially greater than previous research conducted
predominantly with low-income families in the US,
because the behaviour in question (i.e., purchase of
fruits and vegetables) was widely prevalent at baseline.

There was limited research to compare our findings
of an equitable impact of the intervention across food
security and social groups. Most previous interventions
evaluated interventions targeting low-income groups
only.7,8 Nevertheless, our findings have face validity as
one would anticipate a greater perceived value of the
reward for those of lower income.

This is one of the few randomised controlled trials
of a financial incentive scheme aimed at influencing
the purchase of fruits and vegetables, and the first
(as far as we are aware) in the context of unorganised
retailers who dominate the landscape of grocery
shopping in rural areas of LMICs, including India. The
intervention was informed by the state-of-the-art evi-
dence from behavioural economics and developed
through an extensive process of consultation with the
local stakeholders and community to take account of
the context and user preferences. The trial had a high
response rate and limited loss to follow-up, reducing
the potential for selection bias, and the data were
analysed by the analyst unaware of the assignment of
the trial arms.
www.thelancet.com Vol ▪ ▪, 2023
There are also some limitations to note. The data on
purchase of fruits and vegetables were self-reported.
Collecting objective data through checkout scanners
(as done in other studies) was not an option in this
context. Our approach was also not validated as we could
not identify an existing instrument suitable for this
context, although its design mirrors most food recall
questionnaires, and was based on extensive piloting at
the study site. We made robust efforts to reduce inac-
curate recall by telephoning the participants every other
day (typical frequency of shopping from local vendors in
this setting) of the data collection week to ensure that
their memory was fresh. The participants were asked to
report their specific purchases over the past 1–2 days
(rather than total amount or intake), making it less prone
to participants in the intervention arm providing socially
desirable responses; still response bias cannot be ruled
out entirely as the participants were aware of the inter-
vention. It was also not feasible (due to respondent
burden) to assess overall food consumption of the par-
ticipants, which might have shed light on any compen-
satory changes in diet (e.g., reduced intake of pulses,
meat) made in response to the intervention. Further,
despite our best efforts to estimate the required sample
size accurately by conducting a substantial pilot study, we
were unfortunately underpowered for the primary study
outcome. We believe that the higher variance of the pri-
mary outcome (possibly due to seasonal variability in
purchasing patterns) and the higher village-level intra-
class correlation coefficient (possibly due to lower num-
ber of village clusters) observed in the trial may have
resulted in the lower statistical power. The limited
number of trial villages (necessitated by the cost/practi-
cality of providing intervention to all households in
intervention villages) could also have resulted in un-
measured confounding by other differences between trial
villages despite randomisation. Indeed, baseline data
suggested differences in fruit and vegetable acquisition
and consumption between intervention and control vil-
lages pre-intervention, and although these measured
factors were adjusted for in our models, this implies the
possibility of further differences in unmeasured factors
that may have influenced the results. Statistical inference
must also be more tentative when the number of clusters
is small given that one cannot rely on large-sample ap-
proximations, although we did employ Kenwood-Roger
small sample correction method to try to account for
this. An alternative study design (offering incentives to a
sub-set of households in more villages) which could have
addressed this limitation was considered by investigators
and local community to be more logistically and ethically
challenging. Another potential limitation is that the trial
was conducted in a finite geographical area, and we
restricted the study to villages of around average size and
fruit and vegetable retail availability for this area.
Generalisation of these findings to other settings should
be considered carefully in light of the food environment
9
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and other contextual factors, such as the proportion of
fruits and vegetables acquired locally, and proportion of
food prepared at home (predominant in this setting) vs
purchased as ready-to-eat. In addition, only around half
of the households approached were able to be contacted
to participate in the follow-up surveys (rest were locked/
unavailable on days when the study team visited). This
could potentially limit generalisability if those non-
contactable households were different in key respects,
although it is reassuring that the team tried to visit at all
times of day (limiting systematic selection issues), and
that all those we made contact with agreed to participate.
Finally, the intervention period in this trial was three
months, and post-intervention surveys were conducted
2–6 weeks after the intervention finished. It would have
been of interest to understand the effects of longer-term
implementation of the intervention, as well as whether
any intervention effects were sustained beyond the study
period.

The findings from this study suggest that policy
makers in low-income and middle-income countries
such as India could consider financial incentive
schemes as a means of influencing food purchasing
(and by extension dietary) behaviours even in rural areas
where the food environment is dominated by a myriad
of unorganised retailers. While financial incentives have
been used by policy makers to influence health behav-
iours (such as smoking, diet, and physical activity), their
use has also raised concerns.27 Paying people for
adopting healthy behaviours which is in their own in-
terest is ethically controversial although common in low
resourced areas.

Cost of financial incentive schemes is another
concern, particularly for policy makers in low-resource
settings.28 Although the intervention is low cost by
design, with for example the cashback rewards costing
1300 INR/∼16 US$ per household for 6 months (likely
to total comparatively less than other approaches such
individual micronutrient supplementation pro-
grammes), it would be premature to comment on cost-
effectiveness. Innovative implementation strategies,
such as aligning the intervention with the supplier side
incentives and demonstrating the economic value of
such programs to the vendors (e.g., increased sales and
customer loyalty), could achieve greater buy-in from the
vendors and help sustain such interventions without any
direct financial intervention from the government.

Since this was one of the first robust evaluations of a
financial incentive scheme used to influence grocery
shopping behaviours in rural areas of low-income and
middle-income countries, more research is needed to
confirm these findings in other geographical areas and
extend them to other health behaviours, since findings
are expected to vary with differences in populations,
settings, behaviours, and incentives. Research over
longer follow-up periods after the end of the interven-
tion is needed to understand the long-term changes in
behaviours and any adverse effects of such in-
terventions, including changes in other health-related
behaviours. Finally, research evaluating the scale-up of
such interventions with self-sustaining business models
is needed to ensure their long-term sustainability.

In conclusion, this research based on a cluster-
randomised controlled trial has shown that financial
incentive schemes are feasible in unorganised food retail
environments, and despite uncertainty around effect
estimate of primary outcome, may have a role in equi-
tably increasing the purchase of fruits and vegetables.
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