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Abstract

Background: High rates of child malnutrition are a major public health concern in developing countries, particularly among
vulnerable communities. Midday meals programs can be effective for combatting childhood malnutrition among older
children. However, their use in early childhood is not well documented, particularly within South Asia. Anthropometric
measures and other socioeconomic data were collected for children below the age of 5 years living in selected Sri Lankan
tea plantations, to assess the effectiveness of midday meals as a nutrition intervention for improving growth among young
children.

Methods: The study exploits a natural experiment whereby the provision of the midday meals program is exogenously
determined at the plantation level, resulting in comparable treatment and control groups. Longitudinal data was collected
on heights and weights of children, between 2013 and 2015. Standardized weight-for-age, height-for-age and weight-for-
height, and binary variables for stunting, wasting and underweight are constructed, following WHO guidelines. All modelling
uses STATA SE 15. Random-effects regression with instrumental variables is used for modelling standardized growth while
random-effects logistic regression is used for the binary outcomes. Robustness analysis involves different estimation methods
and subsamples.

Results: The dataset comprises of longitudinal data from a total of 1279 children across three tea plantations in Sri Lanka,
with 799 children in the treatment group and 480 in the control group. Results show significant positive effects of access to
the midday meals program, on the growth of children. A child with access to the midday meals intervention reports an
average standardized weight-for-age 0.03 (±0.01) and height-for-age 0.05 (±0.01) units higher than a similar child without
access to the intervention. Importantly, access to the intervention reduces the likelihood of being underweight by 0.45 and
the likelihood of wasting by 0.47. The results are robust to different model specifications and across different subsamples by
gender, birthweight and birth-year cohort.

Conclusions: Midday meals programs targeting early childhood can be an effective intervention to address high rates of
child malnutrition, particularly among vulnerable communities in developing countries like Sri Lanka.

Keywords: Child growth, Midday meals programs, Plantation community, Sri Lanka, Weight-for-age, Height-for-age, Weight-
for-height, Stunting, Underweight, Wasting
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Background
Child malnutrition and mortality are key health issues in
many developing countries. According to UNICEF/WHO/
World Bank joint estimates, in 2018, 149 million children
below the age of 5 were stunted while over 49 million chil-
dren were wasted. More than half of all stunted children live
in Asia [1]. Since the signing of the Millennium Declaration
in 2000 Sri Lanka has made good progress in reducing child
and maternal mortality. However child morbidity remains a
key concern [2, 3]. Official statistics on child malnutrition
also indicate significant regional variations at sector and dis-
trict levels [2, 4–6].
The tea plantation community in Sri Lanka suffers

from a long history of discrimination, neglect and
deprivation [7]. Resident plantation systems were intro-
duced to Sri Lanka in the mid-nineteenth century, dur-
ing the British colonial period. Indian Tamil laborers
were brought to the country from South India, to live
and work within tea and rubber plantations. Treated as
outsiders to the country, experiencing significant lan-
guage barriers and geographic isolation, these Indian
Tamil plantation communities faced significant social
and economic disadvantage [8–10]. After years of polit-
ical struggle, plantation communities of Indian descent
were granted citizenship rights in the early 1990’s.
Today, plantation communities represent 5% of the Sri
Lankan population [11] and are recognized as a third
sector, separate from the traditional urban and rural sec-
tors in Sri Lanka. Existing literature points to poverty,
poor health, malnutrition, lack of education opportun-
ities and alcoholism as the major issues faced by a ma-
jority of the plantation community [12]. According to
the 2016 Demographic and Health Survey (DHS), over
30% of children living within the plantation sector suf-
fered from stunting while close to 30% were also under-
weight, prevalence far higher than the national averages
of 17 and 20% respectively [2]. Children below the age
of 5 years are particularly vulnerable to malnutrition
given that the most crucial growth in humans occur
within this period [13]. Malnourished children can grow
up to be less productive adults, contributing to a con-
tinuing cycle of chronic poverty. It thus becomes im-
perative to disrupt the cycle of malnutrition within the
early years of life.
The plantation sector of Sri Lanka has attracted many

intervention programs aimed at improving living stan-
dards [14, 15]. Some well-known nutrition interventions
targeting children are the Thriposha nutrition supple-
mentation program, school milk program and the school
midday meals program. Thriposha program which pro-
vides a protein-based cereal to children above the age of
6 months, but most other nutrition interventions target
children of school-going age [16, 17]. This study con-
siders the possibility of using midday meals programs as

an effective mechanism for combating early childhood
malnutrition. We exploit a natural experiment which re-
lies on the staggered roll-out of a midday meals program
(targeting children below the age of 5 years) across a
number of tea plantations. We use longitudinal data to
assess the impact of access to this program.
The midday meals program studied here is run by a

major charitable foundation which focuses on plantation
communities in Sri Lanka. Initiated in 2008, the midday
meals program has been systematically introduced to tea
plantations belonging to two major regional plantation
companies (RPCs). Whilst RPCs account for around 25%
of total tea/rubber plantation workers in Sri Lanka, these
workers and their families are considered to have better
living conditions and facilities than most, due to stron-
ger corporate oversight of these companies. This sug-
gests that any potential improvements achieved through
the targeted intervention within this sub-population
could potentially be even greater within the broader,
more disadvantaged plantation community.
The midday meals program is implemented through child

development centres (CDC) in tea estates. Given the female-
intensive labour structure of the tea industry, these centres
were introduced to provide childcare services to laborers
who work in the plantations and have children below
school-going age. The midday meals program was designed
to provide a balanced daily midday meal to children at these
centres. Registration at child development centres is limited
to plantation employees. There is consistently high demand
for manual labour within the industry, so there are few bar-
riers to entry to this kind of employment, and hence to
accessing the program.
This paper contributes to two main strands of the public

health literature. First, given the popularity of midday meals
as a nutrition intervention among school-going children, we
explore the potential for its use in early childhood, which has
not attracted much research especially in South Asia. This is
a very important area for research, given the importance of
the early years in child development, and the comparatively
high rates of early childhood malnutrition in South Asia. Sec-
ondly, as these types of interventions are more widely
adopted across developing countries, it is important to inves-
tigate their effectiveness in improving nutritional and growth
outcomes of children in vulnerable settings, such as those liv-
ing within Sri Lanka’s tea plantations. The evidence suggests
that there is plenty of scope for expanding midday meals
programs among pre-school aged children, and that a well-
designed program with low barriers to entry is well suited to
children in vulnerable communities.

Methods
Study setting and design
The sampling frame comprises of tea plantations belong-
ing to one regional plantation company (RPC). The RPC
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managed a total of 12 tea plantations, five of which ran
the midday meals program as of June 2015. The pro-
gram was planned to be rolled out across the other
seven plantations in due course. All plantations were lo-
cated in close proximity within the Thalawakale region
in Sri Lanka. This setup can be considered as a natural
experiment where children from plantations with and
without the midday meals program are compared. Lon-
gitudinal data was collected on the heights and weights
of all children below the age of 5 years living in sampled
plantations. Available demographic data was also col-
lected for the sampled children together with institu-
tional level data. Sample sizes required for the treatment
and control groups were calculated following standard
methodology for sample size determination in field sur-

veys [18, 19]. The formula, N ¼ pð100−pÞz2
E2 is used where E

is set at 5%, z at 95 and 50% coverage of the program
within the sampling frame is assumed. Simple Random
Sampling using the Order Sampling approach was used
to pick the sample of treatment and control plantations
[20]. The sampling procedure resulted in 3 plantations
(2 treatment and 1 control) being selected with a sample
size of 799 children in the treatment group and 480 in
the control group. The quantitative survey was con-
ducted in June 2015.
The main source of anthropometric data and program

attendance data was through midwife and CDC records.
Consent for the provision of this data was obtained from
plantation midwives and the child development officers
(CDO) who head each CDC. Midwives and CDOs were
also interviewed in order to collect institutional level
data, information on the general health status of planta-
tion children and details of the implementation and
management of the midday meals programs. A housing
quality checklist questionnaire was used to assess the
general housing quality in each of the visited plantations,
using a convenience sample of households.

Ethics approval and data quality procedures
The necessary ethics approvals were obtained from the
Monash University Human Research Ethics Committee
(MUHREC) and the Plantations Human Development
Trust - the main government authority overseeing hu-
man development within the tea industry in Sri Lanka.
Approvals were also obtained from the management of
the charitable foundation implementing the midday
meals program and the regional plantation company
managing the plantations.
As participants, written informed consent was ob-

tained from all midwives and CDOs interviewed. Paren-
tal consent was not required by MUHREC or by the Sri
Lankan authorities, as children were not directly inter-
viewed during the survey. The study relies on data

routinely collected and maintained by midwives and
CDOs for health monitoring purposes. Complying with
their approval and privacy protocols, this data on chil-
dren’s weight and height measures was released by them
in an appropriate non-identifiable format.

Data
Anthropometric data for all children below the age of 5,
living in sampled plantations was collected for the
period January 2013–June 2015. Data comprised of an
unbalanced panel of body weights (kg) and heights (cm)
for children recorded by the estate midwife or CDOs.
Weights were recorded monthly while the heights were
recorded quarterly. Since data was only available for the
period January 2013–June 2015, early-age weight and
height measures for older children (3–5 year olds as of
2015) were not available. Each child’s panel started with
the first available weight measure for the child. Possible
impacts of this truncation of sample data is investigated
as part of the robustness analysis. To match the monthly
frequency of weight measures, missing monthly heights
were imputed using cubic spline interpolation. Chil-
dren’s weight-for-height/length was calculated following
the conventional method [21].
Z-scores for the weight-for-age (WAZ), height-for-age

(HAZ), and weight-for-height/length (WHZ) were ob-
tained following WHO methodology [22], using their
igrowup macros. Following WHO definitions for under-
weight, stunting and wasting [23], binary variables were
then constructed to indicate if a child was underweight,
stunted or wasted in any given time period, by consider-
ing whether WAZ, HAZ and WHZ for each child in each
time period falls below − 2.00 respectively. These binary
variables, together with the z-scores, are used as
dependent variables in models.
Given the primary intention of the study is to provide

insights that have relevance to other similar programs, it
is important to use the globally accepted WHO method-
ology when constructing the dependent variables in the
models [21]. There are a couple of relevant control vari-
ables where it is more appropriate to standardise using
sample medians and standard deviations, as their pur-
pose is to control for within-sample differences between
children prior to the treatment. These are the standard-
ized first weight/height measures for each child and their
birthweight.
Other child level variables collected included date-of-

birth, gender, birthweight and ethnic group. A CDC level
variable indicating the physical condition of the CDC
(old, upgraded or new) is also included in models. The
treatment variable used in modelling is a time-invariant
binary variable (Trt) identifying whether a child lived in
a treatment or control plantation. Hence Trt identifies
access to the midday meals program.
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Empirical strategy
Identification of the treatment effect relies on the stag-
gered introduction of the midday meals program across
similar tea plantations in similar localities and under the
same management. The broad assumption here is that
the plantations belonging to the treatment and control
groups are generally similar – an assumption whose val-
idity will be critically evaluated. Validity is also sup-
ported by relying on random selection of the specific
plantations to include in the sample, from the popula-
tions of treatment and control plantations.
The following model is used to model the treatment

effect:

Hi;t ¼ αþ β1Trti þ β2Xi;t þ β3Zi þ εi;t ð1Þ

The subscripts i and t refer to child i at age t (in
months). H represents a set of dependent variables
measuring child growth - the standardized weight-for-
age (WAZ), height-for-age (HAZ), weight-for-height/
length (WHZ), and binary variables underweight, stunt-
ing and wasting. The Vectors X and Z include time-
varying and time-invariant child-level variables respect-
ively, while Trt is a binary variable indicating whether a
child belonged to the treatment or control group. We
assume all children in a treatment plantation have access
to the midday meals program irrespective of the employ-
ment status of their parents/guardian. This assumption
is deemed valid given the low barriers to entry to planta-
tion employment throughout the year. Models for WAZ,
HAZ and WHZ are fitted using a random-effects instru-
mental variable specification while models for under-
weight, stunting and wasting are fitted using random-
effects logistic specification. All models fit robust stand-
ard errors.
Different variants of the above model were also fitted,

to establish the robustness of the results. These include
modelling by gender, birthweight and birth-year cohort,
also helping explore equity issues, and using different es-
timation strategies (e.g. Generalized Least Squares Ran-
dom Effects).
The limited number of observed demographic variables

could mean there is a risk of omitted variable bias. Whilst a
fixed-effects specification could have dealt with the issue of
unobserved child-level variables, the time-invariant treatment
variable does not allow for the use of fixed-effects. Therefore,
it is important to address a number of specific concerns re-
garding the identification strategy.

Possible endogeneity of treatment variable
The treatment has been allocated across the tea planta-
tions within the sampling frame based on managerial de-
cisions about the order of roll-out of the program across
plantations. Management report no systematic factors

that influenced the decision about order, other than
practical / administrative matters. However, if there are
systematic unobserved differences between the treat-
ment and control groups that are correlated with child
development outcomes, this risks creating an endogene-
ity bias in model estimates. Baseline data can be used to
check for similarity between treatment and control plan-
tations. Since the midday meals intervention applies to
children aged at least 6 months, we compare weight re-
cords of children up to 6 months of age across the treat-
ment and control samples. Any differences cannot be
attributed to the program, and instead could indicate
relevant difference between the two groups.
The histograms of weight-for-age zscores (WAZ) in

the 0–6 month age category across the treatment and
control groups, together with the standard normal distri-
bution curve, are presented in Fig. 1. According to this,
the distribution of WAZ appear to be closer to the
standard normal distribution within the control group
than the treatment group. The two-sample Kolmogorov-
Smirnov test for equality of distribution functions, re-
jects the null hypothesis of equality in distribution be-
tween the treatment and control groups (Combined K-S:
0.22, p < 0.000). These results suggest that children in
the treatment group may be starting at a relative growth
disadvantage compared to children in the control group,
at the baseline.
A number of methods are used to overcome potential

endogeneity of the treatment variable, the most signifi-
cant of which is to control for measures of past growth,
using a lagged dependent variable (Hi, t − 1 in eq. (1)) as a
control variable in the models. We also use other mea-
sures of past growth (birthweight, first recorded weight
and height) as control variables. Proxy variables are also
included to control for important unobserved time-
invariant factors, where applicable. Together these mea-
sures should account for any significant time-invariant
factors that may drive systematic differences between
the treatment and control samples with respect to the
growth of children. In addition to this we also include
proxy variables to control for possible time-varying fac-
tors which could also cause systematic differences be-
tween the treatment and control groups. Added
together, these methods provide reasonable confidence
that we are capturing a causal effect with the treatment
variable, having overcome any possible significant bias in
our identification strategy. We next give details of the
main relevant unobserved time-invariant and time-
varying factors whose impacts are accounted for through
this analytical approach.

Time-invariant unobserved variables
The first characteristics to consider are the general living
standards and facilities in the estates. Systematic
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differences in these characteristics across treatment and
control groups could, if not measured, find their way
into the model error, and be correlated with the Treat-
ment indicator variable, resulting in an endogenous
treatment variable. In addressing this concern, a housing
quality checklist was used to collect data on the average
quality of housing within each plantation, and Principal
Components [22] was used to construct a housing qual-
ity index. The housing quality index was statistically sig-
nificant and positive in the weight-for-age model but not
significant in height-for-age and weight-for-height
models. Importantly, including this index in the model
had virtually no impact on the estimated treatment
effects.
Household income and food security are also not ob-

served in our data, and these could also vary with the
treatment and outcome variables, leading to an endo-
geneity risk. With regards to household income, most
plantation families are employed within the tea industry
[8, 24]. Daily wages paid to plantation workers are well
regulated, consistently low and stagnant over time [8],
and there is limited access to other forms of income
through non-plantation work [8, 24]. This suggests that
the average household income would not vary much
over time and across the three study plantations. Given
the stagnant nature of income over a period of just a few
years, using past measures of growth (i.e. the prior pe-
riod’s growth, first weight/height measure on record)

would account for any time-invariant impact of house-
hold income on the growth of children.
We also consider food security as another possibly im-

portant unobservable. There is likely to be a strong link
between household income and food security [25], so
the arguments above regarding income would also apply
to food security. The exception is the possibility that
socio-cultural factors could also impact food security
due to culturally induced food preferences or aversions.
However, given that over 80% of plantation sector resi-
dents are from an Indian-Tamil ethnic background [24],
it is reasonable to assume homogeneity in food prefer-
ences across the sampled plantations.
Family economic background and parental education

are also unobserved household level variables which tend
to be fixed over time [26]. Therefore, it is reasonable to
assume that whilst these variables would impact child
growth, they would not cause any systematic differences
between treatment and control groups. Nevertheless, it
is important to control for as many of these effects as
possible. Birthweight is an ideal of a relevant proxy for
the general socio-economic background of children as it
impacts their growth. Apart from the rare occasion of a
genetic/medical complication which impacts a child’s in
utero growth, birthweight is usually a consequence of
the nutrients that the mother receives during pregnancy.
Past studies have established the close relationship be-
tween maternal and child nutrition, including in the

Fig. 1 Histogram of weight-for-age zscores in the 0–6 month age category in treatment and control groups
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plantation sector of Sri Lanka [27]. Therefore, we use
birthweight as a proxy for the general economic back-
ground of the child’s family, especially around the time
of birth.

Potential time-varying unobserved variables
The level of parental care and general child-care prac-
tices at home can have a significant impact on the
growth of children, particularly considering the female
dominant labour structure and the relatively large
household sizes in tea plantations [25]. Even though
there is little evidence to suggest that parental care
would differ significantly between treatment and control
plantations, not accounting for parental care received by
the child may potentially bias our results. Therefore, it is
important to control for this effect. We do so with a
proxy based on accessing maternal health services. In Sri
Lanka, parents of children living in identified vulnerable
communities are strongly advised to visit a midwife for
check-ups on a monthly basis. Regularity of monthly
midwife visits would provide a proxy for the level of par-
ental/guardian care and attention received by the child.
A mother who attends all or most check-ups is likely to
have a higher level of commitment to parental care than
one who has erratic attendances. The proxy variable
pcarei t comprises the proportion of midwife/clinic visits
completed compared to the number available, for each
child i in each time period (months) t.

Inter-plantation migration due to midday meals program
A final methodological issue is the potential for planta-
tion families to relocate between treatment and control
plantations, based on the availability of the midday meals
program. If this occurs, it is a possible source of bias in
estimating treatment effects. In practice, this is highly
unlikely, given the generally landless status of plantation
residents [24]. Plantation residents are provided housing
and other amenities through the plantation management
and their right to the homes they live in is partly deter-
mined by several generations of a family living and
working within the same plantation [8, 24]. There is vir-
tually no freedom to relocate between plantations.

Sample truncation
Given the time window in which anthropometric measures
were collected (i.e. January 2013–June 2015), non-random
sample truncation is a possible concern in the study, as the
window of observation does not allow for observing early
measures of weights and heights for older children in the
sample. We include the child’s birth year and age as inde-
pendent variables in order to account for this effect. Further
robustness tests are also carried out to determine the effects
of non-random truncation/ attrition using sample attrition
weights in models [28].

Statistical analysis
De-identified height/weight data provided by the mid-
wives and CDOs were entered to Microsoft Excel 2013
together with other child and CDC level variables. Data
was then imported to STATA SE 15 and the dependent
variables were constructed using the WHO igrowup
macro.

Instrumental variables
The model in eq. (1) is fitted to standardized weight-for-age
(WAZ), height-for-age (HAZ) and weight-for-height/length
(WHZ). As indicated, past measures of growth (i.e. lagged
WAZ, HAZ and WHZ etc.) are used as controls, to account
for some of the unobserved time-invariant factors such as
household income and food security. However, in WAZ,
HAZ and WHZ models, this poses an additional analytical
issue, as the lagged dependent variable becomes an inter-
mediate variable in the causal pathway between the treat-
ment and dependent variables. An intermediate variable can
be defined as a variable which forms part of the causal path-
way in the relationship between a treatment and an outcome.
As a result, part of the treatment effect may be masked by
the intermediate variable. In addition to this, there may also
be other unobserved variables which impact both the present
and previous period’s growth which could also bias results.
For these reasons, we use an Instrument Variable Random
Effects (IV RE) estimation method which instruments for the
lagged dependent variable inWAZ, HAZ andWHZmodels.
The instrumenting strategy involves a first-stage equa-

tion of the form:

Hi;t−1 ¼ δ1 þ δ2IV þ δ3Xi;t þ δ4Zi þ ui;t ð2Þ

where IV refers to the set of instruments used in each
model and the vectors X and Z represent the time variant
and time invariant variables included in eq. (1). H repre-
sents the lagged WAZ, HAZ or WHZ. Birthweight and the
lagged parental care variable (pcarei t-1) are used to instru-
ment for WAZi,t-1 in eq. (2). Given the sample comprises
of children below the age of 5 years, it is reasonable to as-
sume that the birthweight would be correlated with the
WAZ in early years, an assumption confirmed by the ana-
lysis. It is also reasonable to assume that the relationship
between birthweight and WAZi,t will occur via WAZi,t-1.
Therefore, birthweight can be considered as a valid instru-
ment for WAZi,t-1 in the model.
Considering the lagged parental care variable (pcarei

t-1), this variable reflects the general history of care re-
ceived by children. Therefore, pcarei t-1 will also be
strongly correlated with WAZi,t-1. In addition to this it is
again reasonable to assume that the relationship between
the lagged parental care variable (pcarei t-1) and the
current periods weight-for-age will manifest through the
previous months weight-for-age. Therefore, pcarei t-1
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can also be considered as a valid instrument for the
lagged dependent variable in the weight-for-age model.
With regards to the height-for-age models, pcarei t-1

is again used as a valid instrument for HAZi,t-1. A
standardized value of the first height on record (first-
zheight) is also used as an instrument. Birthweight,
standardized value of first height (firstzheight) and the
lagged parental care variable are all used as instru-
ments for the previous period’s weight-for-height/
length (WHZi,t-1) in the weight-for-height/length
models.
The validity of the instruments is assessed using

the Kleibergen-Paap rk test (for under-identification),
Cragg-Donald Wald F Test (weak instrument) and
Sargan-Hansen test (validity of over-identification re-
strictions). Test results indicate that the instruments
are valid in most of the main models. However, the
validity of instruments cannot be confirmed in some
of the subsample models, likely due to smaller sam-
ple sizes. Generalized Least Squares Random Effects
(GLS RE) models are fitted in these cases, as a ro-
bustness test.
For modelling the binary variables underweight, stunt-

ing and wasting a Logit Random Effects estimation is
used together with lagged values of WAZ, HAZ and
WHZ as control variables respectively. An instrument
variable approach is not necessary in this case as these
control variables are not direct intermediate variables in
these models.

Results
Descriptive analysis
Table 1 provides a descriptive summary of the
dependent and control variables used in models. The
overall sample was balanced with respect to gender:
females (51%) and males (49%), and there is no statis-
tically significant difference in the gender-split of the
treatment and control groups. Mean birthweight in
the overall sample is 2.5 kg, while the mean birth-
weight is slightly higher in the treatment group than
the control group (difference is statistically signifi-
cant). The percentage of low birthweight births is
39.4% in the overall sample, and not statistically dif-
ferent across the treatment and control groups. Look-
ing across the dependent variables, the mean
standardized weight-for-age (WAZ), height-for-age
(HAZ) and weight-for-height/length (WHZ) are all
negative in the overall sample, which is further evi-
dence of the generally low growth status of plantation
children. Mixed patterns are observed when compar-
ing growth across treatment and control samples,
with the treatment group showing better HAZ than
the control group and the opposite pattern observed
for WAZ and WHZ. Similar patterns are also ob-
served with respect to the prevalence of underweight,
wasting and stunting, with the percentage of wasting
and stunting lower within the treatment group, com-
pared to the control group. The mixed patterns fur-
ther highlight the need for robust modelling in order

Table 1 Descriptive statistics of the main dependent and control variables

Total Treatment Control P-value1

N Mean/
Prop

95% CI N Mean/
Prop

95% CI N Mean/
Prop

95% CI

Dependent V

WAZ 17,214 −1.69 (−1.70, − 1.67) 11,834 −1.74 (− 1.76, − 1.72) 5380 −1.58 (− 1.60, − 1.55) 0.0000

HAZ 10,309 −2.01 (− 2.03, − 1.99) 7581 − 1.94 (− 1.97, − 1.92) 2728 −2.20 (− 2.24, − 2.15) 0.0000

WHZ 7783 −0.88 (−0.91, − 0.86) 5939 − 0.96 (− 0.99, − 0.94) 1844 −0.62 (− 0.68, − 0.55) 0.0000

underweight (Base: Yes) 17,214 36.8% (36.1%, 37.5%) 11,834 38.3% (37.5%, 39.2%) 5380 33.4% (32.1%, 34.7%) 0.0000

wasting (Base: Yes) 7783 14.9% (14.1%, 15.7%) 5939 14.7% (13.8%, 15.6%) 1844 15.4% (13.8%, 17.2%) 0.4605

stunting (Base: Yes) 10,309 50.1% (49.1%, 51.0%) 7581 47.3% (46.1%, 48.4%) 2728 57.8% (56.0%, 59.7%) 0.0000

Control V

Parental care 17,214 86.6% (86.4%, 86.9%) 11,834 85.4% (85.1%, 85.6%) 5380 89.4% (89.0%, 89.8%) 0.0000

Birthweight (kg) 1148 2.50 (2.47, 2.54) 735 2.54 (2.50, 2.57) 413 2.44 (2.39, 2.50) 0.0061

Low Birthweight (Base:
Yes)

1148 39.4% (36.5%, 42.3%) 735 37.7% (34.2%, 41.3%) 413 42.4% (37.6%, 47.3%) 0.1189

Gender (Base: Male) 1279 49.3% (46.6%, 52.1%) 799 47.8% (44.3%, 51.3%) 480 51.9% (47.3%, 56.4%) 0.1591

Ethnicity (Base: Sinhala) 1279 8.7% (7.2%, 10.4%) 799 10.9% (8.8%, 13.3%) 480 5.0% (3.2%, 7.3%) 0.0003
1 P-value column indicates the p-value for the 2-tailed test which compares the respective variable between the Treatment and Control groups
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to identify patterns in growth differences across treat-
ment and control groups.

Baseline growth indicators across treatment and control
groups
As noted in Fig. 1, the treatment and control groups
show significant differences in baseline levels of weight-
for-age. In this section, we look at the treatment and
control groups in more detail. Table 2 provides a com-
parison of the percentage of underweight, wasting and
stunting in the overall sample, 0–6 month and 7–60
month age categories. Children in the treatment groups
appear to have relatively poor growth measures com-
pared to the control group at the baseline. A similar pat-
tern is also evident with the percentage of wasting,
where a relatively higher percentage is observed within
the 0–6 months age category within the treatment
group. This pattern however, is not observed with
regards to stunting at the baseline. Comparing with the
7–60 month age category, there is an obvious increase in
the percentage of underweight and wasted children com-
pared to the 0–6 month age group, and that the increase
is greater for the control group. Stunting rates increase
with age for both the treatment and control groups, with
similar magnitudes. The worsening of child growth with
age, compared to WHO reference populations, is a
phenomenon often detected in developing countries
[29]. However, the results suggest that while children in
the treatment group may be starting at a relative growth
disadvantage compared to children in the control group,
the impact of the midday meals program appears to be
helping bridge this early growth gap between the two
groups and somewhat slow down the decline in relative
growth with age within the treatment group. More com-
prehensive models to follow will seek to confirm this
observation.

Main treatment effects
Figures 2, 3, 4 summarize the results of a series of re-
gressions depicting the relationship between the growth

status (WAZ, HAZ and WHZ) of children and access to
the midday meals intervention whilst Tables 3, 4, 5 pro-
vide the numerical results for the estimated treatment
effects depicted in Figs. 2, 3 and 4 respectively.
In Tables 3, 4, 5, columns (1), (2), (3), (4) and (5) pro-

vide estimates for the full sample, among girls, boys,
children with low birthweight and children with normal/
high birthweight respectively. Panel A provides the esti-
mated effects for the IV-Random Effects regression
model while Panel B presents estimated results for the
GLS-Random Effects model. It should be noted that
where IV models are valid, estimates using GLS models
are likely to be higher as they do not correct for the
intermediation effect of the lagged dependent variable.
Regressions include all controls discussed above and ro-
bust standard errors.
Figures 2, 3, 4 report estimates of the coefficients of the

Treatment variable, along with 95% confidence intervals
denoted by the vertical lines either side of the point esti-
mates. The left panel shows results using instrument-
variable random effects (IV-RE) estimation, while the right
panel shows results using generalized least squares
random-effects (GLS-RE). From the top, the panels depict
results for the full sample and subsamples of girls, boys,
low birthweight children and normal/high birthweight
children respectively. The vertical line in red represents
the zero-reference line, indicating no treatment effect.
Table 3 below presents the estimated treatment effects

on the weight-for-age zscore while Fig. 2 presents the
same results graphically. The results show that having
access to the midday meals intervention is associated
with a statistically significant increase in the weight-for-
age zscores, in the full sample, among girls, among boys
and among children having a normal/high birthweight.
Estimated effects vary between 0.03 and 0.04 standard
deviation (SD) units in IV-RE models and between 0.05
to 0.09 SD units in the GLS-RE models. The treatment
effect is not statistically significant among children hav-
ing low birthweight in the IV-RE model. However, the
instrument validity tests report the IV-RE model to be

Table 2 Prevalence of underweight, wasting and stunting by age category and group

Overall [Prop (95% CI)] Treatment [Mean (95% CI)] Control [Mean (95% CI)]

0–6 mon 7–60 mon 0–6 mon 7–60 mon 0–6 mon 7–60 mon

underweight 23.2% (21.0%, 25.0%) 38.0% (37.3%, 38.8%) 29.2% (26.3%, 32.3%) 39.1% (38.2%, 40.0%) 12.3% (9.5%, 15.5%) 35.6% (34.2%, 36.9%)

N 1422 15,792 917 10,917 505 4875

wasting 3.8% (0.8%, 10.7%) 15.0% (14.2%, 15.8%) 11.1% (0.3%, 48.2%) 14.3% (13.8%, 15.6%) 2.9% (0.3%, 9.9%) 15.9% (14.3%, 17.7%)

Na 79 7704 9 5930 70 1774

stunting 46.8% (36.4%, 57.4%) 50.1% (49.1%, 51.1%) 33.3% (7.5%, 70.1%) 47.3% (46.2%, 48.4%) 48.2% (37.3%, 59.3%) 58.1% (56.2%, 60.0%)

Na 94 10,215 9 7572 85 2643
aSample size for wasting and stunting in the 0–6 month age category is small due to the limited number of height/length records available for children in this age
group and used in models
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Fig. 2 The relationship between weight-for-age zscore and access to the midday meals program2.
2 Figures 2, 3, 4 Notes: Regressions are estimated using robust standard errors. The treatment variable is a binary variable equal to one if the child lives in a
plantation which runs the midday meals interventions. Dots denote the point estimates for the treatment effect and horizontal lines denote the 95%
confidence intervals. The left panel shows the results based on instrument-variable random effects (IV-RE) estimation, while the right panel shows the results
using generalized least squares random-effects (GLS-RE). The vertical red line represents the zero-reference line

Fig. 3 The relationship between height-for-age zscore and access to the midday meals program
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underidentified in the low birthweight cohort, implying
that the GLS-RE estimate would be more reliable in this
subsample. This indicates a statistically significant treat-
ment effect in the low birthweight cohort. However, the
magnitude of the treatment effect is clearly smaller com-
pared to the normal/high birthweight cohort. Similar ef-
fects are observed across the other samples suggesting
that the magnitude of the effect of the intervention on
the weight-for-age zscore is similar across the different
cohorts, with the possible exception of the low birth-
weight cohort.

Table 4 and Fig. 3 presents the estimated treatment ef-
fects for the height-for-age zscore. Again, access to the
midday meals intervention is associated with a statisti-
cally significant increase in the height-for-age zscores, in
the full sample, among girls, among boys and among
children having a normal/high birthweight. Only mar-
ginally significant treatment effects are observed among
children having low birthweight (significance at 10%).
The estimated effects range between 0.02 and 0.08 SD
across the IV-RE models and between 0.02 to 0.09 SD
units in the GLS-RE models. The magnitude of the

Fig. 4 The relationship between weight-for-height/length zscore and access to the midday meals program

Table 3 Weight-for-age zscore vs access to the midday meals program- IV-RE and GLS-RE results

(1) (2) (3) (4) (5)

Full sample Girls Boys Low BW Normal/High BW

Panel A: IV-RE regressions

Treatment var. (Trt) 0.031** (0.006) 0.033** (0.012) 0.033** (0.008) 0.009 (0.075) 0.036** (0.007)

Other controls? Yes Yes Yes Yes Yes

Panel B: GLS-RE regressions

Treatment var. (Trt) 0.078** (0.012) 0.090** (0.017) 0.069** (0.017) 0.055** (0.012) 0.093** (0.018)

Other controls? Yes Yes Yes Yes Yes

Observations 17,214 8567 8647 7336 9878

Notes: Robust standard errors in parenthesis, **p < 0.01, *p < 0.05, + p < 0.1
The dependent variable is weight-for-age zscore. Estimated treatment effects using the full sample, girls, boys, low birthweight and normal/high birthweight
cohorts presented. The treatment variable (Trt) is a dummy equal to one if the child had access to the midday meals program. Panel A provides results for the IV-
Random Effects model and Panel B provides results for GLS-Random Effects Model. Other controls include child age, age squared, gender, zscore of first weight,
pcare, zscore of birthweight, ethnicity, CDC status and birth-year fixed effects either as direct controls or instruments
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treatment effect is also higher among girls compared to
boys.
Table 5 and Fig. 4 presents the estimated effects of ac-

cess to the midday meals intervention on the weight-for-
height/length of children. The point estimates are not
statistically significant in the full sample and across the
different cohorts. This suggests that access to the mid-
day meals intervention does not show significant impacts
on the weight-for-height/length of children.
Table 6 presents results for weight-for-age, height-for-

age and weight-for-height models using the full sample.
Regressions include all controls including the child’s
birth year.
Table 7 and Table 8 present IV-RE model results by

gender and birthweight cohorts respectively. For simpli-
city, tables present only the estimated treatment effects
and instrument validity explained below. Estimated ef-
fects of other controls are mostly similar to those pre-
sented in Table 6 above.

Validity of instruments
The Kleibergen-Paap LM, Cragg-Donald and the
Sargan-Hansen (S-H) tests (for underidentification,
weak-identification and overidentification respectively)
were carried out to check the validity of the instruments
used in the IV models. All three tests confirm the valid-
ity of the instruments used in the weight-for-age and
height-for-age models fitted to the full sample. The S-H
score indicates that the overidentification restriction is
rejected for the weight-for-height model. In that case,
the GLS model estimates are also considered, and the
observed treatment effect is not significant in either case.
For models fitted in subsamples by gender and birth-
weight, the instruments were found to be valid in almost
all cases.

Treatment effects by birth-year cohort
In the plantations belonging to the treatment group, the
midday meals intervention was initiated in 2007. This

Table 4 Height-for-age zscore vs access to the midday meals program- IV-RE and GLS-RE results

(1) (2) (3) (4) (5)

Full sample Girls Boys Low BW Normal/High BW

Panel A: IV-RE regressions

Treatment var. (Trt) 0.047** (0.012) 0.052** (0.016) 0.039* (0.018) 0.024+ (0.014) 0.078** (0.023)

Other controls? Yes Yes Yes Yes Yes

Panel B: GLS-RE regressions

Treatment var. (Trt) 0.053** (0.014) 0.059** (0.017) 0.048* (0.021) 0.024+ (0.014) 0.094** (0.026)

Other controls? Yes Yes Yes Yes Yes

Observations 10,309 5285 5024 4847 5462

Notes: Robust standard errors in parenthesis, **p < 0.01, *p < 0.05, + p < 0.1
The dependent variable is height-for-age zscore. Estimated treatment effects using the full sample, girls, boys, low birthweight and normal/high birthweight
cohorts presented. The treatment variable (Trt) is a dummy equal to one if the child had access to the midday meals program. Panel A provides results for the IV-
Random Effects model and Panel B provides results for GLS-Random Effects Model. Other controls include child age, age squared, gender, zscore of first weight,
zscore of birthweight, zscore of first height, pcare, ethnicity, CDC status and birth-year fixed effects either as direct controls or instruments

Table 5 Weight-for-height/length zscore vs access to the midday meals program- IV-RE and GLS-RE results

(1) (2) (3) (4) (5)

Full sample Girls Boys Low BW Normal/High BW

Panel A: IV-RE regressions

Treatment var. (Trt) 0.014 (0.018) 0.033 (0.025) 0.001 (0.026) 0.014 (0.021) −0.021 (0.036)

Other controls? Yes Yes Yes Yes Yes

Panel B: GLS-RE regressions

Treatment var. (Trt) −0.006 (0.019) − 0.001 (0.022) − 0.016 (0.031) 0.013 (0.020) − 0.042 (0.038)

Other controls? Yes Yes Yes Yes Yes

Observations 7783 3943 3840 3748 4035

Notes: Robust standard errors in parenthesis, **p < 0.01, *p < 0.05, + p < 0.1
The dependent variable is weight-for-height zscore. Estimated treatment effects using the full sample, girls, boys, low birthweight and normal/high birthweight
cohorts presented. The treatment variable (Trt) is a dummy equal to one if the child had access to the midday meals program. Panel A provides results for the IV-
Random Effects model and Panel B provides results for GLS-Random Effects Model. Other controls include child age, age squared, gender, zscore of first weight,
zscore of birthweight, zscore of first height, pcare, ethnicity, CDC status and birth-year fixed effects either as direct controls or instruments

De Silva Perera and Inder BMC Public Health         (2021) 21:2224 Page 11 of 22



implies that children born between 2007 and 2009,
within the treatment group, would have been the first
batch of children to have access to the intervention from
early infancy whilst, children born between 2010 and
2012, would have been beneficiaries of a relatively more
mature midday meals program. Children born between
2013 and 2015 would have had access to a well-seasoned
program. It is interesting to explore possible differential
effects for children within these three birth-year cohorts.
Tables 9, 10, 11 provide treatment effects for the

weight-for-age, weight-for-height/length and height-for-
age models respectively. Columns (1), (2), (3) and (4) pro-
vide estimates for the full sample, among 2007–2009,
2010–2012 and 2013–2015 birth-year cohorts. Panel A
provides the estimated effects for the IV-Random Effects

regression model while Panel B presents estimated results
for the GLS-Random Effects model. Figures 5, 6, 7 present
the same results graphically.
First, consider the estimated treatment effects on the

weight-for-age zscore (Table 9 and Fig. 5). Statistically
significant treatment effects are only observed in the
2013–2015 birth-year cohort where access to the mid-
day meals intervention is associated with an increase
of 0.07 SD on average, in the weight-for-age zscore.
The intervention also has a statistically significant
positive effect on the weight-for-height/length of chil-
dren within the 2013–2015 birth-year cohort as indi-
cated in Table 10 and Fig. 6, where the intervention is
associated with an increase of 0.19 SD in the weight-
for-height zscore.

Table 6 IV and GLS regression results - full model

IV and GLS – random effects regression

WAZ HAZ WHZ

IV GLS IV GLS IV GLS

Treatment var

Trt 0.031** (0.006) 0.078** (0.012) 0.047** (0.012) 0.053** (0.014) 0.014 (0.018) -0.006 (0.019)

Instrumented var

WAZi,t-1/ HAZi,t-1/
WHZi,t-1

1.012** (0.025) 0.731** (0.009) 0.913** (0.008) 0.904** (0.011) 0.819** (0.023) 0.814** (0.011)

Child-level

Age 0.006** (0.002) -0.005** (0.001) 0.007** (0.002) 0.007** (0.002) -0.008* (0.003) -0.008* (0.003)

Age_sq -0.0001**
(0.00002)

0.0001**
(0.00002)

-0.0001**
(0.00003)

-0.0001*
(0.00003)

0.0001+
(0.00004)

0.0001+
(0.00004)

Gender Male 0.016** (0.004) -0.012 (0.011) -0.004 (0.01) -0.005 (0.011) -0.007 (0.014) -0.009 (0.015)

firstzweight -0.043* (0.017) 0.14** (0.009) 0.037** (0.006) 0.038** (0.006) 0.082** (0.013) 0.076** (0.009)

firstzheight 0.006 (0.01) 0.004 (0.009)

pcare 0.07** (0.019) 0.077* (0.033) 0.074* (0.036) 0.093* (0.043) -0.080 (0.059) -0.048 (0.059)

zbirthweight 0.02** (0.005) -0.004 (0.005) -0.004 (0.005) 0.020* (0.008)

Ethnicity Sinhalese 0.004 (0.007) 0.012 (0.022) 0.019 (0.018) 0.019 (0.019) -0.070** (0.025) -0.063** (0.024)

CDC-level

CDC_category New 0.004 (0.006) -0.002 (0.017) -0.002 (0.015) -0.004 (0.016) -0.040+ (0.022) -0.052* (0.022)

Upgraded 0.004 (0.006) 0.0005 (0.015) 0.008 (0.016) 0.011 (0.017) -0.028 (0.021) -0.034 (0.021)

_cons -0.111 (0.091) -0.348** (0.096) -0.577** (0.081) -0.626** (0.089) 0.363** (0.130) 0.342** (0.133)

Observations 17214 17214 10309 10309 7783 7783

σu 0.035 0.094 0.108 0.153 0 0.098

σe 0.309 0.306 0.237 0.224 1.222 0.460

ρ 0.012 0.086 0.171 0.318 0 0.044

Kleibergen-Paap LM Stat 23.80** 123.44** 61.96**

Cragg-Donald Wald F
Stat

82.13 1262.49 330.80

Sargan-Hansen Test 0.613 0.138 9.328**

Robust standard errors in parenthesis, **p<0.01, *p<0.05, + p<0.1
K-P LM test [Null: matrix of reduced form coefficients has rank=K1-1 (underidentification)], C-D Wald F Test [Null: Equation is weakly identified], S-H Test [Null:
Overidentification restriction is satisfied]. Birth-year fixed effects excluded from table
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An opposite pattern is observed in the height-for-age
models presented in Table 11 and Fig. 7 where the esti-
mated treatment effects are statistically significant for
the two older birth-year cohorts 2007–2009 and 2010–
2012. Access to the midday meals intervention is associ-
ated with an average increase of 0.05 SD and 0.04 SD in
the height-for-age zscore among children born between
2007 and 2009 and 2010–2012 respectively.
These results suggest that, as intended, the program

has a positive influence on improving the height-for-age
among children who have had a longer period of in-
volvement, implying that the program is effective in im-
proving long-term growth. The positive influence on

improving weight would presumably, in time translate
into improvements in height.
With regards to the validity of instruments used within

the subsamples, the K-P, C-D and S-H tests report the
instruments to be valid in all fitted models, with the ex-
ception of three models (underidentification in WAZ
model (2007–2009) and overidentified in WHZ model
(2010–2012) and HAZ model (2013–2015)). However,
the treatment effects are not statistically significant for
both the IV and GLS models in all three instances noted.
Table 12 presents the estimated treatment effects and
instrument validity results for the IV-RE models for the
birth-year cohorts.

Table 8 IV regression model results- by Birthweight

IV– Random Effects Regression

Low BW Normal/High BW

WAZ HAZ WHZ WAZ HAZ WHZ

Treatment var

Trt 0.009 (0.075) 0.024+ (0.014) 0.014 (0.021) 0.036** (0.007) 0.078** (0.023) −0.021 (0.036)

Other controls? Yes Yes Yes Yes Yes Yes

Observations 7336 4847 3748 9878 5462 4035

σu 0 0.102 0 0 0.114 0

σe 15.420 0.227 1.457 0.430 0.246 0.873

ρ 0 0.168 0 0 0.176 0

Kleibergen-Paap LM Stat 0.14 64.62** 27.54** 25.88** 56.42** 33.97**

Cragg-Donald Wald F Stat 0.44 687.65 184.18 106.09 548.89 159.33

Sargan-Hansen Test 0.668 0.080 0.406 4.136* 0.059 2.018

Robust standard errors in parenthesis, **p < 0.01, *p < 0.05, + p < 0.1
K-P LM test [Null: matrix of reduced form coefficients has rank = K1–1 (underidentification)], C-D Wald F Test [Null: Equation is weakly identified], S-H Test [Null:
Overidentification restriction is satisfied]. Other controls include child age, age squared, gender, zscore of first weight, zscore of birthweight, zscore of first height,
pcare, ethnicity, CDC status and birth-year fixed effects either as direct controls or instruments

Table 7 IV regression model results- by Gender

IV– Random Effects Regression

Female Male

WAZ HAZ WHZ WAZ HAZ WHZ

Treatment var

Trt 0.033** (0.012) 0.052** (0.016) 0.033 (0.025) 0.033** (0.008) 0.039* (0.018) 0.001 (0.026)

Other controls? Yes Yes Yes Yes Yes Yes

Observations 8567 5285 3943 8647 5024 3840

σu 0.039 0.090 0 0.060 0.109 0

σe 0.299 0.335 1.225 0.350 0.243 1.136

ρ 0.017 0.068 0 0.029 0.167 0

Kleibergen-Paap LM Stat 9.28** 68.84** 38.25** 15.85** 65.35** 34.55**

Cragg-Donald Wald F Stat 31.95 689.29 118.05 37.61 785.13 230.37

Sargan-Hansen Test 0.457 0.666 8.162* 0.132 0.019 5.473+

Robust standard errors in parenthesis, **p < 0.01, *p < 0.05, + p < 0.1
K-P LM test [Null: matrix of reduced form coefficients has rank = K1–1 (underidentification)], C-D Wald F Test [Null: Equation is weakly identified], S-H Test [Null:
Overidentification restriction is satisfied]. Other controls include child age, age squared, gender, zscore of first weight, zscore of birthweight, zscore of first height,
pcare, ethnicity, CDC status and birth-year fixed effects either as direct controls or instruments
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Treatment effects on underweight, wasting and stunting
Logistic regression models were fitted to model the rela-
tionship between access to the midday meals interven-
tion and the likelihood of children being underweight,
wasted and stunted. Figure 8 presents the estimated co-
efficients and Table 13 presents the estimated odds ra-
tios and fractional odds of these adverse outcomes based
on access to the intervention. The estimated coefficients
are all negative, indicating that access to the intervention
reduces the likelihood of being underweight, wasted and
stunted. However, statistically significant effects of the
treatment are detected only on the likelihood of being
underweight and wasted. According to the fractional
odds in Table 13, for a given child, the odds of being
underweight and wasted decreased by 0.45 (45%) and
0.47 (47%) respectively, if the child had access to the
midday meals intervention. The results clearly indicate
the effectiveness of the midday meals intervention in re-
ducing the prevalence of underweight and wasting. No
statistically significant effects are observed on the preva-
lence of stunting.

Results of the logistic random effects models fitted for
the binary variables underweight, wasting and stunting
are presented in Table 14. Table presents only the esti-
mated treatment effect for simplicity.

Robustness
As noted earlier, non-random attrition poses a significant
challenge given the time window in which anthropometric
measures were collected. Following standard methods for ac-
counting for attrition [28, 30], we re-estimate eq. (1) using at-
trition weights. The inclusion of attrition weights did not
impact the statistical significance or direction of the treat-
ment effects in the WAZ and HAZ models. The magnitude
of the estimated effects is very similar but slightly lower, in
line with expectations. Therefore, attrition is not considered
to create a bias in the various estimates of treatment effects.
Other robustness checks included using different esti-

mation methods (i.e. GLS-RE) and subsamples (by gen-
der, birthweight and birth-year), results of which were
previously discussed.

Table 10 Weight-for-height/length zscore vs access to the midday meals program: by birth-year cohort

(1) (2) (3) (4)

Full sample 2007–2009 2010–2012 2013–2015

Panel A: IV-RE regressions

Treatment var. (Trt) 0.014 (0.018) −0.011 (0.030) 0.005 (0.022) 0.195** (0.055)

Other controls? Yes Yes Yes Yes

Panel B: GLS-RE regressions

Treatment var. (Trt) − 0.006 (0.019) −0.010 (0.038) − 0.027 (0.022) 0.186** (0.057)

Other controls? Yes Yes Yes Yes

Observations 7783 1281 5835 667

Notes: Robust standard errors in parenthesis, **p < 0.01, *p < 0.05, + p < 0.1
The dependent variable is weight-for-height zscore. Estimated treatment effects from regressions using the full sample, 2007–2009, 2010–2012 and 2013–2015
birth cohorts presented. The treatment variable (Trt) is a dummy equal to one if the child had access to the midday meals program. Panel A provides results for
the IV-Random Effects model and Panel B provides results for GLS-Random Effects Model. Other controls include child age, age squared, gender, zscore of first
weight, zscore of birthweight, zscore of first height, pcare, ethnicity, CDC status and birth-year fixed effects either as direct controls or instruments

Table 9 Weight-for-age zscore vs access to the midday meals program: by birth-year cohort

(1) (2) (3) (4)

Full sample 2007–2009 2010–2012 2013–2015

Panel A: IV-RE regressions

Treatment var. (Trt) 0.031** (0.006) 0.003 (0.020) 0.008 (0.006) 0.073** (0.018)

Other controls? Yes Yes Yes Yes

Panel B: GLS-RE regressions

Treatment var. (Trt) 0.078** (0.012) 0.018 (0.013) 0.030** (0.011) 0.174** (0.041)

Other controls? Yes Yes Yes Yes

Observations 17,214 2468 11,192 3554

Notes: Robust standard errors in parenthesis, **p < 0.01, *p < 0.05, + p < 0.1
The dependent variable is weight-for-age zscore. Estimated treatment effects from regressions using the full sample, 2007–2009, 2010–2012 and 2013–2015 birth
cohorts presented. The treatment variable (Trt) is a dummy equal to one if the child had access to the midday meals program. Panel A provides results for the IV-
Random Effects model and Panel B provides results for GLS-Random Effects Model. Other controls include child age, age squared, gender, zscore of first weight,
pcare, zscore of birthweight, ethnicity, CDC status and birth-year fixed effects either as direct controls or instruments
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Discussion
The primary intention of this paper was to identify
whether access to the midday meals program had a posi-
tive impact on the growth of pre-school children living
within tea plantation communities. Overall results
clearly indicate a strong positive impact of access to the
midday meals intervention on the growth of children at
different levels. Preliminary analysis revealed that the
treatment group displayed relatively poor anthropomet-
ric measures compared to the control group prior to

joining the treatment (age below 6months). However,
growth clearly improved within the treatment group
over the treatment period (7–60months age group). Fig-
ures 9, 10, 11 present the information provided in Table
2 in a different form. The figures in order, present the
percentage of underweight, wasted and stunted children
in the overall, treatment and control samples in the 0–6
month and 7–60 month age groups. A few patterns
clearly emerge. The percentage of underweight and
wasting has clearly increased in the overall, treatment

Fig. 5 The relationship between weight-for-age zscore by birth-year cohort and access to the midday meals program3.
.3 Figures 5, 6, 7 Notes: Regressions are estimated using robust standard errors. The treatment variable is a binary variable equal to one if the child
lives in a plantation which runs the midday meals interventions. Dots denote the point estimates for the treatment effect and horizontal lines
denote the 95% confidence intervals. The left panel shows the results based on instrument-variable random effects (IV-RE) estimation, while the
right panel shows the results using generalized least squares random-effects (GLS-RE). The vertical line represents the zero-reference line

Table 11 Height-for-age zscore vs access to the midday meals program: by birth-year cohort

(1) (2) (3) (4)

Full sample 2007–2009 2010–2012 2013–2015

Panel A: IV-RE regressions

Treatment var. (Trt) 0.047** (0.012) 0.046* (0.021) 0.044** (0.014) −0.008 (0.051)

Other controls? Yes Yes Yes Yes

Panel B: GLS-RE regressions

Treatment var. (Trt) 0.053** (0.014) 0.050** (0.019) 0.058** (0.017) −0.024 (0.045)

Other controls? Yes Yes Yes Yes

Observations 10,309 1878 7562 869

Notes: Robust standard errors in parenthesis, **p < 0.01, *p < 0.05, + p < 0.1
The dependent variable is height-for-age zscore. Estimated treatment effects from regressions using the full sample, 2007–2009, 2010–2012 and 2013–2015 birth
cohorts presented. The treatment variable (Trt) is a dummy equal to one if the child had access to the midday meals program. Panel A provides results for the IV-
Random Effects model and Panel B provides results for GLS-Random Effects Model. Other controls include child age, age squared, gender, zscore of first weight,
zscore of birthweight, zscore of first height, pcare, ethnicity, CDC status and birth-year fixed effects either as direct controls or instruments
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and control samples in the 7–60month age category
compared to the 0–6 month age category. In Fig. 9, the
percentage of underweight children in the control group
increases substantially from the 0–6month to 7–60
month age categories, whilst the increase is far smaller

in the treatment group. Figure 10 shows a similar pat-
tern where the percentage of wasting shows a much lar-
ger increase of approximately 13% from the 0–6 month
to 7–60month age category within the control group.
The treatment group experience a much smaller

Fig. 6 The relationship between weight-for-height/length zscore by birth-year cohort and access to the midday meals program

Fig. 7 The relationship between height-for-age zscore by birth-year cohort and access to the midday meals program
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increase in the percentage of wasting of approximately
3%. With regards to the percentage of stunting in Fig. 11,
an increase in the percentage is observed from the base-
line to the 7–60 month age category, across all three
groups.
These results suggest two clear points. Firstly, results

clearly indicate a general deterioration in growth for

children living within the tea plantation community,
compared to the WHO reference population. This is in
line with similar patterns observed in other studies
where the growth of children in developing countries is
closer to the reference population at birth but falls fur-
ther behind with age [29]. This deterioration in relative
growth with age is smaller within the treatment group

Fig. 8 The relationship between the likelihood of being underweight, wasted and stunted and access to the midday meals program (coef)

Table 12 IV regression model results- by Birth-Year Cohort

IV– Random Effects Regression

2007–2009 2010–2012 2013–2015

WAZ HAZ WHZ WAZ HAZ WHZ WAZ HAZ WHZ

Treatment var

Trt 0.003
(0.020)

0.046*
(0.021)

−0.011
(0.030)

0.008
(0.006)

0.044**
(0.014)

0.005
(0.022)

0.073**
(0.018)

−0.008
(0.051)

0.195**
(0.055)

Other controls? Yes Yes Yes Yes Yes Yes Yes Yes Yes

Observations 2468 1878 1281 11,192 7562 5835 3554 869 667

σu 0 0 0 0 0.098 0 0 0.142 0

σe 1.438 2.180 0.615 0.401 0.274 0.892 0.756 0.389 0.763

ρ 0 0 0 0 0.113 0 0 0.118 0

Kleibergen-Paap LM
Stat

0.27 31.08** 25.97** 8.73* 91.40** 36.65** 20.72** 17.80** 15.88**

Cragg-Donald Wald F
Stat

0.72 458.22 194.30 43.68 858.58 180.00 114.15 360.20 60.80

Sargan-Hansen Test 2.036 0.081 0.116 0.040 1.227 11.552** 1.194 4.262* 3.522

Robust standard errors in parenthesis, **p < 0.01, *p < 0.05, + p < 0.1
K-P LM test [Null: matrix of reduced form coefficients has rank = K1–1 (underidentification)], C-D Wald F Test [Null: Equation is weakly identified], S-H Test [Null:
Overidentification restriction is satisfied]. Other controls include child age, age squared, gender, zscore of first weight, zscore of birthweight, zscore of first height,
pcare, ethnicity, CDC status and birth-year fixed effects either as direct controls or instruments
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than the control group, particularly for underweight and
wasting, suggesting clear beneficial impact of the midday
meals program as a nutritional safety net.
Model estimates using the overall sample suggest that

access to the midday meals program results in signifi-
cantly improved standardized weight-for-age and height-
for-age of children. Most importantly, the positive effects
for height-for-age suggest that midday meals programs
of this nature can be used as effective tools for improv-
ing child growth and for helping nutritionally deprived
children to catch up in growth. Having access to a pro-
gram such as the midday meals program, with low entry
barriers, can act as a nutritional safety net for pre-school
aged children. The logistic model results also indicate
that access to the midday meals program significantly re-
duces the prevalence of underweight and wasting among
children within tea plantations.
It is useful to examine the factors that may drive these

positive effects. Discussions with midwives who regularly
see the mothers and children, suggest significant issues
related to accessing protein-rich food, intake of imbal-
anced meals and dietary preferences within the planta-
tion communities, highlighting these factors as potential
drivers of child malnutrition within tea plantations. In-
appropriate feeding practices and lack of dietary diversity

have also been highlighted in prior research into the nu-
trition status of plantation communities in Sri Lanka
[31, 32].
Issues surrounding pregnancy patterns and antenatal

care were also highlighted by midwives, particularly not-
ing that plantation women tend to have 3–4 close preg-
nancies, resulting in a lack of care afforded to older
children in many cases. This trend can also lead to sig-
nificant challenges with food security at the household
level. The midday meals intervention would be able to
effectively address this issue, through the provision of at
least one balanced daily meal to children. Multiple chil-
dren from the same family being part of the midday
meals program will also promote equitable access to nu-
trients among children belonging to the same family.
Alcohol abuse is a concern that has also been noted in

several other studies [12, 32, 33]. This highlights the po-
tential usefulness of programs such as the midday meals
intervention in the setting of tea plantations in Sri Lanka,
over interventions such as cash transfer programs, which
give discretion to parents about how the cash is spent with
possible adverse outcomes for children.
When considering the impact of the intervention

within particular cohorts, the occasional greater ben-
efits of program access for girls compared to boys is

Table 14 Logit RE regression – Underweight, Wasting and Stunting

Logit– Random Effects Regression

Underweight Wasting Stunting

Coef Odds R Coef Odds R Coef Odds R

Treatment var

Trt −0.604** (0.152) 0.547** (0.083) −0.628** (0.187) 0.533** (0.100) −0.219 (0.176) 0.803 (0.142)

Other controls? Yes Yes Yes Yes Yes Yes

Observations 17,214 7783 10,309

lnσu 0.490 −0.701 −0.308

σu 1.278 0.704 0.857

ρ 0.332 0.131 0.183

Robust standard errors in parenthesis, **p < 0.01, *p < 0.05, + p < 0.1. Other controls include lagged WAZ/HAZ/WHZ, child age, age squared, gender, zscore of first
weight, zscore of birthweight, zscore of first height, pcare, ethnicity, CDC status and birth-year fixed effects

Table 13 Estimated coefficients, odds-ratio and fractional odds for the treatment effect in underweight, wasting and stunting
models

Model Underweight Wasting Stunting

Coef (Std Dev) −0.604**(0.152) −0.628** (0.187) −0.219 (0.176)

95% CI (−0.901, −0.307) (−0.996, − 0.261) (− 0.565, 0.127)

Odds-Ratio (Std Dev) 0.547** (0.083) 0.533** (0.100) 0.803 (0.142)

95% CI (0.406, 0.736) (0.369, 0.770) (0.568, 1.135)

Fractional Odds (%) −0.453** (−45.3%) − 0.467** (−46.7%) −0.197 (−19.7%)

95% CI (−0.594, − 0.264) (−0.631, − 0.230) (−0.432, 0.135)

Observations 17,214 7783 10,309

Robust standard errors in parenthesis, **p < 0.01, *p < 0.05, + p < 0.1
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an interesting observation. A breakdown of actual
program take-up by gender showed similar program
take-up by girls and boys, which indicates that the
observed differential effects are not driven by gender
differences in treatment adoption or intensity. One
possible explanation for this difference is that in the
control group, boys are favoured in the rationing of
food within the household, while boys and girls are
treated more equally in the treatment group due to
their access to the midday meal, where there is no
gender difference in the provision of food. This pat-
tern warrants further exploration through future
studies.
Access to the midday meals intervention dispropor-

tionately favours children born with normal or high
birthweights compared to children born with low
birthweight. While a statistically significant positive
treatment effect on the weight-for-age of low birth-
weight children was observed in some models, the
magnitude of the effect was much lower for low
birthweight children compared to children with nor-
mal/high birthweight. No statistically significant treat-
ment effects were observed on the height-for-age of
children in the low birthweight cohort. This may

imply that the intervention falls short of benefiting
the long-run growth of more vulnerable cohorts of
children, who may require more targeted interven-
tions. From a program design perspective, this is crit-
ical and warrants further exploration to identify why
program benefits appeared to be weaker among the
children who need it the most. It is notable that a
breakdown of actual program take-up in the treat-
ment plantations showed that only 35% of children
born with low birthweight participated in the midday
meals program in one of the treatment plantations,
whilst a relatively higher percentage of low birth-
weight children (67%) were program participants in
the other plantation. This could be the main reason
for the non-significant treatment effects among low
birthweight children and suggests a clear need for
promoting and popularizing the midday meals pro-
gram among families with low birthweight children.
Additional support may also be required for these
children (e.g. nutrition education, regular monitoring,
and supplementary nutrition), to correct for early
growth deficits.
With regards to the adaptability of midday meals

interventions to other settings, there is a wide

Fig. 9 Percentage underweight within the 0–6 month and 7–60 month age category within the overall, treatment and control samples
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Fig. 10 Percentage wasting within the 0–6 month and 7–60 month age category within the overall, treatment and control samples

Fig. 11 Percentage stunting within the 0–6 month and 7–60 month age category within the overall, treatment and control samples
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network of established child development centres
(CDCs) within tea plantations in Sri Lanka where
similar midday meals programs can be implemented.
Previous studies have highlighted the impact of CDCs
and the crucial role of child development officers
(CDOs) in facilitating interactions between children,
their mothers and public health midwives as well as
their potential to act as mediators in child-centred
development programs [31]. This makes CDCs and
CDOs the ideal setting for a widescale implementa-
tion of a nutrition intervention such as a midday
meals program. It is also common to maintain home-
gardens within CDCs, encouraging community partici-
pation through the provision of fresh home-grown
produce for preparation of the midday meals at
CDCs. Together, these factors point towards the high
feasibility and scalability of such programs within the
target population.
To conclude this discussion, we note that while the

paper has sent a clear message of the nutritional benefits
of a midday meals program for vulnerable children aged
0–5 years, the study has left several questions un-
answered about the mechanisms by which these benefits
are produced. It is also acknowledged that while the
sample size is reasonably large (1279 children), the study
is based on children from just three (large) plantations,
posing a risk about the generalisability of the findings.
The research agenda would benefit from other studies
that confirm the patterns found here. The findings re-
ported to this point suggest that such research is well
justified, in demonstrating the benefits of these pro-
grams for children.

Conclusion
This analysis clearly suggests that midday meals can be
used as an effective early childhood nutrition interven-
tion to promote child growth among vulnerable popula-
tion groups such as the tea plantation community in Sri
Lanka. Midday meals programs can be expanded into
child development centres in other tea plantations in Sri
Lanka, as well as in similar centres that exist among
other vulnerable communities. Extending the concept of
these midday meals to pre-school aged children provides
great hope for early intervention in dealing with the nu-
tritional deficits so prevalent among children in the de-
veloping world.

Abbreviations
CDC: Child development centre; CDO: Child development officer;
CI: Confidence interval; DHS: Demographic and health survey; GLS-
RE: Generalized least squares random-effects; HH: Household; IV-
RE: Instrument variable random-effects; MUDREC: Monash university human
research ethics committee; OR: Odds ratio; RPC: Regional plantation
company; WHO: World health organization; HAZ: Standardized height-for-
age; WAZ: Standardized weight-for-age; WHZ: Standardized weight-for-
height/length

Acknowledgements
We graciously acknowledge the advice provided by Prof. Ranjan Ray during
the initial versions of this manuscript. We would also like to express our
deepest gratitude to the midwives and child development officers who
participated in this study. It is our pleasure to thank the management,
medical authorities, welfare officers and other health care workers in tea
plantations for their cooperation during this study. Our sincere thanks also
go to representatives of the Merrill J Fernando Charitable Foundation,
Thalawakale Tea Estates PLC and the Plantation Human Development Trust
for facilitating the study. Last but not the least our sincere thanks go to all
the plantation children whose data provided the basis for this study.

Authors’ contributions
BAI and UDSP conceived and designed the natural experiment and survey.
UDSP performed the field survey and collected all necessary data. BAI and
UDSP were both involved in data interpretation and statistical analysis. UDSP
wrote the first draft of the manuscript. BAI critically revised the manuscript
for intellectual content. UDSP and BAI are guarantors of the paper. Both
authors have read and approved the manuscript.

Funding
This study was funded through the Monash University Graduate Research
Program. The funding body had no role in the study design and collection,
analysis, and interpretation of data and in writing the manuscript.

Availability of data and materials
The datasets used and/or analysed and the Public Health Midwife Questionnaire,
CDO Questionnaire and Household Quality Checklist used in the study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethics approval for the study was obtained from the Monash University
Human Research Ethics Committee (Reference No.: CF15/1502–2015000740).
Written informed consent was obtained by the midwives and child
development officers interviewed during the study. Parental consent was not
required by the Monash Ethics Committee as no children were directly
interviewed or observed during the study. The study relies on secondary
data routinely collected and maintained by midwives and child
development officers and was provided in a non-identifiable format follow-
ing privacy protocols.

Consent for publication
Not applicable for this study.

Competing interests
The authors declare that they have no competing interests.

Author details
1Centre for Health Economics, Monash Business School, Monash University,
Melbourne, Australia. 2Research Fellow, Centre for Health Economics, Monash
University, 900, Dandenong Road, Caulfield campus, Melbourne, VIC 3145,
Australia.

Received: 11 November 2020 Accepted: 23 September 2021

References
1. UNICEF/WHO/World Bank Group. Levels and trends in child malnutrition

[Internet]. 2019 [cited 2019 Jul 20]. Available from: https://data.unicef.org/
topic/nutrition/malnutrition/

2. Department of Census and Statistics-Sri Lanka. Demographic and health
survey 2016. 2017.

3. United Nations Sri Lanka. Millenium development goals country report
2014: Sri Lanka 2015.

4. Department of Census and Statistics-Sri Lanka. Demographic and health
survey 2006–07. 2009.

5. Rajapaksa LC, Arambepola C, Gunawardena N. Nutritional status in Sri Lanka,
determinants and interventions: A desk review. 2011.

De Silva Perera and Inder BMC Public Health         (2021) 21:2224 Page 21 of 22

https://data.unicef.org/topic/nutrition/malnutrition/
https://data.unicef.org/topic/nutrition/malnutrition/


6. Shekar M, Somanathan A, Du L. Malnutrition in Sri Lanka: scale, scope,
causes, and potential response. 2007.

7. Davies S. Plantations and the rural economy: poverty, employment and
food security in Kenya. IDS Bull. 1987;18(2):15–20. https://doi.org/10.1111/j.1
759-5436.1987.mp18002003.x.

8. Ilyas AH. Estate Tamils of Sri Lanka- a socio economic review. Int J Sociol
Anthropol. 2014;6(6):184–91. https://doi.org/10.5897/IJSA12.061.

9. Jayawardena K. The plantation sector in Sri Lanka: recent changes in the
welfare of children and women. World Dev. 1984;12(3):317–28. https://doi.
org/10.1016/0305-750X(84)90067-6.

10. Kurian R, Jayawardena K. Plantation patriarchy and structural violence:
Women workers in Sri Lanka. In: Legacy of Slavery and Indentured Labour:
Conference on Bonded Labour, Migration, Diaspora and Identity Formation
in Historical and Contemporary Context. 2013. p. 1–24.

11. Department of Census and Statistics SL. Sri Lanka Census of Population and
Housing, 2011 [Internet]. 2010. Available from: http://www.statistics.gov.lk/
PopHouSat/CPH2011/index.php?fileName=ConceptsandDefinitions&gp=
StudyMaterials&tpl=2

12. Gunetilleke N, Kuruppu S, Goonasekera S. The estate workers’ dilemma:
tensions and changes in the tea and rubber plantations in Sri Lanka.
Colombo: CEPA Publication Series; 2008.

13. Thompson RA. Development in the first years of life. Futur Child. 2001;11(1):
21–33. https://doi.org/10.2307/1602807.

14. PHDT-Sri Lanka. Evaluation of nutritional intervention on children living in
estates. 2019.

15. CARE International Sri Lanka. Plantation community empowerment project. 2011.
16. Jayatissa R. National nutrition Thriposha intervention programme to combat

malnutrition in mothers and children of Sri Lanka [internet]. 2005. Available
from: https://www.researchgate.net/publication/281119153

17. World Bank. SABER school feeding policy goals- Sri Lanka [internet]. SABER
Country Report 2015. Available from: www.worldbank.org/education/saber

18. Gill J, Johnson P, Clark M. Research methods for managers. 4th ed. London:
SAGE Publications; 2010.

19. Bartlett J, Kotrlik J, Higgins C. Organizational research: determining
appropriate sample size in survey research. Inf Technol Learn Perform J.
2001;19(1):43–50 Available from: https://search.proquest.com/docview/2202
97257?accountid=12834.

20. Saavedra P, Harding R, Barrington F. Using order sampling to achieve a
fixed sample size after nonresponse. In: Joint Statistical Meetings:Section on
Survey Research Methods. 2011. p. 4301–6.

21. WHO Multicentre Growth Reference Study Group. WHO child growth
standards: length/height-for-age, weight-for-age, weight-for-length, weight-
for-height and body mass index-for-age: methods and development.
Geneva: World Health Organization; 2006.

22. de Onis M, Habicht J-P. Anthropometric reference data for international use:
recommendations from a world health organisation expert committee. Am J Clin
Nutr. 1996;64:650–8 Available from: http://ajcn.nutrition.org/content/64/4/650.short.

23. De Onis M, Blössner M. WHO global database on child growth and
malnutrition. Geneva: Programme of Nutrition; 1997.

24. Rajendran S, Abhayaratne A. Trapped in poverty: plantation workers in Sri
Lanka. In: Mohanty P, Malik RC, Kasi E, editors. Ethnographic discourse of the
other. Newcastle: Cambridge Scholars Publishing; 2008.

25. Department of Census and Statistics-Sri Lanka. Household income and
expenditure survey 2016 [Internet]. 2018. Available from: http://www.sta
tistics.gov.lk/HIES/HIES201213BuletinEng.pdf

26. Galgamuwa LS, Iddawela D, Dharmaratne SD, Galgamuwa GLS. Nutritional
status and correlated socio-economic factors among preschool and school
children in plantation communities, Sri Lanka. BMC Public Health. 2017;
17(377):1–11. https://doi.org/10.1186/s12889-017-4311-y.

27. Jayawardena P. Can people in Sri Lanka’s estate sector break away from
poor nutrition: what causes malnutrition, and how it can be tackled.
Colombo: Health Economic Series; 2014.

28. Fitzgerald J, Gottschalk P, Moffitt R. An analysis of the impact of sample
attrition on the second generation of respondents in the Michigan panel
study of income dynamics. J Hum Resour. 1998;33(2):251–99. https://doi.
org/10.2307/146433.

29. Wagstaff A, van Doorslaer E, Watanabe N. On decomposing the causes of
health sector inequalities with an application to malnutrition inequalities in
Vietnam. J Econom. 2003;112(1):207–23. https://doi.org/10.1016/S0304-4
076(02)00161-6.

30. Helfand SM, Sielawa VH, Singhania D. A matter of time: an impact
evaluation of the Brazilian National Land Credit Program. J Dev Econ. 2019;
141(October 2015):102361. Available from: https://doi.org/https://doi.org/1
0.1016/j.jdeveco.2019.06.004

31. The World Bank group. Improving nutrition outcomes for children in Sri
Lanka’s estate sector. 2018.

32. Jayawardena P. Underlying causes of child and maternal malnutrition in the
estate sector of Sri Lanka. J South Asian Stud. 2014;02(03):241–55.

33. Shunsuke K. Tea estate plantation community in Nuwara Eliya district of Sri
Lanka : an introductory overview of social issues and poverty among
residents living under the conventional plantation system. Yokohama J Soc
Sci. 2011;15(6):831–43.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

De Silva Perera and Inder BMC Public Health         (2021) 21:2224 Page 22 of 22

https://doi.org/10.1111/j.1759-5436.1987.mp18002003.x
https://doi.org/10.1111/j.1759-5436.1987.mp18002003.x
https://doi.org/10.5897/IJSA12.061
https://doi.org/10.1016/0305-750X(84)90067-6
https://doi.org/10.1016/0305-750X(84)90067-6
http://www.statistics.gov.lk/PopHouSat/CPH2011/index.php?fileName=ConceptsandDefinitions&gp=StudyMaterials&tpl=2
http://www.statistics.gov.lk/PopHouSat/CPH2011/index.php?fileName=ConceptsandDefinitions&gp=StudyMaterials&tpl=2
http://www.statistics.gov.lk/PopHouSat/CPH2011/index.php?fileName=ConceptsandDefinitions&gp=StudyMaterials&tpl=2
https://doi.org/10.2307/1602807
https://www.researchgate.net/publication/281119153
http://www.worldbank.org/education/saber
https://search.proquest.com/docview/220297257?accountid=12834
https://search.proquest.com/docview/220297257?accountid=12834
http://ajcn.nutrition.org/content/64/4/650.short
http://www.statistics.gov.lk/HIES/HIES201213BuletinEng.pdf
http://www.statistics.gov.lk/HIES/HIES201213BuletinEng.pdf
https://doi.org/10.1186/s12889-017-4311-y
https://doi.org/10.2307/146433
https://doi.org/10.2307/146433
https://doi.org/10.1016/S0304-4076(02)00161-6
https://doi.org/10.1016/S0304-4076(02)00161-6
https://doi.org/10.1016/j.jdeveco.2019.06.004
https://doi.org/10.1016/j.jdeveco.2019.06.004

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study setting and design
	Ethics approval and data quality procedures
	Data
	Empirical strategy
	Possible endogeneity of treatment variable
	Time-invariant unobserved variables
	Potential time-varying unobserved variables
	Inter-plantation migration due to midday meals program
	Sample truncation

	Statistical analysis
	Instrumental variables


	Results
	Descriptive analysis
	Baseline growth indicators across treatment and control groups
	Main treatment effects
	Validity of instruments
	Treatment effects by birth-year cohort
	Treatment effects on underweight, wasting and stunting
	Robustness

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

