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Abstract

Background Preterm and term small for gestational age (SGA) babies are at high risk of experiencing malnutri-
tion and impaired neurodevelopment. Standalone interventions have modest and sometimes inconsistent effects
on growth and neurodevelopment in these babies. For greater impact, intervention may be needed in multiple
domains—health, nutrition, and psychosocial care and support. Therefore, the combined effects of an integrated
intervention package for preterm and term SGA on growth and neurodevelopment are worth investigating.

Methods An individually randomized controlled trial is being conducted in urban and peri-urban low to middle-
socioeconomic neighborhoods in South Delhi, India. Infants are randomized (1:1) into two strata of 1300 preterm

and 1300 term SGA infants each to receive the intervention package or routine care. Infants will be followed until 12
months of age. Outcome data will be collected by an independent outcome ascertainment team at infant ages 1, 3, 6,
9,and 12 months and at 2, 6, and 12 months after delivery for mothers.

Discussion The findings of this study will indicate whether providing an intervention that addresses factors known
to limit growth and neurodevelopment can offer substantial benefits to preterm or term SGA infants. The results
from this study will increase our understanding of growth and development and guide the design of public health
programs in low- and middle-income settings for vulnerable infants.
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Introduction

Background and rationale {6a}

Preterm births (born before 37 completed weeks of ges-
tation) and babies being term small for gestational age
(term SGA—birth weight for gestational age below the

10th percentile) present significant global health prob-
lems [1, 2]. It is estimated that globally, 11.9 million live
births (8.8% of all live births) are preterm, while approxi-
mately 21.9 million (16.3%) neonates are born term SGA
[3]. The proportion of babies born preterm and term SGA
is higher in South Asia compared to other parts of the
world [1, 2, 4], and within South Asia, India has the high-
est proportion of preterm (13.6%) and term SGA (36.5%)
babies [1, 2]. These babies comprise 40% of all live births
and 65-70% of infants with underweight, stunting, and
wasting in Delhi, India [5].

Babies born preterm and term-SGA are vulnerable to
serious infections and feeding difficulties [6]. This con-
tributes to an increased risk of death, growth impairment,
and neurodevelopmental disorders in early and later life
[7, 8]. Evidence from low- and middle-income countries
(LMICs) indicates that preterm and term SGA babies
have 2-3 times increased risk of being underweight at
age 12 to 60 months compared to term appropriate for
gestational age (AGA) babies [9]. A similar magnitude of
risk was also observed for stunting and wasting [9]. Evi-
dence from systematic reviews suggest that children born
as term SGA babies have 0.3 to 0.5 SD lower neurodevel-
opment scores between 1 and 12 years of age compared
to those born term AGA [8, 10, 11]. Preterm and term
SGA babies are also at increased risk of neurodevelop-
ment impairment. Preterm babies have lower cognitive
and fine motor skills scores (SMD: —0.70; 95% CI: —0.73
to —0.66) and an increased risk of behavioral problems
at school age compared to term babies. Additionally,
preterm babies have a higher likelihood of motor skill
impairment with 40% experiencing mild impairment and
20% experiencing moderate impairment [12, 13]. Preterm
and term SGA babies may additionally exhibit a more dif-
ficult and less predictable temperament than term AGAs
that can pose a challenge for caregivers to provide appro-
priate responsive care, possibly aggravating the delayed
neurodevelopment [14—17].

The factors influencing growth and neurodevelopment
in preterm and term SGA infants are multifactorial. It
encompasses a range of factors including infant mor-
bidities, breast feeding practices, maternal and infant
nutrition, and maternal psychosocial status. Research
indicates that standalone interventions targeting these
factors have modest and sometimes inconsistent effects
on growth and neurodevelopment [18-29]. Health
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interventions such as prevention of disease through
sanitation, treatment of diarrhea, and immunization
were found to increase linear growth among children in
developing countries [30-32]. Enteral iron supplemen-
tation has been found to improve length among preterm
and LBW infants [MD 0.69 cm, 95% CI 0.01 to 1.37] in
the first 6 months of life [33, 34], and kangaroo mother
care (KMC), which includes exclusive breastfeeding,
has been shown to improve weight [4.08 g/day (2.30 to
5.86)] and length [0.21 cm/week, (0.03 to 0.38)] in low
birth weight infants [21, 34, 35]. Early child stimulation
activities among preterm infants have been found to
improve cognitive (developmental quotient (DQ): SMD:
0.32 SD; 95% CI: 0.16 to 0.47) and motor outcomes in
infancy (motor scale DQ: SMD 0.10 SD, 95% CI: 0.01
to 0.19) [27]. For greater impact, intervention may be
needed in several domains, i.e., health, nutrition, and
psychosocial care and support, delivered concurrently
[36, 37]. Improving the mother’s postnatal health, nutri-
tional status, and psychological well-being may also be
critical for implementing interventions promoting opti-
mal growth and neurodevelopment of preterm and term
SGA babies [37, 38].

The first 1000 days of life are crucial for subsequent
growth and brain development. Insufficient nutrition,
repeated infections, and sub-optimal care have negative
impacts on both [39, 40]. This is particularly important
for preterm and term SGA infants, as achieving postna-
tal catch-up growth within the first 6 months of life is
strongly associated with better neurodevelopment in pre-
school, school-age, and at later stages [36, 41-44]. Stud-
ies have shown that the likelihood of catch-up growth in
preterm babies from LMICs is limited [45]. There is very
limited evidence regarding catch-up growth in term SGA
infants in LMICs.

Identification of an intervention package that sub-
stantially improves the growth and neurodevelopment
of preterm and SGA infants may hold the potential
to reduce undernutrition in infancy and may contrib-
ute to improved health, educational achievement, and
economic status in adulthood for a substantial propor-
tion of the Indian population [46]. This package should
include intervention that have been documented to have
at least modest effects when delivered on their own and
are expected to achieve synergistic effects on growth and
neurodevelopment when combined. We are conduct-
ing an individually randomized controlled trial in low to
middle socioeconomic neighborhoods of Delhi to ascer-
tain the efficacy on growth and neurodevelopment of an
integrated package of health, nutrition, and early child
stimulation and responsive care intervention delivered
concurrently to term SGA and preterm infants and their
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mothers. The comparator group in this study are infants
who are receiving routine care from either government
or private hospitals. This comparison is crucial to deter-
mine whether the intervention provides any additional
benefits over and above the current standard of care.

Objectives {7}

The primary objectives are to estimate the efficacy of
concurrent delivery of a health, nutrition, and early
child stimulation and responsive care intervention
package during the first year of life on attained weight
and weight for age z score (WAZ) at 12 months of age
for (i) preterm infants and their mothers and (ii) term
SGA infants and their mothers.

The secondary objectives are to determine the effects
of the same package on mortality, morbidity, nutritional
status, and neurodevelopment in infants and nutri-
tional status and depressive symptoms among mothers
in the first year of infant age. We will also estimate the
effect on household consumption and expenditures at 6
and 12 months of infant age.

Trial design {8}

An individually randomized controlled trial with paral-
lel design (1:1), stratified by preterm and term small for
gestational age (SGA). The trial hypothesis is that the
integrated and concurrent delivery of interventions in
the domain of health, nutrition, and early child stimu-
lation and responsive care to preterm or term SGA
infants and their mothers during infancy will increase
their mean attained weight and weight-for-age z scores
by at least 0.2SD or more at 12 months of age. Blinding
will be implemented at the outcome assessor and data
analyst level to minimize bias. All design elements of
the trial have been carefully considered to ensure the
validity and reliability of the trial results.

Methods: participants, interventions,

and outcomes

Study setting {9}

The study is an individually randomized trial and is
being conducted in urban and peri-urban low to mid-
dle socioeconomic neighborhoods of South Delhi,
India [47]. In this setting, the proportions of infants
born preterm (~15%) and SGA (~37%) are similar to
the national average [5]. The prevalence of stunting and
underweight at 12 months of age in preterm infants is
31% and 20% and in term SGA 34% and 36%, respec-
tively [48]. Approximately 45% of women have second-
ary level or higher education. Almost all (95%) births
are institutional, with 80% taking place in public health
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facilities. Four fifths (around 80%) of mothers return
home within 72 h of delivery.

Eligibility criteria {10}

Inclusion criteria

Preterm or term SGA infants and their mothers with
ultrasound dating scan done within 20 weeks of gesta-
tion are eligible for participation.

Exclusion criteria

Infants with congenital malformations (affecting feeding
or the ability to take measurements), mothers intend-
ing to leave the study area within the next 12 months, or
babies or mothers who are hospitalized for more than 14
days post-delivery are excluded from the study.

Sample size {14}

There are two strata: preterm and term SGA. Sample sizes
are calculated for 90% power and 95% confidence for each
stratum. Assuming a minimum of 0.20 SD mean difference
in weight (which translates to a 200 g weight difference) or
WAZ scores between the intervention and control arms
at 12 months, a total of 1054 infants per strata, i.e., (527
infants per arm per strata) are required [5].

Recruitment {15}
Accounting for a possible 20% loss to follow-up from
enrolment to 12 months of age, we will need 650 infants
per arm per stratum. We will therefore enroll a total of
2600 infants (1300 preterm and 1300 term SGA).

With 650 infants in each stratum in each arm, assuming
a prevalence of underweight of 25% in the control arm at
12 months of age, we will be able to detect a 30% relative
reduction in underweight, with 90% power and 95% con-
fidence level. A narrow effect size in the hypothesis has
been considered to adjust for some earlier impact of simi-
lar intervention in the study area, by our team [1]. We will
also be able to detect a difference of 3 composite standard
score—points (0.2 SD) in the domains of the Bayley Scales
of Infant and Toddler Development, 3rd Edition (BSID-III).

Assuming 25% of babies are term SGA and 15% pre-
term, and 40% attrition from pregnancy identification to
enrolment, we will probably need gestational age assess-
ment through dating ultrasounds in ~13,000 pregnancies
[1]. The sample size estimation for this study was con-
ducted using power commands in STATA.

Intervention description {11a}
The intervention has three domains—health, nutrition,
and early child stimulation-and-responsive care—and
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is being delivered from birth until 12 months of age.
These were selected based on their impact on growth
and developmental outcomes in preterm, term SGA,
and LBW infants (Table 1). The details of this interven-
tion are listed in Additional file 1.

In the health domain, the key components are pre-
vention, early identification, and management of infec-
tions [49]. Mothers are counselled to seek vaccination
of the infants according to the national immunization
schedules. They are also counselled and given dem-
onstrations on correct handwashing practices during
food preparation and feeding of the baby. Any illnesses
reported by caregivers are managed at the study clinic
in the collaborating hospital or any nearby health facili-
ties [50, 51].

From enrollment to 6 months, mothers are counselled
and supported to breastfeed their infants exclusively. For
late preterm infants (34 to 37 weeks) who show signs of
tiring quickly and suckle for less than 5 min, the mother
is encouraged to give expressed breast milk feeding after
each breastfeed. For infants less than 34 weeks gestation,
expressed breastmilk is given following each direct feed.
Mothers are taught to express, store and feed breastmilk
[52, 53].

Mothers are taught to keep the baby in the skin-to-skin
contact (SSC) position, i.e., upright between her breasts,
and counselled to give SSC as long as possible during the
day and night, in a semi-reclining or supine position, till
the baby is 28 days old or wriggles out.

All infants are provided micronutrient supplementa-
tion daily as per 2022 WHO guidelines for preterm or
LBW infants (iron 2—4 mg/kg/day, vitamin D 800 IU/day,
and zinc 2-3 mg/kg/day) [54].

Caregivers of infants aged 6 to 12 months are coun-
selled on timely introduction of complementary foods at
6 months, on the frequency of feeding and types of food
to be fed and their amounts, and recipes for energy and
nutrient-dense meals made from locally available and
culturally acceptable foods are shared. A daily milk cereal
mix packet (125 Kcal per day, and 5 g protein including
80% to 100% recommended daily allowances (RDA) of
micronutrients) is provided to all infants (see Additional
file 2 for detailed composition). The nutritional sup-
plement provides around 50 to 60% of the daily energy
requirement between 6 to 12 months of age, assum-
ing the infant is breastfed [55]. Mothers are counselled
and supported to continue breastfeeding till at least 12
months of age.

Growth is monitored fortnightly in the first 2 months
of life and subsequently monthly to identify growth fail-
ure. Growth failure is defined using both attained growth
and growth velocity. Attained growth is calculated based
on WAZ and LAZ in the first 6 months and WLZ and



Chowdhury et al. Trials (2024) 25:110

Table 1 Summary of the intervention
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Component Intervention Control
Infants Care routinely sought from usual sources -government (free
Health lliness ascertainment through reports by caregivers of cost) and private providers
and by team, at home visits
Facilitation of medical care-seeking/access
Provision of zinc and ORS for the management of diarrhea
Counselling on immunization and handwashing practices
Nutrition 0to 6 months

Growth monitoring based on WHO standard growth charts.
Assessment by physician, lactation counsellor, and psy-

chologist (for mothers) if there is growth failure
Management of severe acute malnutrition (SAM)

Counselling and support for exclusive breastfeeding

Expressed breastmilk feeding, if indicated

Kangaroo mother care during the neonatal period
Lactational counselling and additional breastfeeding sup-

port for breastfeeding problems

Micronutrient supplementation of iron, vitamin D, zinc,

or other B vitamins
7to 12 months

Counselling on continued breastfeeding, complementary
feeding, responsive feeding, food hygiene, and immunization

Iron and folic acid supplementation

Early child development
and responsive care for the infant

Counselling and demonstration of early child play

Mother
Health Counselling on postnatal check-ups and family planning
Nutrition 6 months postpartum

Nutritional supplementation to mother in the form
of healthy snacks, calcium and vitamin D, iron and folic acid
supplementation, and multiple micronutrient tablets

Psychosocial support

Promotion of positive thinking and problem-solving skills

LAZ in the next 6 months using WHO growth standards.
Growth velocity is monitored based on WHO weight
velocity standards [56]. Weight velocity below the 15th
centile for term SGA and below the 25th centile for pre-
term infants is defined as growth failure [5]. Attained
growth and growth velocity of infants in the intervention
arm are monitored using an electronic monitoring sys-
tem, which calculates growth indices (attained and veloc-
ity z scores) in real-time.

Infants with growth failure are referred to the study
clinic and assessed for morbidity, breastfeeding, and
complementary feeding practices. In addition to support
on how to manage the morbidity of their infants, mothers
of infants under 6 months with growth failure are pro-
vided with additional counselling on the importance of
exclusive breastfeeding. Infants older than 6 months with
growth failure are given one packet of additional food
supplement (125 Kcal, ~ 5 g protein) per day, in addition
to breastfeeding support.

The intervention for early child development (ECD)
have been adapted from the “Care for Child Develop-
ment” manual developed by WHO and UNICEF [57]. The

strategies involve fostering a strong connection between
the research team and the mother or primary caregiver,
aiming to boost her motivation for better childcare. It
includes observing the mother’s play and interaction with
the child and providing recommendations for and dem-
onstrations of age-appropriate activities for her to engage
with her child. Additionally, assistance is being provided
to the mother during the activities, while encouraging
her to practice them independently. The developmental
screening tool, Ages and Stages Questionnaire version III
(ASQ-3) will be administered at 4, 6, 9, and 11 months
of infant age to identify early delays in child development
[58]. Infants whose parents have concerns about develop-
mental delay and those with ASQ-3 scores below the age-
specific cut-off are assessed by the study psychologist and
referred to a developmental pediatrician if needed.
Mothers receive counselling on postnatal check-ups and
family planning practices. Contraceptives are provided
if requested. Mothers are provided with ~1 RDA of daily
multiple micronutrient supplements (Additional file 3 for
the detailed composition of the micronutrient supplement,
Riconia Silver) and locally prepared snacks that align with
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the Indian Council of Medical Research (ICMR) guidelines
for 6 months post-partum [59]. The daily snacks provide
600 kcal with 25-30% of energy (150—180 kcal) from fats
and 13% of energy from proteins (80 kcal). It contains 20
g of protein from a mix of plant- and animal sources, with
~30% (5.4—6 g) of the protein coming from a dairy source.

All mothers are also counselled for their psychologi-
cal well-being using a module adapted from the WHO
Thinking Healthy Manual [60]. The intent is to promote
psychological well-being and strengthen the mother’s
problem-solving skills. The adapted version of the module
emphasizes five basic principles—empathetic listening,
guided discovery using pictures, family engagement, prob-
lem-solving, and behavioral activation—and is aligned to
the local context in order to make it easier for the mothers
to comprehend and practice. Patient Health Questionnaire
2-item (PHQ-2) along with the assessment of suicidal idea-
tion are being used to screen for postpartum depression.
Mothers suspected of having depression are referred to a
clinical psychologist for further evaluation.

Comparison arm {6b}
The children in the comparison arm receive routine
home visits by government health staff [61].

All participants (women and infants) in both arms are
free to access their usual care pathways including free
services provided through the government health system.

Outcome measures {12}
The primary outcomes include attained weight, and
weight for age Z scores at 12 months of age.

The secondary outcomes along with timing of their
measurements are listed in Additional file 4. The key sec-
ondary outcomes for children are proportion stunted,
wasted, and underweight at 6 and 12 months; overweight
or obesity at 12 months; weight and length velocities
between birth to 6 months and 6 to 12 months; neu-
rodevelopment (composite cognitive, language, motor,
socio-emotional, temperament and HOME scores; Mean
Global Scale for Early Development score) at 12 months
[62]; morbidity and hospitalization from birth to 12
months; and dietary assessment, micronutrients, and
anemia status at 12 months (in a sub-sample).

The key secondary outcomes for mothers (Additional
file 5) are depressive symptoms, nutritional status during
the postpartum period, and household consumption and
expenditures at 6 and 12 months of infant age, as well as
dietary assessment at 3 and 6 months (in a sub-sample).

Study procedures

Surveillance, follow-up, screening, and enroliment

A pregnancy surveillance team (PST) conducts a door-
to-door survey to list all pregnancies within 20 weeks of
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gestation based on the last menstrual period (LMP) or
previous ultrasound and takes consent for ultrasound,
regular contacts during pregnancy, and birth weight
measurement within 72 h of childbirth. The team offers
to facilitate the dating ultrasound in designated USG
centers and transportation for the same. The details of
pregnant women with gestational age <20 weeks based
on ultrasound are communicated to the pregnancy fol-
low-up, screening, and enrolment team (PSE) (Fig. 1).

During follow-up, pregnant women are counselled by
field assistants (FAs) to register and deliver in a hospi-
tal, attend regular antenatal care clinics, consume an
adequate diet, recognize danger signs in pregnancy,
and initiate of breastfeeding early after birth. The field
assistants periodically contact the identified women
over the phone (through home visits if phone calls
are unsuccessful), more frequently in the last trimes-
ter. For all live births, the team measures the baby’s
weight within 72 h of birth and screens using inclusion
and exclusion criteria. If the inclusion criteria are met,
there are no exclusion criteria, and consent is given; the
mother-infant pair is randomized to the intervention or
control arm in the relevant stratum (preterm or term
SGA). Post enrollment, baseline information is col-
lected, including sociodemographic characteristics and
recent childbirth related details including care received
after delivery.

Randomization, allocation concealment, and masking {16a,
16b, 16¢, 17a}

The randomization list was prepared by an independent
statistician using random permuted blocks of varying
sizes, stratified by preterm and term SGA infants. The
arm allocation is done using a web-based system at the
time of enrolment. There are no additional criteria for
discontinuation or modification of allocated intervention.
Masking of the study teams is not possible because of the
nature of the intervention. However, attempts are made
to keep the independent outcome ascertainment team
unaware of the arm allocation, to the extent possible.

Intervention delivery

The PSE team informs the intervention delivery team
about the infants randomized to the intervention arm.
The intervention delivery teams conduct the first visit
within 24 h of enrolment.

The intervention delivery visits are designed to accom-
modate the implementation of various components of
intervention such as health, nutrition, and psychosocial
in a single visit. On a particular visit, the focus is either
on nutrition and health of the infant and mother or early
child stimulation and responsive care and psychosocial
care and support of the mother, with adjustments made
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Trial profile

Identifying Pregnant women <20 weeks
gestational age

| Excluded (n=)
- - P " Consent refusal
Reporting birth and taking infant’s weight Abortion
within 72 hrs Still birth
Outside study area

| Live births

| Reason not randomized

Consent refusal

|

Infant death

‘ Congenital anomalies

Mother-infant dyad leaving
study area
Term SGA

Term AGA

Censored Censored
Died Died
Withdrew Withdrew

v

Infant at 12 mo Infant at 12 mo

Fig. 1 Trial profile

as necessary. This intervention includes counselling on
early and exclusive breastfeeding, expressing breast milk,
kangaroo mother care, responsive feeding, micronutri-
ent supplementation, hand washing, family planning, and
immunization. The schedule includes 11 visits (days 1, 3,
7,10, 11, 14, 17, 21, 22, 24, and 28) in the first 28 days,
followed by visits every 2 weeks in months 2 and 3, and
monthly visits in months 4, 5, and 6. In addition to pro-
viding counselling and support, the team also acknowl-
edges and praises good practices.

During each visit, FAs ask about the well-being of both
the infant and the mother. If the infant needs urgent care,
the FA informs the supervisor and facilitates referral to
the nearest health facility based on the family’s prefer-
ence. The FA checks the mother’s understanding of the
counselling messages and summarizes the key messages
at the end of each visit.

If any problem with breastfeeding or complementary
feeding is identified, a lactation counsellor or nutritionist
intervenes to resolve the problem. If the problem is not
resolved, the infants are referred to the pediatrician at
the collaborating hospital.

The intervention delivery team FAs are measuring
compliance with intervention during their home visits.
This is done by both asking questions to the mother and
observing empty food supplement packets or counting
remaining tablets.

The pediatrician at the study clinic, located within the
collaborating hospital, provides care for the infants in
the intervention group and assesses infants with growth

{

‘ Intervention |

l

’ Control |

Censored Censored
Died Died
Withdrew Withdrew

Infant at 12 mo Infant at 12 mo

failure and associated illnesses. The lactation counsellor
and nutritionist conduct home visits to assess breastfeed-
ing and complementary feeding practices and counsel
the mothers. Mothers of all infants with growth failure
are assessed by a psychologist for any psychosocial prob-
lems that may pose hurdles in taking optimal care of the
infant.

Strategies to improve adherence to interventions {11c}

A system for electronic surveillance has been established
to monitor infants who need extra care to ensure high
adherence to intervention.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Both groups of participants (intervention and control)
have the freedom to utilize the standard care pathways,
which include complimentary services from the govern-
ment’s health system.

Process evaluation and quality control

Two types of visits are conducted: observed visits and
independent visits. Observed visits closely monitor
worker activities, including family interactions, coun-
selling quality, and procedure adherence. Coordinators
perform monthly independent visits to ensure team
adherence and accurate data collection. During preg-
nancy surveillance, activities involve observing rapport-
building, survey-related messaging, assessing LMP, and
consenting. During pregnancy follow-up, coordinators
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monitor the process of delivering counselling messages
over the phone and handling inquiries from the partici-
pants. For screening and enrollment, criteria assessment,
consenting, and anthropometric measurements are
observed. Observation of outcome ascertainment focuses
on the adequacy of anthropometric assessment methods.
During intervention delivery, supervisors observe feeding
sessions, breastfeeding practices, and child stimulation
activities for the first 6 months, and complementary feed-
ing practices from 7 to 12 months, with all details related
to compliance documented at each visit.

Supplements are provided every 2 weeks, and at the
time of delivery, the team asks questions on supplement
consumption since the last visit and counts the remaining
tablets to monitor compliance.

Outcome ascertainment {18a}

Infants in both the intervention and control arms are vis-
ited at home by an independent outcome ascertainment
team in pairs, at infant ages 1, 3, 6, 9, and 12 months, to
measure weight, length, and head and mid upper arm
circumference (MUAC); assess infant care practices;
and document the prevalence of reported illnesses in the
previous 2 weeks and care-seeking for illness and hos-
pitalizations since the last visit. Additionally, the team
measures the weight and MUAC of mothers at 2, 6, and
12 months postpartum and assesses postpartum depres-
sion among mothers using the Edinburgh Postnatal
Depression Scale (EPDS), which has been validated for
use in India [63].

Weight measurements are obtained using digital
weighing scales (Seca model 354; California, USA) with
an accuracy of up to 10 g, while infant length measure-
ments are taken using infantometers (Seca model 417;
California, USA) with a precision of 0.1 centimeters.
Head and MUAC are taken using a measuring tape
(model 212; Seca, California, USA) [64—66].

Information on household consumption and expen-
ditures (monthly expenses on food, rent, health care,
utilities, maintenance, fuel, reimbursement of loans, and
helpers; education and health care expenses in the pre-
ceding three months; annual expenses on insurance,
and clothes) will be collected at enrollment and 6 and
12 months of age. Neurodevelopmental assessment is
done by trained and standardized psychologists. Cogni-
tive, motor, language, and socio-emotional development
will be assessed at 12 months of age using the Bayley
Scales of Infant and Toddler Development III (BSID-III)
[67]. Infant temperament will be assessed at 12 months
of age using the Infant Temperament Scale [67, 68]. The
child’s home environment will be assessed using the
Home Observation of the Environment (HOME) ques-
tionnaire (Infant and Toddler version [69]) by the trained
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field team through physical home visits. Additionally, the
Global Scales for Early Development (GSED) scale will
be used at 6 and 12 months to assess child development
across multiple domains, including cognitive, motor, and
social-emotional development. Blood samples (~10 ml)
will be collected at 12 months of age for micronutri-
ent assays. The samples will be centrifuged, and serum
and blood pellet stored at — 80 °C in the field office.
The micronutrient concentrations will be measured in
accredited laboratories.

Dietary assessment is done using: a food frequency
questionnaire (FFQ) and 24-h dietary recall (subsam-
ple) at 9-month and 12-month outcome visits. Mothers
of infants will be asked to provide information regarding
their child’s food consumption in the previous 24-h dura-
tion. The collected data from these recalls will be entered
into the DietCal software [70].

Ultrasounds for assessment of preterm birth are done
at designated ultrasound centers. A trans-abdominal
USG is scheduled between 9 and 13 weeks of gestation
to estimate gestational age calculated by fetal crown
length. If CRL is >95 mm, femur length and head cir-
cumference are used to assess gestational age. All digi-
tal images are taken by trained radiologists according to
intergrowth standards. Ten percent of all USG scans are
randomly selected and sent to external reviewer for qual-
ity assurance.

Participants who discontinue the intervention will be
treated as censored data and will be included in the anal-
ysis up to the point of discontinuation.

Training and standardization

Staff are trained in the overall study objectives, strategies,
and in their job responsibilities. Additionally, each team
receives intensive training in their area of work along
with training in Good Clinical Practice (GCP) guidelines.

Inter- and intra-observer standardization exercises for
weight, length measurements, head circumference, and
MUAC were conducted at the beginning of the study and
will be repeated every 6 months. Weighing scales and
infantometers are calibrated daily using standard weights
and length measurement rods [56].

The psychologists undergo inter- and intra-observer
standardization exercises for Bayley assessments. In
addition, 10% assessments will be done by 2 psycholo-
gists. Agreement between the measurements assessed
by the intra-cluster correlation coefficient (ICC) and by
calculating Lin’s concordance correlation coefficient [71].

Study oversight

Coordinators designated for each activity oversee the
work of their teams. Weekly status reports are shared
with the investigators. Periodic review meetings are
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held between the study teams, coordinators, and
investigators.

The Centre for Intervention Science in Maternal and
Child Health (CISMAC) is responsible for the oversight
of the study. Technical staff from CISMAC interact
with the investigators through monthly conference calls
and twice-yearly site visits to review the study progress.

Data management {#19}

A data management center is set up in the field office
where real-time data is transferred to the server. Data
is captured electronically on tablets and mobile phones
and uploaded to an access-controlled cloud server.
Range and logical checks have been incorporated to
reduce errors. Additional logical and across-form
checks are run twice weekly. Queries generated are
given to study teams, and necessary corrections to the
database are logged.

Data safety monitoring committee (DSMC) {21a, 21b}
CISMAC has established a DSMC to oversee the study’s
progress and evaluate the safety of the intervention.
The members include an epidemiologist, a statisti-
cian, a pediatrician, and a social scientist. The commit-
tee reviews data on adverse events to supplements and
deaths quarterly and meets twice a year. The committee
suggested that trial-stopping rules will be dependent on
the number of interim analyses that may be planned.
For efficacy, interim analysis each of the two strata
O’Brien Fleming’s rule will be followed. This rule is a
group sequential method that sets increasingly strin-
gent boundaries for statistical significance as the data
accrue, thus controlling the overall type I error rate.
For safety interim analysis in each of the two strata,
Pocock’s rule will be followed. This rule uses a constant
boundary for statistical significance, allowing for regular
monitoring of the data without inflating the type I error
rate. The first interim analysis will be conducted when
50% of enrolments have occurred in both strata. These
stopping rules will ensure that the trial can be stopped
early if there is clear evidence of benefit or harm, while
also maintaining the integrity of the study results.
The approach taken to these analyses will be rigorous
and will adhere to the highest standards of statistical
practice.

Harms {#22}

This is a low-risk study, and serious adverse events
are unlikely. All deaths of enrolled participants will be
reported to the local ethics committee and the DSMC.
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Statistical analysis {#20a, 20b, 20c}

Definitions

Gestational age at birth is determined by subtract-
ing the date of the dating ultrasound from the date of
birth and then adding the gestational age assessed dur-
ing that dating procedure, which follows the INTER-
GROWTH-21 protocol [72, 73]. Preterm births are
defined as births occurring at <37 completed weeks of
gestation. Birth weight centiles are calculated using the
INTERGROWTH-21 standard using weight captured
within 72 h of birth and gestational age at birth [1]. SGA
is defined as birth weight <10th centile using the INTER-
GROWTH-21 standard [1].

Weight-for-age, length-for-age, and weight-for-length z
scores are calculated based on weight and length meas-
ured at 12 months (+ 28 days).

Proportion stunted, underweight, and wasted will be
defined as having length-for-age z score<—2 SD, WAZ
< — 28D, and weight-for-length z score < — 2SD, respec-
tively, using WHO standards [56]. The neurodevelop-
mental outcome will be the composite scores of cognitive,
language, motor, and socio-emotional scales and scaled
scores of receptive language, expressive language, fine
motor, and gross motor domains of BSID-III at 12 months
of age.

Comparability between the two arms

Summary values (means, centiles, proportions) for soci-
odemographic characteristics in both arms will be pre-
sented in the baseline table.

Main effects

The primary outcome will be analyzed using an inten-
tion-to-treat (ITT) approach. All participants rand-
omized to a treatment group will be included in the
analysis, regardless of their adherence to interventions.
However, missing data on the primary outcome at 12
months will not be imputed since the key assumption
that data will be missing at random would probably
not be valid. However, we will use imputation methods
depending on the nature of missingness for the sec-
ondary outcomes. Some authors might call the above
approach modified intention-to-treat analysis; however,
there is no clear consensus on the use of this terminol-
ogy as per the CONSORT guidelines. The statistical
precision of the effects will be presented as 95% confi-
dence intervals (Cis). The distributions of WAZ will be
presented in Epanechnikov kernel density plots by study
arms. To quantify any differences in distribution, the
5th, 10th, 15th, 20th, and... up to the 95th percentiles
will be compared using quantile regression. The 95%
CI of the difference between the percentile estimates
for the two arms will be calculated using bootstrap
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resampling with 1000 replacements. The percentile dif-
ferences and corresponding Cls will be visualized in for-
est plots.

For binary outcomes, we will use generalized linear
models (GLMs) of the binomial family with a log-link
and an identity-link function to calculate the relative
risks and risk differences, respectively. For continuous
outcomes, GLMs of the Gaussian family with an iden-
tity-link function will be used to calculate the difference
in means between the groups.

The effect of the intervention package on infant mor-
tality across both strata will be estimated in a Cox pro-
portional hazards model taking the stratification variable
into account. The days of follow-up for each infant will be
calculated as the date of enrolment subtracted from the
date of the last follow-up or death.

We will adjust for imbalances in baseline features if
present.

Weight and length growth trajectories between birth

and 12 months

A linear mixed-effects regression model with an unstruc-
tured covariance matrix will be used to examine the effect
of the intervention on weight and length velocity from
birth to 6 months and 6 to 12 months [74]. The effect
of intervention on secondary outcomes will be assessed
using the same methods as for the primary outcomes.
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Pre-specified sub-group analysis

Sub-group analyses will be conducted by maternal height (<
150 cm and >150 cm), underweight (MUAC <23 c¢cm and
BMI <18.5 kg/m?), years of education (<12 and > 12 years),
and the wealth quintile of the household (defined both using
an asset index and total household expenditures). Relative
measures of effect within each of these sub-groups will be
estimated. An a priori analysis will also be done for types of
preterm, i.e., very (gestational age 28—32 weeks) and moder-
ate, i.e., (gestational age 32—34 weeks) preterm.

The method for the generation of the asset index will
be similar to the method used by the Demographic and
Health Survey Programme (DHS Program) [75]. Gross
total household expenditures will be calculated. The latter
indicator of socioeconomic position will be used for con-
centration curves, concentration index (with 95% CI) and
differences in the concentration index (with 95% CI) using
the F-test to explore, summarize, and draw inferences on
the equity impact of the intervention package. Addition-
ally, absolute and relative inequalities in ponderal and lin-
ear growth of preterm and term SGA infants at 12 months
using the slope index of inequality (SII) and relative index
of inequality (RII), respectively, will be estimated. Out-
comes having higher inequity in the descriptive analysis
will be explored further. Stata (StataCorp LLC, College
Station, Texas) and standard user-written packages will
be used for all analyses [76-79]. The SPIRIT (Standard
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Protocol Items: Recommendations for Interventional Tri-
als) reporting guidelines were utilized in preparing the
methodology of this study (see Additional file 6, SPIRIT
checklist) [80].

Discussion

This study envisions that promoting the growth and
neurodevelopment of vulnerable infants will contrib-
ute to targets defined for health and well-being for
all to be achieved by 2030 under SDG 3. Studies have
examined the effects of individual interventions on
growth and neurodevelopment in preterm or term
SGA infants and have observed low to modest effect
sizes. This will be the first study to measure the effi-
cacy of a comprehensive package of interventions on
the growth and neurodevelopment of preterm and
term SGA infants.

In selecting health and nutrition interventions, atten-
tion has been given to notable risk factors for outcomes
affecting poor growth in vulnerable infants, such as
maternal nutrition, maternal depression during the
postpartum period, and sub-optimal infant feeding and
responsive childcare practices. The findings of the study
will help understand the extent to which growth can
be improved when a comprehensive set of nutritional
and healthcare needs of the mother and the infant are
addressed in the first year of life. If successful, the study
may reveal what is potentially achievable in the growth
of small babies. The findings from this study will advance
our scientific understanding and may help design rel-
evant programs in India and other similar low-middle-
income settings.

There are strengths and unique features of this study.
First, this study will estimate the efficacy of the interven-
tion package in two strata, i.e., preterm and term SGA
separately with adequate power. Second, most of the inter-
vention will be delivered at home through trained study
workers, and compliance with this intervention will be
observed when possible. The intention is to deliver the
intervention with high quality to maximize the internal
validity of the study findings.

The study has some limitations. This is an individu-
ally randomized trial. The design, therefore, limits the
conduct of community mobilization activities. Despite
the growing evidence of the role of domestic violence
among women, child neglect, and child abuse in influ-
encing birth and child growth and neurodevelopmental
outcomes, interventions directly targeting these issues
were not included in the package. The study investiga-
tors felt that intervening on such sensitive issues could
potentially create resistance or other problems among
the families and in the study communities.
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Conclusion

The findings emerging from the study will provide use-
ful insights on the maximum achievable improvements
in the growth and neurodevelopment of preterm or
term SGA infants from lower middle socio-economic
settings. The insights of the trial will help in strengthen-
ing the already existing maternal and child health pro-
grams in India and other low-middle income settings.

Trial status {13}

Pregnancy surveillance by door-to-door survey started
on 9th August 2022. Participant recruitment started on
24th January 2023 and is expected to be completed by
30th June 2024. The follow-up of the recruited infants
will continue till 12 months of age [protocol version
and date: Version 3.0, dated 24.07.2023; Fig. 2]. We are
exploring additional funding to extend the intervention
delivery till 24 months of age to estimate the efficacy
of the intervention package on stunting, wasting, and
neurodevelopment at 24 months of age.
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Who will take informed consent? {26a}

A written individual informed consent in the local language (Hindi) is
obtained from the pregnant woman for conducting an ultrasound scan,
pregnancy follow-up, and birthweight measurement within 72 h. A second
consent is taken from the mother on day 7 if the child is preterm or term SGA
and meets all other eligibility criteria. For those who are unable to read, the
form is read aloud to them. In those who are unable to sign, a thumb imprint
is taken witnessed by an impartial literate witness. All protocol deviations will
be documented and reported to the ethics committees.

Confidentiality {#27}
A unique identifier is being allotted to each participant. The personal identi-
fiers of participants are kept in locked cupboards with limited access.

Protocol amendments {#25}

Any necessary amendments to the protocol will be reported to the ethics
committees and communicated to all relevant parties involved in the study
including ethics committees, trial registries, DSMB, and funders.

Additional consent provisions for collection and use of participant data
and biological specimens {26b, 33}

In addition to seeking consent for participation, the consent also includes

the future use of anonymized data collected for scientific purposes, review of
anonymized data by ethics committees, if required, and use of stored blood
samples for future research. If consent is not available for the latter, the blood
specimen will be destroyed at the end of the study.

Approval from the Health Ministry Screening Committee (HMSC) by the Indian
Council of Medical Research has been obtained.

Dissemination policy {#31,32, 33}

The results of this trial will be communicated to the public, and other relevant
groups through peer-reviewed publications, presentations at scientific confer-
ences, or other data sharing arrangements. The authorship will be determined
based on the guidelines provided by the International Committee of Medical
Journal Editors (ICMJE). No professional writers will be used in the preparation
of this manuscript.

Roles and responsibilities: committees {#5d}

At the local level, a study monitoring team has been constituted with the prin-
cipal investigators (Pls) and some key senior investigators who have expertise
in health, nutrition, and neurodevelopment components. The team interacts
with the field team weekly to review different components of the study.

The PIs also undertake a comprehensive review of various study components,
including data management and quality control. This review is conducted
daily using a dashboard and monitoring tables, allowing for real-time tracking
and prompt action when necessary.

Availability of data and materials {#29}

The findings of this study will be shared through publications in a peer-
reviewed journal to reach a wider audience and contribute to scientific litera-
ture. The results will be made available to the scientific community through a
repository or by contacting the authors directly.
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