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Summary
Background Appropriate infant feeding and movement behaviour (i.e. physical activity, sedentary behaviour, sleep)
play an important role in children’s healthy development during the first two years of life. The popular Chinese social
media app ‘WeChat’ has become a potential data collection and health promotion tool. We aimed to evaluate the
effectiveness of a WeChat-based self-assessment with a tailored feedback report on improving complementary
feeding practices and movement behaviour of children aged 6–20 months in rural China.

Methods We conducted a two-armed cluster randomized control trial in Datong County, Qinghai Province, China.
There were 106 clusters from 257 villages allocated (1:1) to two groups: the feeding group, which received a
complementary feeding recommendations feedback report; the movement behaviour group, which received
movement behaviour recommendations feedback report. The feeding group acted as a control for the movement
behaviour group and vice versa. Children aged 6–20 months and their primary caregivers were invited to be
participants. WeChat was used to collect the data on outcomes and to deliver the interventions. Participants
received the interventions by filling out the WeChat self-assessment questionnaire and reading tailored feedback
reports at baseline, at the first 1-month follow-up and at the second 2-month follow-up. Outcome measures
included changes in the prevalence of minimum dietary diversity (MDD), minimum meal frequency (MMF),
minimum acceptable diet (MAD); and the proportion of children who met physical activity time (PAT), outdoor
time (OT) and screen time (ST) recommendation between the two groups at the two follow-ups. This study is
registered at Chinese Clinical Trial Registry-ChiCTR2200062529.

Findings Between September 28th and October 12th 2022, we recruited 1610 children in 106 clusters, of which 53
clusters (800 children) were randomized to the feeding group and 53 clusters (810 children) to the movement
behaviour group. All caregivers of children completed questionnaires at three time points without loss to follow-up.
From baseline to the second follow-up, the prevalence of MDD (OR: 1.62 [95% CI, 1.16–2.28; p = 0.0058]), MMF (OR:
1.45 [95% CI, 1.03–2.04; p = 0.032]) and MAD (OR: 1.51 [95% CI, 1.12–2.05; p = 0.0081]) in the feeding group were
significantly higher than that in the movement behaviour group. The proportion of children who met PAT during the
last 24 h at the second follow-up (OR: 2.22 [95% CI, 1.26–2.17; p < 0.0001]) and OT at the second follow-up (OR: 1.94
[95% CI, 1.49–2.54; p < 0.0001]) significantly improved in the movement behaviour group compared to the feeding
group. Furthermore, ST in the movement behaviour group showed a significant increase only at the first follow-up
(OR: 1.36 [95% CI, 1.02–1.82; p = 0.036]).

Interpretation WeChat-based self-assessment with tailored feedback was an effective channel to deliver feeding and
movement behaviour recommendations in rural China in our study. This approach can be applied to change feeding
practices of caregivers of young children alongside routine child health care in rural China.
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Research in context

Evidence before this study
Improvement of infant and young child feeding (IYCF) and
movement behaviour via m-health in rural areas has seemed
promising. On December 20th, 2022, we searched PubMed
for publications reporting results from randomized controlled
trials of mhealth intervention on IYCF and movement
behaviour. We used the search terms “digital health”,
“mhealth”, “new media”, “social media” and “infant and
young child”, “infant feeding”, “breastfeeding”,
“complementary feeding”, “movement behaviour”,
“randomized controlled trial” without language restrictions.
We identified 28 randomized controlled trials which examined
the effectiveness of mhealth intervention for promoting IYCF,
with only five trials focused on promoting complementary
feeding. We are not aware of any these trials on evaluating
the effectiveness of self-assessment with tailored feedback.
Moreover, we did not found publications of mhealth
intervention on movement behaviour for infant and young
children.

Added value of this study
To our knowledge, this present study is the first cluster
randomized controlled trials to evaluate the effectiveness of a
WeChat-based self-assessment with tailored feedback to
improve complementary feeding and movement behaviour
for infants and young children. Our study showed that

WeChat-based self-assessment with tailored feeding feedback
was more effective than that in control group at the second
follow-up in improving minimum dietary diversity (73.1% vs.
62.8%, p = 0.0058), minimum meal frequency (80.9%
vs. 75.2%, p = 0.032), and minimum acceptable diet (60.9%
vs. 51.1%, p = 0.0081). Our study also showed the WeChat-
based self-assessment with tailored movement behaviour
feedback was more effective than that in control group in
improving the proportion of children who met physical
activity time (43.8% vs. 27.8%, p < 0.0001) and outdoor time
(62.2% vs. 47.0%, p < 0.0001).

Implications of all the available evidence
Promoting appropriate IYCF and movement behaviours for
infants and young children in China is greatly needed. As
the most widely used social media app in China, WeChat has
become a potential survey and health promotion tool in
China. Evidence from this trial suggests that the WeChat-
based self-assessment with tailored feedback was an
effective channel to deliver feeding and movement behavior
recommendations to caregivers thus to improve the
complementary feeding practices and movement
behaviours of infants and young children. This feasible and
effective implementation strategy could be scaled up in
rural China and other low-resource settings for child health
promotion.
Introduction
The first 1000 days of life–from conception until 2 years
of age–is the crucial period for building the foundations
of optimal growth and development of the child, and
contributes to long-term health outcomes.1,2 Especially
the period of complementary feeding (6–24 months) is
well recognized as one of the most critical times for
preventing malnutrition.3 Promoting appropriate in-
fants and young children feeding (IYCF) and movement
behaviours (i.e. physical activity, sedentary behaviour,
sleep) in this period improves early childhood growth
and development. It also reduces the risk of chronic
non-communicable diseases, such as diabetes and car-
diovascular disease, in later life.3–5

The World Health Organization (WHO) and the
United Nations Children’s Fund (UNICEF) recommend
exclusive breastfeeding for the first 6 months of life and
then introducing complementary food timely,
adequately, and appropriately.6 Furthermore, UNICEF
released a package of indicators for assessing IYCF
practices, including the minimum dietary diversity
(MDD), minimum meal frequency (MMF), minimum
acceptable diet (MAD) and consumption of iron-rich or
iron-fortified foods (CIRIFF).7 During the past two
decades, the Chinese government has implemented
various maternal and child health related policies and
interventions to increase infant feeding, such as the
national program “Basic Public Health Service”8 and
China Nutrition Improvement Project on Children in
Poor Areas (CNIPCPA).9 However, the complementary
feeding practices are still suboptimal in rural China. The
data from CNIPCPA in 2018 showed that the prevalence
of MDD, MMF, and MAD were 58.5%, 51.6%, and
35.1% for breastfed children aged 6–23 months in rural
China, respectively.9 Both introducing complementary
food too early (42.4% for <6 months) and too late (9.5%
for >8 months) were prevalent in China.10 Moreover, the
consumption of animal-source foods among children
aged 6–23 months varied from 38% to 64.9% in rural
areas.11 Our previous study in Qinghai indicated that the
prevalence of MAD was nearly unchanged from 2012 to
2018, which remained around 20% at all four surveys.12

Therefore, much effort is required to explore effective
interventions to promote complementary feeding in
rural China.

In addition, movement behaviours are crucial for
healthy development of young children.13 Movement
behaviour consists of physical activity, sleep, and
www.thelancet.com Vol 37 August, 2023
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sedentary behaviour. Adequate physical activity, sleep
and limited screen time promote fundamental motor
skills and health of young children. On the contrary,
insufficient physical activity and excessive screen time
will result in overweight.13–15 Consequently, a healthy
balance of movement behaviour for infants and young
children is recommended. In 2019, the WHO published
“Guidelines on Physical Activity, Sedentary Behaviour
and Sleep for Children under 5 Years of Age”, which
provides recommendations on the amount of time per
day that children under 5 years old should spend being
physically active or sleeping for their health and well-
being.16 Based on the WHO guidelines, China also is-
sued a Physical Activity Guideline for all ages in 2021.17

For effective public health and surveillance, it is im-
portant to document the proportion of young children
meeting these guidelines.14 However, there are no
representative national data and interventional trials on
movement behaviours for children under 2 years old in
China, and current research is mainly focused on pre-
school children and teenagers. Therefore, it is necessary
to conduct surveys to collect data on movement behav-
iours for children under 2 years old. Exploring effective
ways to deliver the recommendations to promote
appropriate movement behaviour is also greatly needed.

Self-tracking feedback helps convey data and affects
people’s attitudes and behaviours.18 There is evidence
that tailored interventions have resulted in more
improvement over time than generic information for
multiple health behaviours, such as dietary behaviours,
sitting time and physical activity. However, almost all
interventions in studies were delivered by means of
computer-tailored letters, pamphlets, or brochures.19–21

With the widespread use of smartphones, mobile
health technologies can contribute to positive and sus-
tainable changes.22,23 As the most widely used social
media app in China, WeChat has become a potential
survey and health promotion tool in China.24–26 The
WeChat mini program ‘Sojump’ is the largest free
professional online survey platform in China. Our pre-
vious studies showed that WeChat-based self-adminis-
tered data collection had good agreement compared to
the interviewer-administered method and can achieve a
high response rate for collecting complementary
feeding data in rural China.27,28 The WeChat mini pro-
gram can also provide participants with a tailored feed-
back report after completing self-assessment
questionnaires, which could be an innovative way to
deliver health interventions. However, no studies have
combined both WeChat self-assessment data collection
and a tailored feedback intervention to promote appro-
priate complementary feeding and movement behav-
iours. We aimed to evaluate the effectiveness of a
WeChat-based self-assessment with a tailored feedback
report on improving complementary feeding and
movement behaviour of children aged 6–20 months in
rural China.
www.thelancet.com Vol 37 August, 2023
Method
Study design and participants
This two-armed cluster randomized mutually controlled
trial was carried out in 257 villages in Datong County,
Qinghai Province, China between September 28th and
December 4th 2022. Eligible individuals for this trial
were infants and young children aged 6–20 months old
and their primary caregivers who were able to read in
Mandarin, used WeChat, and had access to the Internet.
Exclusion criteria were children diagnosed with struc-
tural or genetic birth defects, such as neural tube de-
fects, congenital heart disease, any inherited metabolic
diseases, etc., and caregivers who refused to provide
their phone number or WeChat account or were un-
available for follow up. Before the trial, we obtained an
original list with names of all children aged 4–18
months in rural areas in July 2022 through the local
routine health information system of the county, which
included information on county, township, and village;
child’s name, date of birth, gender; and mothers’ tele-
phone number. We asked village doctors to cross-check
the name list and add information on primary care-
givers and whether the village doctor added the primary
caregiver on WeChat as a ‘friend’ contact,28 and we got
the name list for randomization.

Randomization and masking
The cluster unit was based on villages. A village with at
least 16 children was regarded as a cluster and we
randomly selected 16 eligible children in the village as
the participants. We aggregated several small villages
(<16 children) nearby to form clusters. Clusters were
assigned (1:1) to either the feeding group (receiving
complementary feeding intervention and acted as the
control of movement behaviour group) or the move-
ment behaviour group (receiving movement behaviour
intervention and acted as the control of the feeding
group). Randomization schedules were generated with
SPSS software. One research staff member (XTW)
assigned clusters to the feeding group or the movement
behaviour group. Due to the nature of the cluster design
and intervention, the research staff, village doctors
delivering WeChat questionnaires and caregivers were
aware of group allocation.

The trial received ethics approval from the Ethical
Committee of the Capital Institute of Pediatrics in Bei-
jing. Participating caregivers read the electronic
informed consent in the WeChat questionnaire, clicked
“Agree to participate” and provided an electronic sig-
nature before they answered the questions.

Procedures
The interventions in this trial were complementary
feeding recommendations for the feeding group and
movement behaviour recommendations for the move-
ment behaviour group. Complementary feeding rec-
ommendations included the following: introduction of
3

www.thelancet.com/digital-health


Articles

4

complementary food at six months, continued breast-
feeding up to 2 years or beyond; minimum dietary di-
versity (eating at least five of eight food groups every
day); food texture and frequency for different age
groups; importance of the introduction of animal source
food; micronutrient supplement. The movement
behaviour intervention consisted of knowledge and
behaviour recommendations on the following: at least
120 min of physical activities for infants aged 6–11
months and 180 min for young children aged 12–23
months; at least 60 min of outdoor time for young
children aged 12–23 months; less than 1 h of physical
restraint; recommended sleeping time for different age
groups and no screen time for children younger than 2
years. All the interventions were developed based on the
WHO recommendations for IYCF, or published litera-
ture and guidelines on physical activity, sedentary
behaviour and sleep for children under the age of
5.6,7,16,17

We used a WeChat min-program named “Sojump”
to collect the data of outcomes and deliver interventions.
Sojump is a professional online survey platform and
widely used in China.27,28 We set the study question-
naires up on Sojump and obtained a Quick Response
(QR) code for the feeding group and a QR code for
movement behaviour group, both of which were used as
a link to the questionnaire. Participants in both groups
scanned the QR code using their WeChat app and then
filled in the questionnaire online. When they completed
and submitted the questionnaire, they received the
intervention, which was a tailored feedback report based
on their answers, consisting of total scores for all
questions, personal feeding or movement behaviour
problems and corresponding recommendations. Fur-
thermore, the recommendations were also shown in
pictures and videos to help caregivers get a better un-
derstanding (Supplementary Fig. S1). Although both
groups completed the same questionnaires, the inter-
vention of feedback reports were different. Caregivers in
the feeding group only received feedback reports based
on feeding questions in the questionnaire, and care-
givers in the movement behaviour group only received
the intervention of feedback reports based on movement
behaviour questions.

The feeding part of the questionnaire was developed
based on the adapted WHO Maternal, Newborn and
Child Health Household Survey (MNCHHHS) (un-
published, 2009) and “Indicators for assessing infant
and young child feeding practices” (WHO & UNICEF)7

and has been proven to be in good agreement
with interviewer-administered method in our previous
study.27,28 In addition, we collected the frequency of
seven groups of complementary food during the last
month. The movement behaviour part was developed
based on the WHO guideline on physical activity,
sedentary behaviour and sleep for children under 5
years of age. This was used to collect data on physical
activity time, outdoor time, sleep duration, physical
restraint, and screen time during the last 24 h and
during the last 2 weeks. Moreover, there were 3
multiple-choice questions on caregivers’ knowledge of
exclusive breastfeeding duration, complementary food
introduction time and continues breastfeeding dura-
tion; and 5 multiple-choice questions on caregivers’
knowledge of physical activity time, outdoor time, sleep
duration, physical restraint, and screen time. Further-
more, we added 8 questions in the questionnaire at the
second follow, including 2 questions for information
source on complementary feeding and movement
behaviour, and 6 questions for evaluating the WeChat
self-assessment tool.

The WeChat self-assessment questionnaires and
intervention of feedback reports were pre-tested in two
communities in Datong County in August 2022. A total
of 26 caregivers were invited to fill in the WeChat self-
assessment questionnaire: 10 caregivers were provided
with feeding intervention feedback reports and 16
caregivers were provided with movement behaviour
intervention feedback reports. After caregivers
completed the questionnaire and reviewed the feedback
report, community health workers interviewed each of
them and collected their feedback and suggestions on
the questionnaire and feedback report of intervention.
All of the caregivers said they could understand the
questions and had no suggestions on questionnaire and
feedback report modification. Four caregivers reported
that the feedback was timely, professional, worth
learning and could be a guide for feeding practices.

The WeChat self-assessment questionnaire was dis-
tributed through the 3-tier health care system (county-
township-village), which was in line with our previous
study.28 We first invited a county coordinator and all
township coordinators in Datong County into a WeChat
group and trained them the study procedures. We sent
the QR code of the feeding group and QR code of the
movement behaviour group to township coordinators,
who then sent them to village doctors according to the
group allocation. Village doctors who added participants
as WeChat contacts sent the QR code to participants via
WeChat. Participants received interventions by filling
out the WeChat questionnaires and reading tailored
feedback reports at baseline (September 28th–October
12th), the first follow-up at 1 month (October 28th–
November 3rd) and the second follow-up at 2 months
(November 28th–December 4th 2022) after baseline.
After participants completed and submitted the ques-
tionnaires, data were uploaded into Sojump system.
Caregivers whose data were not found in Sojump plat-
form after 1 week received reminders from village
doctors.

Outcomes
The primary outcome for complementary feeding
measure was proportion of minimum dietary diversity
www.thelancet.com Vol 37 August, 2023
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(MDD), minimum meal frequency (MMF), minimum
acceptable diet (MAD), consumption of iron-rich or
fortified foods (CIRIFF), consumption of iron-rich foods
(CIRF), and continued breastfeeding at 12–23 months
(CBF) at baseline, 1 month follow-up and 2 months
follow-up in both groups [Panel 1]. The primary
outcome for movement behaviour measure was pro-
portion of children who met the recommendation of
physical activity time (PAT), outdoor time (OT), physical
restraint (PR), sleep duration (SD) and screen time (ST)
during the last 24 h and during the last two weeks.

The secondary outcome for the complementary
feeding measure was the frequency of seven groups of
complementary food during the last month. We
assumed high food frequency intake as that a child ate
the food in the food group at least 3 times per week.
We also compared the change of caregivers’ knowl-
edge on feeding and movement behaviour in both
groups.

The third outcome was caregivers’ information
source on complementary feeding and movement
behaviour at the second follow-up. Moreover, evaluation
of self-assessment tool by caregivers at the second
follow-up was showed, which included number of times
questionnaire filled out, usefulness of self-assessment
tool, whether read the feedback report, usefulness of
feedback report, whether watched the health education
video for the feedback report, and usefulness of the
health education video for the feedback report.

Data management and statistical analysis
The sample size of this trial was calculated based on our
previous studies, assuming the intervention effect could
increase MAD at 10% with an available 35% of preva-
lence.9 With a 5% significance level and 80% power, an
intraclass correlation coefficient of 0.05, we needed 43
clusters and 645 caregivers per group. Allowing for up
to 25% loss to follow-up, we aimed to recruit at least 807
children per group, therefore, we needed at least 10
more clusters per group.

One research staff member (XTW) was in charge of
database maintenance and management. Data collected
via Sojump were secured first, and then uploaded into a
database. The initial database was stored in our Sojump
account, which was accessible by a unique password.
After data cleaning, the database was converted into
Microsoft Excel sheets.

Data were analyzed using SAS 9.4 software (SAS
Institute, Cary, NC). We used the medians and inter-
quartile ranges (IQRs) to describe continuous vari-
ables, and number and proportions to describe
categorical variables. The homogeneity in baseline
characteristics between feeding group and movement
behaviour group was estimated using Wilcoxon rank
sum test for continuous variables for nonparametric
continuous variables and x2 test for categorical vari-
ables. To determine the effect size of the intervention,
www.thelancet.com Vol 37 August, 2023
we used generalized linear mixed models that included
cluster-level random intercepts to account for the cor-
relation due to clustering of children within villages,
which was the level at which the intervention was
assigned. In these models, we adjusted for important
factors associated with infant feeding practices and
physical activity, including baseline values of the
outcome measures, children’s age, sex, and primary
caregivers. Adjusted odds ratios (OR) and 95% confi-
dence interval (CI) were reported. Statistical signifi-
cance was determined by a 2-sided p < 0.05. This trial
was registered at Chinese Clinical Trial Registry-
ChiCTR2200062529.

Role of the funding source
The funders of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all data in the study and had final responsibility
for the decision to submit for publication.
Results
There were 1844 children from 289 villages on the
initial name list in Datong County, and 32 villages and
children in these villages were excluded because care-
givers had no WeChat (2) or refused to provide their
WeChat number (57). The remaining 1785 children
came from 257 villages, with the number of eligible
children in each village varying greatly from 1 to 56.
Twenty-three clusters came from 23 large villages (≥16
children) with 175 children excluded, and 83 clusters
were formed by aggregating several small villages (<16
children) nearby, with each cluster consisting of 14–16
children. Finally, 106 clusters with 1610 participants
were randomized into feeding group (53 clusters, 800
children) and movement behaviour group (53 clusters,
810 children) at a 1:1 ratio. The trial started in
September 2022 when children were aged 6–20
months. We sent the final lists of children to village
doctors and asked them to recruit participants. Nine
children on the lists (3 from feeding group, 6 from
movement behaviour group) were replaced by those in
the same village because they moved out with parents
(4), they died (2), the guardian died (1), or they were
duplicates on the original lists (2). All participants
completed questionnaires three times without loss to
follow-up (Fig. 1).

Table 1 describes the baseline characteristics of
children and their primary caregivers. A total of 1610
children were recruited, with 36% aged 6–11 months
and 64% aged 12–20 months. The median age of all
primary caregivers was 29 years old and nearly 80% of
them were mothers. More than 80% of primary care-
givers attended junior high school or above and 43.9%
did housework as their occupation, followed by farmers
(30.7%) and herdsmen (14.2%). The two groups were
5
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Panel 1: Outcome measurement.

Feeding assessment
The primary outcomes for feeding assessment were infant and young child feeding (IYCF) indicators proposed by the WHO &
UNICEF:
1. Minimum dietary diversity 6–23 months (MDD): Percentage of children 6–23 months of age who consumed foods and

beverages from at least five out of eight defined food groups during the previous day. The eight food groups used for
tabulation of this indicator were: 1) breast milk; 2) grains, roots, tubers and plantains; 3) pulses (beans, peas, lentils), nuts and
seeds; 4) dairy products (milk, infant formula, yogurt, cheese); 5) flesh foods (meat, fish, poultry, organ meats); 6) eggs; 7)
vitamin A rich fruits and vegetables; and 8) other fruits and vegetables.

2. Minimum meal frequency 6–23 months (MMF): Percentage of children 6–23 months of age who consumed solid, semi-solid
or soft foods (but also including milk feeds for non-breastfed children) at least the minimum number of times during the
previous day. The minimum number of times was defined as:
• two feedings of solid, semi-solid or soft foods for breastfed infants aged 6–8 months;
• three feedings of solid, semi-solid or soft foods for breastfed children aged 9–23 months;
• four feedings of solid, semi-solid or soft foods or milk feeds for non-breastfed children aged 6–23 months whereby at least
one of the four feeds must be a solid, semi-solid or soft feed.

3. Minimum acceptable diet 6–23 months (MAD): Percentage of children 6–23 months of age who consumed a minimum
acceptable diet during the previous day. The minimum acceptable diet was defined as:
• for breastfed children: receiving at least the minimum dietary diversity and minimum meal frequency for their age during
the previous day;

• for non-breastfed children: receiving at least the minimum dietary diversity and minimum meal frequency for their age
during the previous day as well as at least two milk feeds.

4. Consumption of iron-rich or iron-fortified foods (CIRIFF): Percentage of children aged 6–23 months who received iron-rich
food or iron fortified food that was specially designed for infants and young children, or that was fortified in the home.

5. Consumption of iron-rich foods (CIRF): Percentage of children aged 6–23 months who received iron-rich or fortified foods.
6. Continued breastfeeding at 12–23 months (CBF): Percentage of children 12–23 months of age who were fed breast milk

during the previous day.
The secondary outcomes for feeding assessment were the frequency of seven groups of complementary food during the last
month and caregivers’ feeding knowledge.
Food frequency for last month: Percentage of children aged 6–23 months who ate seven food groups more than 3 times per
week. The seven food groups are: 1) grains, roots, tubers and plantains; 2) vitamin-A rich fruits and vegetables; 3) other fruits and
vegetables; 4) flesh foods; 5) eggs; 6) pulses (beans, peas, lentils), nuts and seeds; 7) dairy products (yogurts or cheese).

Caregivers’ feeding knowledge: Caregivers know about exclusive breastfeeding for up to 6 months; caregivers know about
starting complementary food at 6 months; caregivers know about continued breastfeeding for 2 years or beyond.
Movement behaviour assessment
The primary outcomes for movement behaviour assessment were indicators based on the WHO recommendations.

1. Physical activity time (PAT): Percentage of children aged 6–23 months whose physical activity time met the
recommendation during previous day and two weeks.
• For children aged 6–11 months: spend at least 120 min in various types of physical activity per day.
• For children aged 12–23 months: spend at least 180 min in various types of physical activity per day.

2. Outdoor time (OT): Percentage of children aged 6–23 months whose outdoor time met the recommendation during previous
day and two weeks.
• For children aged 6–11 months: outdoor activity at least once a day.
• For children aged 12–23 months: spend at least 60 min outdoor per day.

3. Physical restraint (PR): Percentage of children aged 6–23 months who were not restrained for more than 1 h at a time during
previous day and two weeks (e.g. prams/strollers, highchairs or strapped on a caregiver’s back) or sit for extended periods of
time.

4. Sleep duration (SD): Percentage of children aged 6–23 months whose sleep duration met the recommendations during
previous day and two weeks.
• For children aged 6–11 months: have 12–16 h of good quality sleep, including naps.
• For children aged 12–23 months: have 11–14 h of good quality sleep, including naps.

5. Screen time (ST): Percentage of children aged 6–23 months whose screen time met the recommendations during previous
day and two weeks. For children under 2-year old, screen time (such as watching TV or videos, playing computer games) is not
recommended.

The secondary outcomes for movement behaviour assessment were caregivers’ knowledge on movement behaviours which
indicated that caregivers knew recommendations of corresponding age groups on PAT, OT, PR, SD and ST.

Articles
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Fig. 1: Trial profile.
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well balanced in most parameters except for education;
more caregivers attended junior high school or above in
the feeding group.

Table 2 shows the groups under comparison for
assessing intervention effects on complementary
feeding outcomes. In general, complementary feeding
practices in the last 24 h, food frequencies in the last
month and feeding knowledge increased with time in
both groups. However, CBF slightly decreased in the
feeding group from 20.7% at baseline to 18.3% at the
first follow-up and dropped in the control group from
20.3% at baseline to 15.4% at the second follow-up.
Knowing that complementary food needs to start at 6
months decreased from 55.3% at baseline to 48% at the
second follow-up in the control group. At the first
follow-up, four indicators for feeding practices (MDD
[OR: 1.44; 95% CI, 1.08–1.91], MAD [OR: 1.32; 95% CI,
1.01–1.71], CIRIFF [OR: 1.63; 95% CI, 1.12–2.36] and
www.thelancet.com Vol 37 August, 2023
CIRF [OR: 1.36; 95% CI, 1.02–1.83]) and feeding
knowledge of knowing continued breastfeeding dura-
tion [OR, 3.42; 95% CI, 2.28–5.11] improved in the
feeding group compared with the control group. How-
ever, MMF, CBF and frequencies of all seven groups did
not differ between 2 groups. At the second follow-up, all
six indicators of feeding practice in the feeding group
were significantly higher than in the control group
(MDD [OR: 1.62; 95% CI, 1.16–2.28], MMF [OR: 1.45;
95% CI, 1.03–2.04], MAD [OR: 1.51; 95% CI, 1.12–2.05],
CIRIFF [OR: 1.61; 95% CI, 1.06–2.43] and CIRF [OR:
1.43; 95% CI, 1.02–2.01]), CBF [OR: 1.64; 95% CI,
1.06–2.53]). Furthermore, the high consumption fre-
quency of flesh food [OR: 1.42; 95% CI, 1.03–1.95], eggs
[OR: 1.40; 95% CI, 1.01–1.92] and pulses [OR, 1.59; 95%
CI, 1.15–1.92] in the feeding group were significantly
increased compared to the control group. All three in-
dicators of feeding knowledge increased significantly
7
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Feeding group
(N = 800) n (%)

Movement
behaviour
group (N = 810)
n (%)

Total
(N = 1610)
n (%)

p value

Children

Sex 0.14

Male 392 (49.0) 427 (52.7) 819 (50.9)

Female 408 (51.0) 383 (47.3) 791 (49.1)

Age in months 0.31

6–11 297 (37.1) 283 (34.9) 580 (36.0)

12–20 503 (62.9) 527 (65.1) 1030 (64.0)

Primary caregivers

Relationship 0.12

Mother 655 (81.9) 628 (77.5) 128 (79.7)

Father 46 (5.8) 48 (5.9) 94 (5.8)

Grandparents 85 (10.6) 114 (14.1) 199 (12.4)

Others 14 (1.7) 20 (2.5) 34 (2.1)

Age in years (median (IQRs)) 28 (25, 33) 29 (24, 34) 29 (25, 34) 0.45

Education 0.0004

Primary school or below 133 (16.6) 180 (22.2) 313 (19.4)

Junior high school 475 (59.4) 496 (61.3) 971 (60.3)

Senior high school 111 (13.9) 82 (10.1) 193 (12.0)

College or above 81 (10.1) 52 (6.4) 133 (8.3)

Occupation 0.044

Housework 340 (42.5) 367 (45.4) 707 (43.9)

Farmer 237 (29.6) 257 (31.7) 494 (30.7)

Herdsman 133 (16.6) 95 (11.7) 228 (14.2)

Other 90 (11.3) 91 (11.2) 181 (11.2)

Table 1: Baseline characteristics of children and primary caregivers.

Articles
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between groups with differences of 10–26 percent
points and adjusted OR of 1.53–3.87.

Table 3 shows the intervention effects on movement
behaviour outcomes. For movement behaviour practice,
PAT during the last 24 h at the first follow-up (OR: 1.66
[95% CI, 1.26–2.17]) and at the second follow-up (OR:
2.22 [95% CI, 1.26–2.17]), and OT at the first follow-up
(OR: 1.38 [95% CI, 1.05–1.81]) and at the second
follow-up (OR: 1.94 [95% CI, 1.49–2.54]) significantly
improved in the movement behaviour group for both
follow-ups, as well as the indicators during the last two
weeks. The screen time indicator showed a significant
increase only at the first follow-up (OR: 1.36; 95% CI,
1.02–1.82), whereas PR and SD had no differences be-
tween groups in booth follow-ups. For movement
behaviour knowledge, PAT and OT were significantly
improved in the movement behaviour group than in the
control group in both follow-ups with differences of
9–19 percent points and adjusted OR of 1.56–2.35,
whereas PR, SD and ST showed no difference between
groups at both follow-ups.

Fig. 2 shows the sources of complementary feeding
and movement behaviour information through which
mothers received. In total, 1215 (75.5%) and 1143
(70.1%) caregivers reported that they ever received
information on complementary feeding or movement
behaviour at the second follow-up, respectively. Nearly
60% of caregivers received information from health
facilities, followed by friends and relatives (16%),
new media such as WeChat and Baidu (14%, 12%)
and traditional media such as TV, newspapers and
books (7%).

Caregivers’ evaluation of the self-assessment tool
indicated that around 85% of them filled out the ques-
tionnaires at least 3 times and 93.4% believed that the
assessment was very useful or useful. More than 90% of
the caregivers read the feedback report and 96.8% of
them thought that feedback report was very useful or
useful. In addition, nearly 80% of caregivers watched
the health education video and 98.5% of them believed
that the video was very useful or useful (Table 4).
Discussion
This large cluster randomized controlled trial showed
that a WeChat-based self-assessment with a tailored
feedback intervention effectively improved comple-
mentary feeding practices and movement behaviours of
children aged 6–20 months in rural China. Compared
with the control group, key IYCF indictors of MDD,
MMF, MAD and CIRIFF were significantly improved at
the second follow-up in the feeding group, and the
proportion of children who met physical activity guide-
line and outdoor time guideline showed significant
improvement at both follow-ups in the movement
behaviour group. The intervention also improved care-
givers’ knowledge on complementary feeding practices
and movement behaviours.

The intervention in this cluster randomized con-
trolled trial was novel in its combination of the WeChat-
based self-assessment data collection and a tailored
feedback intervention to promote caregivers’ engage-
ment. Caregivers received personalized feedback on
complementary feeding or movement behaviour based
on their answers in the self-assessment questionnaire,
and the monthly repeated intervention was positively
associated with changes in feeding practices and
movement behaviours over time. This suggested that
this WeChat-based individually tailored intervention
was acceptable and useful for most primary caregivers
in rural China, who could promptly understand their
child’s feeding and movement behaviours problems and
continuously promote behavioural changes.

Evidence has showed that tailored interventions
could improve multiple health behaviours19–21; however,
no studies delivered tailored feedback through mobile
health. With the development of information technology
and social media, smartphones have become new
channels for health promotion.29–31 To our knowledge,
this study is the first tailored feedback intervention
study based on the smartphone app WeChat. As the
most widely used app in China, WeChat-based tailored
www.thelancet.com Vol 37 August, 2023
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Baseline First follow-up Second follow-up

Intervention
group
(N = 800)
n (%)

Control
group
(N = 810)
n (%)

Intervention
group
(N = 800)
n (%)

Control
group
(N = 810)
n (%)

Intervention vs.
control adjusted
OR (95% CI)a

p value Intervention
group
(N = 800)
n (%)

Control
group
(N = 810)
n (%)

Intervention vs.
control adjusted
OR (95% CI)a

p value

Feeding practice for last 24 h

Minimum dietary diversity (MDD) 374 (46.8) 359 (44.3) 507 (63.4) 445 (54.9) 1.44 (1.08, 1.91) 0.015 585 (73.1) 509 (62.8) 1.62 (1.16, 2.28) 0.0058

Minimum meal frequency (MMF) 559 (69.9) 579 (71.5) 623 (77.9) 615 (75.9) 1.15 (0.83, 1.60) 0.39 647 (80.9) 609 (75.2) 1.45 (1.03, 2.04) 0.032

Minimum acceptable diet (MAD) 282 (35.3) 275 (34.0) 417 (52.1) 368 (45.4) 1.32 (1.01, 1.71) 0.040 487 (60.9) 414 (51.1) 1.51 (1.12, 2.05) 0.0081

Consumption of iron-rich or iron-fortified
foods (CIRIFF)

621 (77.6) 612 (75.6) 669 (87.4) 656 (81.0) 1.63 (1.12, 2.36) 0.011 728 (91.0) 696 (85.9) 1.61 (1.06, 2.43) 0.025

Consumption of iron-rich foods (CIRF) 391 (48.9) 386 (47.7) 497 (62.1) 450 (55.6) 1.36 (1.02, 1.83) 0.039 573 (71.6) 523 (64.6) 1.43 (1.02, 2.01) 0.040

Continued breastfeeding at 12–23
months (CBF)b

105 (20.7) 107 (20.3) 92 (18.3) 108 (20.5) 0.81 (0.52, 1.26) 0.34 109 (21.5) 81 (15.4) 1.64 (1.06, 2.53)

Food frequency for last month

Grains, roots, tubers and plantains 261 (32.6) 240 (29.6) 304 (38.0) 327 (40.4) 0.87 (0.65, 1.18) 0.38 354 (44.3) 342 (42.2) 1.06 (0.75, 1.49) 0.75

Vitamin-A rich fruits and vegetables 314 (39.3) 261 (32.2) 365 (45.6) 356 (43.9) 1.03 (0.77, 1.37) 0.86 462 (53.3) 367 (45.3) 1.33 (0.97, 1.83) 0.076

Other fruits and vegetables 328 (41.0) 282 (34.8) 383 (47.9) 344 (42.5) 1.19 (0.92, 1.54) 0.18 427 (53.4) 372 (45.9) 1.29 (0.96, 1.74) 0.096

Flesh foods 182 (22.8) 154 (19.0) 232 (29.0) 207 (25.6) 1.15 (0.85, 1.55) 0.38 299 (37.4) 236 (29.1) 1.42 (1.03, 1.95) 0.032

Eggs 241 (30.1) 203 (25.1) 310 (38.8) 264 (32.6) 1.27 (0.96, 1.68) 0.096 358 (44.8) 294 (36.3) 1.40 (1.01, 1.92) 0.041

Pulses (beans, peats, lentils), nuts and seeds 167 (20.9) 160 (19.8) 215 (26.9) 194 (23.9) 1.14 (0.86, 1.56) 0.41 313 (39.1) 230 (28.4) 1.59 (1.15, 2.19) 0.0053

Dairy products (yogurts or cheese) 344 (43.0) 298 (36.8) 374 (46.8) 343 (42.4) 1.15 (0.88, 1.50) 0.32 401 (50.1) 352 (43.5) 1.27 (0.94, 1.71) 0.12

Feeding knowledge (caregivers know)

Exclusive breastfeeding up to 6 months 328 (41.0) 291 (35.9) 391 (48.9) 336 (41.5) 1.32 (0.99, 1.74) 0.057 449 (56.1) 370 (45.7) 1.53 (1.10, 2.12) 0.012

Starting complementary food at 6 months 451 (56.4) 448 (55.3) 457 (57.1) 446 (55.1) 1.06 (0.81, 1.39) 0.66 501 (62.6) 389 (48.0) 1.83 (1.38, 2.43) <0.0001

Continued breastfeeding for 2 years or beyond 149 (18.6) 60 (7.4) 303 (37.9) 120 (14.8) 3.42 (2.28, 5.11) <0.0001 346 (43.3) 140 (17.3) 3.87 (2.48, 6.04) <0.0001

aGeneralized linear mixed models allowing for the cluster effect were used to analyze outcomes, with adjustment for baseline values of the outcome measures, children’s age, sex, and primary caregivers.
bDenominator for this indicator is children aged 12–23 months, 506 in intervention group and 527 in control group.

Table 2: Intervention effects on feeding outcomes (feeding group as intervention; movement behaviour group as control).

Articles
feedback intervention may render opportunities for
scaling up the IYCF interventions in rural China,
especially during the outbreak of COVID-19 when
health worker could not access to caregivers and provide
face-to-face IYCF counselling and health education for
caregivers. Furthermore, it is well known that maternal
literacy plays an important role for the use of mobile
phone-based technologies.32 In our cluster randomized
controlled trial, nearly 80% of primary caregivers were
mothers and more than 80% of primary caregivers
attended junior high school, which allows them to use
this kind of intervention, as they could easily access,
understand, and apply the information during their
daily child care. It was reported that the literacy rate in
China reached 99.83% in 2021,33 thus the intervention
could potentially be utilized by most caregivers in
China.

Obesity has become a major public health issue in
China.34 Achieving adequate physical activity and sleep,
while minimizing sedentary screen-time is important
for young children’s healthy development.35 As far as we
know, this is the first study assessing compliance with
WHO Movement Guidelines for Chinese children aged
6–20 months and conducted intervention to promote
movement behaviours in China. In this study, more
www.thelancet.com Vol 37 August, 2023
than half of children met outdoor time, sleep duration,
sedentary behaviour and screen time guidelines in both
group at the baseline; however, only around 20% chil-
dren in both groups met physical activity guidelines,
which was much lower than that in Australia.14,15 After
two months of interventions, 43.8% children in the
movement behaviour group met the physical activity
guideline at the second follow-up, which was signifi-
cantly higher than that (27.8%) in the control group
(OR = 2.22). For the outdoor time, the proportion of
children who met the guideline decreased from 59.8%
to 47.0% in the control group and increased from 58.9%
to 62.2% in the intervention group, which indicated our
intervention could help increase outdoor time. In addi-
tion, the proportion of children who had no screen time
maintained 73% in the movement behaviour group in
the two follow-ups, while decreased from 74.9% to
68.5% in the control group, which also indicated our
intervention could decrease screen time.

Although WeChat-based self-assessment with
tailored feedback in our study was an effective channel
to deliver feeding and movement behaviour informa-
tion, multi-channel interventions are still needed in
rural China. The results of our cluster randomized
controlled trial indicated only a 5–10 percent points
9
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Baseline First follow-up Second follow-up

Intervention
group
(N = 810)
n (%)

Control
group
(N = 800)
n (%)

Intervention
group
(N = 810)
n (%)

Control
group
(N = 800)
n (%)

Intervention vs.
control adjusted
OR (95% CI)a

p value Intervention
group
(N = 810)
n (%)

Control
group
(N = 800)
n (%)

Intervention vs.
control adjusted
OR (95% CI)a

p value

Movement behaviour practice for
last 24 h

Physical activity time (PAT) 174 (21.5) 184 (23.0) 316 (39.0) 234 (29.5) 1.66 (1.26, 2.17) <0.0001 355 (43.8) 222 (27.8) 2.22 (1.68, 2.92) <0.0001

Outdoor time (OT) 477 (58.9) 478 (59.8) 512 (63.2) 455 (56.9) 1.38 (1.05, 1.81) 0.021 504 (62.2) 376 (47.0) 1.94 (1.49, 2.54) <0.0001

Physical restraint (PR) 635 (78.4) 629 (78.6) 630 (77.8) 640 (80.0) 0.89 (0.62, 1.29) 0.55 610 (75.3) 644 (80.5) 0.74 (0.49, 1.12) 0.15

Sleep duration (SD) 476 (58.8) 440 (55.0) 479 (59.1) 447 (55.9) 1.12 (0.91, 1.39) 0.28 492 (60.7) 447 (55.9) 1.20 (0.91, 1.58) 0.19

Screen time (ST) 595 (73.5) 599 (74.9) 594 (73.3) 541 (67.6) 1.36 (1.02, 1.82) 0.036 592 (73.1) 548 (68.5) 1.26 (0.93, 1.71) 0.13

Movement behaviour practice for
last 2 weeks

Physical activity time (PAT) 192 (23.7) 217 (27.1) 331 (40.9) 263 (32.9) 1.51 (1.17, 1.96) 0.0017 359 (44.3) 250 (31.3) 1.94 (1.42, 2.64) <0.0001

Outdoor time (OT) 482 (59.5) 491 (61.4) 553 (68.3) 497 (62.1) 1.41 (1.07, 1.86) 0.014 549 (67.8) 442 (55.3) 1.82 (1.38, 2.39) <0.0001

Physical restraint (PR) 588 (72.6) 612 (76.5) 612 (75.6) 626 (78.3) 0.92 (0.64, 1.31) 0.63 590 (72.8) 628 (78.5) 0.78 (0.54, 1.13) 0.19

Sleep duration (SD) 456 (56.3) 433 (54.1) 466 (57.5) 454 (56.8) 1.02 (0.81, 1.29) 0.86 468 (57.8) 430 (53.8) 1.17 (0.89, 1.54) 0.25

Screen time (ST) 580 (71.6) 582 (72.8) 584 (72.1) 530 (66.3) 1.39 (1.05, 1.84) 0.024 577 (71.2) 533 (66.6) 1.27 (0.93, 1.74) 0.14

Movement behaviour knowledge
(caregivers know
recommendations)

Physical activity time (PAT) 141 (17.6) 155 (19.1) 319 (39.4) 201 (25.1) 1.97 (1.47, 2.64) <0.0001 378 (46.7) 221 (27.6) 2.35 (1.75, 3.16) <0.0001

Outdoor time (OT) 475 (58.6) 486 (60.8) 562 (69.4) 486 (60.8) 1.56 (1.14, 2.13) 0.0063 588 (72.6) 431 (53.9) 2.38 (1.76, 3.22) <0.0001

Physical restraint (PR) 598 (73.8) 577 (72.1) 613 (75.7) 616 (77.0) 0.93 (0.63, 1.24) 0.60 607 (74.9) 604 (74.9) 0.95 (0.66, 1.36) 0.78

Sleep duration (SD) 435 (53.7) 384 (48.0) 436 (53.8) 421 (52.6) 1.02 (0.80, 1.29) 0.90 445 (54.9) 405 (50.6) 1.17 (0.88, 1.55) 0.28

Screen time (ST) 768 (94.8) 761 (95.1) 737 (91.0) 716 (89.5) 1.23 (0.75, 2.04) 0.41 737 (91.0) 710 (88.8) 1.30 (0.84, 2.01) 0.24

aGeneralized linear mixed models allowing for the cluster effect were used to analyze outcomes, with adjustment for baseline values of the outcome measures, children’s age, sex, and primary caregivers.

Table 3: Intervention effects on movement behaviour outcomes (movement behaviour group as intervention; feeding group as control).
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increase in feeding practice indicators (MMF, MDD,
MAD and CIRIFF) and 5–16 percent points increase of
some movement behaviour practice indicators (PAT and
OT), and some indicators were not improved (screen
time and physical restraint). Exposure to more than one
IYCF intervention delivering through different plat-
forms has been proven to be more successful in
Fig. 2: Information source of complementary feeding (left) and movem
multiple-choice questions which mean all sources of information mention
all ‘yes’ answers in different categories are summed up as denominators,
improving IYCF outcomes compared with a single form
of intervention delivered at a single setting.4 In-
terventions delivered through multiple settings may
have an increased intensity that can be translated into
behavioural changes due to repeated contacts and
adequate coverage of interventions.36 Caregivers’ infor-
mation sources in our study were 60% from health
ent behaviour (right).a a The information source questions are the
ed by interviewees are recorded as ‘yes’. To calculate the proportions,
and all ‘yes’ answers in each category are summed up as numerators.
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Feeding group
(N = 800) n (%)

Movement behaviour
group (N = 810) n (%)

Total
(N = 1610)
n (%)

Number of times questionnaire
was filled out

1 40 (5.0) 35 (4.3) 75 (4.7)

2 80 (10.0) 96 (11.9) 176 (10.9)

3 539 (67.4) 524 (64.7) 1063 (66.0)

≥4 141 (17.6) 155 (19.1) 296 (18.4)

Usefulness of self-assessment tool

Very useful 412 (51.5) 403 (49.8) 815 (50.6)

Useful 324 (40.5) 365 (45.1) 689 (42.8)

Useless 64 (8.0) 42 (5.1) 106 (6.6)

Ever read the feedback report 731 (91.4) 725 (89.5) 1456 (90.4)

Usefulness of feedback report

Very useful 394 (53.9) 390 (53.8) 784 (53.8)

Useful 304 (41.6) 322 (44.4) 626 (43.0)

Useless 33 (4.5) 13 (1.8) 46 (3.2)

Ever watched the health education
video for the feedback report

640 (80.0) 630 (77.8) 1270 (78.9)

Usefulness of the health education
video for the feedback report

Very useful 373 (58.3) 351 (55.7) 724 (57.0)

Useful 254 (39.7) 273 (43.3) 527 (41.5)

Useless 13 (2.0) 6 (1.0) 19 (1.5)

Table 4: Evaluation of self-assessment tool by caregivers.

Articles
facilities and 10% from new media. Therefore, health
education from health facilities still plays a vital role. In
this study, village doctors only recruited participants and
sent questionnaires, and were not involved in the
intervention. Future interventions could involve village
doctors to check children’s reports and provide further
explanation and advice for the report.

To our knowledge, this study is the first cluster
randomized controlled trials to show effective IYCF
feeding practice and movement behaviours improve-
ment using a WeChat-based self-assessment with a
tailored feedback. In addition, it is universally accepted
that the rate of participants lost to follow-up is associ-
ated with the potential risk of bias in randomized
controlled trials (RCTs).37 Therefore, it is very impor-
tant to ensure follow up enough participants.38 In this
cluster randomized controlled trial, we followed up all
the participant at the two follow-ups, which was in line
with high response rate (98.2%) for WeChat based data
collection of IYCF data in our previous study.28 Several
reasons could explain no loss to follow-up in our study.
First, we excluded children with caregivers who
refused to provide their WeChat number before ran-
domized. Second, it took only about 10 min to fill in the
questionnaire. Third, we asked village doctors to
inform caregivers of the feedback report before filling
in the questionnaire so that they knew that this was not
only to collect data but also to provide them with
advice. Finally, for those who did not filling in the
questionnaires, we asked the village doctors to remind
caregivers.

Our study also had several limitations. First, we did
not have a pure control group, as we used the two-
intervention group mutually as control groups. Howev-
er, the intervention messages (feeding and movement
behaviour information in the two groups, respectively)
were completely different, therefore, pure data collec-
tion without feedback report would not influence care-
givers’ practice in the control group. Second caregivers
were not blinded to the interventions, and they might
understand what information was going to be asked in
their outcomes assessment, which would lead to inflated
treatment effect estimates. Whereas, we adjusted base-
line values of the outcome measures when analyzing the
treatment effect to mitigate the impact of response bias.
Third, this study took place only in one rural counties in
China, so the generalization of the results requires
caution.

In conclusion, our findings strongly support that the
WeChat-based self-assessment with tailored feedback
intervention effectively improved complementary
feeding practices and movement behaviours of children
aged 6–20 months in rural China. Further studies are
needed to assess the generalizability of health informa-
tion delivered through WeChat as well as other social
media in other areas in China and other low- and
www.thelancet.com Vol 37 August, 2023
middle-income countries (LMICs), and assess the ef-
fects of the multi-channel interventions on behavioural
change and nutritional status of children.
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