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Executive Summary

The problem: Research increasingly indicates the importance of the nutritional
programming that occurs in the first 2—3 years of life. Quality nutrition during this brief
window has been shown to have large and significant effects on health and development
throughout childhood and even into adulthood. Despite the widespread understanding of
this critical window, and the long-term consequences of leaving nutritional deficiencies
unaddressed, little is known about the status of infant nutrition in rural China, or about
the relationship between infant nutrition and cognitive development in rural China.

Population: In April 2013 and October 2013, we conducted a survey of 1,808 infants
aged 6-12 months living in 351 villages across 174 townships in nationally designated
poverty counties in rural areas of southern Shaanxi province, China. This sample served
as our sample for a cluster-randomized controlled trial (RCT).

Intervention: There are three groups in the cluster-RCT. The caregivers of childrenin
Treatment Group 1 (Free Delivery Group) received one-on-one health education training
on nutrition and feeding practices. Sample caregivers also received a free supply of
micronutrient supplement packets containing a home fortification powder every six
months, along with instructions on howto use the powder. The caregivers of children in
the Treatment Group 2 (Text Messaging Group) received the same treatment as the
Free Delivery Group. However, the Text Messaging Group caregivers also were enrolled
in a daily text message reminder program. The third group served as the Control Group
(no intervention).

Outcomes: The primary outcomes at interest are the consumption of nutrition
supplement packets, nutrition and health of child (hemoglobin concentration and anemia
prevalence), and child development (Mental Development Index and the Psychomotor
Development Index scores). Infants were administered a finger prick blood test for
hemoglobin (Hb), and the Bayley Scales of Infant Development. They were also
measured for length and weight. Caregivers were administered a survey of demographic
characteristics and feeding practices. We administered follow-up surveys at six-monthly
intervals.

Process of randomization: We first randomly selected 11 nationally designated poverty
counties in southern Shaanxi province. Fromthese 11 counties, all townships in each
county were included except for the one township that housed the county seat and any
townships that did not have any villages with at least 800 people. Then we randomly
selected two villages from the list in each township. Our final sample consisted of 351
villages in 174 townships. Each village (cluster) was randomly assigned into one of three
groups: Free, Text and Control. Assignment was cluster-randomized at village level and
stratified at county level, with 117 villages in each treatment group.

Results: We found that 48.8% of sample infants were anemic, 3.7% were stunted, 1.2%
were underweight and 1.6% were wasted in the baseline; approximately 20.0% of the
sample infants were significantly delayed in their cognitive development, while just over
32.3% of the sample infants were significantly delayed in their psychomotor
development. After controlling for potential confounders, infants with lower Hb counts



were significantly more likely to be delayed in both their cognitive (p <0.01) and
psychomotor development (p <0.01).

We further found that assignment to the Text Messaging Group led to a positive increase
in full compliance (coefficient = 0.25; 95% CI = 0.20, 0.31) with the study intervention at
six months after the start of intervention. Moreover, the text message was more likely to
increase the consumption of the home fortification powder six months after the start of
intervention if the primary caregiver was the child’s mother (marginal effect = 12.19; 95%
Cl =0.69, 23.68) or if the primary caregiver knew howto read text messages (marginal
effect =9.72; 95% Cl =0.20, 19.25) and send text messages (marginal effect = 14.68;
95% Cl = 5.37, 23.98).

We also found that a decrease in the rate of anemia (coefficient =-0.06; 95% Cl = -
0.12,-0.01). As for child development, we found that after six months of
supplementation, the effect of free micronutrient powder (Free MNP) on the Mental
Development Index (MDI) sub-indexwas 2.23 points (p =0.044; 95% C1 0.061, 4.399) in
the intent-to-treat analysis and each additional sachet consumed increased MDI by
0.028 points (p =0.034; 95% CI 0.002—0.054), which implied the effect of full compliance
is therefore 5.04 points (0.29 SD) at six months after the start of intervention. However,
by 12 or more months after the start of the intervention, the effect on anemia prevalence
and MDI test score subsided.

Policy recommendations: The Chinese government is launching a national program to
provide micronutrient powder sachets through local health centers. The implication of
this study is that the government should focus more on compliance with this program.
More research is needed to find more efficient ways to improve compliance as well as
caregivers’ nutritional knowledge and feeding behaviors.



Contents

ACKNOWIBUGEIMENTS ..ttt ettt a e e e e e e e eeaaeeeas [
EXECULIVE SUIMIMAIY ...ttt e e e e e e e e e e e e e e et e e e eeeaaeabeannnnns ii
L0 01 1= 0 1 K= PP iv
List Of figures and tablesS. ... %
ADDTeviations and ACIONYIMS .......i ettt e e e e e e e rt e e e e eeeaans Vil
I 1 0T ¥ Tox [ o USRI 1
2. Intervention, theory of change and research hypotheses............cccoeeeiiiiiiiinns 3
PN R 101 (=T V7= o1 1o RS USPPPPPRN 3
2.2 Theory Of CNANQE ... ..o e 4
2.3 EValuAtioN QUESTIONS ... .ciiiiiiiie ettt e et e e e e e e e e e eenes 7
T O] 01 (=) S SO TT P 9
S ] 02 T= 1 T PP 10
5. Evaluation: Design, methods and implementation.............ccccovviviiiiiiiiiiiiiinnnenn. 11
5.1 Study design and PartiCIPaNTS. ..........ooueeiiiiiriiiuiiiiiae e e e e e e e e e e eeeeeeeneeaaeens 11
5.2 Randomization and mMasking............couuiiiiiiiiiiiimiii e 12
IR I o (0 Tt = o 1 (=PSRRI 14
5.4 OULCOMES......iiiiiiiie ettt e e e e e e e e s eaaaaas 16
5.5 Statistical analysis and power calculations.............cccocviiiiiiiiiie i, 16
5.6 EthICAI ISSUBS......eeiiiii e 18
6. Impact analysis and KeY reSUIS.......ccoov i 18
6.1 PartiCIPANTS. ... cceii i eiei e e e e 18
6.2 Hemoglobin concentration, anemia and physical development among rural
ChiNESE INTANTS ...veie e e e et e e e eenees 22
6.3 Mental Development Index and the Psychomotor Development Indexamong
rural ChinESe INFANTS.........uueiii et eeeenes 24
6.4 Correlational analysis between hemoglobin concentration and child development
....................................................................................................................... 24
6.5 IMpPaCt 0N COMPIANCE .....cooeiiieieeii e 28
6.6 Impact of nutrition supplement on child nutrition, health and development........ 30
6.7 QUAItALIVE @NAIYSIS ... .ot 38
A Yo U 1= o o U 47
LN o] 1= o[ 1 TSRS SSRRRPPP 54
S (=T =T o= S 55



List of figures and tables

Figure 1: Theory Of Change ........coooeiiiiiiieeee e 6
Figure 2: Map of sample counties in Shaanxi ProvinCe..........ccooouviiiiiiiiiiiiiiiiiieiiiiiiiiies 9
Figure 3: Timeline Of aCtiVItIES.........cooiiiiiiiie e 10
FIQUre 4: Trial Profile.... ... e eeeeaaaee 13
Figure 5: A Lowess plot of the relationship between hemoglobin concentrations and
BSID SCOIES ...ttt 28

Figure 6: Frequency of full compliance by treatment groups in rural Shaanxi province.. 28
Figure 7: Measured hemoglohin concentration (g/L) and anemia prevalence (%) of
sample child in Control and Free MNP Groups at baseline and each follow-up

.................................................................................................................... 31
Figure 8: Measured MDIl and PDI scores of sample children in the Control and Free MNP
Groups at baseline and each fOllOW-UP.............oovviiiiiiiiiiiiii e 34
Table 1: List of text messages sent as part of the project, in original Chinese and
translated ENGISN ... ..o 3
Table 2: Composition of the Nurture Mate home fortification powders............cccooeeeeeeeeen. 4
Table 3: Comparison across Free Group, Text Group and Control Group of attrition
5] 12 LU TP RTRPI 19
Table 4: Baseline characteristics of sample children by attrition................cccccceeiiiiiiees 19
Table 5: Baseline characteristics by treatment groups in rural Shaanxi province........... 20
Table 6: Basic characteristics of sample infants in rural Shaanxi province.................... 21
Table 7: Hemoglobin concentration, anemia prevalence and physical development of
sample infants in rural ShaanXi ProvinCe ............cooovviiiiiiiiiiiiii e 22
Table 8: Adjusted association of nutritional status (hemoglobin concentration and
anemia) and infant, maternal and household characteristics.......................... 23
Table 9: Cognitive and psychomotor development of sample infantsin rural Shaanxi
PIOVINCE ..ttt et e e e e e et e e e e e e ettt n e e e e e e e tbb e e e e e e eenann e eas 24
Table 10: Association between hemoglobin concentration and BSID scores................ 25
Table 11: Association between hemoglobin concentration and BSID scores, using three
commonly used SCOre CUtOffSL.........ouuuiiiiiiii e 26
Table 12: Intent-to-treat analysis of the impact of treatment condition on caregiver
compliance in rural SNAaNXi PrOVINCE ........uuuuuueiiaea e 29
Table 13: Heterogeneous impact of daily text messages on nutrition supplement
compliance in rural SNAaNXi PrOVINCE ........uuuuuuiiiaae e 29

Table 14: Intent-to-treat and average treatment effect on the treated analysis of the
impact of treatment condition on hemoglobin concentration and anemia status
of children after six months of intervention in rural Shaanxi province.............. 30

Table 15: ITT and ATT analysis of impact of Free MNP on hemoglobin concentration,
anemia prevalence after 12 and 18 months of intervention among childrenin

FUFAL CRINAL ... e e e e e e e e e e enneees 32
Table 16: The average number sachets consumed monthly in MNP Group.................. 33
Table 17: Feeding behavior of child aged 6—24 months between Free MNP and Control

Groups in rural ShaanXi ProVINCEe.........ccooovviiiiiiiiieeeiiiiiine e 33

Table 18: ITT and ATT analysis of impact of Free MNP on Bayley MDI and PDI scores35



Table 19: Heterogeneous Impact of Free MNP on nutrition, health and development in
rural SRaanXi PrOVINCE ......oooviiieiiieece e e e e e eeeeeaees 37
Table 20: Compliance with daily home fortification for anemia children at baseline by
LUgST= 1T 00| o 16 ] o 1 49
Table 21: Baseline characteristics of anemia infants among three groups in rural Shaanxi
[ )V o PSSP 49

Appendix table

Table Al: Characteristics of interviewees from in-depth interview ..........c.c..cccoeeeeennnn.n. 54



Abbreviations and acronyms

3ie International Initiative for Impact Evaluation
Cl Confidence interval

NGO Non-governmental organization

WHO World Health Organization

BSID Bayley Scales of Infant Development
NPFPC National Population and Family Planning Commission
MDI Mental Development Index

PDI Psychomotor Development Index

LAZ Length-for-age z-scores

WAZ Weight-for-age z-scores

WLZ Weight-for-length z-scores

ICC Intra-Cluster Correlation

SD Standard Deviation

ITT Intention to Treat

ATT Average Treatment Effects on the Treated
ANOVA Analysis of Variance

IRB Institutional Review Board

MNP Micronutrients Powder Group

UNICEF United Nations Children’s Fund

Vi



1. Introduction

Anemia is one of the most prevalent nutritional disorders among preschool-aged children
in developing countries.[1] Worldwide, nearly half of all children aged 0-59 months are
estimated to be anemic.[2]

Despite the widespread understanding of this critical window and the long-term
consequences of leaving nutritional deficiencies unaddressed, little is known about the
status of infant nutrition or the relationship between infant nutrition and cognitive
development in rural China. Although researchers have attempted to measure the
prevalence of nutritional deficiencies in China overall, evidence on the situation in rural
China is mixed. The Chinese Food and Nutrition Surveillance System found anemia
prevalence among infants aged 6-12 months, in rural areas, to be around 28 per centin
2010. [3]

Other, more geographically focused studies have found anemia prevalence ranging from
22.6 per cent (in Guangxi) [4] to 58.2 per cent (in Gansu) [5] among the same age group.
Moreover, most of these studies have been based on relatively small sample sizes,
limited sample areas or both. To our knowledge, while there has been one study on the
impact of mothers’ nutrition on early infant development in China. [6] No studies have
reported on the status of infant development or examined the correlation between infant
micronutrient deficiencies and developmentamong infants aged 6-12 months in China.

Although anemia is broadly influenced by many factors, including nutrition, infectious
disease and genetics, iron deficiency is the major cause of anemia, accounting for about
half of the global incidence of anemia. [7—9] The development of micronutrient packets
containing microencapsulated iron, administered daily (regularly), offers a way to provide
aregular dose of key micronutrients, particularly iron, to iron-deficient children. This type
of micronutrient supplementation has been recommended by WHO as a strategy for the
prevention of anemia in children aged 6—23 months. [10]

In China, it is postulated that 90 per cent of anemia in infants and children stems from
iron deficiency. [11] Existing research on micronutrient supplementation in China,
however, is mostly limited to studies based on small samples and non-randomized
controlled trial (RCT) designin Shaanxi, Sichuan, Gansu, Shanxi, Guangdong and Inner
Mongolia provinces. [12-17]

While micronutrient supplementation has potential if caregivers systematically give their
children the supplement, there are indications that compliance has been a barrier to the
success of micronutrient supplement programs for infants internationally. Unfortunately,
almost no research has been conducted on either how micronutrient supplementation
can best be delivered or how caregivers can be persuaded to regularly give their children
micronutrient supplements.

One study evaluated the effect of a community-based micronutrient supplement
distribution program on household compliance in Kenya.[18] Another study in
Bangladesh compared the effectiveness of programs that administered micronutrient
supplements to individuals using differentapproaches (one requiring daily
supplementation; the other with more flexibility).[19] Although both studiesfound low
compliance, researchers concluded that the nature of the delivery strategy was



associated with decreased rates of anemia among children.[18, 19] The authors of the
both studies, however, suggest the relatively low rates of use of the micronutrient
supplement are indicative of the generally poor study design. Hence, the research teams
both suggest that systematic research is needed to evaluate the impact of alternative
delivery strategies on caregiver compliance and infant health outcomes.

Given this gap in the literature, we study howtext messaging can influence the
effectiveness of micronutrient supplement programs. Text-messaging technology has
changed the face of communications globally and in China. A large percentage (67%) of
households in the world have mobile (cell) phones. [20] An even larger percentage (>
90%) of households in China—evenin rural areas—have mobile phones. [21]

In this environment, clearly mobile technology is increasingly used as a way to promote
health and prevent disease. [22, 23] However, text message-based programs have often
met with mixed results. Internationally, the application of text messaging for behavioral
change in smoking cessation, anti-obesity behavior modification and diabetes
management has shown positive results in New Zealand, Korea and Scotland. [24—26]
There is also evidence that text messaging is effective in China. In Shanghai, a short
message service (SMS) intervention attempted to promote longer duration of exclusive
breastfeeding for mothers. Unfortunately, the Shanghai researchers did not followan
RCT design. [27]

At the same time, there are also examples of text messaging programs that do not work.
Text messaging had no significant effects on recycling behavior in Peru.[28] An
information-focused texting program did not increase knowledge of sexual health or
decrease risky behavioramong young people aged 18-35 years in Uganda.[29]

Text reminders did not improve the adherence of patients undergoing malaria treatment
in Tanzania.[30] In these studies, the factors that were identified as those leading to the
failure of the programs included limited phone access, privacy concerns, phone
maintenance, and text message content. [28—-30] A recent literature review of text
messaging’s effect on health outcomes concluded that most studies are not carried out
systematically and that fewused an RCT design. [31] Therefore, based on the state of
the literature, we believe a well-designed study on howtext messaging can improve
health services delivery is needed.

The goal of this study was to provide an overview of infant nutrition in rural China, and to
explore the link between nutritional status and child development. More specifically, we
measure the prevalence of micronutrient deficiencies (hemoglobin
concentrations/anemia) and macronutrient deficiencies (stunting, underweightand
wasting) among infants aged 6-12 months living in nationally designated poverty
counties in rural Shaanxi province. In addition, we examine correlations between Hb
concentrations and infants’ cognitive and motor development, using the Bayley Scales of
Infant Development (BSID).

Another goal of the study was to test whether nutritional supplementation can improve
the nutrition, health and development of children and whether text message reminders
sent to the mobile devices of caregivers will improve the effectiveness of a home
micronutrient fortification program using a cluster-RCT design. To meet this goal, we had
three specific objectives. First, we wanted to measure caregiver compliance to a home



fortification program. Next, we wanted to evaluate the impact of text message reminders
on compliance. Third, we wanted to examine whether the home fortification program had
any impact on child nutrition, health (focusing on the prevalence of anemia) and
development.

2. Intervention,theory of change and research hypotheses
2.1 Intervention

The caregivers of childrenin Treatment Group 1 received one-on-one health education
training on nutrition and feeding practices. Sample caregivers also received a free supply
of micronutrient supplement packets containing a home fortification powder every six
months, along with instructions on howto use the powder. This group served as our Free
Delivery Group (or Free Group).

The caregivers of childrenin the Treatment Group 2 (Text Messaging Group or Text
Group) received the same treatment as the Free Group. However, the Text Group
caregivers also were enrolled in a daily text message reminder program. In partnership
with a cellular communications provider based in Shaanxi province, daily reminder
messages were sent to the Text Group. Alist of all messagesisin Table 1.

Table 1: List of text messages sent as part ofthe project, in original Chinese and
translated English

1. BRAEFL—/IREFE | SARELAMEIS B0 ~ 3 |5~ K- 7 B+
A -

Remember to give Baby a vitamin packet! Vitamin packets can be added to porridge,
vegetables, noodles, water, milk, juice, or soup.

2. AR Y SARBELAEFLENRAEN—/NRERE  CEULSHNEERTSES - B2 !

Don't forget to add a vitamin packet to Baby’s food today, it can make your baby grow up to
be taller and stronger!

3. BCRSKAEEL—/NREFRE | FNEFREN X2 3 - ExR - K- BtaIaf
BERZ S |

Remember to give Baby a vitamin packet today! When you add the vitamin packet, make sure
that the porridge, vegetables, noodles, water, milk, juice, or soup isn’t too hot!

1]

4, REGSKXEAEFNFRAEMN—/NIERE  BELTNEZEEREE - VER |
A friendly reminder to add a vitamin packet to Baby’s food today — it can make Baby healthier
and less likely to get sick!

5. EFELEFRENNENE Y | A rSKEFEIZAREN—\KEFRE,

It's time for Baby’s \itamin packet again! Don't forget to add a vitamin packet to Baby’s food
today.




6. B/SABEAFTFENARABN—N\REFRE - BERELANEETEEEL - B !
Remember to add a vitamin packet to Baby’s food today — it can make Baby smarter and
more active!

7. BERE EARE FELERE | RESETEVCHANETREN L—/\WEFEE -
n he

Vitamin packet means balanced vitamins for baby — Baby will be healthier whe eats it! A

friendly reminder to mix a vitamin packet into Baby's soup or porridge.

In both the Free and Text Groups we used a Heinz-produced micronutrient powder
called NurtureMate. The powder is tasteless and contains a mix of iron, zinc, vitamins A,
C, D,B1, B2, B6, B12, and folic acid, among other key nutrients (Table 2). NurtureMate
is recommended for babies aged 6—36 months and taking five packets per week.
NurtureMate is approved by the Chinese government.

In both intervention groups, households were given a plastic storage envelope in which

to store the NurtureMate packets and were instructed to return the empty packetsto the
survey team at the end of the study. The empty packets were then tallied by the survey

teamto assess compliance.

Table 2: Composition of the Nurture Mate home fortification powders

Average content per RDA%

Nutrients Unit gram 6—-12 month 13-36 month
Iron mg 6.0 60% 50%
Zinc mg 4.80 60% 53%
Vitamins A MOgRE 200 50% 40%
Vitamins C mg 50.0 100% 83%
Vitamins D Mg 5.0 50% 50%
Vitamins E mg 1.55 52% 39%
Vitamins B1 mg 0.30 100% 50%
Vitamins B2 mg 0.50 100% 83%
Vitamins Bs mg 0.30 100% 60%
Vitamins B2 Mg 0.5 100% 56%
Folic acid Mg 66 140% 75%
Energy KJ 15 - -
Protein g 0 - -
Fat g 0 - -
Carbohydrate g 0.9 - -

RDA: recommended daily allowance

2.2 Theory of change

We will be able to examine the mechanisms underlying observed changes using causal
chain analysis. We have mapped out the theories of change for the two different
interventions and presentthem in Figure 1. The theory of change for each intervention
models the possible effects of the intervention by separating out different channels of
influence accordingto a log frame (inputs - outputs - outcomes -> impact).



The analyses of the program impact originate from a theory of change that recognizes
that the main effectiveness of interventions is from household compliance to the home
fortification program, which in turn can improve the nutrition, health and development of
infants.

In order to capture information on targeting in the text messaging intervention, our survey
instruments asked caregivers directly whether they received the text messages and how
often. We were also able to use sending logs from the text messaging service to get
information on implementation.

In order to capture information on caregivers’ understanding of the health training
material, all survey modules included a short quizto measure health knowledge, based
exclusively on the content of the trainings. The quizwas designed to measure any
changes in caregivers’ health knowledge between the baseline and follow-up surveys as
away of observing whether they understood the information thatwas presented to them.
To prepare the health knowledge assessments, we conducted extensive research into
which types of questions best capture knowledge. We did not want to test respondents’
test-taking skills (ability to guess, ability to interpret a counterfactual, etc.); rather, we
wanted to ask straightforward questions to measure their understanding and
internalization of the material. We also conducted extensive pretesting of the surveys to
make sure that they asked the questions in a clear, straightforward way, and included
both easy and difficult questions. This protocol helped ensure that the surveys captured
an accurate distribution of caregiver understanding, rather than underestimating
understanding by asking confusing or misleading questions, or overestimating it by
asking easy questions.



Figure 1: Theory of Change
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Even if the training is effective, however, it is meaningless unless the targeted recipients
of the training actually change their behavior. Our surveys collected detailed information
on individual- and household-level infant care and feeding behaviors, such as what
infants are fed (breast milk, formula, complementary feeding), how much they are fed,
and who makes decisions as to their overall care and feeding.

Since both of the treatment groups — Free Group and Text Group — received one-on-one
health education training on nutrition and feeding practices, it is impossible to separate
out the impact of the health education training. However, by collecting information on
infant feeding practices, we can analyze changes in children’s diet across the three
experimental groups ex post. In this way, it is possible to determine whether the effect of
intervention is due to dietary improvements or to the consumption of the home
fortification powder.

In order to capture information on targeting in the home fortification program, our
household survey asked who in the household (if anyone) actually consumed the
nutritional supplement they received for the purpose of triangulation. This captures any
substitution away from the intended beneficiary of the implementation.

In order to control the quality of the nutritional supplements, we directly provided
households with a pre-approved, name brand supplement for distribution.

In terms of infant cognitive development, we used standardized tests, carefully calibrated
and extensively pretested in order to capture actual increases in performance, rather
than simply natural increases in performance associated with additional months of life.

Finally, we sent a team of researchers trained in qualitative research methodologies into
a subset of survey areas (at least one team per study arm) to conduct qualitative semi-
structured interviews. These helped to capture any other gaps in the chain. In addition to
asking questions about perceptions and understanding of infant nutrition and, in the
intervention villages, perceptions of the interventions themselves, the sociologists also
were trained to observe infant care and feeding behaviors in the villages, and to discuss
with villagers’ reasons for not adopting certain health behaviors (cost, perceived
importance, inconvenience, etc.). They also discussed reactions to the nutritional
supplements, and attitudes towards undernutritionin general, and towards the NPFPC in
particular.

2.3 Evaluation questions

1.) Population
a. Whatis the extent of nutritional deficiencies (especially anemia) among
infants aged 6—24 months in rural Shaanxi province?

7



b. How much do caregivers know about nutritional deficiencies and howto
address them?

c. Fromwhere do caregivers typically get information about infant nutrition
(friends, internet)?

2.) Impact evaluation questions

a. Whatis the impact of an educational campaign paired with a daily nutritional
supplementation program on infant health (including anthropometric
measures and nutritional deficiencies) and cognitive development (using
specially calibrated instruments for measuring infant development)?

b. Whatis the added impact of a text message reminder program on adherence
to the daily nutritional supplementation program, infant health (including
anthropometric measures and nutritional deficiencies) and cognitive
development (using specially calibrated instruments for measuring infant
development)?

c. How do the impacts of these programs vary across demographic groups (age,
gender, ethnicity)?

d. Whatis the cost-effectiveness of each type of intervention?

3.) Interventions

a. Why are the programs effective or not (using causal chain analysis)?

b. What aspects of the programs are successful and which are less successful
(using causal chain analysis)? How can the interventions potentially be
improved?



3. Context

Figure 2: Map of sample counties in Shaanxi Province

Source : http://map.ps123.net/china/19939.html

Our study was conducted between 2013 and 2015, in 11 nationally designated poverty
counties located in southern Shaanxi province (Figure 2). From each of these 11
counties, all townships (the middle level of administration, between county and village)
were selected to participate in the study. There were two exceptions to this rule: we
excluded the one township in each county that housed the county seat and we excluded
any townships that did not have any villages with a population of 800 or more.



4. Timeline

Our baseline and follow-up surveys were conducted in five rounds: the first round in April
2013 and subsequent rounds every six months after that. Sample villages were selected
at the time of our first visit in April 2013. At the time of each of the first home visits, we
sampled all children (April 2013 for Cohort 1; and October 2013 for Cohort 2) in the
desired age range (6—11 months) living in the village. The reason for enrolling two
cohorts of children was to ensure that the number of sample children aged 6—11 months
met the power requirement (see section 5.5 below). Overall, the baseline sample
included 1,834 children. Sample children in Cohort 1 were followed in October 2013,
April and October 2014. Sample children in cohort 2 were followed in April and October
2014, and October 2015. The intervention began in April 2013 and finished in October
2014 for Cohort 1, while for Cohort 2, the intervention began in October2013 and
finished in April 2015.

The flow of program implementation and impact evaluation is illustrated in Figure 3.

Figure 3: Timeline of activities

After round one survey in The interventions

April 2013, interventions

finished for Cohort 1 in

began for Cohort 1 October 2014
Round 1: Round 2: Round 3: Round 4: Round 5:
April, 2013 Oct., 2013 April, 2014 Oct., 2014 April, 2015
Cohort 1 Age: Age: 12-17 Age: Age:
6-11 Months Months 18-23 24-29
Months Months
Cohort 2 Age: Age: Age: Age:
6-11 12-17 18-23 24-29
Months Months Months Months

After round one survey
in October 2013,
interventions began for
Cohort 2

The interventions
finished for Cohort 2in
April 2015
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5. Evaluation: Design, methods and implementation

5.1 Study design and participants

The sample villages were selected in April 2013 as follows. We first randomly selected
11 nationally designated poverty counties in southern Shaanxi province. Fromthese 11
counties, all townships in each county were included except for the one township that
housed the county seat (11 townships excluded in 11 sample counties); and any
townships that did not have any villages with at least 800 people (two townships did not
have any villages with at least 800 people). In total, 174 townships were selected to
participate in the study. We used official government datato compile a list of all villages
in each township (in total, there were 2,110 villages in 174 townships). Then we
randomly selected two villages fromthe listin each township, using a random numbers
generator. We selected an additional 3 villages by randomly selecting 3 townships and 1
village in each selected township. Therefore, our final sample consisted of 351 villages in
174 townships (typically, each village had about 220 households and 1,000 people).

A list of all registered births over the past 12 months was obtained from the local family
planning office. All infants in our desired age range (6—11 months) were enrolled. To
meet the power requirements of this study (see section 5.5 below), we required a
minimum of five infants in each village (prior to attrition). To ensure that there are at least
5 children aged 6—-11 months in the village, we excluded villages with less than 800
people in the sampling (only 2 villages with people less than 800 had five or more
children aged 6—11 months). The sample villages were all revisited in October 2013 and
a new cohort of infants (also aged 6—11 months) was surveyed at that time. Overall, our
study included 1,834 infantsin 351 villages across 174 townships (about 5.2 sample
children per village).

5.2.1 Qualitative analysis

Beside the regular follow-up survey every sixmonths, we also conducted three waves of
in-depth interviews with children’s primary caregivers in 17 rural villages within 4
nationally designated poverty counties (3 sample counties, 1 non-sample county) in the
southern part of Shaanxi province. Our interview subjects were primary caregivers of
children living in the sample areas. Children ranged from 6 to 18 months of age and were
randomly selected from a list of all registered births over the past 2 years, which we
obtained from the local health officials in each town or village. Each primary caregiver of
sample children was identified before the interview and all were women. Of the 60
primary caregivers we interviewed, 44 were mothers of sample children and 16 were
grandmothers of sample children. The interviewees for the first wave, conducted in July
2013, consisted of 10 primary caregivers, all mothers, from 3 rural villages in Pingli

11



county (the one non-sample county). In April 2014, we interviewed the second wave,
consisting of 10 primary caregivers—3 mothers and 7 grandmothers—from 7 villages in
Shanyang county (one of our sample counties). In May 2015, we interviewed the final
wave, consisting of 40 primary caregivers—31 mothers and 9 grandmothers—from 3
villages in Shangnan county (one of our sample counties) and 4 villages in Danfeng
county (1 of our sample counties).

5.2 Randomization and masking

Once the sample selection was complete, villages were randomly assigned, by
computer-generated random numbers, into two treatment groups and a control group. A
total of 1,834 children were enrolled at baseline (when children were 6—11 months of
age) across the two cohorts (Figure 4). We excluded 32 children due to serious iliness (2
children were found to have severe anemia and referred to hospital; and another 30
were found to have congenital heart defects or other serious health conditions).
Assignment was cluster-randomized at village level and stratified at county level, with
117 villages in each treatment group. A total of 610 children were randomly assignedto
the Control Group, 597

children were assigned to Treatment Group 1 (Free Group) and 599 children were
assigned to Treatment Group 2 (Text Messaging Group). Participating caregivers and
participants were never informed that they were part of an RCT.
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Figure 4: Trial profile
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Trained enumerators and local health practitioners who assisted with baseline and
follow-up surveys were not explicitly informed of the treatment assignment of
participants. The study team informed enumerators that they were participatingin a
general study of health and education of rural children by the Chinese Academy of
Sciences and the Chinese Centers for Disease Control and Prevention.

5.3 Procedures

With the assistance of trained nurses from Xi'an Jiaotong Medical School, we collected
Hemoglobin (Hb) concentrations from all participating infants and their mothers. Hb
concentrations were measured onsite using a Hemocue Hb 201+ finger prick system.
The nurses also measured the length and weight of each infant, according to WHO
recommendations. [32]

Teams of trained enumerators collected socioeconomic data from all households
participating in the study. Each infant’s primary caregiver was identified and administered
a detailed survey on parental and household characteristics, including each child’s
gender and birth order, maternal age and education, and whether the family was
receiving Minimum Living Standard Guarantee payments (a poverty indicator). The
infant’s age was obtained from his or her birth certificate. The primary caregiver was
individually identified by each family as the individual most responsible for the infant’s
care (typically the child’s mother or grandmother). In order to capture information on
targeting in the supplementation intervention, our household survey also collected
information about adherence to the home fortification program.

All infants were also administered the BSID Version 1, an internationally scaled test of
infant and toddler cognitive and motor development.[33] This test is well-recognized in
the psychological literature and is listed by the American Psychiatric Association as a
way to diagnose certain developmental disorders.[34] The test was formally adapted to
the Chinese language and environment in 1992, and scaled according to a urban
Chinese sample.[35, 36] Following the example of other published studies that use the
BSID to assess infant development in China,[6, 37, 38] it was this officially adapted
version of the test that was used in this study. The test has an inter-rater reliability of
0.99 for each of the two sub-indices, the Mental Development Index (MDI) and the
Psychomotor Development Index (PDI). [39] (Both indices are described in more detail
below.) The test-retest reliability is high, at 0.82 for MDIand 0.88 for PDI. [39] The
parallel forms reliability is also high, at 0.85 for MDI and 0.87 for PDI, indicating that the
test scores are consistent when there is a variation in the methods or instruments used
in the test. [39]
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All BSID enumerators attended a week-long training course on howto administer the
BSID, including a 2.5-day experiential learning program in the field. The test was
administered one-on-one in the household using a set of standardized toys and a
detailed scoring sheet. The BSID takes into consideration each infant's age in days, as
well as whether he or she was a premature birth. These two factors, combined with the
infant’s performance on a series of tasks using the standardized toy kit, contribute to the
establishment of two independent, internationally standardized scores: the Mental
Development Index (MDI), which evaluates memory, habitation, problem solving, early
number concepts, generalization, classification, vocalizations and language to produce a
measure of cognitive development; and the Psychomotor Development Index (PDI),
which evaluates gross muscle groups (rolling, crawling and creeping, sitting, standing,
walking, running and jumping) and fine motor manipulation to produce a measure of
psychomotor development.[40] This study represents one of the largestadministrations
of the BSID ever conducted in China, and to our knowledge, the only administration of
the BSID ever conducted in rural communities in China’s nationally designated poverty
counties.

5.3.1 Qualitative analysis

Caregivers were asked a series of open-ended questions regarding their understanding
of child nutrition, their feeding practicesin view of this understanding, their perception of
the causes and consequences of malnutrition, their understanding of howto promote
child development, and the sources of information that formed the basis for their
perceptions and conclusions. In-depth interviews were conducted in Mandarin Chinese.
All 60 participants gave informed consent. When possible (that is, when caregivers
permitted), the interviews were recorded, transcribed and translated into English for
analysis. All personally identifiable information was removed from the transcripts. Some
participants did not give permission for the interviews to be recorded; in those cases, the
field members instead took detailed interview notes. Each interview lasted 30-90
minutes. The interviews were semi-structured; interviewers referred to a scripted
interview protocol, but also had the freedom to diverge from this protocol in order to
investigate specific stories thatemerged.

Interview transcripts, field notes, and audio-recordings were translated and transcribed
into English for analysis. Once interviews were transcribed, recurring similarities,
differences, and patterns were identified for analysis. Interview responses from
caregivers were supplemented with field notes and observations from the research team,
in order to provide a more complete representation of potential reasons for child anemia
in rural Shaanxi Province.
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5.4 Outcomes

Information on the consumption of the home fortification powder was collected at each
follow-up survey. “Fully compliant” households were defined as those that administered
5-7 nutritional supplement packetsto the target child eachweek. To ensure the
accuracy of measurements, we instructed caregivers to put used empty packets in a pre-
prepared plastic storage envelope. Enumerators tallied unused and empty packetsto
assess compliance.

Anemia status was assessed based on finger blood analysis for Hb. Following
internationally accepted standards, anemia was defined as Hb < 110 g/L, moderate
anemia was defined as 70 g/L < Hb < 100 g/L, and severe anemia was defined as Hb <
70g/L.[41,42]

Physical indicators of length and weight were compared with the 2006 WHO child growth
standards to calculate length-for-age (LAZ), weight-for-age (WAZ), and weight-for-length
z-scores (WLZ). [43] We followed internationally recognized cutoffs to consider children
whose LAZ, WAZ or WLZ fell more than two standard deviations belowthe international
mean to be stunted, underweight or wasted, respectively. [44]

Cognitive development (MDI) and psychomotor development (PDI) scores were
determined using the BSID protocol. Both sub-indices are scaled to have an expected
mean of 100 and a standard deviation (SD) of 16. Scores on each index can range
between 50 and 150. [40] Mild impairment for each indexis defined as 70 < MDI <85
and 70 < PDI < 85, while moderate or severe impairment for each sub-indexis defined
as MDI < 70 and PDI < 70. [40] Infants failing to achieve the minimum MDI or PDI score
(50) were assigned a score of 49.[45]

5.5 Statistical analysis and power calculations

The sample size for our study was determined by power calculations performed before
enroliment using Optimal Design, a software developed by the University of
Michigan.[46] The power to detect a difference in outcome variables (compliance, Hb
concentration, anemia rates, MDIl and PDI scores) between the treatment and control
groups in a cluster-RCT depends on five factors: (1) number of children/village (n); (2)
number of villages (J); (3) intra cluster correlation in anemia prevalence (ICC); (4)
minimum effect size that we would expect to be able to detect, called minimum
detectable effect (MDE); and (5) how outcome variables (nutrition supplement
compliance, Hb concentration, anemia rates, MDI and PDI scores) within villages
correlate over time (R2).
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We assumed a detectable effectof 0.2 SD, an ICC of 0.1, R2 of 0.5 and 4 infants per
village after attrition in the case of Hb concentration and anemia rates. [47-51] Based on
these parameters, we calculated that we required 112 villages/group to detecta
standardized effect of 0.2 at 80 per cent power given a significance level of 0.05.

For compliance (number of home fortification packets fed) between the Free Distribution
and Text Messaging Groups, on the basis of previous study, [52] the overall weighted
mean effect size representing the impact of these interventions is about 0.3 SD. In the
case of the MDI and PDI test scores, there is evidence thatthe effect size of iron
supplementation intervention is more than 0.3 SD. [53] Based on this information, we
assumed an ICC of 0.1, R2 of 0.5 and 4 infants per village after attrition again, and
detectable effect of 0.3 SD (nutrition supplement packets fed and compliance, MDI and
PDI scores); we can detect a standardized effect of 0.3 at more than 90 per cent power
given a significance level of 0.05. Because of some uncertainty over the overall attrition
rate in two years, we decided to overpower slightly. As a result, five villages were added
to each group to overpower the study.

Statistical analyses were conducted using STATA 13.0 (StataCorp, College Station, TX,
USA). P-values below 0.05 are considered statistically significant. Linear regression and
logistic regression were used for multivariate analyses as appropriate. We included the
following variables as potential confounders in the multivariate analysis: gender; age;
whether the child was born prematurely; birth order; whether the child’s mother was
identified as the primary caregiver; maternal educational level and age; and whether the
child’s family received Minimum Living Standard Guarantee payments. All multiple linear
regressions adjust for county fixed effects. Standard errors account for clustering at the
village level. Lowess curves reflecting the relationship between Hb concentration and
BSID score were estimated using the Lowess procedure in SAS. We used ANOVA and
chi-square tests to test the balance of the control variablesin the baseline. We examined
caregiver compliance to the fortification program through the histogram showing the
frequency distribution of the fully compliant by intervention arms.

We estimated the treatment effects of both the compliance of caregivers and the anemia
status of infants using an intent-to-treat (ITT) analysis. To estimate the ITT impacts, we
used a multivariate regression model and controlled for observable variables (child age;
gender; low birth weight; premature birth; birth order; baseline anemia status of child;
whether the family received social security support; relationship of primary caregiver to
child; maternal education; maternal micronutrient supplementation during pregnancy;
maternal Hb concentration; breastfeeding duration; formula feeding duration;
complementary feeding after sixmonths; infant iron supplementation; meat consumption)
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and fixed-effects (county and cohort) at the cluster level. We corrected for clustering of
standard errors at the village level.

In order to accommodate partial compliance (that is, because not all caregivers were
fully compliant) and measure the impact of the actual treatment on children’s anemia
status, we produced an estimate using the Average Treatment Effect on the Treated
(ATT). [54] We estimated our ATT estimate by using the random assignmentas the
instrumental variable (IV) for compliance (number of home fortification packets fed).

5.6 Ethical issues

This study received ethical approval from the Stanford University Institutional Review
Board (IRB) (Protocol ID 25734) and from the Sichuan University Ethical Review Board
(Protocol ID 2013005-01). All participating caregivers gave their oral consentfor both
their own and their infant’s involvement in the study. Two children who were found to
have severe anemia were referredto the local hospital for treatment and excluded from
the analysis.

The trial was registered with the ISRCTN Registry in April 2013 (trial number:
ISRCTN44149146) prior to the start of study activities.

6. Impact analysis and key results

6.1 Participants

A total of 1,834 children aged 6—11 months in 351 villages were enrolled at baseline. We
excluded 32 children due to serious illnesses. Although we were able to track each
sampled child with valid contact information who was still living in the sample villages, we
had an attrition rate of about 15 per cent between baseline and each follow-up survey. Of
the 1,802 children, 1,592 (88%) remained in the sample at 12—17 months of age, 1,585
(88%) remained in the sample at 18—23 months of age, and 1,490 (82%) remainedin the
sample at 23—29 months of age. No villages (clusters) were lost (Figure 4). Based on the
multiple logistic estimates of the propensity to be attrited, after controlling for potential
confounding variables (infant and family characteristics), we find that attrition rates did
not vary significantly across the experimental arms (Table 3). Table 4 shows that attrited
children had individual and family characteristics that were statistically nearly identical to
the tracked children (Table 4).
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Table 3: Comparison across Free Group, Text Group and Control Group of attrition

status

Lost to follow-up at least once (yes=1, no = 0)?!

Trial arms compared
Free MNP vs control
Text vs control

R-squared

Observations

Coefficient (95% CI) p-value
0.21(-0.08; 0.49) 0.161
0.02 (-0.28; 0.30) 0.936
0.07

1,802

! Regression estimates from multiple logistic model adjusted for age, gender, premature birth,
birth order, families received social security support, whether primary caregiver is mother,
maternal education, ever breastfeeding and breastfeeding period, food supplement feeding after
six months, period of taking formula in baseline, as well as county fixed effect and cohort fixed

effect. Clustering is at the village level.

Table 4: Baseline characteristics of sample children by attrition

Characteristics

Neverlost  Lostto follow-upat p?
(n=1,291) leastonce (n=511)

Social economic status

Age (month) 2 9.48+£1.82 9.48+1.91 0.88
Girls (%) 48.0(620) 45.6(233) 0.29
Low birth weight (%) 5.1 (66) 3.3(17) 0.12
First birth (%) 60.1(776) 68.7(351) <0.01
Families received social security support (%) 23.0(297) 25.1(128) 0.75
Caregiver and mother characteristic

Mother is primary caregiver (%) 81.0(1045) 80.8(413) 0.66
Maternal education above 9 years (%) 82.9(1070) 76.1(389) <0.01
Maternal age above 25 years (%) 51.3(662) 47.2(241) 0.21
Infant feeding practice

Ever breastfed (%) 88.9 (1417) 88.5(452) 0.80
Exclusive or predominant breastfeeding<6  38.0(490) 37.4(191) 0.55
Months (%)

Ever formula-fed (%) 65.9 (851) 64.2(328) 0.84
Still breastfed = 12 Months (%) 44.9(579) 20.4 (104) <0.01
Supplementary feeding after sixmonths (%) 65.8 (850) 64.6 (330) 0.82
Infant nutrition status

Hemoglobin concentration (g/L) 2 109.0+£12.7 109.5+12.4 0.80
Anemia prevalence (%)3 49.1 (630) 47.7(240) 0.80
Infant development status

MDI test score* 96.5£17.0 97.6+16.7 0.60
PDI test score® 89.7£17.5 91.1+16.2 0.42

Data are presented as mean + SD or % (n) for categorical variables.
! Testing null hypothesis of no difference between free MNP and control groups, adjusted for

cohort, county fixed effect and cluster randomization. 2Data missing for 4 children in the free MNP
group. 3 Data missing for 7 children in control group and 10 in the free MNP group. # Data missing
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for 1 child in control group and 4 in the free MNP group.®Data missing for 2 children in control
group and 5 in the free MNP group.

There were incomplete data for some sample children at both baseline and follow-up.
Incomplete data occurred for several reasons: caregivers refused permission for their
infants to be given the Hb test; infants or the caregivers refused to take some of the
BSID testitems; and we could not get information on home fortification behavior, etc. In
summary, Hb data were missing for 349 children, MDI data were missing for 214
children, PDI data were missing for 233 children and feeding behavior data were missing
for a total of 206 children across all rounds of surveying.

The three groups were balanced at baseline for a range of indicators including
socioeconomic status, caregiver and mother characteristics, feeding practices, and child
nutritional and development indicators (p-values > 0.05—Table 5). Average
characteristics of interviewees from our sample areas are depictedin Table Al. In
general, the basic characteristics of interviewees are similar to that of sample child in the
three groups.

The data presentedin Table 5 also showthat the anemia prevalence is just under 50
percent for each of the three groups. There are no significant differences in anemia rate
among the three groups (p =0.88).

Table 5: Baseline characteristics by treatment groups in rural Shaanxi province

Control Free Group Text Group
Characteristics Group (n=597) (n=595) pt
(n=610)
Social economic status
Age (month)?2 9.46+1.90° 9.53+1.88 9.48+1.80 0.75
Girls (%) 49.0 (299) 46.7(279) 46.2(275) 0.26
Low birth weight (%) 4.4 (27) 4.7 (28) 4.7 (28) 0.80
First birth (%) 62.3(380) 62.3(372) 63.0(375) 0.88
Families received social security 24.4 (149) 24.3(145) 22.0(131) 0.44
support (%)
Caregiver and mother characteristic
Mother is primary caregiver (%) 79.2(483) 81.4(486) 82.2(489) 0.31
Maternal education belowor equalto9 78.4(478) 81.7(488) 82.9(493) 0.07
years (%)
Maternal age above 25 years (%) 51.2(312) 50.6(302) 48.6(289) 0.61
Infant feeding practice
Ever breastfed (%) 87.7(535) 88.1(526) 90.4(538) 0.36

Exclusive or predominant breastfeeding 37.7 (230) 37.9(226) 37.8(225) 0.97
< 6 Months (%)

Still breastfed = 12 Months (%) 39.2(239) 35.2(210) 39.3(234) 0.14
Ever formula-fed (%) 63.4 (387) 68.7(410) 64.2(382) 0.07
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Control Free Group Text Group

Characteristics Group (n=597) (n=595) pt
(n=610)

Supplementary feeding after sixmonths 65.9 (402) 66.5(397) 64.0(381) 0.87

(%)

Infant parenting practice
Played with baby yesterday with toys 49.8 (304) 45.2(270) 48.2(287) 0.13

(%)

Sang song to baby yesterday (%) 29.0(177) 27.5(16.4) 29.9(178) 0.78
Infant nutrition status

Hemoglobin concentration (g/L) 3 109.3£13.0 109.1+12.6 108.9+12.8 0.70
Anemia prevalence (%)3 49.3(297) 48.0(284) 49.2(291) 0.88
Infant development status

MDI test score* 97.2+17.0 95.9+17.2 97.4+16.6 0.88
PDI test score® 90.1+18.0 90.6+16.8 89.5+16.6 0.86

Data are presented as mean + SD or % (n) for categorical variables.

! Testing null hypothesis of no difference between free, text and control groups, adjusted for cohott,
county fixed effect and cluster randomization. 2 Data missing for 2 children in the Free Group and 2
in Text Group. Data missing for 7 children in Control Group and 7 in the Free Group and 3 in Text
Group. * Data missing for 1 child in Control Group and 2 in the Free Group and 2 in Text Group. °
Data missing for 2 children in Control Group and 3 in the Free Group and 2 in Text Group.

Table 6 shows the demographic characteristics of the sample. Slightly over half of the
sample infants were male (53.2%). Around 4.6% of sample infants were premature and
62.6% were first-order births; the mother was the primary caregiver for 79.6% of the
infants in the sample. The majority of the mothers (81.1%) had completed fewer than 9
years of schooling; 49.9% were aged over 25 years. About one-quarter (24.3%) of
sample families reported receiving Minimum Living Standard Guarantee payments, a
form of government welfare for the lowest-income families nationwide.

Table 6: Basic characteristics of sample infantsin rural Shaanxi province

Characteristics Frequency (n) Percentage (%)
Gender
Male 961 53.2
Female 847 46.8
Infant age
6 months 184 10.2
7 months 301 16.6
8 months 280 155
9 months 276 15.3
10 months 301 16.6
11 months 466 25.8
Is the infant premature?
No 1,724 95.4
Yes 84 4.6
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Characteristics Frequency (n) Percentage (%)

Birth order of infant

First 1,132 62.6
Second or higher 676 37.4
Mother is primary caregiver

No 368 20.4
Yes 1,440 79.6
Maternal educational level

<=9years 1,467 81.1
> 9years 341 18.9
Maternal age

Age<=25 906 50.1
Age > 25 902 49.9
Family receives Minimum Living Standard

Guarantee

No 1,369 75.7
Yes 439 24.3

Data are presented as frequency and percent for all infants.

6.2 Hemoglobin concentration, anemia and physical development among
rural Chinese infants

Hb concentrations were normally distributed with a mean of 109.1 g/L (Table 7). In our
sample, 48.8 per cent of infants had Hb concentrations below 110 g/L, indicating anemia.
A total of 363 infants (19.4%) had Hb concentrations below 100 g/L, classifying them as
moderately or severely anemic. There was considerable variation in anemia prevalence
across the sample counties, ranging from 33.3 per cent to 69.7 per cent.

Table 7 further shows indicators of the infants’ physical development, as measured by
LAZ, WAZ and WLZ scores. The data showthat 3.7% of infants in our sample are
stunted, 1.2% are underweight and 1.6% are wasted.

Table 7: Hemoglobin concentration, anemia prevalence and physical development
of sample infants in rural Shaanxi province

Mean/Percent Cl (95%)
Hb concentration, g/L 109.1+12.7 [108.5; 109.7]
Anemia status
Total percent anemic (Hb <110 g/L) 48.8 (882) [46.5; 51.1]
Severe anemia (Hb < 70 g/L) 0.7 (12) [0.3; 1.0]
Moderate anemia (70 g/L < Hb <100 g/L) 19.4 (351) [17.6; 21.2]
Mild anemia (100 g/L<Hb <110g/L) 28.7 (519) [26.6; 30.8]
Stunting (LAZ < -2) 3.7 (68) [2.9; 4.6]
Underweight (WAZ < -2) 1.2 (22) [0.7;1.7]
Wasting (WLZ < -2) 1.6 (30) [1.1;2.2]

Data are presented as mean + SD or % (n) for categorical variables. Cl = confidence interval.
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Table 8 presents the associations between Hb concentrations, anemia prevalence, and
infant and household characteristics. There were no differences in Hb concentrations or
anemia prevalence either by gender or between pre-term and normal infants. The child’s
birth order was not associated with Hb concentration but was significantly correlated with
anemia prevalence. When the child’s mother was identified as the primary caregiver, Hb
concentrations were lower and anemia prevalence was higher (p <0.05). Hb
concentrations were higher among children whose mothers had 10 or more years of
schooling (p <0.05); however, neither the mother’s age nor household economic status
(as measured by whether the family received Social Security Support) were associated
with Hb concentrations or anemia prevalence.

Table 8: Adjusted association of nutritional status (hemoglobin concentration and

anemia) and infant, maternal and household characteristics

Hemoglobin concentration?!

Anemia status (Yes = 1)!

Coefficient  (95% p- Coefficient (95% CI) p-

Cl) value value
Infant sex (Female = 1) -0.02 (-1.13; 1.08) 0.04 -0.003 (-0.05; 0.04) 0.89
Infant age (6 months is
base)
7 months -1.00 (-3.23; 1.02) 0.38 0.001 (-0.09; 0.09) 0.99
8 months -3.00 (-5.37; 0.64) 0.01 0.02 (-0.07; 0.12) 0.65
9 months -0.69 (-2.77; 1.39)  0.52 0.01 (-0.08; 0.10) 0.81
10 months -0.86 (-3.09; 1.38) 0.45 -0.01 (-0.10; 0.08) 0.85
11 months 0.14 (-1.99; 2.17) 0.90 -0.06 (-0.14; 0.03) 0.19
Is the infant ture?
S the Inlant prematures o5 (273:3.83) 074  -0.07 (0.18; 0.04)  0.19
(Yes=1)
Birth  order of infant
(second or higher = 1) -1.21 (-2.66; 0.13)  0.10 0.07 (0.01; 0.13) 0.03
Mother is primary caregiver o3 (.3.67: -0.97) <0.01  0.08(0.02; 0.14)  0.01
(Yes=1)
Matemal educational level ; 77 533 350) 002  -0.05(0.11:0.01)  0.10
(more than 9 years = 1)
Maternal age _ _
(more than 25 years = 1) 0.94 (-0.37; 2.24) 0.16 -0.03 (-0.09; 0.02) 0.23
Family receives Minimum
Living Standard Guarantee 0.34 (-1.10; 1.78) 0.64 -0.002 (-0.06; 0.05) 0.94

(Yes=1)

! In addition to the covariates presented, the multiple linear regressions also adjust for county

fixed effects. Standard errors account for clustering at the village level
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6.3 Mental Development Index and the Psychomotor Development Index
among rural Chinese infants

BSID measures were available for sample infants; 2 per cent of the sample infants failed
to achieve the minimum score (50) on the MDI and were assigned a score of 49. No
infants scored below 50 on the PDI. Table 9 shows the MDI scores for all sample infants.
The mean MDI score for the sample was 96.7, significantly lower than the expected
mean of 100 (p <0.001). The SDwas 17.0. The BSID test results show that 6.9 per cent
had an MDI score below 70, thereby classifying them as moderately or severely impaired
in their cognitive development. Around 13.1 per cent of infants had an MDI score
between 70 and 85, which indicates mild cognitive impairment. In total, 20.0 per cent had
MDI scores lower than 85.

Table 9 also shows the PDI score for sample infants. The mean PDI score for the
sample was 90.0, significantly lower than both the observed MDI score and the expected
mean PDI score of 100 (p <0.001). The SDwas 17.2. The data showthat 13.1 per cent
of sample infants were moderately or severely impaired in their psychomotor
development (PDI < 70) and 19.2 percent were mildly impaired (70 < PDI < 85).

Table 9: Cognitiveand psychomotor development of sample infants in rural
Shaanxi province

Mean/Percent Cl (95%)

MDI score 96.7+17.0 [96.0; 97.5]
Cognitive impairment

Moderate or severe (MDI< 70) 6.9 (125) [5.7;8.1]

Mild (70 <= MDI < 85) 13.1(237) [11.6;14.7]

Any (MDI < 85) 20.0 (362) [18.2;21.9]
PDI score 90.0+£17.2 [89.2;90.8]
Psychomotor impairment

Moderate or severe (PDI< 70) 13.1(236) [11.5; 14.6]

Mild (70 < PDI < 85) 19.2 (348) [17.4;21.1]

Any (PDI < 85) 32.3(584) [30.1; 34.5]

Data are presented as mean + SD or % (n) for categorical variables. Cl = confidence interval.

6.4 Correlational analysis between hemoglobin concentration and child
development

The multivariate analyses show a significant positive association between Hb
concentrations and both MDI and PDI scores after controlling for potential confounding
variables (Table 10). More precisely, our analysis shows that a 10 g/L rise in infant Hb
concentration is associated with a 0.9-point rise in the MDI score and a 1.0-point rise in
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the PDI score. Logistic analyses using three commonly used BSID score cutoffs are
largely consistent with this result for both MDIand PDI (Table 11).

Figure 5 shows a Lowess plot of the relationship between Hb concentrations and BSID
scores. Both panels show a positive relationship between Hb concentrations and both
MDI and PDI scores. This positive relationship is approximately linear and evident both
below and above the WHO cutoff for anemia (110 g/L).

Table 10: Association between hemoglobin concentration and BSID scores

MDI scoret! PDI score

Coefficient  (95% Pvalue Coefficient (95% CI) p-

Cl) value
Hb concentration (g/L) 0.09 (0.03; 0.15) <0.01 0.10 (0.04; 0.16) <0.01
Sex (Female = 1) 1.31 (-0.16;2.78) 0.08 0.44 (-1.05; 1.93) 0.56
Infant age (6 months is
base)
7 months 9.05 (5.56; 12.53)  <0.01  6.20 (3.30; 9.10) <0.01
8 months 7.79 (4.38; 11.20)  <0.01  4.06 (1.09; 7.03) <0.01
9 months 6.69 (3.17; 10.21) <0.01  -0.65 (-3.89; 2.58) 0.69
10 months 5.92 (2.34; 9.49) <0.01 -7.69 (-11.0; -4.35)  <0.01
11 months 4.78 (1.45; 8.12) <0.01 -2.04 (-5.36;1.28)  0.23
'(f{e:le 1)'nfam premature? - ;76 (6.10;2.69) 045  0.76 (2.71: 4.23)  0.67

Birth  order of infant
(second or higher = 1)
Mother is primary caregiver
(Yes=1)

Maternal educational level
(more than 9 years = 1)
Maternal age (more than 25
years = 1)

Family receives Minimum
Living Standard Guarantee -0.42 (-2.16; 1.32) 0.64 -0.71 (-2.58; 1.17) 0.46
(Yes=1)

-0.83 (2.79; 1.14) 041  -1.37 (-3.41;0.67)  0.19
0.55(-1.49; 2.59)  0.60  1.40(-0.85; 3.65)  0.22

0.96 (-0.93; 2.85)  0.32  2.41 (0.51; 4.30) 0.01

-1.19 (-3.12;0.73)  0.22  -0.94 (-2.86;0.98)  0.34

! In addition to the covariates presented, the multiple linear regressions also adjust for county
fixed effects. Standard errors account for clustering at the village level.
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Table 11: Association between hemoglobin concentration and BSID scores, using threecommonly used score cutoffs?

MDI < 100 (Yes=1) MDI < 85 (Yes = 1)

MDI <80 (Yes=1)

PDI < 100 (Yes = 1)

PDI <85(Yes=1)

PDI <80 (Yes=1)

Marginal p= Marginal p= Marginal p= Marginal p= Marginal p= Marginal p=
effects value effects value effects value effects value effects value effects value
(95% ClI) (95% CI) (95% CI) (95% CI) (95% ClI) (95% CI)

Hb concentration -0.002 -0.00 -0.00 -0.00 -0.002 -0.00

(/L) (-0.00; 0.02 (-0.00; 0.47 (-0.00; 0.29 (-0.00;- <0.01 (-0.00;- 0.03 (-0.00; 0.29
0.00) 0.00) 0.00) 0.00) 0.00) 0.00)
-0.03 -0.03 -0.01 -0.03 -0.00 -0.01

Sex (Female=1) (-0.07; 0.18 (-0.06; 0.12 (-0.05; 0.44 (-0.07; 0.23 (-0.04; 0.90 (-0.04; 0.44
0.01) 0.01) 0.02) 0.02) 0.04) 0.02)

Infant age
-0.18 -0.18 -0.14 -0.06 -0.21 -0.14

7 months (-0.27;- <0.01 (-0.26;- <0.01 (-0.21;- <0.01 (-0.14; 0.17 (-0.29;- <0.01 (-0.21;- <0.01
0.09) 0.10) 0.08) 0.03) 0.12) 0.08)
-0.15 -0.15 -0.12 -0.03 -0.19 -0.12

8 months (-0.25;- <0.01 (-0.23;- <0.01 (-0.18;- <0.01 (-0.12; 0.54 (-0.28;- <0.01 (-0.18;- <0.01
0.06) 0.08) 0.05) 0.06) 0.11) 0.05)
-0.07 -0.09 -0.09 0.07 0.03 -0.09

9 months (-0.12; 0.12 (-0.17;- 0.04 (-0.16; - 0.01 (-0.02; 0.11 (-0.06; 0.58 (-0.16; - 0.01
0.02) 0.01) 0.02) 0.15) 0.12) 0.02)
-0.08 -0.08 -0.08 0.15 0.21 -0.08

10 months (-0.17; 0.10 (-0.16; 0.06 (-0.14; 0.02 (0.06; <0.01 (0.12; <0.01 (0.14; 0.02
0.01) 0.00) 0.01) 0.23) 0.30) 0.01)
-0.08 -0.03 -0.02 0.04 0.06 -0.02

11 months (-0.17;- 0.05 (-0.11; 0.44 (-0.09; 0.50 (-0.04; 0.33 (-0.03; 0.17 (-0.09; 0.50
0.00) 0.05) 0.04) 0.12) 0.15) 0.04)

26



MDI < 100 (Yes=1) MDI < 85 (Yes = 1)

MDI <80 (Yes=1)

PDI <100 (Yes=1)

PDI <85(Yes=1)

PDI <80 (Yes=1)

Marginal p= Marginal p= Marginal p= Marginal p= Marginal p= Marginal p=
effects value effects value effects value effects value effects value  effects value
(95% ClI) (95% Cl) (95% Cl) (95% CI) (95% CI) (95% ClI)
Is the infant 0.00 0.08 0.04 -0.04 -0.07 0.04
premature? (Yes= (-0.10; 0.08 (-0.00; 0.05 (-0.03; 0.26 (-0.14; 0.40 (-0.17; 0.17 (-0.03; 0.26
1) 0.11) 0.17) 0.11) 0.06) 0.03) 0.11)
ii'}f;ifrder of 0.06 0.04 0.01 0.02 0.00 0.01
(Second or higher (0.00; 0.04 (-0.01; 0.15 (-0.03; 0.63 (-0.04; 0.57 (-0.05; 0.87 (-0.03; 0.63
1) 0.12) 0.09) 0.05) 0.07) 0.06) 0.05)
Mother is primary  -0.04 0.01 0.03 -0.01 -0.03 0.03
caregiver (Yes = (-0.10; 0.17 (-0.03; 0.56 (-0.01; 0.15 (-0.06; 0.82 (-0.09; 0.23 (-0.01; 0.15
1) 0.02) 0.06) 0.07) 0.05) 0.02) 0.07)
g;:i;r::)'nal eyl 002 0.01 0.01 -0.06 -0.06 -0.01
(more than 9 years (-0.08; 0.43 (-0.04; 0.72 (-0.05; 0.67 (-0.11;- 0.03 (-0.11; 0.06 (-0.05; 0.67
- 1) 0.03) 0.05) 0.03) 0.01) 0.00) 0.03)
Maternal age 0.01 -0.00 -0.01 0.01 0.06 0.01
(more than 25 (-0.04; 0.46 (-0.05; 0.96 (-0.03; 0.53 (-0.04; 0.68 (0.01; 0.03 (-0.03; 0.53
years=1) 0.07) 0.04) 0.05) 0.06) 0.11) 0.05)
Family receives
Minimum Living 0.04 -0.01 -0.01 0.02 0.03 -0.01
Standard (-0.01; 0.13 (-0.05; 0.80 (-0.05; 0.66 (-0.03; 0.34 (-0.02; 0.30 (-0.05; 0.66
Guarantee (Yes= 0.09) 0.04) 0.03) 0.08) 0.07) 0.03)

1)

!In addition to the covariates presented, the multiple logistic regressions also adjust for county fixed effects. Standard errors account for clustering at the village level.
Marginal effects show the change in probability when the independent variable increases by one unit.
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Figure 5: A Lowess plot of the relationship between hemoglobin concentrations
and BSID scores
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6.5 Impact on compliance

We found that all sample children had at least one primary caregiver with a mobile phone
that could receive text messages. About 80 per cent of caregivers knewhowto read or
send text messages.

Figure 6 shows the frequency of full compliance of caregivers by treatment groups six
months after the start of the intervention. Overall, 42.7 per cent were fully compliant with
the program (that is, on average, caregivers administered five or more NurtureMate
packets per week). A higher relative frequency of children in the Text Messaging Group
consumed five or more packets per week (44.9%), compared with children in the Free
Delivery Group (40.4%), although the difference is not statistically significant (p = 0.09).

Figure 6: Frequency of full compliance by treatment groups in rural Shaanxi
province
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Relying on the coefficient estimated using the ITT model, the impact of text message
reminders on caregiver compliance (using the fully compliant variable as the dependent
variable) is shown in Table 12. After adjusting for other covariates, we see that
assignment to the Text Messaging Group led to a positive increase in the likelihood that
caregivers had full compliance with the program six months after the start of the
intervention (marginal effect = 0.25; 95% CI=0.20, 0.31).
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Table 12: Intent-to-treat analysis of the impact of treatment condition on caregiver
compliancein rural Shaanxi province

Caregivers administered 5 or more packets per week
(Yes=1,no =0)!
Coefficient 95% ClI P
Treatment (Text Group =1, 0.25 0.200.31 <0.001
Free Group =0)
! Regression estimates from multiple logistic model adjusted for age, gender, low birth weight,
premature birth, birth order, families received social security support, whether primary caregiver is
mother, maternal education, maternal micronutrient supplement during pregnancy, maternal
hemoglobin concentration, period of breastfeeding, food supplement feeding after six months,

infant iron supplement, taking meat, period of taking formula and infant hemoglobin concentration
in baseline, as well as county fixed effect and cohort fixed effect. Clustering is at the village lewel.

We also explored the heterogeneous impact of the text message on the consumption of
nutritional supplement packets by child characteristics (age, gender), caregiver
characteristics (whether mother was the primary caregiver; whether mother had primary
school education) and text-messaging practices (whether the primary caregiver knew
how to read text messages; whether the primary caregiver knewhowto send text
messages). Panel A of Table 13 reports the coefficient of each interaction term
significant at 0.05. It suggests that the text message was more likely to increase
consumption of the home fortification powder if the primary caregiver was the child’s
mother (marginal effect =12.19; 95% Cl = 0.69, 23.68). If the primary caregiver knew
how to read text messages, he or she was also more likely to respond to the message
(marginal effect =9.72; 95% CI = 0.20, 19.25). The same holds for primary caregivers
who knew how to send text messages (marginal effect = 14.68; 95% CI=5.37, 23.98). In
fact, as suggested by Panel B of Table 13, receiving the text message significantly
increased the likelihood of full compliance when the primary caregiver either knewhow
to read (odds ratio =2.93; 95% CI = 1.34, 6.40) or send (odds ratio = 3.26; 95% CI =
1.53, 6.97) text messages.

Table 13: Heterogeneous impact of daily text messages on nutrition supplement
compliancein rural Shaanxi province

Panel A
Number of nutrition supplement packets fed Marginal effect (95% CI) p
Text group and momwas primary caregiver?! 12.19(0.69; 23.68) 0.038
Text group and primary caregiver could read messages! 9.72(0.20; 19.25) 0.046
Text group and primary caregiver could send messages? 14.68(5.37; 23.98) 0.002
Panel B

Full compliance Odds ratio (95% CI) p

Text group and primary caregiver could read messages®2 2.93(1.34; 6.40) 0.007
Text group and primary caregiver could send messages! 2 3.26(1.53; 6.97) 0.002

! Adjusted for treatment assignment, infant’s age, gender, mother as the infant’s primary
caregiver, mother finished primary school education, households received social security support,
primary caregiver could read text messages, primary caregiver could send text messages, as well
as county fixed effects. Clustering is at the \illage level. Control group = 0, and Text Group =1in
this model. 2Caregiver compliance was measured by administration to child 5-7 nutritional
supplement packets per week (yes =1, no = 0).
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6.6 Impact of nutrition supplement on child nutrition, health and
development

6.6.1 The impact of nutrition supplement on child nutrition and health

Table 14 summarizes the effects of the treatment condition on child anemia status six
months after the start of the intervention. Using the ITT model, after controlling for
confounding variables, we find no significant impact of the Free Delivery Groupon Hb
concentration and children’s anemia status six months after the start of the intervention
relative to the Control Group (p > 0.05). In the ITT analysis, there is no significant impact
of the Text Messaging Group on Hb concentration either. However, we do find that,
relative to the Control Group, assignment to the Text Messaging Group has a
significantly lower children’s anemia rate by 6 per cent after sixmonths of intervention
(coefficient=- 0.06;95% CI=-0.12, -0.01). Testing between the coefficients of the Free
Delivery and Text Messaging Groups, we find no difference (p =0.23).

Table 14: Intent-to-treat and average treatment effect on the treated analysis ofthe
impact of treatment condition on hemoglobin concentration and anemia status of
children after six months of intervention in rural Shaanxi province

Treatment Hb concentration (g/L) Anemia Prevalence (Hb <110 g/L)
Coefficient p = Coefficient p = value
(95% ClI) value (95% ClI)

ITT analysis?®: 2

Free Group (yes = 1.80(-0.09; 0.04) 0.09 -0.03(-0.09; 0.04) 0.41
1, no=0)

Text Group (yes=1, 1.83(-0.12; -0.01) 0.08 -0.06 (-0.12; -0.01) 0.03
no = 0)

ATT analysis® 23

Free Group (yes = 6.37 (-0.14; 12.89) 0.06 -0.07 (-0.13; -0.01) 0.021
1, no=0)

Text Group (yes=1, 4.83(-0.88; 10.55) 0.10 -0.16 (-0.27; -0.06) 0.003
no = 0)

! Regression estimates from multiple logistic model adjusted for age, gender, low birth weight,
premature birth, birth order, families received social security support, whether primary caregiver is
mother, maternal education, maternal micronutrient supplement during pregnancy, maternal
hemoglobin concentration, period of breastfeeding, food supplement feeding after six months,
infant iron supplement, taking meat, period of taking formula and infant hemoglobin concentration
in baseline, as well as county fixed effect and cohort fixed effect. Clustering is at the village level.
2 The coefficients are measuringimpact of the treatments relative to the Control Group.

% The average treatment effect on the treated was estimated by using the random assignment as
an instrument variable (V) for the actual treatment. The IV is if infant was assigned to the Free

Group, and if infant was assigned to the Text Group. The actual treatment (endogenous variable)
is if child caregiver was fully compliant (administered 5 or more nutrient packets per week).

The impact of the actual treatment condition on child anemia status six months after the
start of the intervention by ATT analysisis presented in Table 14. Similar to the finding of
ITT analysis, there are no significant differences on Hb concentration among the three
experimental arms. We find that, considering the caregiver's compliance, assignment to
the Free Delivery Group significantly lowered children’s anemia rates by 7 per cent after
six months of intervention (coefficient =-0.07, 95% CI: -0.23, -0.06). At the same time,
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assignment to the Text Messaging Group lowered children’s anemia rates by 16 per cent
after six months of intervention (coefficient =-0.16, 95% CI: -0.37, -0.06). When
accounting for compliance usingthe ATT model, the analysis shows that thereis a
significant difference between the coefficients in the Free Delivery and the Text
Messaging Groups (p =0.04).

At the start of the project, we signed an agreement with partners at China Mobile that
allowed us to use specialized China Mobile software to send out mass blasts of text
messages to all households in the Text Messaging Group. Unfortunately, after six
months of intervention, China Mobile announced an update to this software that would
not allow us to send out text messages to individuals with competing cell phone service
providers. (We reported this problem during our regular interim reporting to 3ie.) As a
result, we cannot analyze the effect of Free Delivery and Text Messaging Group
respectively, so after six months of nutrition supplement intervention we pooled the Free
Delivery and Text Messaging Groups (Free Micronutrient Powders Group or Free MNP
Group) and analyzed the effect of the Free Delivery intervention only.

Figure 7 (Panels A and B) shows the average Hb concentration and anemia prevalence
(with 95% confidence intervals) over the four survey rounds separately for the Free MNP
and Control Group. Overall, thereis a rapid increase in Hb levels (decrease in anemia
rates) over the course of the study in both groups. In the Control Group, average Hb rose
from 109 g/L on average when children were 6—11 months old to 118 g/L when children
were 24—-29 months old. Corresponding anemia rates dropped by more than half, but
remained high (22%).

Figure 7: Measured hemoglobin concentration (g/L) and anemia prevalence (%) of
sample childin Control and Free MNP Groups at baseline and each follow-up
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Table 15 shows the estimated treatment effects of the MNP intervention on Hb
concentration and anemia status based on ITT analysis. For each outcome, we report
impact estimates at 12 and 18 months after the start of the intervention, along with its
95% confidence interval and p-value. Unlike the finding at six months after the start of
the intervention, the estimated effects of the Free MNP intervention on average Hb
concentration and anemia prevalence were not statistically different from zero.

31



Table 15:ITT and ATT analysis of impact of Free MNP on hemoglobin concentration, anemia prevalence after 12 and 18 months of
intervention among children in rural China

Hb concentration (g/L)*

Anemia prevalence (Hb
<110 g/L)?

Hb concentration (g/L)?

Anemia prevalence (Hb
<110 g/L)?

Marginal effect p=

Marginal effect p=

Marginal effect p=

Marginal effect p=

(95% CI) value (95% CI) value (95% CI) value (95% CI) value
Effect of MNP -0.115 0.913 0.034 0.357 -0.002 0.883 0.0003 0.427
distribution after 12
months (children 18-23 (-2.189-1.959) (-0.039-0.107) (-0.026-0.022) (-0.0005-
months of age) 0.001)
Effect of MNP 0.127 0.899 -0.001 0.982 0.002 0.861 -0.00001 0.977
distribution after 18
months (children 24-29 (-1.850-2.105) (-0.071-0.070) (-0.022-0.027) (-0.001-0.001)
months of age)
R-squared 0.14 0.10 0.14 0.10

Observations 6092 6092 6003 6003

! Intention to treat analysis, and regression estimates from multiple linear models adjusted for gender, age, the Hb test machine and county fixed effect.
Clustering is at the village level. Hb data missing for 349 observations (17 in baseline, 115, 144 and 73 in 6-month, 12-month and 18-month follow-up).

2 Average treatment effect on the treated analysis, using the treatment assignment instrument variables for the total number of sachets used every six
months; regression estimates from multiple linear models adjusted for gender, age, the Hb test machine and county fixed effect. Clustering is at the \illage
level. Hb data missing for 349 children (17 in baseline, 115, 144 and 73 in 6-month, 12-month and 18-month follow-up) and feeding behavior data missing for
206 children (74, 91 and 41 in 6-month, 12-month and 18-month follow-up).
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Table 15 also reports the effects of Free MNP consumption estimated using instrumental
variables (ATT analysis) in order to account for imperfect compliance. Similar to the ITT
estimates, however, we do not find a significant effect of MNP on Hb concentrations at
12 or 18 months after the start of the intervention even after adjusting for compliance.
Nor do we find any significant effects on anemia prevalence in the ITT and ATT analysis
at 12 or 18 months after the start of the intervention.

Table 16 presents the consumption of the home fortification powder. The average
number of sachets consumed each month in the Free MNP Group over the course of the
study was 14 (SD 11.6). The average number of sachets consumed declined slightly
from 15.7 to 12.9 across the survey waves. We also found that there was no significant
difference between Free MNP Group and Control Group according to the scores of
minimum dietary diversity, minimum meal frequency and minimum acceptable diet
(Table 17).

Table 16: The average number sachets consumed monthlyin MNP Group

Intervention time Free MNP Group
n Number of sachets
consumed monthly
After 6 months intervention 978 15.73+12.1
Between month 7 and 12 of intervention 948 14.1+11.0
Between month 13 and 18 of intervention 934 129+11.6
Total 2860 14.3+11.6

Data are presented as mean + SD; MNP = micronutrient powder

Table 17: Feeding behavior of child aged 6-24 months between Free MNP and
Control Groups in rural Shaanxi Province

Feeding behavior indicators Control group (%) Free MNP group p-value
(%)

Minimum dietary diversity

Child aged 6-11 months 38.60 37.36 0.73
Child aged 12—-17 months 65.69 69.11 0.18
Child aged 18-23 months 80.87 78.88 0.37
Minimum meal frequency

Child aged 6-11 months 68.44 66.97 0.67
Child aged 12-17 months 71.91 69.49 0.33
Child aged 18-23 months 66.74 62.01 0.09
Minimum acceptable diet

Child aged 6-11 months 14.78 14.55 0.92
Child aged 12-17 months 32.16 33.40 0.63
Child aged 18-23 months 31.05 31.20 0.95

6.6.2 The impact of nutrition supplement on child development
Figure 8 (Panels A and B) presents the average BSID MDI and PDI indices (with 95%
confidence intervals) over the four surveyrounds separately for the Free MNP and
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Control Groups. Over the course of the study there was a marked decline in average
MDI scores from 97 to 81. The number of children considered to have cognitive delays
(MDI < 85) increased from 20 per cent at 6-11 months of age to 56 per cent at 24—-29
months of age. In contrast to MDI, we find that average scores on the PDlincreased
over time rising, from 90 to 102.

Figure 8: Measured MDI and PDI scores of sample children in the Control and Free
MNP Groups at baseline and each follow-up
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@  F—d MemasswClotcomolgow @  F—— Mean and 95% Cl of supplement group @ —d Vemand9swClotonmolgoup @ F——1 Mean and 95% Cl of supplement group

Table 18 shows the estimated treatment effects of the MNP intervention on the two BSID
sub-indices based on the ITT analysis. For each outcome, we report impact estimates at
6, 12, and 18 months after the start of the intervention, along with its 95 per cent
confidence interval and p-value. The effect of the MNP intervention on cognition (MDI)
shows a pattern similar to the effect on Hb concentration and anemia prevalence. After
six months of supplementation, the effect of free MNP on the MDI sub-indexwas 2.23
points (p =0.044; 95%; Cl 0.061—4.399), equal to 0.13 SD of the baseline distribution in
the Control Group. These effects did not persist, however. At 12 and 18 months after the
start of the intervention estimated effects on MDI scores are not statistically different
from zero. Nor do we find significant effects on PDI scores in the ITT analysis after 6, 12
and 18 months of intervention.

Table 18 also reports the effects of free MNP consumption estimated using instrumental
variables (IV) or ATT analysis in order to account for imperfect compliance. For MDI, the
IV analysis suggests that each additional sachet consumed increased MDI by 0.028
points (p =0.034; 95% CI 0.002—0.054) six months after the start of the intervention.
The implied effect of full compliance is therefore 5.04 points (0.29 SD). By 12 months
after the start of the intervention, however, this effect also subsided. The ATT analysis
also did not detect any effects on MDI after 12 and 18 months of intervention, nor could
we detect any significant effect on PDI scores at 6, 12 and 18 months after the start of
intervention.
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Table 18: ITT and ATT analysis of impact of Free MNP on Bayley MDI and PDI scores

Bayley MDI (points)?!

Bayley PDI (points)?*

Bayley MDI (points)?

Bayley PDI (points)?

Effect of MNP distribution after
6 months (children 12-17
months of age)

Effect of MNP distribution after
12 months (children 18—-23
months of age)

Effect of MNP distribution after
18 months (children 24-29
months of age)

R-squared

Observations

Marginal effect p=
(95% ClI) value

2.230
(0.061-4.399)

0.044

0.487
(-2.071-3.046)

0.708

0.828
(-1.787-3.444)

0.534

0.27
6204

Marginal effect p=
(95% ClI) value

-0.266
(-3.328-2.796)

0.864

-0.461
(-2.938-2.016)

0.715

0.084
(-2.277-2.445)

0.944

0.21
6186

Marginal p=
effect (95% value
Cl)

0.028
(0.002-0.054)

0.034

0.007 0.640
(-0.022—
0.035)
0.015
(-0.016—
0.047)
0.26

6113

0.346

Marginal effect p=

(95% ClI) value
-0.001 0.943
(-0.038-0.035)
-0.004 0.774
(-0.031-0.023)
0.003 0.843

(-0.026-0.031)

0.21
6096

!Intention to treat analysis and regression estimates from multiple linear models adjusted for gender, age, played with baby yesterday with toys, sang song to
baby yesterday, BSID testers and county fixed effect. Clustering is at the village level. MDI data missing for 214 observations (5 in baseline, 101, 88 and 20 in
6-month, 12-month and 18-month follow-up); and PDI data missing for 233 children (7 in baseline, 102, 98 and 26 in 6-month, 12-month and 18-month follow-

up).

2 Average treatment effect on the treated analysis, using the treatment assignment instrument variables for the total number of sachets used every six
months. Regression estimates from multiple linear models adjusted for gender, age, played with baby yesterday with toys, sang song to baby yesterday,
BSID testers and county fixed effect. Clustering is at the village level. MDI data missing for 214 children (5 in baseline, 101, 88 and 20 in 6-month, 12-month
and 18-month follow-up); PDI data missing for 233 children (7 in baseline, 102, 98 and 26 in 6-month, 12-month and 18-month follow-up); and feeding

behavior data missing for 206 children (74, 91 and 41 in 6-month, 12-month and 18-month follow-up).
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6.6.3 Heterogeneous impacts of nutrition supplements on child nutrition, health
and development

We also explored the heterogeneous impact of the free MNP on Hb concentration and
anemia prevalence by child characteristics (age and gender) and caregiver
characteristics (whether the mother was the primary caregiver). Table 19 reports the
coefficient of each interaction term. It suggests that the free MNP would be more likely to
increase the Hb concentration (marginal effect = 0.31; 95% Cl= 0.05, 0.57) and
decrease the anemia prevalence (marginal effect =-0.01; 95% CI=-0.02, -0.004) of
older children. The results also showthat children in the Free MNP Group whose primary
caregiver is not their mother are more likely to experience reductions in anemia rates in
comparison to children whose primary caregiver is their mother.

Table 19 also reports the heterogeneous impact of the free MNP on child development.
The results showthat the impact of the free MNP intervention on MDIl and PDI scores
among children at different ages s either similar or not significantly different. The impact
of the free MNP intervention on MDI and PDI scores is hot significantly different between
children whose caregiver is their mother and children whose caregiver is not their
mother. The free MNP is more likely to lead to increases in MDI score (marginal effect =
3.07;95% CI =1.62; 4.52) and PDI score (marginal effect =1.67; 95% CI =0.18, 3.16) if
the child is female.
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Table 19: Heterogeneous Impact of Free MNP on nutrition, health and development in rural Shaanxi province

Treatment Hb concentration (g/L) Anemia prevalence (Hb < 110 g/L) Bayley MDI (points) Bayley PDI (points
Coefficient p=value Coefficient(95%CIl) p=value Coefficient p= Coefficient p = value
(95% CI) (95% CI) value (95% CI)

ITT analysis?

Free MNP (yes=1,no=0)* 0.31(0.05; 0.02 -0.01 (-0.02;-0.004) <0.01 -0.32 (- 0.09 -0.15(-0.56; 0.47

Age of child in months 0.57) 0.68; 0.05) 0.26)

Free MNP (yes=1,no=0)* -0.80(- 0.08 0.03 (-0.01; 0.06) 0.11 3.07(1.62; <0.01 1.67 (0.18; 0.03

Gender of child (female=1, 1.70;0.09) 4.52) 3.16)

male =0)

Free MNP (yes=1,no=0)* -0.57 (- 0.22 0.03(0.002; 0.07) 0.04 1.51 (- 0.07 0.25(-1.51; 0.78

Care giver is mother 1.49;0.35) 0.10; 3.13) 2.01)

! Intention to treat analysis, and regression estimates from multiple linear models adjusted for treatment assignment, gender, age, survey rounds, cohort,
BSID testers and county fixed effect. Clustering is at the village level. MDI data missing for 214 observations (5 in baseline, 101, 88 and 20 in 6-month, 12-
month and 18-month follow-up), and PDI data missing for 233 children (7 in baseline, 102, 98 and 26 in 6-month, 12-month and 18-month follow-up).
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6.7 Qualitative analysis

In our interviews, caregivers consistently responded that cost is not a primary issue
when it comes to providing for their children. Many caregivers added that they would do
whatever is necessary to ensure that their children get all that they need.

Money is not an obstacle for taking care of my baby. She’s still so young that she
doesn't have many needs. [2.7 Mother]

| buy what the baby likes to eat. Cost is not a major concern. [2.1 Grandma]

| can afford to take care of the baby. It's not even a choice. If the baby needs
something of course you have to find a way to get it for him. | would do anything
for the baby. [2.2 Grandma]

Luo et al. (2014) found that nearly one-fourth of the families in the study received Social
Security Support (payments from China’s Minimum Living Standard Guarantee system);
receipt of such support was used as a household-specific indicator of poverty.[55]
Interview responses from caregivers in these households indicated that, although some
of these families struggle to provide for their children, they nevertheless make sure to do
what they believe to be required to satisfy their child’s nutritional needs.

Sometimes costs are a barrier to taking good care of my baby. We don't get very
much money from my husband’s income. But if the baby really needed
something, if | thought she really needed something, | would get it for her. [2.5
Mother]

The interview questions related to costs repeatedly drewresponses from the caregivers
indicating that their child feeding practices and decisions are not resulting from their
poverty status. Thus, we sought to determine what other structural factors are in place
that may contribute to the high rate of child anemia.

6.7.1 Lack of knowledge

Malnutrition and iron-deficientanemia

Interviews with parents and grandparents revealed that, while poverty was not a
problem, there was a general lack of knowledge and understanding regarding child
nutrition. When asked to describe their understanding of malnutrition and, specifically,
anemia, many caregivers were at a complete loss, and denied any comprehension of the
terms.! Others ascribed inaccurate meaningsto the terms.

| don't knowwhat malnutrition is. [1.5 Mother]
Malnutrition is bad digestion. [1.2 Mother]

Malnutrition is when you don't absorb the food you're eating so you'll grow slowly.
[1.4 Mother]

1 When inteniewing caregivers we used the Chinese term yingyang buliang, the commonly used
term for malnutrition, which literally translates to “nutrition not good”, and pinxie, the term for
anemia, which literally translates to “weak blood”.
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I've never heard of anemia. [3.1 Grandma]
Anemia? ... Doesn't that mean you don't have enough blood? [1.2 Mother]

| think you have anemia when you have low blood pressure and are a little dizzy.
[3.08 Mother]

We also asked caregivers if they knewwhat caused child malnutrition. Some caregivers
guessed as to the causes, but many of their assumptions and understandings were not
correct.

It might be genes that cause malnutrition. [1.7 Mother]
Don't you get malnutrition when you're a picky eater? [1.3 Mother]

Malnutrition is when you get bad digestion from getting too many colds. It’s the
result of catching colds easily. [2.3 Grandma]

Further, while some caregivers demonstrated a general understanding that malnutrition
can lead to disease, they did not have an accurate perception of the actual causes and
consequences of malnutrition. Caregivers cited visible physical signs as indicators of
malnutrition. However, micronutrient deficiencies do not lend themselves to detection by
observation of physical characteristics. Some caregivers suggested remedies for
malnutrition, but none of these included an improved dietthat is higher in micronutrients.

You'll knowif your skin turns white and pale and you become really thirsty. Also,
your hair would turn lighter. So dark skinis healthy [1.7 Mother]

| don't knowwhat the effects of malnutrition are. But you can resolve it by curing
the [common] cold: making the baby put on more clothes and sleep more. [2.3
Grandma]

My child has anemia. I've heard others say that all small children have anemia.
When he is bigger itwon't be a problem. [3.22 Mother]

Malnutrition is when you have trouble digesting certain foods, like maybe noodles
so you have to eat rice instead or something else that’s easier to digest. If you
have malnutrition, then you get diarrhea. If you get malnutrition you can cure it
with medicine to promote better digestion. [2.5 Mother]

Similarly, many caregivers are unaware of the causes, symptoms and treatments for
child anemia. When asked to identify the causes of anemia, many caregivers’ responses
were loosely related to food consumption and nutrition; however, they did not
demonstrate an understanding of the importance of micronutrients and a diverse
supplemental diet.

[Anemia] is caused by not eating enough. [1.9 Mother]
Anemia is bad nutrition. [2.6 Mother]

Several caregivers made guesses as to howto identify the signs and symptoms of
anemia. In some cases, caregivers knewthat it was necessary to treat anemia; however,
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they believed anemia to be prevalent only in adults and, therefore, thought that
treatments are available only for adults. Many caregivers did not realize that it is possible
for even a baby to have anemia.

If youre lightheaded and sweating a lot, you're anemic. [1.7 Mother]

Before we found out [the baby] was anemic I'd never heard of anemia. Now|
knowthat people with anemia have sallow, yellowish faces. [2.4 Grandma]

My grandmother has anemia. She’s been taking medicine, but | don'tthink they
can cure it. | never thought of it as a big problem. I think people don't really care
about anemia. [1.4 Mother]

I've only heard of adults having anemia, not kids. [1.6 Mother]

We asked caregivers to identify treatments for anemia and consequences that may arise
if anemia is not identified and treated in young children. We found that even when
caregivers had an understanding of the terms “malnutrition” and “anemia”, they often did
not know how to treat anemia. In addition, many caregivers did not consider it necessary
to treat child malnutrition or anemia, while others believed the only cure for anemia to be
medicine. This latter misconception is troubling, since it is coupled with a belief on the
part of many caregivers that babies that are too young to walk should not be treated with
medicine.

| don’t knowhow to treat anemia. [3.08 Mother]

I'm pretty sure there’s no other way to cure anemia besides medicine. [2.7
Mother]

Some caregivers suggested remedies that would, in fact, be detrimental. We observed a
belief common to many households that anemia is related to difficulty digesting foods. As
aresult, caregivers recommended eliminating or decreasing foods that are “difficult to
digest” which, could potentially lead to removing iron-rich foods from the diet. Not one
mother referred to increasing ironin the diet through supplemental feeding practices.
Some mothers did recommend increased consumption of formula, which has been
correlated with lower rates of anemia and higher Hb concentrations (these analyses do
not control for confounding). [55] However, our interview respondents suggested feeding
more formula in lieu of other foods (i.e. while decreasing supplemental feeding).

Malnutrition is when a child gets uncomfortable and bloated after they eat and
can't digest well. Maybe they only poop every several days. I'm not sure what
causes malnutrition. You can cure it by feeding the baby less solid food. Give the
baby more formula instead. You can' let the baby eat so much. [2.7 Mother]

You can treat it by not eating things you can't digest. [1.2 Mother]

My baby’s a little bit anemic. | know because some people came before and
tested him for that. I'm anemic too. Sometimes when | stand up | feel light-
headed. I'm not sure what causes it. | took some medicine for my anemia. But |
didn't worry about it when | found out the baby was anemic. He’s so young that
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we can't tell if he’s uncomfortable or light-headed, so we didn't do anything for it.
[2.6 Mother]

Again and again, caregivers gave responses that demonstrated that they were not
equipped with the appropriate knowledge and information about howto identify and treat
child malnutrition and anemia.

Growth and development

We asked caregivers if there is a connection between diet and their child’s growth and
development. Beyond a basic understanding of these terms, most rural mothers and
caregivers simply did not believe there is a connection between diet and their child’s
growth. We discovered that they share a common belief that all food is nutritious, and,
therefore, as long as a baby eats until he or she is full, the baby will get adequate
nutrition. This finding is supported by Luo et al. (2014), who found high rates of anemia
accompanied by extremely low rates of child wasting and stunting, a pattern that can
occur when children have sufficient caloric intake, but insufficient micronutrient intake.
[55] Many caregivers believe—mistakenly—thattheir children are, in fact, getting
adequate nutrition.

It doesn't matter what he eats. That doesn'timpact his development at all. [2.6
Mother]

Now | usually give him milk, I think whatever a child can eat is good for
development. [3.17 Mother]

Different foods don't affect the baby differently. All food has nutrition. As long as
he eats hisfill of course he will be healthy. [2.8 Grandma]

| don't think there’s a big impact of nutrition on health. Formula and porridge are
good enough for my baby. [1.2 Mother]

Some caregivers acknowledged a connection between child nutrition and healthy
development. However, these same caregivers suggested a diet consisting of starches,
such asrice and porridge, as one that would stimulate physical and cognitive
development. Interviews revealed a shared belief that dietary staples of formula and rice
porridge provide adequate nutrition as long as the child has enough of it. No parents
mentioned the need to supplement this diet with other foods that are high in
micronutrients, such as meats and vegetables. In fact, most parents believed that
consuming such foods at this young age (6—18 months) actually affects development
adversely and results in delayed growth and unhealthy outcomes, such as diarrhea.
However, rates of diarrhea may not be as high as caregivers indicated. Luo et al. (2014)
found that roughly one-third of their sample recorded having diarrhea within the one
month prior to the time of the survey. [55] Globally, children aged 6—11 months have
been found to have 4.5 incidents of diarrhea per year. [56]

Some foods have impacts [on my baby’s health]. Others don't. Soft, clean foods
are good for my baby. Hard foods are not healthy.[1.8 Mother]
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| don't think about the effect of different kinds of foods on my baby. As long as
she can eat her fill, | think that's enough. If a certain food gives her diarrhea, then
you shouldn't give her that anymore. [2.7 Mother]

Yes, | have [thought that food choice will affect my baby’s cognitive
development] ...A good way to make him smarter is to feed him starches and
rice. You cant feed him hard food. You should feed him fewer vegetables. The
effect of these foods is that he can growtaller. [1.8 Mother]

Furthermore, most caregivers were content to let their child’s taste preferences dictate
their diets, even to the point that children’s diets lack foods that caregivers believe are
good for children. If a baby refuses a food, the caregiver simply allows the child to eat
what he or she wants. Several caregivers had stopped trying to feed their children
vegetables, since the children did not seemto like them. We found that caregivers
continued to feed staple foods that the children would accept readily.

| just give her what she wants to eat. | don't think different types of foods have
different impacts on her development or growth. And | don’t make her eat what
she doesnt like. Even if | think something’s good for her. There’s no way to do it.
If she doesn't like something what can you do? [2.5 Mother]

If my baby doesn't like the taste of the food, | won't give it to her. She basically
feeds herself. [1.1 Mother]

If he doesn'tlike a food, he spits it out. Trying to feed it to him again is hopeless.
So I don't. [1.9 Mother]

The baby doesn't like to eat vegetables, so we don't give them to him anymore.
[2.2 Grandma]

Vitamins and supplements

Finally, we asked mothers whether they gave their children vitamins or micronutrient
supplements. We found that most caregivers had little knowledge of vitamins and
micronutrient supplements and many were unwilling to provide them. When asked if
micronutrient supplements could improve physical and cognitive development, most
caregivers answered in the negative. Almost all of the caregivers stated that they were
not willing to feed products they are unfamiliar with to their children, despite the potential
nutritional benefits.

We don't dare give the baby anything to eat that we're not familiar with. Even if
people say it's good for him. [2.6 Mother]

We don' give the baby any supplements. We don't even give him the
yingyangbao.? The baby’s mother says it's bad. They gave it to us to deceive us.
So, she doesn' give itto him. [2.9 Grandma]

2 Some of the families we inteniewed had access to a free supply of government-approved
micronutrient packets (yingyangbao) aimed at children aged 6—36 months.
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The baby only needs vitamin supplements at two stages. First, when she’s
learning to walk you have to give her supplements. Second, when she’s old
enough to start school you should get her tested to see if she is deficient in any
nutrients and maybe then give her some supplements. Apart from those two
stages you shouldn' give the baby any supplements. [2.7 Mother]

6.7.2 Unreliable sources of information

Given this pervasive ignorance regarding child nutrition, we concluded that caregivers
are in need of accurate information about nutrition. Unfortunately, our results show that
most caregivers obtaininformation about good feeding practices from unreliable sources.
Further, even if caregivers were eager to improve their knowledge of nutrition, they do
not have access to knowledgeable sources.

Family and friends

We found that most mothers relied on a combination of their own experience and the
experience of friends and family members. This reliance on the child-rearing experience
of others can (in some cases) be detrimental to child development, since other
caregivers in the community may not have any better sources of information. Interviews
with caregivers revealedthat nearly all villagers lack even a general understanding of
basic principles of healthy nutrition for children. Therefore, this system of shared
knowledge perpetuates the community’s ignorance of sound child feeding practices.

| get tips for what to feed my baby from my mom and other family members. |
have seen some stuff on TV and read some books. | trust everyone because
most of it is consistent, or | just rely on personal experience. [1.6 Mother]

| get advice from friends and relatives, but | trust my own advice the most. | see
how [my baby] is doing and decide whom | trust. [1.8 Mother]

| get information on taking care of my baby from other older people in the village.
There’s no need to study. | know how to do it. Everyone says similar things. | do
what | knowhowto do. [2.5 Mother]

I'm not really worried about the baby’s health. | am learning as | go. She’s my first
child. If I ever don't knowwhat to do | just ask my friends. [2.7 Mother]

We found that grandmothers frequently did not turn to any outside sources of information
when it came to childcare and child nutrition. Many grandmothers claimed that, since
they had already raised children and knew howto raise a healthy child, it was
unnecessary to study or learn about baby development.
We don't need any nutrition or child care information. Everyone knows howto
take care of babies. Just give the baby what she likes to eat, what she’s willing to
eat. That's all you have to do. [2.3 Grandma]

| raised my own children. | knowwhat I'm doing! [2.8 Grandma]

Some caregivers did not knowwhat to do when it came to caring for their children and
described a feeling of futility about improving their knowledge. These caregivers turned
to many different sourcesregarding child care and nutrition. However, they received
inconsistent information from these sources, leaving them confused as to which sources
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of information were credible and which were not. We also found that caregivers relied on
television commercials and advertisements to inform their nutrition choices.

| don't think | have enough good information to take care of the baby. | don' talk
to other people about the baby. And | see ads about babies on TV sometimes but
| don't understand them. [2.10 Grandma]

| getlots of advice from my family, but they all say something different. | usually
listen to whomever | disagree with least. [1.2 Mother]

I'm blindly buying the stuff companies tell us to buy, but | really don't know
anything or have any sources of information. No one ever told me howto feed my
baby. | have noidea. | would read pamphlets in the hospital. Only then would |
getinformation. But on an average day | don't know anything. [1.4 Mother]

Health professionals and misinformation

Interviews revealed that many caregivers rarely interact with health professionals, who
might be able to give them better nutritional information or advice. Those caregivers who
do take their children to the doctor reported either that they did not receive nutritional
information at all or that they were given misleading or inaccurate advice. As a result,
many caregivers are often unwilling to rely on their local health care provider. While
better information might be available from health professionals in the county seat, many
families live too far away for this to be a realistic option for obtaining health care or
information. Only half of the caregivers participating in the larger quantitative study
reported taking their childrenin for their free health check-ups. At most, caregivers rely
on local village doctors for basic healthcare needs. However, many caregivers are
unwilling to trust these clinicians or doctors for child-feeding advice.

I've never taken the baby to the doctor. For a routine check-up or anything else.
We live very far away from the county seat. It's not convenient to go there. [2.5
Mother]

This baby has never been to the doctor and has never had a checkup. The
doctors around here [in our village] are no good. They can't even treat the cold or
diarrhea. We don't usually take kids to the doctor here in the village. Instead we
go to the county seat. But from here to the county seat it's more than three hours.
[2.9 Grandma]

| can get good information on taking care of the baby from TV. | don't go to the
doctors here. They are no good. [2.9 Grandma]

He was found to be a little bit anemic...the doctor never said anything helpful to
help me understand my child. He just told me to buy some rice powder and
medicine. [1.5 Mother]

We've taken the baby to the village clinic before when he had a cold. But he’s
never gone to the doctor or to get a health checkup. Doctors here don't give
nutrition advice, they just cure small problems. [2.10 Grandma]
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Formula vendors

Interviews revealed that another popular source of information is the local formula
vendor. Interviews revealed that information provided by these formula vendors is often
viewed as reliable, even though the advice they gave was incorrect. Surprisingly,
caregivers often were more willing to heed advice from formula vendors regarding child
feeding practice than from other sources. However, these formula vendors are not much
more educated than the mothers regarding child nutrition, and they almost certainly have
external incentives and motivations to maximize revenue.

| read the booklets at the formula store for information. [1.7 Mother]

The person selling formula gives me tips about food, vitamins and supplements
for my baby. [1.3 Mother]

His favorite thing to eat is a supplement. It's basically a protein powder. It says on
the box that the supplement is not suitable for babies under one year, but the
formula vendor said it was okay, so | feed it to him anyway. [1.4 Mother]3

6.7.3 Poor feeding practices

Our results showthat lack of information on child health and nutrition available to
caregivers contributes to the poor feeding practices that are likely the primary cause of
child undernutrition. Caregivers receive conflicting parenting and nutritional advice from
multiple sources and are often left with an incomplete picture of what should be included
in an appropriate diet for their growing child.

6.7.4 Supplementary feeding practices

During our interviews we found that most parents do not followthe international
recommendations for feeding infants. WHO and UNICEF recommendations for feeding
infants are as follows: exclusive breastfeeding for infants 0—6 months old; from 6—7
months of age, infants should be introduced to safe and nutritionally rich complementary
foods, such as soft vegetables and fruit; from 7—12 months of age, infants should be
introduced to soft, small pieces of meat and eggs; and for childrenaged 12 months and
older, solid foods should make up at least half of the baby’s diet, supplemented with
breast milk. [57] Quantitative data collected by Luo et al. (2014) revealed that only 23.7
per cent of the children/infants aged 6-11 months old included in the study had
consumed meat in the past week.[55] Further, caregivers reported that only 54.6 per
cent of children had consumed vegetables in the past week.

Our interviews revealed that children’s diets consisted primarily of breast milk and
formula, followed primarily by staple foods. Some families gave their babies small
portions of fruit. Few children were fed vegetables and even fewer had meat in their diet.
We asked caregivers when children should start getting supplemental food. The most
common responses from caregivers recommended breastfeeding and formula
exclusively until the child was one year old. Caregiversindicated that, after one year,
staple foods and fruit should be introduced. Caregiver responses regarding when meat

3 The child in this case was under one year of age.
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should be introduced into the diet varied from 15 to 24 months of age, all well above the
international recommendations.

| started giving her meat when she was one and a half years old. Before that she
wasn't used to meat and would just get sick.” [1.1 Mother]

From 0 to 10 months you should give the baby breast milk. After 10 months you
shouldn't give any more breast milk. Then we switched to formula. And after five
months you can start giving the baby a little bit of other solid foods. But we waited
until about eight months. Then we gave simple starches and a little bit of fruit. He
doesnt like vegetables, so we don't make him eat those. And we don't give him
any meat. I'm afraid that if we give him meat he will get diarrhea. | think we will
wait until the baby is two years old to start giving him any meat. [2.2 Grandma]

Now the baby eats whatever the grownups eat. We don't give her formula
anymore. She’s almost two years old. We just give her some of what we are
eating. Except for meat. We wouldn't dare give such a young child any meat. [2.3
Grandma]

How would he eat vegetables? He’s too young. I'll give him more vegetables
when he is a little older4 [3.03 Mother]

The confidence with which caregivers responded to our questions regarding
supplemental feeding practices is a concern, as it demonstrates the caregivers’ firm
belief that they were feeding their children a diet that was sufficient to meet health and
development needs. However, the caregivers’ responses revealed that poor
complementary feeding practices are likely contributing to the high rates of iron-
deficiency anemia among rural children.

One-year myth

Interviews with caregivers revealed a pervasive belief that there is a change in children’s
digestive systems at the one-year mark, mandating that a change in diet should occur no
earlier than at this point. Caregivers referred to this one-year mark repeatedly, in relation
to everything from breast milk and formula to supplemental feeding practices and vitamin
supplements. Many caregivers believed that a child should not receive any solid foods at
all before he or she reachesone year of age and can walk.

A baby can usually walk at one year, and that means he can digest food better.
Instead of the baby being held all day, now he can walk around and therefore
digest the food better. [1.6 Mother]

The baby has always been formula fed. He never had breast milk. We don't give
him many starches. Some porridge. He won't eat other kinds of starches. We
only started giving him porridge after he was one year old. And even now we
have never given him fruit or veggies or meat. Mostly we just give him formula.
About 150 ml three times per day. We will give him other kinds of food once he is
willing to eat them. [2.10 Grandma]

4The child in this case was a 14-month-old boy.
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The baby only had breast milk and formula until he was one year old. Then we
started to give him some starchy foods and fruits and veggies. We didn't dare
give the baby any solid food before he was one year. Then it's bad for him. Even
if he had been willing to eat it at that age we wouldn’t have given it to him. And
we waited a little longer to give meat. When the baby was about 1 year and three
months we started giving him a little meat. [2.1 Grandma]

Caregivers also reported following the “one-year” rule as to breastfeeding. Some
mothers expressed a belief that after one year they could no longer produce enough
breast milk to keep their baby full. They also indicated a belief that breast milk is less
nutritious after one year. As to vitamin supplements, caregivers again gave responses
tied to the one-year mark, stating that it was not healthy to continue giving a baby
supplements after they reach that age.

When the baby was less than one year old | gave him some vitamin supplements
but after that | stopped. After 1 year old the kid doesn't need supplements. As
soon as she can walk she doesn't need them. Otherwise they can adversely
impact her growth. [2.7 Mother]

I am planning to end breastfeeding when she is one year old, and then start
feeding her formula. | am going to switch at one year because there is not
enough breast milk at that time. Also, at one year my baby can adapt to drinking
formula. [1.10 Mother]

At one year | will start giving him formula because that's when the milk stops. It
was the same with his sister. After that there is not enough breast milk, but
formula is unlimited. Also, there aren’t enough nutrients left in the breast milk for
it to be good at that time. [1.5 Mother]

These in-depth interviews suggest thatrural caregivers do not have sufficient knowledge
of nutrition principles to guide them toward feeding their child a healthy diet. Many
children subsist on a diet of staple foods and formula that lacks the micronutrients that
are essential for healthy physical and cognitive development.

7. Discussion

We observed that 48.8 per cent of infants aged 6-11 months in low-income areas of rural
China are anemic. This is nearly twice as high as the 2011 average for East and
Southeast Asia. [58] Nearly 20 per cent of the sample suffers from moderate or severe
anemia. Stunting, underweight and wasting, however, are much less prevalent in this
population, ranging fromonly 1.2 per centto 3.7 per cent. Such lowrates are indicative
of a population with virtually no linear growth failure, a notable finding for China,
especially given that as recently as 2012, stunting prevalence among children under five
years of age in rural areas was observed to be around 20 per cent. [3] This contrast
suggests that it is now the quality of infant diets, rather than the quantity of food, that is
lacking in rural China today.

Our data further showthat the high prevalence of anemia that we observe is significantly
correlated with high rates of cognitive and psychomotor delays, as measured by infant
performance on the BSID. Around 20 per cent of the sample suffered from some degree
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of cognitive delay, while nearly one-third (32.3%) of the sample suffered from some
degree of psychomotor delay. In total, 39.2 per cent of the sample suffered from one or
both types of developmental delay. These numbers are quite a bit higher than what
would be expected in a normal population. In the urban Chinese population against
which the BSID-I scores were normalized, only 11.7 per cent of children would be
expected to have cognitive delays, and only 11.0 per cent would be expected to have
psychomotor delays. Moreover, children with lower Hb counts were significantly more
likely to suffer from either type of delay.

The graph of the relationship between Hb concentrations and BSID scores demonstrates
that the association between nutrition and child development exists both belowand
above the 110 g/L mark, the traditional cutoff point used to identify an infant as having
anemia. In other words, even for infants that WHO considers to be non-anemic, higher
Hb levels are associated with better cognitive and psychomotor development. While our
data cannot prove causality, these results merit careful consideration, since they point to
a link between Hb and child development even for children traditionally considered to be
“healthy”.

We note that our results are not sensitive to our treatment of infants failing to reach the
minimum MDI score. As described in the Results section, in our sample, 31 infants, or 2
per cent of the sample infants, failed to achieve the minimum score (50) on the MDI and
were assigned a score of 49. We included these measures in the analyses, reasoning
that their inclusion helps contribute to better overall explanatory power. [59, 60]. Because
some researchers prefer to exclude “failing” observations from the analyses, [61, 62] we
also ran all of our analyses with these 31 failing observations excluded from the analysis
(not shown), and the results were not statistically different from the results shown.

While our study highlights the important link between infant nutrition and early child
development, we point out that other factors may also be at play. For example, studies
elsewhere have indicated the importance of parental stimulation as a contributing factor
to child development. [63] Maternal mental health and the home environment may also
play a role. [64, 65]

Our results also showthat caregivers who received a daily text message reminder
showed better compliance. Primary caregivers who were mothers, and primary
caregivers who could either read or send text messages, also had better compliance.
When primary caregivers could either read or send text messages, receiving the text
messages would increase the likelihood of full compliance. The results also showthat
children in the Text Messaging Group experienced lower levels of anemia six months
after the start of the intervention.

We have two main theories about the mechanism behind these results. First, we believe
that the text messages may have raised the salience of (i.e. impressed on caregivers the
importance of) providing nutrition through the intervention. Second, we believe that the
text messages may be addressing caregiver forgetfulness. The reminder function may
have been especially important when caregivers encountered a “challenge”to their
regular compliance, such as when their child came down with an illness. When children
became sick, there was often a disruption in the household’s daily routine, including the
administration of the home fortification powder. Text message reminders may be

48



improving overall compliance by reminding caregivers to return to their pre-challenge

routine.

Another finding is that text messages helped more caregivers who were raising anemic
children persist in being fully compliant with the home fortification program. Our data

show a higher proportion (45.3%) of caregivers of baseline-anemic children in the Text

Messaging Group persisted in administering five or more packets per week than those in

the Free Distribution Group (36.7%, p =0.05; Table 20). This difference occurred even

though the share of all children that were anemic at baseline were balanced at the
baseline for a range of indicators including socioeconomic status, caregiver and mother
characteristics and feeding practices (p-values > 0.05; Table 21).

Table 20: Compliance with daily home fortification for anemia children at baseline

by treatment group

Children taking 5 or more packets per week

Treatment group n - % ol
Free Delivery Group 202 74 36.7

Text Messaging Group 223 101 45.3 005
Total 425 175 41.2 -

! Chi-square test for proportion comparison.

Table 21: Baseline characteristics of anemia infants among three groups in rural
Shaanxi Province

Control Group Free Group Text Group
Characteristics Mean/ Mean/ Mean/ p
percent percent percent
Social economic status
Age (month) 8.98+1.87 9.06£1.83 8.77+1.71 0.22
Girls (%) 48.56(118) 50.50 (102) 43.95(98) 0.38
Premature birth (%) 8.64 (21) 12.87 (26)  9.42(31) 0.31
Low birth weight (%) 4.53 (11) 3.47 (7) 4.93 (12) 0.75
First birth (%) 58.02 (141)  62.87 (127) 58.74 (131) 0.86
Families received social security support (%) 21.39 (52) 21.28 (43) 24.66 (65) 0.73
Caregiver and mother characteristic
Mother is primary caregiver (%) 87.65 (213) 84.16 (170) 89.69 (200) 0.23
Maternal education above 9 years (%) 76.13 (185) 76.73 (155) 80.27 (179) 0.52
Maternal micronutrient supplement during 87.24 (212) 76.73(155) 74.89 (167) 0.01
pregnancy (%)
Mother anemia rate in the baseline (%) 21.81 (53) 26.73(54) 27.35(61) 0.32
Infant feeding practice
Period of breastfeeding (month) 7.47+£3.25 7.19+3.44  7.59+3.06 0.44
Supplementary feeding after six months (%) 67.08 (163) 66.83 (135) 65.92(147) 0.96
Iron supplement for infants (%) 11.93 (29) 16.83 (34) 12.95(29) 0.30
Infant took meat yesterday 36.21 (88) 38.12 (77) 32.47 (73) 0.50
Period of taking formula (month) 3.47+£3.80 3.44+3.69  3.16+x3.61 0.62
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An objective of this study was to examine the impact of texting on the anemia rate of
sample children. Our findings confirmed that assignment to the Text Messaging Group
led to a fall in children’s anemia rate six months after the start of intervention. The result
is consistent with the results from Western Kenya [18] and Bangladesh, [19] in which the
rates of anemia fell children were given nutrient packets. Text messages appear to play
arole in public programs that are trying to promote health.

We found that the effect of Free MNP on Hb concentrations and anemia prevalence
were not significantly different from that of the Control Group after 12 months of
supplementation (when children were 18-23 months of age) or after 18 months of
supplementation (when children were 24—29 months of age). During this period from 6 to
30 months of age, a time in which children’s diets are in transition, Hb concentrations in
the Control Group increased rapidly (although anemia levels remained high). The Free
MNP intervention hastened this improvementduring the first sixmonths; however, these
positive effects subsided thereafter as Control Group Hb levels increased at a faster rate
as children aged from 12—-17 months to 18—-23 months of age.

The effects of the intervention on cognition (as measured by Bayley MDI scores)
followed a similar pattern of effects over time to those on Hb concentration and anemia
prevalence. We found a significant improvement on the Bayley MDI score at six months
after the start of intervention. However, although it would be reasonable to hypothesize a
sustained effect on cognitive development even after the effectof MNP on Hb subsided,
cognitive scores were also not significantly higher than the control group after 12 and 18
months of supplementation. MNP had no detectable effect on psychomotor development
at any point during the trial.

Using an IV analysis to adjust for partial compliance, we find a similar pattern of results.
Although the average number sachets consumed each month in the MNP group over the
course of the study declined across the survey waves (Table 16), the finding of ATT
analysis suggest that the lack of effects in later rounds was not due to reduced
consumption of the MNP sachets. Moreover, nil effects after the six-month mark were
unlikely due to low power. The study retained power to detect small effects throughout
the trial as evidenced by relatively tight confidence intervals on impact estimates for later
rounds.

Although it is difficult to say what led to this lack of effects, we note that our results are
strikingly similar to those of a recent trial testing MNP in Columbia. [66, 67] An analysis
of that trial by the authors suggested that nil effects in that study may have been due to
the changing nature of the causes of low Hb and rapidly decreasing anemia rates over
time as children age. As with our study, they find that Hb concentrationsin the control
group increased substantially as children aged from 12—-30 months. This is in contrast to
less rapid increases in Hb concentration (that occur without intervention) in other regions
where trials of MNPs have been successful. Although the authors of the study in
Columbia hypothesized that their intervention, which began when children were 12
months of age, was initiated too late to be effective, our intervention began when
children were 6 months of age but still had no effect after 18 months.

Another possibility is that the amount of iron in the sachets used in this study (6 mg) was
simply too low. Most previous trials used sachets that contained 12.5 mg of iron. [67, 68]
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The amount of iron in the sachets was set at 6 mg in order to comply with regulations in
China. [69] Sachets with similar iron content have been suggested for use a national
program distributing sachets through local health centers.

Field interviews with mothers and grandmothers reveal insight into the root causes of
child anemia in rural Shaanxi province, China. We found that three structural factors
contribute to the high rates of iron-deficiency anemia in rural children: lack of knowledge,
unreliable sources of nutritional information and poor feeding practices.

A lack of knowledge, especially knowledge about malnutrition and child anemia, was
ubiquitous. This is consistent with quantitative work that shows high child anemia and
low child Hb concentrationsto be significantly correlated with low levels of maternal
education [56]. Over the past few decades, studies have revealed that, among
populations that have a basic level of economic resources, increased maternal education
has a positive effect on child growth and health outcomes. [70-72]

Research has found maternal knowledge to be a positive function of maternal education,
which has a positive effect on child micronutrient status. [73] It appears that low maternal
education among our study population contributes to a lowlevel of nutrition knowiedge
and to poor health outcomes among rural children. A bigger concern is that grandparents
are likely to have even less education than mothers and therefore know even less about
health and nutrition. [74] As more and more parents migrate to cities to find work,
grandparents are raising the children left behind in rural villages. Therefore, addressing
their nutrition literacy is essential to improving the overall health and development of
millions of rural children.

A second structural factor contributing to child anemia is that caregivers do not have
access to reliable sources of nutritional information. Caregivers cannot get informative
advice from health advisors. In general, in rural China these are village doctors. It often
resulted in a general consensus among all caregivers that village doctors were “no good”
and were not able to provide appropriate nutritional information. Recent studies
conducted in rural Shaanxi province support this belief. One study, using standardized
patients to measure quality of care, found that village clinicians provided unnecessary or
harmful medications to patients 64 per cent of the time. [75] These clinicians are more
likely to harm the patient than provide effective treatments. Therefore, it is no surprise to
find a warranted distrust of rural physicians among rural caregivers.

As aresult, caregivers were more likely to turn to family members, friends and infant
formula salespeople for their nutritional information than to health professionals. The
dangers of relying on infant formula salespeople are obvious. When caregiversrely on
the advice of their own experience, their family and friends, old—often inaccurate—
myths are easily perpetuated. However, there is almost no option if reliable nutrition
guidance from health professionals is not forthcoming.

Finally, we found that the caregivers’ underlying deficiency in nutrition literacy, which is
perpetuated by their lack of access to knowledgeable sources of nutrition information
and their resulting reliance on inaccurate advice from others, leads to poor feeding
practices that have a detrimental effect on a child’s physical and cognitive development.
Caregivers’ complementary feeding practices are not in accord with international
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recommendations; instead, they feed children a diet that consists primarily of formula
and staple foods with little, if any, meat and vegetables.

It is also important to note that our results indicate that poverty is not a major obstacle to
parents’ attempts to provide appropriate nutrition for their babies. Caregivers frequently
stated that financial constraints are not an issue when attempting to provide for their
children. Instead, results indicated that caregivers do not knowthe best way to spend
their resources to provide adequate nutrition. When caregivers’ general lack of
knowledge prompts them to seek information regarding child care and feeding practices,
they turn to unreliable sources of information. This lack of accurate information hampers
caregivers’ efforts to provide adequate nutrition to their children, and ultimately results in
caregivers’ failure to supply an age-appropriate, micronutrient-rich supplemental diet that
can stimulate children’s physical and cognitive development.

Our study makes important contributions. First, our trial is the largest cluster-RCT to
evaluate the impact of alternative delivery strategies on the adherence of caregivers to a
home micronutrient fortification program. Previous studies only had limited sample sizes,
did not include a control group and/or only measured impacts on outcomes after (at
most) two months. [19] Other researchers have relied on cross-sectional data [76] or
have used non-randomized comparisons. [18]

Another strength of this study is its policy relevance. To our knowledge, no other study
has attempted to measure the impact of a home fortification study outside of a tightly
controlled researcher-implemented environment. In our study, households were left
alone to resume their regular routines for six months, during which time they had zero
contact with any researcher. Most studies of home fortification programs employed
weekly or bi-weekly visits from researchers to ensure high levels of compliance. [77-80]
This level of engagement is simply unrealistic in areas of the world where health
resources are constrained and infrastructure is underdeveloped. We believe our study
design is scalable and could be adopted by policymakers.

Several limitations should be recognized. First, the observed attrition rate was relatively
high (15%). All study attrition was due either to incomplete data or to relocation of the
household (caregiver and child) out of our sample areas. From our interviews of family
members and neighbors of attrited households, we know that this relocation was largely
spurred by a search for job opportunities and/or modern environment in urban areas.
Fortunately, in the multiple logistic analyses, the propensity to attrite, after controlling for
potential confounding variables (child and family characteristics) did not vary significantly
across the experimental arms (Table 3). We also showthat attrited children had
individual and family characteristics that were statistically nearly identical to the tracked
children (Table 4). Even allowing for attrition, the statistical power of the study reached
95 per cent. High rates of attrition also appear to be a common problem in other studies.
In one study on the effect of provision of daily zinc, iron or other micronutrients to
children in Pakistan, of 2,746 children, the attrition rate reached 28 per cent. [81] Hence,
we do not believe that the missing data invalidates our findings.

We also were unable to conduct full blood panel testing for nutritional deficiencies and
consider Hb our sole indicator of micronutrientdeficiency. A more nuanced measure may
have been able to pick up on additional changes in levels of micronutrient deficiencies,
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such as zinc, folate, or Vitamin A deficiencies. The observed impact of the home
fortification program on Hb should therefore be considered as a lower-bound estimate of
the impacts on child health and nutrition.

In conclusion, our findings showthat daily text message reminders can lead to positive
improvements in the compliance of caregivers in the context of home fortification
programs within six months of intervention. Ourresults also showthat Free MNP did not
improve anemia or cognitive outcomes of infants after 18 months of age. Although
anemia rates appear to fall quickly as children age, they remained high at two years of
age. Such results suggest that the government might consider raising the level of iron
that is allowed in Free MNP supplements.

More alarming is the high level of cognitive delay among two-year-old children. Given
that the national program to distribute MNPs is unlikely to address high levels of
cognitive delay among infants, there is an urgent need for effective strategies to promote
the development of young childrenin China’s rural areas. Without effective interventions,
a large fraction of China’s children will be prevented from reaching their full potential.
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Appendix

Table Al: Characteristics of interviewees from in-depth interview

Percent
Maternal age
Age <= 25 48.5
Age > 25 51.5
Maternal educational level
<=9years 83.0
> 9 years 17.0
Family receives Minimum Living Standard Guarantee
No 76.1
Yes 23.9
Infant gender
Male 48.0
Female 52.0
Infant age
6—12 months 58.0
13-18 months 42.0
Mother is primary caregiver
Yes 72.0
No 28.0

Source: Authors’ own data
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Previous research has indicated that quality
nutrition during the first 2-3 years of life has
large and significant effects on health and
development throughout childhood and
even into adulthood. However, a large
proportion of infants in rural China are
anaemic, and significantly delayed in their
cognitive and psychomotor development.
Luo and colleagues assessed the impact of
providing children’s caregivers various
forms of assistance, including one-on-one
health education training on nutrition and
feeding practices, free micronutrient
supplement packets, and daily text message
reminders. The average treatment effects
on the treated showed micronutrients, with
or without text messages, reduced anaemia
rates. However, almost all results
disappeared 12 months after the
intervention started.
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