CESifo Economic Studies, Vol. 58, 2/2012, 385-404 doi:10.1093/cesifo/ifs023
Advance Access publication 27 April 2012

The Limits of Health and Nutrition Education:
Evidence from Three Randomized-Controlled
Trials in Rural China

Renfu Luo*, Yaojiang Shi’, Linxiu Zhang*, Huiping Zhang?,
Grant Miller’, Alexis Medina' and Scott Rozelle!

*Center for Chinese Agricultural Policy, Chinese Academy of Sciences, 100101 Beijing,
China. e-mail: luorf.ccap@igsnrr.ac.cn; Ixzhang.ccap@igsnrr.ac.cn
"Northwest Socioeconomic Development Resource Center, Xibei University,

) 710127 Xi’an, China. e-mail: syj8882002@yahoo.com.cn
*Economic and Management School, Ningxia University, 750002 Ningxia,
) China. e-mail: zhp0329@sina.com
SStanford University School of Medicine and National Bureau of Economic Research,
Stanford, 94305 CA, USA. e-mail: ngmiller@stanford.edu
IFreeman Spogli Institute, Stanford University, Stanford, CA, USA.
e-mail: amedina5@stanford.edu; rozelle@stanford.edu

Abstract

This article studies whether or not health education programs targeting childhood anemia
are sufficient for changing health behavior and nutrition in rural China. We conducted three
different randomized-controlled trials of single and multiple face-to-face education ses-
sions with parents and distributed written health education materials—and compare our
results with a simple vitamin distribution program. Across all three studies, we find little
evidence of changes in blood hemoglobin concentration or anemia status. In contrast, in
our two studies that also examined a multivitamin supplementation intervention, we find
meaningful reductions in anemia. (JEL codes: 112, 115, O15)
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1 Introduction

Inexpensive, highly efficacious health technologies and services exist for
many leading developing country diseases. However, dissemination efforts
are often weak and adoption rates in many parts of the world remain low.
Prominent examples include point-of-use water disinfectants, insecticide-
treated bed nets, oral rehydration therapy, dietary supplements, condoms,
improved cookstoves, and basic primary health care services. Why
have efforts to disseminate these technologies and services not produced
greater population health gains? Given efforts by donors and international
organizations in recent years, the answer cannot simply be that they are
unavailable or unaffordable.

Lack of information (or knowledge) about diseases and the technologies
that address them is often cited as a primary culprit (Cochrane et al. 1982;
Luo et al. 2011). With this rationale, institutions at all levels—ranging from
grassroots organizations to national and international agencies—have
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embarked on health education campaigns to promote the adoption of effi-
cacious health technologies and practices. While some degree of health
knowledge may be necessary for changing health practices, the underlying
question is whether or not simply providing information is sufficient.

Despite the popularity of health education initiatives, a review of the
academic literature yields a surprising dearth of rigorous evidence on
their effectiveness (Dupas 2011; Miller and Hudson 2011). Only a small
number of studies convincingly isolate the impact of health information
alone on health behaviors. A large share of studies that aim to provide
evidence on the effectiveness of health education fail to include a control
group (Onyango-Ouma et al. 2005; Badruddin et al. 2008). Others bundle
health education together with free or subsidized health inputs (Huttly et al.
1990; Quick et al. 2002; Luby et al. 2004; Rhee et al. 2005). Among the
studies not subject to these limitations, the evidence is decidedly mixed.
While some find that health education can lead to increased adoption of
targeted health behaviors (Erulkar et al. 2004; Hu et al. 2005; Jalan and
Somanathan 2008), others find no significant differences between health
education and control groups (Kamali et al. 2003; Kremer and Miguel
2007). Moreover, changes may be more likely to occur on intensive
rather than extensive margins (i.e., changing intensity of an activity
rather than whether or not it is practiced at all—Dupas 2011) or to occur
primarily when the utility cost of behavior change is very low (Madajewicz
etal. 2007). Even when behavior change is documented, the ultimate impact
on health can be questionable (Davis et al. 2011).

In this article we present new evidence on the impact of health and nutri-
tion information on anemia rates from three large-scale randomized-
controlled trials (RCTs) in rural China. Despite China’s rapid economic
development, prevalence rates of anemia among children in rural areas
range from 20% to 60% —implying more than ten million affected chil-
dren (Chen et al. 2005; Wang 2005; Wang 2007). In addition to causing
debilitating fatigue and retarding growth, childhood anemia may also
impair cognitive development and inhibit human capital accumulation—
lowering socioeconomic status throughout the life course (Halterman et al.
2001; Stoltzfus 2001; Yip 2001; Bobonis et al. 2006). The high prevalence
of childhood anemia in China and many other developing countries is
remarkable given that it can (in principle) be confronted through
simple, low-cost nutrition interventions.

Each of our three projects studies a different type of health education
campaign designed in partnership with the Chinese government to reduce
the prevalence of iron-deficiency anemia among rural primary school stu-
dents. These campaigns include single and multiple face-to-face education
sessions for parents at their children’s schools as well as dissemination of
written health education materials. Each campaign described the physical
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and cognitive consequences of anemia—and then outlined how anemia
could be prevented at home through a balanced diet that includes iron-rich
foods such as lean meats and beans, or through commercially available
iron supplements.

We also emphasize that although it may be possible to infer the cause of
some illnesses through a (noisy) learning process over time, learning
absent health education is much less likely for anemia (given the lack of
specificity of its symptoms, the difficulty of observing dietary iron content,
and the lagged relationship between dietary change and discernable symp-
toms). Moreover, unlike many other beneficial health behaviors, the utility
costs of changing anemia-related behavior are relatively low (iron-rich
foods are often considered good tasting; supplements and vitamins are
generally flavorless; increasing iron consumption requires little time;
etc.). We therefore consider our projects to be unusually good opportu-
nities for detecting any impact of health information on behavior or health
outcomes.

2 Methods

We conducted three distinct RCTs studying three separate health educa-
tion and nutrition information campaigns in rural areas of northwest
China. All three campaigns targeted the parents of elementary school
students in areas with high childhood anemia rates.' Because we employed
similar techniques for sampling, data collection and empirical analysis
across experiments, we provide a common description of our approach
below. (Table 1 summarizes the details of each experiment.) We provide
separate descriptions of the unique features of each experiment’s interven-
tion arms.

2.1 Sampling

We employed a random sampling strategy in each study. First, we
obtained a list of all counties in our study regions (Shaanxi Province or
Ningxia Autonomous Region). Second, we randomly selected study coun-
ties from those meeting the official criteria for impoverished counties.’
Third, using official records, we created a list of all primary schools in
sample counties. Fourth, we used official records and conducted our own

Anemia in the survey regions is due almost exclusively to iron deficiency and not to
intestinal worms. Large-scale national surveys consistently indicate hookworm prevalence
of below 1% in the study regions (Xu et al. 1995).

In China a poor county is a designation given by the National Statistics Bureau according
to its internal poverty criteria.
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Table 1 Overview of experiments 1-3

Location Experiment 1 Experiment 2 Experiment 3
Shaanxi Shaanxi Ningxia

Sampling numbers

Number of counties 8 10 3
Number of towns 58 56 36
Number of schools 66 60 50
Number of students 3821 1654 1016

at baseline
Number of students

at endline
Total 3661 1579 929
Control 1607 766 506
Information 641 423 423
Supplementation 1413 390 -
Loss to attrition, 160 (5) 95 (6) 87 (9)
n (%)
Details of intervention
Date of baseline October 2008 November 2009 November 2010
Date of endline June 2009 June 2010 June 2011
Information Letter home One face-to-face  Two face-to-
intervention to parents training session face training
with parents at sessions with
the school parents at
the school
Supplementation Daily Daily None.
intervention multivitamin multivitamin

supplementation  supplementation

canvass survey to identify all schools with the following characteris-
tics: (i) six grades (i.e., ‘complete’ primary schools, or wanxiao), (ii) board-
ing facilities, and (iii) 400 or more students.® Fifth, we randomly selected
primary schools from these sampling frames. Finally, we randomly
selected fourth grade students in sample schools for inclusion in the
studies.

Figure 1 shows a map of the study areas. Table 1 provides more detail
about each experiment’s sample.

These criteria were used because China’s government is currently consolidating existing

rural schools into new ones with these characteristics.
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Figure 1 Map of survey areas in Shaanxi Province and Ningxia Autonomous
Region.

2.2 Interventions

Each experiment included a pure control group (that is, there was no
intervention) as well as the following intervention arms:*

Experiment 1: After testing students for anemia (described below under
Data), we sent a letter to parents explaining what anemia is, describing
different strategies to address it, and revealing their child’s anemia status.
Parents were told that they should pay special attention to their child’s
diet, and provide balanced meals containing both iron-rich foods, such as

In designing and implementing each project, we paid close attention to the ethical con-
cerns that arise when testing children for medical conditions. All three projects obtained
ethical approval from the Stanford University Institutional Review Board (IRB). In
accordance with IRB requirements, the children involved in the study provided oral
assent for the project, while the school principals—who are the children’s legal guardians
while the children are in school—provided their consent. Students with severe anemia,
defined by hemoglobin levels lower than 7.0 g/dl, were immediately sent to receive treat-
ment at the local health center. All other students found to be anemic received treatment
in the classroom at the time of the follow-up survey.
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lean meats and bean products, as well as foods rich in vitamin C, such as
fruits and vegetables. Parents were informed that commercially-available
iron supplements could also address anemia and that they could consult a
clinician for more information. In a second intervention arm, we supplied
homeroom teachers with multivitamin supplements containing iron and
instructions to give each student one vitamin per day. This second arm
provides a comparison with one of the approaches to reducing anemia that
the central government has approved and promoted.

Experiment 2: After testing students for anemia, we summoned parents to
their children’s schools for official parent meetings. At the meetings, a
trained health professional spoke to parents about what anemia is, what
its cognitive and physiological consequences are, and what strategies can
be used to address it. The strategies listed included: (i) Eating a balanced
diet containing both iron-rich foods, such as lean meats and bean prod-
ucts, as well as foods rich in vitamin C, such as fruits and vegetables;
(i) Taking a daily multivitamin supplement with iron; and (iii) Using
iron-fortified flour or soy sauce during meal preparation. We also gave
pamphlets about anemia to parents and posters about anemia to teachers
(to hang in classrooms). In a second intervention arm, we also imple-
mented the same supplementation intervention as in Experiment 1.

Experiment 3: After testing students for anemia, we summoned parents to
their children’s schools for two separate official parental meetings—one in
the fall semester and another in the spring semester. At both meetings, a
trained health professional presented the same information to parents as
in Experiment 2. There were no other experimental arms. (i.e., there was
no multivitamin supplementation intervention as in Experiments 1 and 2).

Each experiment’s intervention arms are summarized in Table 1.

2.3 Data

In collaboration with nursing teams and enumerators from Xi’an Jiaotong
Medical School, we collected socioeconomic information about students
and their households from half of all fourth grade students in the study
schools. Age information was taken from birth records in each student’s
matriculation folder. Students also took a form home to their parents to
complete and return to the school. Enumerators collected information
about principal, fourth grade homeroom teacher and schools from the
principals and fourth grade homeroom teachers.

Two trained nurses also measured hemoglobin concentrations among
the same half of fourth-grade students using blood samples collected
through fingerpricks. Hemoglobin levels were measured onsite using a
HemoCue Hb 201+ diagnostic machine. We randomly retested 10% of
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all sampled students as well; if the second measure differed from the ori-
ginal one by more than 0.3 g/dl among three or more students, we re-tested
all sample students in that school. Because students in our sample were
aged 8-11 years, we adopt the WHO- recommended anemia threshold of
11.5g/dl and below for children aged 5-11 years.

Table 2 presents descriptive statistics for students in sample schools in
each experiment. It also shows that balance on observable characteristics
at baseline was largely achieved, with some exceptions in Experiment 2.°

3 Results

For each of the three experiments, Figures 2-4 show the distribution of
student hemoglobin concentration by trial arm separately at baseline and
follow-up. In Figure 2 there is little evidence of a discernable shift in these
distributions between baseline and follow-up waves in either the control
or the information arm. In Figures 3 and 4, there are more pronounced
shifts to the right between waves. However, these shifts appear to be
approximately the same in the control and information arms, implying
little impact of information.® Figures 2 and 3 also show larger shifts to the
right in the multivitamin supplement arms than in the control or informa-
tion arms, suggesting that the supplementation strategy may have been
more effective.

For each experiment, Tables 3-5 then show unadjusted and adjusted
OLS regression estimates for changes in hemoglobin concentration (be-
tween baseline and follow-up) in the first three columns. The first row of
each table shows estimates for the information arm relative to the control.
The first column shows unconditional estimates, and the second and third
columns show estimates conditional on region dummies (column 2) and on
region dummies as well as individual and household controls (column 3).
In all three tables, the hemoglobin estimates for the information arm are
indistinguishable from the control group.” In contrast, multivitamin

We cannot reject balance on all observable characteristics shown when applying a
Bonferroni correction for multiple comparisons; 56 tests of significance implies a signifi-
cance threshold of approximately 0.0018 to recover an underlying significance level of
a=0.10).

Shifts between baseline (near the beginning of the school year) and follow-up (near the
end of the school year) would be consistent with commonly observed seasonal effects
related to harvest cycles and extraordinary meat consumption during Spring festival.
The exception may be columns 2 and 3 of Table 3. The information arm estimate appears
to change with the inclusion of region dummies, and although not statistically distin-
guishable from zero at conventional significance levels, these estimates fall just shy of
conventional thresholds. This sensitivity to the inclusion of region dummies may be
related to some suggestion in Table 1 that balance in observable characteristics at baseline
was not fully achieved.
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Figure 2 Student hemoglobin distribution at baseline and follow-up in Shaanxi,
October 2008 and June 2009 (Experiment 1). Source: Experiment 1 (see Section 2).
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Figure 3 Student hemoglobin distribution at baseline and follow-up in Shaanxi,
November 2009 and June 2010 (Experiment 2). Source: Experiment 2 (see Section 2).
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Figure 4 Student hemoglobin distribution at baseline and follow-up in Ningxia,

November 2010 and June 2011 (Experiment 3). Source: Experiment 3
Section 2).
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supplementation was associated with meaningful increases in hemoglobin
concentrations (roughly 0.2 and 0.5 g/dl in Tables 3 and 4, respectively).

The last three columns of Tables 3—5 show marginal probabilities for
anemia status calculated using probit model estimates. The overall pattern
of results is similar. Consistent with insignificant hemoglobin concentra-
tion estimates, the information arm estimates for anemia status are also
insignificant and generally close to zero. The estimates for multivitamin
supplementation in Tables 3 and 4 are negative and somewhat larger in
magnitude (albeit indistinguishable from zero at conventional significance
levels), providing mixed evidence that the hemoglobin gains shown in the
left three columns of Tables 3 and 4 translate into meaningful reductions
in anemia.®

To investigate heterogeneous intervention effects across the distribution
of hemoglobin concentration, Figures 5-7 plot 95% confidence intervals
for quantile regression estimates at every percentile for each experiment.
In all three figures the confidence intervals for the information arm over-
lap with zero across the hemoglobin distribution, implying no discernable
effects relative to the control groups. The same is largely true for multi-
vitamin supplementation in Experiment 2 (Figure 6). However, the multi-
vitamin intervention in Experiment 1 appears to have produced gains in
hemoglobin in the right tail of the distribution (Figure 5), presumably
because these students have diets richer in micronutrients that aid in
iron absorption (like vitamin C).

In summary, providing fourth grade teachers with multivitamins con-
taining iron throughout the academic year increased mean student hemo-
globin concentrations significantly (albeit with more questionable impact
on anemia rates), while adopting any of several strategies to educate par-
ents about anemia appears to have had little effect.

4 Discussion

In this article we report the results of three RCTs studying health educa-
tion campaigns aiming to reduce anemia among rural primary school
students in northwest China. Across all three studies, we find little evi-
dence of changes in blood hemoglobin concentration or anemia status.
In contrast, in our two studies that also examined a multivitamin supple-
mentation intervention, we find meaningful reductions in anemia.’

We address the behavioral challenges of using inexpensive, efficacious technologies like
multivitamin supplements to improve health in other work (Miller et al. 2011).

It is nonetheless important to note that weak principal incentives and other behavioral
obstacles may limit the impact of vitamin distribution to principals. The effectiveness of
complementary behavioral interventions is unknown.
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Figure 5 Quantile regression estimates of for the effect of information and vita-
min supplementation on change in hemoglobin levels before and after the study
intervention in Shaanxi, October 2008 to June 2009. Source: Experiment 1 (see
Section 2). Note: Upper and lower bounds represent 95% confidence intervals.
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Figure 6 Quantile regression estimates for the effect of vitamin and information
on change of Hemoglobin levels before and after the study intervention in
Shaanxi, November 2009 to June 2010. Source: Experiment 2 (see Section 2).
Note: Upper and lower bounds represent 95% confidence intervals.

Our findings are not consistent with the conventional wisdom that
health education campaigns are effective (or sufficient by themselves) in
changing health behaviors or improving health outcomes in developing
countries. Other economic and behavioral factors are likely to be central
and deserve greater attention (Mobarak et al. 2011).

More research on the reasons why health education campaigns often fail
is also needed. As noted earlier, there is variation in their success across
targeted health technologies and behaviors as well as contexts (Quick et al.
2002; Erulkar et al. 2004; Luby et al. 2004; Hu et al. 2005; Kremer
and Miguel 2007; Madajewicz et al. 2007; Jalan and Somanathan 2008;
Dupas 2011). Identifying and understanding the specific behavioral
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Figure 7 The 95% confidence intervals for quantile regression estimates by
hemoglobin concentration percentile, Experiment 3. Source: Experiment 3 (see
Methods section of text). Note: Upper and lower bounds represent 95% confi-
dence intervals.

mechanisms that distinguish these mixed results is essential if effective
health information campaigns are to be designed (Montalvao et al. 2011)
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