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Abstract. Soil-transmitted helminths (STHs) infect over one billion people worldwide. There is concern that
chronic infection with STHs among school-aged children may detrimentally affect their development, including
their health, cognition, and education. However, two recent Cochrane reviews examining the impact of deworming
drugs for STH on nutrition, hemoglobin, and school performance found that randomized controlled trials (RCTs) in
the literature provide an insufficient evidence base to draw reliable conclusions. This study uses a cluster-RCT to
add to existing evidence by assessing the impact of a deworming intervention on nutrition, cognition, and school
performance among schoolchildren in rural China. The intervention, implemented by local health practitioners in a
setting with a baseline infection prevalence of 41.9% (95% confidence interval [CI] = 39.8%, 43.9%) and infection
intensity of 599.5 eggs per gram of feces among positive-tested schoolchildren (95% CI = 473.2, 725.8), consisted
of distributing a 400-mg dose of albendazole accompanied with educational training about STH infection, treatment,
and prevention. The intervention was conducted twice over the course of the study—at baseline in May 2013 and
later in November 2013. We found that the deworming intervention reduced both infection prevalence and infection
intensity, but these declines in infection were not accompanied by an impact on outcomes of nutrition, cognition,
or school performance. Our interpretation is that the impact of deworming was attenuated by the light infection
intensity in our sample population. Evidence from future RCTs is needed to assess the effect of deworming on key
outcomes in areas with moderate and severe worm infections.

INTRODUCTION

Soil-transmitted helminths (STHs)—Ascaris lumbricoides,
Trichuris trichiura, Necator americanus, and Ancylostoma
duodenale—infect more than one billion people around
the world.1–3 Observational studies have found that chronic
infection with STHs among school-aged children is asso-
ciated with malnutrition and impaired growth,4–6 cognitive
impairment,7,8 and lower school attendance.9 These associ-
ations suggest that, in theory, reducing STH infection in
children has the potential to improve nutrition and growth
(i.e., hemoglobin levels, weight, height), cognitive abilities
(i.e., working memory, processing speed), and school perfor-
mance (i.e., school attendance, standardized test scores).10,11

This causal model, however, has not been fully supported
by the literature. A 2012 Cochrane systematic review exam-
ining the impact of deworming drugs for STH on nutrition,
hemoglobin, and school performance found that the few
existing randomized controlled trials (RCTs) in the literature
provide insufficient evidence from which to draw reliable
conclusions.12 The subsequent update of the systematic
review by Cochrane in 2015 showed community deworming
programs “probably have little effect on weight gain . . . and
no effect on average cognition” with only 1,361 participants
in two trials with low-quality evidence. Furthermore, there
is “probably no effect on height or . . . the average hemo-
globin” looking at 3,595 participants in seven trials with
low-quality evidence. Lastly, there is “very limited evidence

assessing an effect on school attendance and the findings
are inconsistent and at risk for bias” (20,243 participants,
in two trials and with very low–quality evidence. In addition
to the high risks of recruitment bias noted by the authors of
the Cochrane study, the current evidence base is limited by
the following characteristics of existing studies: many trials
are conducted with small sample sizes and are underpow-
ered13,14; many trials measure only one or two specific out-
comes, often with selective reporting of outcomes12,14,15;
and many trials do not report infection intensity,12 which
is measured by fecal egg counts, and which (if intensities
are high or low) may have implications for the nature of
the impact being measured. Furthermore, the majority of
existing trials have been efficacy studies of individualized
treatment, which tend to be researcher-implemented in a
highly controlled setting.16 The authors of the Cochrane
report strongly recommend “effectiveness” studies (also
known as pragmatic trials), which are ideally cluster-RCTs
that examine the impact of the deworming intervention under
real-world settings.12,17

Beyond the questions raised by the Cochrane report, there
has also been a recent debate between epidemiologists and
economists about the educational benefits of deworming,
stemming from a failed replication of Miguel and Kremer’s
influential 2004 study that showed significant positive spill-
over effects from deworming in western Kenya.9,18–22 Some
researchers argue that the failure of the replication study
adds new evidence to the nonimpact of deworming
efforts,21,22 whereas others point to new studies that show
sustained positive impacts from childhood deworming.23,24

In light of these two controversies—the inconclusive find-
ings of the 2015 Cochrane report, and the debate over the
Miguel and Kremer (2004) study—there is a clear need for
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new evidence on the impact of deworming efforts on the
health and educational outcomes of schoolchildren. We hope
that our study can help to fill the gap in the existing literature.9

We designed a cluster-RCT that is the first, to our knowl-
edge, to simultaneously address the issues noted above:
our trial involves a larger sample size with high statistical
power (> 80% power) to detect a 0.2 standardized effect on
STH prevalence; it examines the impact of deworming on a
comprehensive list of nutrition, cognitive, and school per-
formance outcomes; and it reports intensity of STH infec-
tions based on measurements of fecal egg counts at
baseline and follow-up. † Our trial is an effectiveness study
of a deworming program that was implemented by local
health practitioners, thereby mirroring a real-world scenario
that more pragmatically measures the impact of the inter-
vention and may be a better way of informing policymaking.
China—the location of this study—currently lacks a regu-

lar STH control program, despite historically high rates of
STH prevalence in rural areas.25,26 For example, more than
40% of school-aged children in rural areas of Guizhou
Province in southwest China are infected with STH.8,25 The
primary aim of this RCT is to examine the impact of a
deworming intervention on STH infection prevalence, infec-
tion intensity, nutritional indicators, cognitive abilities, and
school performance among school-aged children in rural
Guizhou Province. In doing so, we also assess treatment
compliance among children who were randomized to receive
the intervention and offered treatment by public health offi-
cials. We assert that this study bolsters evidence to make
stronger conclusions about the impacts of deworming in a
“real-world” setting. Although the carefully measured out-
comes in this study do not favor deworming, this timely
and well-executed cluster-randomized trial improves our
understanding of this widely used intervention in the con-
text of a population with low to moderate prevalence of
STH infection.

METHODS

Study design and participants. This cluster-RCT included
a total of 2,240 sample children and spanned 112 townships
in seven of the poorest rural counties in Qiandongnan Pre-
fecture in Guizhou Province (Figure 1). The seven counties
were randomly selected from the poorest half of counties
in Qiandongnan based on per capita income, according to
figures published by the Guizhou Provincial Bureau of
Statistics.27 All townships within each of the selected
counties were included in our sample, except for those
which housed the county government; these townships
were excluded because they are generally wealthier and

more urbanized than the average rural township. A total
of 112 townships met these selection criteria. In each town-
ship, we obtained from the central primary school a roster
of all children 9–11 years of age attending any primary
schools within the township for the 2013–2014 school year.
We focused on this age group because school-aged chil-
dren typically have the highest burden of STH infection,28

and specifically, elementary schoolchildren 9–11 years of
age in our study area are old enough to take standardized
examinations. We classified all 9- to 11-year-old children by
their home village, and then we randomly selected 20 sam-
ple children from the home village with the largest number
of children at that school. We excluded villages that housed
the local township government, since these villages are typ-
ically wealthier and more urban than a typical village. If the
first village we selected had fewer than 20 children in our
age group attending the school, we randomly selected chil-
dren from the next-largest village to fill in the gap. In total,
then, 20 schoolchildren from either one or two villages in
each township were randomly chosen for participation in
the study. Overall, our sample population was composed of
2,240 children from 146 villages in 112 townships in seven
rural counties.
This study received ethical approvals from the Stanford

University Institutional Review Board (Protocol ID 25027),
and from the Sichuan University Ethical Review Board (Pro-
tocol ID 2013005-02). All participating children gave oral
assent prior to baseline data collection, and the children’s
legal guardians gave written consent for their children’s
involvement in the study. Children who were found to
have severe anemia were referred to the local hospital for
treatment. All participants were provided with deworming
medication at the conclusion of the study.
Randomization and masking. Cluster randomization

was conducted at the township level. All randomized selec-
tion and allocation was performed using a computerized
random sequence generator. In each of the seven counties
included in our study, we randomly assigned half of the
townships within each county to the control group and the
other half to the intervention group. To increase statistical
power, we used baseline survey information to assign the
sample townships in each county into two pairs, using an
optimal matching algorithm. The optimal matching algorithm
assigned sample townships into pairs by minimizing the
total (Mahalanobis) distance within the matched pairs.29

The Mahalanobis distance measure was calculated using
the following baseline covariates at the township level: prev-
alence of STH, per capita net income, prevalence of ane-
mia, number of households with children between 3 and
18 years of age, and distance (km) to the nearest paved road.
After matching sample townships into pairs, we randomly

assigned one township in each pair to either a control or
intervention group. In our study, 56 of a total of 112 town-
ships were randomly assigned to receive the intervention
(intervention group). The remaining 56 townships were
assigned to the control group, which did not receive the
intervention. The risk of spillover effects was low, given that
paired townships were separated by more than 50 minutes
of driving time, on average. In addition, no two schools
were in the same school district.
Trained enumerators and local health practitioners who

assisted with baseline and follow-up surveys were not

†Statistical power calculations were conducted using the code of
clustersampsi in Stata12. According to our sampling strategy, 19–
20 students 9–11 years of age were randomly sampled in each
township (cluster). Data from the baseline survey of the project show
that the intracluster correlation (ICC) for the Working Memory Index is
0.102. To detect an effect size of 0.20 standard deviations with 80%
power and 95% significance level, when we run the code
“clustersampsi, mu1(0) mu2(.2) alpha(.05) beta(.8) rho(0.102) m(19)” in
Stata, we find that 60 clusters are required per experimental arm. For
the Processing Speed Index, the ICC is 0.188. When we run the code
“clustersampsi, mu1(0) mu2(.2) alpha(.05) beta(.8) rho(0.188) m(19)” in
Stata, we find that 90 clusters are required per experimental arm.
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explicitly informed of the treatment assignment of partici-
pants, although blinding of participants themselves was not
possible because of the nature of the intervention. Students
in the intervention group, as well as their parents or teachers,
were not told explicitly that the purpose of the study was to
examine the effect of a trial intervention. The study team
informed students that they were participating in a general
study of health and education of rural pupils by the Chinese
Academy of Sciences and the Chinese Centers for Disease
Control and Prevention (CDC). Participants in the control
group were not aware that they were in a randomized trial.
Procedures. Figure 2 depicts the exact chronology of

each project activity. Baseline surveying and fecal sample
collection were performed in early May 2013. For each
participating student, we obtained fecal samples for para-
sitological testing, administered a socioeconomic survey
regarding individual and family characteristics, performed
a physical examination to obtain measures of nutritional
indices, and conducted standardized tests to assess cog-
nitive abilities and school performance.
For parasitological testing, the study team collected two

fecal samples from each child in our sample: one fecal
sample per day for two consecutive days. Samples were
picked up once per day by the study team and were stored
in a temperature-controlled cooler until collection. At the
time of collection, members of the study team transported
all fecal samples in a temperature-controlled cooler to
the laboratory of the county branch of the CDC. A total
of 2,179 children who produced at least one stool sample
were included in our analysis. All fecal samples were tested
on the same day that they were collected. Fecal samples

were analyzed microscopically at the county CDC labo-
ratory using the Kato-Katz thick-smear technique for
A. lumbricoides (Ascaris), T. trichiura (Trichuris), and
A. duodenale or N. americanus (hookworm).30 Two smears
were taken from each of the two fecal samples collected
from each child: one smear from each of the two samples
was tested the same day on-site. The second smear from
each sample was treated using a formaldehyde preserva-
tion technique and sent to the headquarters of the National
Institute for Parasitic Diseases in Shanghai for quality con-
trol analysis and to perform egg counts for intensity of
infection. Children were considered positive for STH infec-
tion if at least one of their fecal samples tested positive for
one or more species of STH. Among fecal samples that
tested positive for STH, we calculated fecal egg count by
quantifying the geometric mean number of eggs per gram
(epg) of feces in each sample. Categorization of infec-
tion intensity as light, moderate, or severe was assigned
according to World Health Organization (WHO) classifica-
tion, based on mean fecal egg count and STH species.31

The socioeconomic survey consisted of questions regard-
ing the demographic characteristics and household con-
ditions of children and parents. Students completed the
survey in their classrooms under the supervision of trained
enumerators from the Chinese Academy of Sciences and
Guizhou University of Finance and Economics.
The physical examination measured three nutritional

indicators: hemoglobin (Hb) concentrations, height, and
weight. Hemoglobin levels were measured using HemoCue
Hb 201 + systems (HemoCue Inc, Ängelholm, Sweden).
Height and weight measurements were obtained following

FIGURE 1. Trial profile.
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WHO standard protocol.32 The children were measured in
light clothing without shoes, hats, or accessories. Weight was
measured with a calibrated electronic scale recommended by
professionals from the West China School of Public Health
of Sichuan University. Body height was measured using a
standard tape measure. The nursing team was trained to
set up the weighing station on level ground to ensure accu-
racy of the equipment. Two nurses manned each measure-
ment station, with one responsible for preparing subjects
for measurement (removing shoes, offering instruction,
positioning children, etc.) and the other responsible for
conducting and recording the measurements.
Cognitive ability was assessed using a battery of four

subtests from the Mandarin-language version of the latest
Wechsler Intelligence Scale for Children Fourth Edition
(WISC-IV) (Supplemental Appendix Table 1). The WISC-IV
tests were culturally adapted, translated, and edited into
simplified Chinese and validated for assessment among
Chinese children in 2008.33 According to the literature,
children’s working memory and processing speed are the
cognitive areas that are most likely to be affected by STH
infection34,35; thus, we focused our efforts on measuring
these two outcomes. In the WISC-IV, Working Memory
Index (WMI) is assessed through two core subtests: Digit
Span and Letter Number Sequencing. Processing Speed
Index (PSI) is also assessed through two core subtests:
Coding and Symbol Search. Trained examiners adminis-
tered these four core subtests of cognitive ability to all chil-
dren participating in the study on a one-on-one basis.
Measures of school performance included attendance

rates and scores on the Trends in International Mathemat-
ics and Science Study (TIMSS), an internationally used
standardized test established by the International Associ-
ation for the Evaluation of Educational Achievement to
compare student educational achievement internationally.36

School attendance rates were obtained from reports recorded
by homeroom teachers.
Intervention. The intervention consisted of a distribu-

tion of a 400-mg albendazole dose (two tablets of 200 mg,
per national Chinese treatment guidelines) accompanied
by two educational pamphlets (one for children and one
for parents) about STH infection, treatment, and preven-
tion (Figure 3).37 Albendazole was manufactured by
GlaxoSmithKline (GSK) and was purchased and shipped
directly from the GSK warehouse to the county CDC. To
mimic a real-world policy scenario, we consulted with
health officials from the Chinese CDC to devise a plan for
implementation. Health workers from local branches of the
Chinese CDC were thus responsible for implementing the
deworming intervention—distributing the albendazole and
educational pamphlets—to children in the township schools
randomized to receive the intervention. CDC health officials
distributed albendazole in the classrooms twice over the
course of the study—at baseline in May 2013, and 6 months
later in November 2013—and instructed the children to take
the tablets at home. (National policy within China forbids
children from taking medication at school.)37 ‡ Follow-up

‡ It should be noted that the approach examined in this study of
distributing medicine at school but instructing children to take it at
home is different from the standard deworming approach used by
the WHO and in many other countries, where children are typically
observed taking the medication in the classroom. Ministry of
Education regulations forbid children from taking any form of
medication en masse at school, including deworming tablets. As a
result, after consultation with local governments and international
experts in the field of parasitic disease, we decided to distribute
deworming tablets to children at school and instruct them to take the
tablets at home. This is the policy-relevant approach in our study
area, and in all of China.

FIGURE 2. Timeline of the randomized controlled trial.

1481DEWORMING AND DEVELOPMENT OUTCOMES OF SCHOOLCHILDREN



surveys and fecal sample collection were performed in April
2014. All children who were randomized to the control
group of our study received albendazole after the conclu-
sion of the study in April 2014 (Figure 2).
Outcomes. The primary outcomes analyzed were STH

infection prevalence, stunting prevalence (height-for-age
z-score [HAZ] < −2), underweight prevalence (weight-for-
age z-score [WAZ] < −2), WMI, PSI, school attendance,
and normalized TIMSS mathematics test scores. Second-
ary outcomes analyzed were infection intensity (fecal egg
counts) and anemia prevalence.
Measurements of hemoglobin levels were used to deter-

mine anemia prevalence. Following WHO guidelines, ane-
mia is defined as having a hemoglobin level of less than
115 g/L for children 5–11 years of age, and less than 120 g/L
for children 12–13 years of age.38 Measurements of height
and weight were used to construct body mass index-for-
age z-scores and HAZ scores using WHO AnthroPlus, a
software application of the WHO Reference 2007 for chil-
dren 5–19 years of age that is used to monitor the growth
of school-aged children and adolescents.39 WAZ scores
were calculated using a SAS program (Center for Disease
Control and Prevention, Atlanta, GA) for the 2000 U.S.
CDC growth chart for children 0–20 years of age.40 Raw
scores obtained from the core subtests of the WISC-IV
were converted to age-scaled index scores using the
tables of norms in the Mandarin version of the WISC-IV
administration and scoring manual to produce the index
scores for WMI and PSI that were analyzed in this study.
Scores on the TIMSS were normalized by the distribution of
the control group in both the baseline and the follow-up
surveys, and school attendance reports were used to cal-
culate attendance rates.

Treatment compliance rates were also analyzed. After
each round of deworming treatment in May 2013 and
November 2013, students in the intervention group were
asked to fill out a brief survey regarding the number of
albendazole pills that they took (zero, one, or two). Treat-
ment compliance rates were obtained from the responses
of students.
Statistical analysis. Among the 10 outcomes of inter-

est, the largest sample required to meet at least a 0.25
standardized effect was for worm prevalence, based on
parameters from previous studies. With a sample of 100
townships (50 controls, 50 treatment) and 20 children per
township, we estimated a 12% decline in worm prevalence
at 80% power. We increased the sample size to 112 town-
ships to account for potential attrition. We assumed a
prevalence in the control group of 34% with a 95% plau-
sible interval of 11–80%. Power calculations were per-
formed with Optimal Design software from the University
of Michigan (Stephen Raudenbush and team, University
of Michigan, Ann Arbor, MI) using the option for a cluster-
randomized trial with a binary outcome. Our sample size
provided adequate power to detect meaningful effects
on the other 11 outcomes of interest. Details are available
from authors upon request.
To further increase the power of the trial, we used a pairwise

matching randomization procedure (as discussed in the “ran-
domization and masking” section above). While not explicitly
accounted for in determining the required sample size, the
power gains from matching are potentially substantial.41,42

All statistical analyses were performed using STATA 12.0
(STATA Corp., College Station, TX). P values below 0.05
were considered statistically significant. We report coeffi-
cients and 95% confidence intervals (CIs). Comparisons

FIGURE 3. Covers of soil-transmitted helminth educational pamphlets.
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between the intervention and control groups for all out-
comes by subgroup populations were assessed using a
t test. Multivariate analyses for the continuous outcome
measures—fecal egg count, HAZ, WAZ, WMI, PSI, as well
as the normalized TIMSS mathematics test scores—were
performed using STATA’s multiple linear regression model
and its estimation using ordinary least squares, taking into
account the pairing nature of townships within county and
data clustering at the township level. Multivariate analy-
ses of binary outcome measures—STH prevalence, ane-
mia prevalence, and school attendance—were performed
using STATA’s logistic regression model, also taking into
account paired fixed effects and clustering at the township
level. Following previous studies,8,25,43 we adjusted for
the following two sets of additional covariates at baseline
survey in the multivariate analyses to increase statistical
precision: student individual characteristics (gender; age;
boarding status; belonging to the Dong, Miao, or Shui
minority groups) and household characteristics (number of
siblings, number of durable assets, parental migration sta-
tus, educational attainment of parents). We also included
pair fixed effects at the township level. All P values were
based on results from the adjusted model.
We supplemented our intention to treat (ITT) multivari-

able analyses (described above) by examining the average-
treatment-effects-on-the-treated (ATT analysis) to measure
the impact on outcomes among the subpopulation of chil-
dren who were fully compliant with treatment, thereby con-
trolling for any confounding due to noncompliance. For ATT
analysis, we used an instrumental variable approach in
which the treatment was used to instrument for observed
compliance,44 thereby allowing us to measure the effect
of treatment among the subpopulation of children who
reported full compliance with treatment, and thus control
for confounding due to noncompliance. ATT analyses for
the continuous outcome measures were performed using
STATA’s ivreg model, for the binary outcome measures
using STATA’s ivprobit model. In estimating both models,
we take into account the pairing nature of townships within
each county by including the township pairing dummy vari-
ables as controls, and take data clustering at the township
level into consideration by clustering the standard errors
at the township level.
Additional analysis of the correlation between infection

intensity and outcomes was determined by calculating
pairwise correlation coefficients between fecal egg count
and outcome measures at the baseline survey among sam-
ples with positive infection.
The trial was registered with the International Standard

Randomized Controlled Trial Number (ISRCTN) Registry in
April 2013 (trial number: ISRCTN97311712), prior to the
start of study activities.
Role of the funding source. The funders of the study had

no role in study design, data collection, data analysis, data
interpretation, or writing of this report. The corresponding
author had full access to all of the data in the study and had
final responsibility for the decision to submit for publication.

RESULTS

Participants. A total of 2,179 students were enrolled in
our study at baseline in April 2013: 1,084 children in the

intervention group and 1,095 children in the control group.
Of the 2,179 students enrolled, 151 were lost to follow-up
in May 2014: 84 students from the intervention group and
67 from the control group (Figure 1). Attrition was due either
to students transferring to other schools or to missing fecal
sample information. A total of 2,028 participants (93% of the
enrolled sample) were included in the follow-up analysis:
1,000 children in the intervention group and 1,028 children
in the control group. The groups were statistically identi-
cal on all outcome measures at the time of the baseline
survey (Table 1).
Prevalence and intensity of infection. Table 2 com-

pares infection prevalence and infection intensity for the
intervention and control groups from baseline to follow-up.
There was a significant between-group (treatment versus
control) difference in infection prevalence at follow-up
(P = 0.026), with the prevalence of any STH infection at
31.4% (95% CI = 28.6–34.2%) in the control group and
27.7% (95% CI = 24.9–30.4%) in the intervention group
(adjusted odds ratio in the intervention schools, 0.71; 95%
CI = 0.52–0.96).
At baseline, the mean fecal egg count, assessed as

the geometric mean epg of feces among positive-tested
samples, was 490 epg (95% CI = 360–630) in the control
group and 700 epg (95% CI = 490–910) in the interven-
tion group. According to WHO categorization, both
groups had light-intensity infection, defined as a mean
egg count of 1–4,999 epg for Ascaris and 1–999 epg for
Trichuris.45 There was no significant between-group dif-
ference in mean fecal egg count at baseline (P = 0.293).
At follow-up, the intensity of STH infection was 530 epg
(95% CI = 390 to680) in the control group and 300 epg
(95% CI = 190–410) in the intervention group. STH
infection intensity from baseline to follow-up increased
by 40 epg in the control group, whereas it decreased by
400 epg in the intervention group. There was a significant
between-group difference in infection intensity at follow-up
(P = 0.018).
Nutritional indicators. Table 3 uses ITT analysis to com-

pare nutritional indicators, cognitive abilities, and school
performance for the intervention and control groups from
baseline to follow-up. At baseline, the mean hemoglobin
level was 126.2 g/L in the control group (95% CI = 125.4–
126.9) and 126.3 g/L in the intervention group (95% CI =
125.6–127.1). There was no significant between-group
difference at follow-up (P = 0.623).
At baseline, anemia prevalence was 16.6% in the control

group (95% CI = 14.4–18.8%) and 16.1% in the interven-
tion group (95% CI = 14.0–18.3%). There was no significant
between-group difference at follow-up (P = 0.174).
At baseline, the prevalence of stunting, defined as

HAZ < −2, was 27.0% (95% CI = 24.3–29.7%) in the
control group and 29.7% (95% CI = 26.9–32.4%) in the
intervention group. The prevalence of stunting decreased
slightly in both groups between baseline and follow-up,
but there was no significant between-group difference at
follow-up (P = 0.367).
At baseline, the prevalence of children who were under-

weight, defined as WAZ < −2, was 24.1% (95% CI =
21.6–26.7%) in the control group and 28.9% (95% CI =
26.2–31.6%) in the intervention group. The prevalence
of underweight children decreased slightly in both groups
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between baseline and follow-up, but there was no signifi-
cant between-group difference at follow-up (P = 0.113).
Cognitive abilities. At baseline, the mean PSI score was

86.2 points (95% CI = 85.4–87.0 points) in the control
group and 86.1 points (95% CI = 85.3–86.9 points) in the
intervention group. The PSI score increased slightly in
both groups between baseline and follow-up, but there
was no significant between-group difference at follow-up
(P = 0.143).
At baseline, mean WMI score was 78.7 points (95% CI =

78.1–79.3 points) in the control group and 78.5 points
(95% CI = 77.9–79.1 points) in the intervention group.

The WMI remained level between baseline and follow-up,
with no significant between-group difference at follow-up
(P = 0.093).
School performance. At baseline, the school attendance

rate was 86.7% (95% CI = 84.7–88.8%) in the control
group and 87.3% (95% CI = 85.3–89.4%) in the interven-
tion group. These rates remained fairly stable between
baseline and follow-up, with no significant between-group
difference at follow-up (P = 0.496).
At baseline, the normalized score on the TIMSS math

assessment was 0.00 (by normalization) in the control
group (95% CI = −0.06 to 0.06) and −0.04 in the

TABLE 2
Infection prevalence and intensity in control and intervention groups

Variable Control group Intervention group

Intervention effect (95% CI†)

Unadjusted P value Adjusted‡ P value

Infection prevalence (%)
Baseline 41.10 (38.18, 44.01) 42.62 (39.67, 45.57) 1.06 (0.69 to 1.65) 0.779 1.15 (0.93 to 1.43) 0.192
Follow-up 31.40 (28.56 to 34.23) 27.66 (24.89 to 30.43) 0.84 (0.52 to 1.35) 0.464 0.71 (0.52 to 0.96) 0.026*

Infection intensity§ (epg)
Baseline 493.68 (357.83 to 629.53) 702.71 (491.07 to 914.34) 209.02 (−167.29 to 585.33) 0.272 115.29 (−101.48 to 332.06) 0.293
Follow-up 533.32 (390.69 to 675.95) 299.93 (193.98 to 405.89) −233.39 (−489.36 to 22.58) 0.073 −209.78 (−383.16 to −36.39) 0.018*
CI = confidence interval.
*Bolded values indicate significance at 95% CI.
†CI denotes confidence interval.
‡Values were adjusted for individual characteristics (gender, age, boarding status, minority identification) and household characteristics (siblings, durable assets, parental migrant worker

status, parental education levels), as well as township pair-fixed effects. Coefficients for infection prevalence are reported as an odds-ratio.as well as township pair-fixed effects. In the case
of follow-up, values were also adjusted for the baseline value of the dependent variable. Coefficients for infection prevalence are reported as odds-ratio.

§Infection intensity calculated as average fecal egg count among samples with positive infection.

TABLE 1
Baseline demographic and household characteristics of study participants

Control (N = 1,095), 95% CI† Intervention (N = 1,084), 95% CI P value

Individual characteristics
Age 10.61 (10.56 to 10.66) 10.56 (10.50 to 10.61) 0.391
Female (%) 43.38 (40.44 to 46.32) 48.99 (46.00 to 51.97) 0.044*
Boarding at school (%) 27.38 (24.74 to 30.02) 24.84 (22.26 to 27.41) 0.680
Dong ethnic minority (%) 47.03 (44.07 to 49.99) 43.54 (40.59 to 46.50) 0.675
Miao ethnic minority (%) 36.07 (33.22 to 38.92) 37.73 (34.84 to 40.62) 0.830
Shui ethnic minority (%) 2.92 (1.92 to 3.92) 4.43 (3.20 to 5.65) 0.597

Household characteristics
Number of siblings 1.13 (1.07 to 1.18) 1.24 (1.18 to 1.29) 0.129
Pieces of durable assets 8.45 (8.27 to 8.63) 8.30 (8.11 to 8.50) 0.581
Parents are migrant workers (%) 31.6 (28.85 to 34.34) 28.53 (25.84 to 31.22) 0.340
Mother attended secondary school (%) 7.28 (5.75 to 8.82) 6.74 (5.25 to 8.24) 0.690
Father attended secondary school (%) 12.26 (10.32 to 14.19) 10.99 (9.13 to 12.85) 0.428

Sanitation and hygiene
Washes hands before eating (%) 84.63 (82.49 to 86.77) 84.24 (82.08 to 86.41) 0.854
Washes hands after using toilet (%) 87.75 (85.81 to 89.68) 85.74 (83.66 to 87.83) 0.318
Drinks boiled water only (%) 5.21 (3.89 to 6.52) 8.39 (6.74 to 10.05) 0.013*
Wears shoes while playing outside (%) 32.33 (29.55 to 35.10) 33.30 (30.49 to 36.11) 0.771
House has dirt floor (%) 17.08 (14.85 to 19.31) 14.30 (12.21 to 16.39) 0.303
House has dirt-based latrine (%) 19.58 (17.23 to 21.93) 23.38 (20.86 to 25.90) 0.160
Family uses feces as fertilizer (%) 65.48 (62.66 to 68.30) 62.08 (59.19 to 64.98) 0.270

Infection prevalence
Any STH infection (%) 41.10 (38.18 to 44.01) 42.62 (39.67 to 45.57) 0.779
Ascaris infection (%) 30.50 (27.77 to 33.23) 31.09 (28.33 to 33.85) 0.891
Trichuris infection (%) 23.29 (20.78 to 25.80) 24.35 (21.80 to 26.91) 0.847
Hookworm infection (%) 1.00 (0.41 to 1.60) 0.74 (0.23 to 1.25) 0.568
Ascaris and Trichuris coinfection (%) 12.97 (10.98 to 14.96) 12.92 (10.92 to 14.91) 0.989

Infection intensity (among samples with positive infection)
Ascaris infection (epg) 728.32 (526.90 to 929.75) 1,065.04 (741.17 to 1,388.92) 0.151
Trichuris infection (epg) 55.90 (38.29 to 73.50) 71.79 (48.01 to 95.58) 0.562
Hookworm infection (epg) 17.33 (−16.83 to 51.50) 18.00 (−70.94 to 106.94) 0.967

CI = confidence interval; STH = soil-transmitted helminth.
*Bolded values indicate significance at 95% CI.
†CI denotes confidence interval. P values adjusted for clustering at the township level.
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intervention group (95% CI = −0.10 to 0.02). At follow-up,
the normalized score on the TIMSS math assessment was
0.00 (by normalization) in the control group (95% CI =
−0.06 to 0.06) and −0.07 in the intervention group (95% CI =
−0.14 to −0.01). There was no significant between-group
difference at follow-up (P = 0.190).
Treatment compliance. Treatment compliance was

assessed among children in the intervention group after
both the first and second rounds of deworming (May
2013 and November 2014, respectively). Of 1,000 sample
children in the intervention group who were included in
the follow-up analysis, 52.2% reported taking the com-
plete dose of two 200 mg albendazole pills in both
rounds of deworming, and 75.9% reported taking at least
one of the two 200 mg albendazole pills in both rounds.
When assessing compliance survey responses in the sec-
ond round of deworming in November 2013 only, we
found that 63.4% of children took the complete dose of
two 200 mg albendazole pills and 82.1% took at least
one of the two pills. Our data show that compliers have
significantly lower infection prevalence at the endline than
do noncompliers (23.0% versus 33.5%, P = 0.000), but
that there is no significant difference in endline infection
intensity between compliers and noncompliers (269.6 ver-
sus 325.2, P = 0.607).
ATT analysis. The results of the ATT analysis mirror

those of the primary ITT analysis of the full sample of chil-
dren: the intervention had a significant impact on reducing

STH infection prevalence and infection intensity, but no
impact on any of the other measured outcomes. The ATT
analysis shows that children who reported being compliant
with the deworming treatment experienced significantly
greater reductions in both infection prevalence (P = 0.011)
and infection intensity (P = 0.019) (see Supplemental
Appendix Table 2 for results). The point estimates gener-
ated by the ATT analysis are greater than those gener-
ated by the primary ITT analysis (−0.39 versus −0.21 for
infection prevalence, and −370 versus −210 for infection
intensity), indicating that our compliance variable is at
least in part accurately measuring student behavior. As
with the ITT analysis, there is no evidence of a significant
impact of deworming on the measured outcomes of hemo-
globin levels (P = 0.622), anemia prevalence (P = 0.185),
stunting prevalence (P = 0.335), underweight prevalence
(P = 0.174), PSI score (P = 0.142), WMI score (P = 0.093),
school attendance rate (P = 0.491), or normalized TIMSS
score (P = 0.187).
Correlation between infection prevalence and inten-

sity and primary outcomes. We conducted an additional
analysis to assess the correlation between infection preva-
lence and intensity and primary outcome variables among
participants in our sample at baseline (Table 4). We find
that there is a strong correlation (P < 0.05) between infec-
tion prevalence and all primary outcome variables. We
also find that there is a strong correlation (P < 0.05)
between fecal egg counts and outcomes of cognition and

TABLE 3
Intention to treat (ITT) analysis of differences in outcomes of nutrition, cognitive abilities, and school performance between control and inter-
vention groups

Variable Control group Intervention group

Intervention effect (95% CI)

Unadjusted P value Adjusted P value

Nutritional indicators
Hemoglobin levels
Baseline 126.17 (125.43 to 126.91) 126.33 (125.59 to 127.07) 0.16 (−1.73 to 2.05) 0.864 0.24 (−0.67 to 1.14) 0.604
Follow-up 132.16 (131.37 to 132.95) 131.73 (130.92 to 132.54) −0.43 (−2.53 to 1.68) 0.690 −0.33 (−1.64 to 0.98) 0.623

Anemia prevalence (%)
Baseline 16.62 (14.41 to 18.83) 16.14 (13.95 to 18.34) 0.97 (0.70 to 1.34) 0.833 0.93 (0.79 to 1.10) 0.385
Follow-up 9.98 (8.14 to 11.82) 11.58 (9.61 to 13.55) 1.18 (0.79 to 1.76) 0.413 1.25 (0.91 to 1.72) 0.174

% Stunted (HAZ < −2)
Baseline 26.98 (24.32 to 29.65) 29.66 (26.89 to 32.42) 1.14 (0.86 to1.52) 0.368 1.10 (0.92 to 1.31) 0.291
Follow-up 23.48 (20.85 to 26.11) 27.63 (24.84 to 30.42) 1.24 (0.93 to 1.67) 0.148 1.15 (0.85 to 1.55) 0.367

% Underweight (WAZ < −2)
Baseline 24.11 (21.57 to 26.65) 28.90 (26.20 to 31.61) 1.28 (1.01 to 1.63) 0.045* 1.29 (1.09 to 1.54) 0.004*
Follow-up 21.37 (18.85 to 23.88) 24.19 (21.56 to 26.82) 1.17 (0.92 to 1.51) 0.204 0.77 (0.56 to 1.06) 0.113

Cognitive abilities
Processing Speed Index Score
Baseline 86.21 (85.44 to 86.99) 86.09 (85.31 to 86.87) −0.12 (−2.47 to 2.23) 0.919 0.16 (−1.28 to 1.59) 0.827
Follow-up 88.18 (87.37 to 88.99) 88.83 (88.01 to 89.65) 0.65 (−1.47 to 2.77) 0.545 0.63 (−0.22 to 1.49) 0.143

Working Memory Index Score
Baseline 78.68 (78.08 to 79.27) 78.51 (77.92 to 79.10) −0.16 (−1.60 to 1.28) 0.822 −0.05 (−0.98 to 0.89) 0.922
Follow-up 78.23 (77.61 to 78.86) 78.50 (77.86 to 79.14) 0.27 (−1.18 to 1.72) 0.715 0.51 (−0.09 to 1.11) 0.093

School performance
School attendance rate (%)
Baseline 86.73 (84.65 to 88.81) 87.32 (85.29 to 89.35) 1.05 (0.68 to 1.64) 0.818 1.08 (0.75 to 1.56) 0.692
Follow-up 86.13 (83.81 to 88.45) 85.30 (82.95 to 87.66) 0.93 (0.57 to 1.54) 0.790 0.86 (0.55 to 1.33) 0.496

Normalized TIMSS score
Baseline 0.00 (−0.06 to 0.06) −0.04 (−0.10 to 0.02) −0.04 (−0.22 to 0.14) 0.633 0.01 (−0.1 to 0.11) 0.912
Follow-up 0.00 (−0.06 to 0.06) −0.07 (−0.14 to −0.01) −0.07 (−0.24 to 0.10) 0.412 −0.04 (−0.09 to 0.02) 0.190

CI = confidence interval; HAZ = height-for-age z-score; ITT = intention to treat; TIMSS = Trends in International Mathematics and Science Study; WAZ = weight-for-age z-score.
*Bolded values indicate significance at 95% CI.
†CI denotes confidence interval.
‡Values were adjusted for individual characteristics (gender, age, boarding status, minority identification) and household characteristics (siblings, durable assets, parental migrant worker

status, parental education levels), as well as township pair-fixed effects. In the case of follow-up, values were also adjusted for the baseline value of the dependent variable. Coefficients for
anemia prevalence, % stunted, % underweight, and school attendance rate are reported as an odds ratio.
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school performance. Higher fecal egg counts, indicating
more severe infection intensity, are associated with a lower
PSI (R = −0.12, P = 0.007), a lower WMI (R = −0.13, P =
0.004), and lower TIMSS mathematics test scores (R =
−0.14, P = 0.002).

DISCUSSION

Our cluster-RCT assessed the impact of a deworming
intervention on nutritional indicators, cognitive abilities, and
school performance. Our results show that the intervention
significantly reduced both infection prevalence and infec-
tion intensity relative to the control group. These declines
in infection, however, were not accompanied by an impact
on outcomes of nutritional indicators, cognitive abilities, or
school performance.
The impact of the deworming intervention had the greatest

observable effect on infection intensity. The intervention
group experienced a 57.3% reduction in mean fecal egg
counts, whereas the control group experienced a 0.1%
increase in mean fecal egg counts. Examining the effect of
deworming on infection intensity holds significant implica-
tions for epidemiologic surveillance of STH infection.
Regarding infection prevalence, reinfection dynamics

often cause levels of STH prevalence to persist in a popu-
lation, a factor that should be considered when evaluating
the impact of future deworming interventions. The pattern
of rapid reinfection after antihelminthic treatment (in our
case, we tested the follow-up fecal samples 6 months after
treatment) has been consistently identified in geographically
diverse populations in both children and adults,46 and was
previously confirmed in our study area.8,25 In our scenario,
we surmise that children in the intervention group were
cleared of STH infection after each of the two rounds of
antihelminthic treatment, but experienced high rates of
reinfection within the subsequent months leading up to
postintervention evaluation. In a 2012 article by Jia and
others, helminth reinfections occur rapidly after treat-
ment, particularly for A. lumbricoides and T. trichiura.47

Hence, there is a need for frequent anthelmintic drug
administrations to maximize the benefit of preventive
chemotherapy. Integrated control approaches emphasiz-
ing health education and environmental sanitation are
needed to interrupt transmission of STH. Additionally,
natural fluctuations in infection in the environment, as previ-

ously observed in other populations,47–49 may have caused
the decrease in infection prevalence in the control group
and further attenuated the between-group difference in
prevalence reduction. Incomplete compliance with the
deworming treatment may have also served to lessen the
between-group difference in prevalence reduction.
The most recent Cochrane review (July 2015) about

treating schoolchildren for worms states: “In trials that treat
only children known to be infected, deworming drugs may
increase weight gain (low quality evidence), but we do not
know if there is an effect on cognitive functioning or physi-
cal well-being (very low quality evidence).” Our study adds
to the quality of evidence to help make informed deci-
sions about treating children in helminth-endemic areas.
The design (RC cluster), and measures (growth and cog-
nitive impacts) of our study address some of the key
shortcomings delineated in the 2012 and 2015 Cochrane
Deworming reviews which cite a need for more and better
quality (GRADE) studies with randomized cluster design.
While there was no observed impact in our study on any
of the nutrition, cognition, or educational outcomes, our
results add better evidence to prior but not convincing
studies that did not find strong evidence for any improve-
ment in nutritional indicators, cognitive abilities, or school
performance from deworming interventions.12 The value
and impact of deworming programs is an important ques-
tion to more clearly define, since many health programs
include mass drug administration for STH infections.
One explanation for our results may be that the impact

of deworming was attenuated by the low levels of infection
intensity in our sample population. The WHO classifies
fecal egg counts of 1–4,999 epg of feces for Ascaris and
1–999 epg for Trichuris as “light-intensity infections.” The
mean fecal egg count in our sample population (in which the
vast majority of infections were with Ascaris and Trichuris)
at baseline was 490 epg in the control group and 700 epg
in the intervention group, placing our sample population in
the low range of light-intensity infections. In our study, it is
possible that due to low baseline levels of infection inten-
sity (especially hookworm) in our sample population, we
observed no significant impact of deworming on the nutri-
tion, cognition, and education outcome variables. Varying
levels of infection intensity and kind of infection likely would
explain the variance in the results of the deworming trials
included in the 2012 Cochrane review. It is possible that
studies finding an impact of deworming on nutrition, cog-
nitive abilities, and school performance outcomes were
more likely to be conducted in areas of (moderate to) high-
intensity STH infection, whereas studies that found no
impact on key outcomes were conducted in areas of light-
intensity infection. If our study design was to be replicated
within a population with a higher intensity infection, in partic-
ular with a higher intensity of hookworm than we observed,
impacts may be significant. Unfortunately, this is only
speculation because among the trials included in the 2012
Cochrane systematic review on deworming drugs and their
effects on key outcomes, the majority of studies (36 of 41)
failed to report infection intensity in their sample popu-
lations; the few studies that did report intensity had excep-
tionally small sample sizes, used different antihelminthic
treatments (i.e., albendazole, pyrantel, mebendazole), and
had a high degree of variability in study design.12 In

TABLE 4
Correlation between infection prevalence and intensity (fecal egg

counts) and student outcomes at baseline

Outcome variables

Correlation coefficient (P value)

Prevalence
(full sample)

Intensity (sample with
infection at baseline)

Prevalence Correlation coefficient

% Anemic 0.0492* (0.0216) 0.0125 (0.7823)
% Stunted 0.1246* (0.0000) 0.0844 (0.0640)
% Underweight 0.0963* (0.0000) 0.0862 (0.0566)
Processing Speed Index −0.1790* (0.0000) −0.1217* (0.0070)
Working Memory Index −0.1691* (0.0000) −0.1288* (0.0043)
School attendance −0.0755* (0.0006) −0.0279 (0.5452)
Normalized TIMSS score −0.1984* (0.0000) −0.1416* (0.0017)

CI = confidence interval; TIMSS = Trends in International Mathematics and Science Study.
*Bolded values indicate significance at 95% CI.
†Brackets contain P values.

1486 LIU AND OTHERS



summary, because most research teams did not report
infection intensities, it is unknown if the baseline STH
intensities explain observed differences in these studies.
Our findings have three major implications that inform us

about the value of our deworming intervention. First, we
find no empirical evidence that the intervention can be justi-
fied on the basis of improvement of nutritional indicators,
cognitive abilities, or school performance. The question
remains: should the Chinese government allocate resources
for deworming in areas with light-intensity STH infection? If
resources are not severely limited, deworming, which is a
relatively inexpensive endeavor, will reduce STH infections.
Moreover, although the degree of rise may be too small to
detect in a study with the low STH intensity we observe in
this study, it may rise to the level of significance in studies
conducted in areas of high STH intensity. However, the
results of this effectiveness study indicate that the interven-
tion is unlikely to produce a rapid impact on nutritional out-
comes in areas with light-intensity infections and low
prevalence. Thus, if resources are scarce, public health
efforts might best be concentrated on other interventions—
though the final decision ought to be supported by detailed
cost-benefit analysis.
Second, we emphasize the significance of measuring

and reporting fecal egg counts to categorize infection inten-
sity in the study population. Most deworming trials do not
report infection intensity (although they most likely do mea-
sure it as part of standard laboratory procedures); however,
specification of the level of STH infection intensity in the
area allows for more accurate characterization of the
sample population, and would provide greater consistency
when comparing trial results conducted among different
populations and geographical areas.
Finally, while our evidence shows that the intervention

had no impact on nutritional indicators, cognitive abilities,
or school performance in this lightly infected population,
the impact on populations with moderate-to-high levels of
infection intensity is an area for further investigation. Our
additional descriptive analysis identified a significant corre-
lation between higher levels of infection intensity and worse
measures on key outcomes of cognition and school perfor-
mance (Table 4). Our findings reveal the opportunity for
future RCTs to examine whether the effect of deworming is
empirically associated with baseline infection intensity in
the targeted population. These trials should be conducted
in settings with varying baseline levels of STH infection
intensity in the population, involve uniform implementation
of the intervention, and maintain consistency in the mea-
surement and reporting of a comprehensive range of out-
comes for rigorous comparison.

Study limitations. The majority of fecal samples from the
children were not produced on-site at the time of collec-
tion. Thus, it is possible that there was a delay of up to a
few hours before children delivered their samples to refrig-
eration facilities at the school or village clinic. This may
have caused an underestimate of total STH prevalence,
especially with respect to hookworm; therefore, estimates
presented in this article can be considered a lower bound
for actual infection prevalence and infection intensity in
our study population. In addition, this study is focused on
examining short-run impacts of deworming; more differ-
ences may be detected looking across a period longer

than 2 years. Studies are also needed that follow children
with no STH infections for longer intervals of time com-
pared with controls with higher levels of infection intensi-
ties. Finally, for reasons related to official regulations, we
were unable to observe if the sample children actually took
the deworming medication. This may have led to lower
treatment compliance rates; however, we control for this
limitation with our ATT analysis.
Strengths of our study include the following: our cluster-

RCT had a sample size that allowed more than 80% sta-
tistical power; we measured and reported the effect of
deworming on a comprehensive list of outcomes regarding
nutrition, cognitive abilities, and school performance; we
quantified the intensity of STH infection at baseline and
follow-up; and our trial offered a robust assessment of the
effectiveness of a deworming intervention under real-world
conditions, as opposed to an efficacy study of targeted and
researcher-implemented treatment.
In conclusion, this randomized-controlled trial conducted

in rural Guizhou, China, found that in a population of
schoolchildren with light-intensity Ascaris, Trichuris, and
hookworm infection, a biannual deworming intervention
reduced STH infection prevalence and intensity in the pop-
ulation, but had no impact on outcomes of nutrition, cogni-
tive abilities, or school performance. The results of this
effectiveness trial are relevant to developing an effective
strategy to reduce STH infection and improve the health of
children in China and other countries with high STH prev-
alence. The main implications of our study include the
following: 1) in areas with light-intensity STH infection,
limited resources might best be concentrated on targeting
other, more impactful, public health issues; 2) future
deworming studies should quantify and report infection
intensity (fecal egg counts) for accurate epidemiological
characterization of the sample population; and 3) evidence
from future RCTs is needed to assess the effect of
deworming on key outcomes in populations with moderate-
and high-intensity STH infections.
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