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Abstract

This paper studies the long-term impacts of an unprecedented large-scale schis-
tosomiasis control campaign in China in the late 1950s. We present one of the
first direct evidence of how an early-life deworming intervention affected life
trajectories. The deworming program had a positive effect on the educational
attainment of rural people. The effect was larger for people from a low socioeco-
nomic background, suggesting that the program reduced educational inequality.
Early-life exposure to the program had substantial effects on labor market suc-
cess and economic status 50 years later, as well as on the second generation’s
schooling.
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The relationship between early-life health and lifetime outcomes has attracted
considerable attention across multiple disciplines, with important implications for
public policy.! Recent advances in micro-level empirical evidence have been driven by
the use of randomized controlled trials and the increased availability of comprehensive
administrative data (Baird et al., 2016; Biitikofer and Salvanes, 2020; Bhalotra et al.,
2022). Because of poor sanitary and medical conditions in less developed regions,
people who need public health interventions the most are precisely the ones who may
benefit most from them. However, there is a relatively scarce literature exploring the
long-term effects of large-scale public health interventions in developing countries,
likely due to a lack of data on the interventions and treated individuals.? Therefore,
examining the impacts of the improvement in early-life health at different points of the
life course in low-income areas remains important for research and policy concerns.
This paper contributes to filling this gap by studying the long-term effects of a large-
scale deworming campaign in China targeted at schistosomiasis in the late 1950s.

Schistosomiasis is a parasitic disease that is widespread in more than 70 nations
and territories, posing a significant threat to the socioeconomic development of trop-
ical and subtropical regions. Naghavi et al. (2017) reveals that its global prevalence
and burden of illness are even greater than those of malaria. Due to its chronic and
insidious properties, schistosomiasis has a long-term effect on children’s development.
Maternal schistosomiasis results in low birth weight and preterm delivery, which can
impair infants’ subsequent cognitive and physical development. Early-life infections
can directly cause poor growth and learning difficulties (Ezeamama et al., 2018).

China was the largest endemic area of this disease in the first half of the 20th
century. In 1956, Mao Zedong issued the famous slogan “Must Eliminate Schisto-
somiasis.” Following Mao’s strong determination, the eradication program started
nationwide and mainly implemented snail control to reduce parasite transmission.
This deworming campaign has three unique features that facilitate our empirical
analysis. First, the program achieved great success sufficiently long ago, offering us a
unique opportunity to track the lifetime effects of a massive and persistent reduction
in schistosomiasis prevalence. Second, the deworming campaign was mobilized in a
top-down manner, so the public health intervention was less likely to be related to
the expected economic growth in endemic areas. Finally, the treatment was not par-

ticularly designed for a specific group of people, so we can explore the critical period

1See Almond, Currie and Duque (2018) for a recent and thorough review.
2Existing research in this strand mainly examines the effects of malaria eradication campaigns
(Barreca, 2010; Cutler et al., 2010; Lucas, 2010; Barofsky, Anekwe and Chase, 2015).



of deworming programs.

To conduct the analysis, we hand-collect pre-control schistosomiasis infection rates
at the county level from a Chinese disease atlas. We combine the disease data with
two individual-level datasets. The first one is the 1990 China Population Census,
which allows us to estimate how the deworming campaign affected rural people’s
educational attainment and employment status in their thirties. Although we do not
observe people’s migration histories in the census, this barely affects our estimation as
migration was highly restricted in China at that time due to the household registration
(hukou) system. The second individual-level dataset is the 2010 China Family Panel
Studies (CFPS), which offers three advantages over the census for our analysis. First,
we can construct a refined sample for analysis by directly controlling for migration
and family background.® Second, it allows us to examine the impact of the public
health intervention that occurred over 50 years ago on a variety of adult outcomes.
Third, we can link individual-level information across three generations to explore
potential intergenerational effects. Our main identification strategy is a difference-in-
differences (DID) model with county and cohort fixed effects, which compares lifetime
outcomes of people born before and after the deworming program across areas with
different pre-control schistosomiasis infection rates.

We conduct a comprehensive inquiry into the long-run effects of childhood expo-
sure to the schistosomiasis control campaign on multiple lifetime outcomes at different
stages of the life course. We show that the deworming campaign had a significantly
positive effect on educational attainment. According to our baseline estimates from
the census sample, rural men received roughly 0.11 more years of schooling from a
drop of 10 percentage points in the schistosomiasis infection rate, and rural women
gained about 0.19 more years of schooling. Estimates using the CFPS data confirm
these results. Although the campaign had no effect on the employment status of
people in their thirties, it greatly increased the possibility of having a job for females
in their fifties. Our estimates using the CFPS sample also suggest that the disease
control program improved adult economic status over 50 years after the treatment.
For rural males, reducing the schistosomiasis infection rate from 10 percent to zero
would lead to a 10.59 percent increase in per capita household income, a 10.44 per-
cent increase in per capita household consumption, and a 13.82 percent increase in

per capita net worth. Unlike the education effect, the economic effect was smaller

3The CFPS data were collected in 2010. Internal migration was not rare at that time, so we
directly address the migration concern when we use this sample.



for treated females. In addition to educational improvement, we show that labor
market success (having a more prestigious job for males and being employed for fe-
males) and adult health condition (only for males) are potential channels between
early-life health and adult income. Using the CFPS dataset, we find that the positive
effect on educational attainment was larger for people from a low socioeconomic back-
ground, suggesting that the deworming campaign not only raised the overall level of
rural education but also reduced socioeconomic inequality. The positive effect of this
public health intervention on rural education lasted more than one generation. If a
woman experienced a reduction in the schistosomiasis infection rate of 10 percentage
points during her childhood, her first child was 8.64 percentage points more likely to
complete high school.

We address a wide range of threats to identification. First, we conduct a cohort
analysis to show that there are no differential pre-trends in outcomes of interest with
respect to the schistosomiasis infection rate. Second, we directly control for local
intensity of the Great Famine, the Send-Down Movement, and the Cultural Revo-
lution to rule out alternative explanations of these concurrently influential events.
Third, to address the concern about the measurement error of treatment intensity,
we use the proportion of water area in a county as the instrument variable (IV) for
the pre-control schistosomiasis infection rate. The first stage relies on the fact that
the spread of schistosomiasis depended on infected water in most endemic areas in
China. Furthermore, we provide a test to show the plausibility of this IV strategy.
The idea is as follows: if schistosomiasis was the only channel through which the
ratio of water area affected the outcomes of interest, the relationship between the
dependent variable and the instrument variable should not exist in uninfected areas.
A significant reduced-form IV result in infected areas and an insignificant result in
uninfected areas together boost our confidence in this IV strategy.? Finally, we argue
that our results at least provide a lower bound of the true treatment effect, even if
selective mortality exists. Our results are also robust to a suite of robustness checks.
These include specification tests that make the parallel trends assumption more likely
to be satisfied, an alternative DID estimator that allows heterogeneous treatment ef-
fects (De Chaisemartin and d’Haultfoeuille, 2020), placebo tests in the sample of

unaffected people, and randomization inference (Bertrand, Duflo and Mullainathan,

4Previous papers use other geographical factors, such as temperature and precipitation, as in-
strument variables for disease prevalence (Cutler et al., 2010; Lucas, 2010). Our test is also useful
in those settings because the disease was only prevalent in some areas, but the instrument variable
existed in all areas.



2004).

This paper provides new empirical evidence for understanding the gender hetero-
geneity in the long-term effects of early-life health improvement. Pitt, Rosenzweig
and Hassan (2012) develop a model of human capital investment and activity choice,
which predicts that public health interventions will increase more years of schooling
for women relative to men in a brawn-based economy. The Chinese economy in our
research background is similar to the model setup, where brawn was the major pro-
duction input as most people in our sample were farmers. Our estimates from both
the census and the CFPS sample suggest that the education effect for women was
greater than that for men. Moreover, we provide empirical evidence consistent with
the implications of the economic theory: shorter men will have more education than
taller men, but taller women will have more education than shorter women after the
public health intervention. Our study also sheds new light on the critical period of
deworming programs. While considerable efforts have been made to reduce infections
and morbidities in sub-Saharan Africa, these efforts seem to be tailored only towards
school-aged children. At the time of treatment, program participants have already
passed the age window considered most critical for early childhood development.® Our
evidence suggests that fetal interventions to reduce schistosomiasis infection may be
more effective than interventions during pre-school or school age, which is consistent
with the literature on neurological development.

This paper contributes to the ongoing debate on the effectiveness of mass deworm-
ing programs. Existing papers suggest that school-based deworming interventions in
Africa are cost-effective for improving school participation and labor market outcomes
(Miguel and Kremer, 2004; Baird et al., 2016; Ozier, 2018).5 However, a medical re-
view argues that there is substantial evidence that mass deworming programs do not
improve average nutritional status, hemoglobin, cognition, school performance, or
survival (Taylor-Robinson et al., 2015). In this paper, we complement the literature
by evaluating the long-term effects of a society-wide schistosomiasis eradication pro-

gram in China.” The scale of the intervention and the number of potentially treated

®Nowakowski (2006) finds that the brain doubles in size in the first year. By age three, a child’s
brain has reached 80% of its adult volume.

6These papers cite Croke (2014) as supportive evidence on the effectiveness of deworming pro-
grams. The original working paper that uses data from 2010 and 2011 survey rounds finds higher
mathematics and English scores for children given deworming medication early in life in Uganda
(Croke, 2014). However, the published version uses additional four survey rounds (2012-2015) and
finds that the deworming program resulted in no statistically significant gains in numeracy or literacy
7-12 years after the treatment (Croke and Atun, 2019).

In terms of pathology, schistosomiasis is caused by water-transmitted worms. Previous deworm-



people were unprecedented. Because the treatment status was determined by loca-
tion and cohort, our estimates naturally incorporate direct effects and externalities of
the intervention. Our study is most related to Bleakley (2007), which finds that the
eradication of hookworm in the southern United States had a positive effect on school
enrollment, literacy, and adult income.® To the best of our knowledge, we are among
the first to study the long-run effects of in utero deworming programs. Together with
other recent research on deworming, this paper helps to paint a complete picture of
the long-run benefits of deworming programs in developing countries.

In addition to our specific contribution to the deworming literature, this paper
fits into a large and expanding literature on the fetal origins hypothesis. The recent
literature exhibits an increasing interest in examining the long-run effects of in utero
interventions on adult outcomes. Latest examples include evaluating the impact of
extra medical care at birth in Chile and Norway (Bharadwaj, Loken and Neilson,
2013), the phaseout of leaded gasoline in Sweden (Gronqvist, Nilsson and Robling,
2020), and an infant health intervention in Sweden (Bhalotra et al., 2022). Policymak-
ers, especially in low-income regions, hope to know whether certain intervention tools
derived from scientific laboratory experiments or randomized controlled trials can
generate their anticipated results when scaled up and implemented through govern-
ment policies.” However, previous literature on this topic mainly studies the negative
shocks to early-life health in developing countries.!® We contribute to this literature
by investigating the long-term effects of a large-scale public health intervention in an

extremely underdeveloped economy.!!

Even though there were inadequate medical
facilities and a turbulent political environment in China at that time, we document
lasting and substantial effects of the program, so our results should be encouraging for
currently endemic areas. Currie and Vogl (2013) highlight that the literature still has
relatively limited understanding of heterogeneity in the long-run effects, the critical
periods of different interventions, and possible intergenerational effects. As discussed
above, our paper provides new empirical evidence for these unanswered questions.
The remainder of this paper proceeds as follows. Section I introduces the disease

and the deworming program in China. Section II outlines the data and empirical

ing literature focuses on diseases caused by soil-transmitted worms.

8The treatment in eleven southern states were also targeted at school-aged children.

9See Banerjee et al. (2017) for a detailed discussion.

10For example, related Chinese studies mainly focus on the effects of the 1959-1961 Great Famine
(Chen and Zhou, 2007; Almond et al., 2007; Meng and Qian, 2009).

1By 1950, per capita GDP in China was merely 21 percent of the world average (Dollar, Huang
and Yao, 2020).



strategies employed in this paper. Sections III and IV present our empirical results

from the census and the CFPS data, respectively. Section V concludes.

I Background

A Schistosomiasis and Its Spread in China

Schistosomiasis is an acute and chronic parasitic disease caused by blood flukes
(trematode worms) of the genus Schistosoma. People get infected when larval forms
of the parasite penetrate the skin through infested water. Lack of clean water and
poor sanitation make schistosomiasis particularly prevalent in rural communities in
tropical and subtropical areas. Typical acute symptoms include abdominal pain,
diarrhea, bloody stool, and blood in the urine. Without prompt and adequate medical
treatment, cases may present as advanced schistosomiasis with symptoms such as
splenomegaly, ascites, colonic tumoroid proliferations, or growth retardation (Colley
et al., 2014). Long-time adult patients may develop kidney failure, liver damage,
and even bladder cancer. Child patients may suffer from poor growth and learning
difficulties (World Health Organization, 2017). Patients with schistosomiasis receive
insufficient treatment since it is difficult to identify this disease in its early stage.
At least 258 million people were estimated to need treatment in 2014, but only 61.6
million were reported to receive treatment (World Health Organization, 2016).

Archeological evidence has demonstrated the long history of schistosomiasis in
China. An ancient Chinese medicine book (circa 400 BC) recorded similar clinical
symptoms of acute schistosomiasis. Archeologists detected schistosome eggs in a fe-
male corpse that can be traced back to circa 100 BC (Mao and Shao, 1982). In
the early 20th century, China was the largest endemic area of S. japonicum infec-
tions.!? The disease was spread across 12 province-level regions in the south of China
and along the Yangtze River: Anhui, Fujian, Guangdong, Guangxi, Hunan, Hubei,
Jiangsu, Jiangxi, Shanghai, Sichuan, Yunnan, and Zhejiang. There were three types
of endemic areas based on terrain: marshland and lake regions, hilly and mountainous
regions, and plain regions with waterway networks. In the early 1950s, the estimated

number of patients was over 10 million (Mao and Shao, 1982). The prevalence of

12The three main species infecting humans are S. haematobium, S. japonicum, and S. mansoni.
Three other species, more localized geographically, are S. mekongi, S. intercalatum, and S. guineensis
(previously considered synonymous with S. intercalatum). S. haematobium occurs in Africa and the
Middle East. S. mansoni occurs in Africa, the Middle East, the Caribbean, Brazil, Venezuela and
Suriname. S. japonicum only occurs in China, Indonesia and the Philippines.



schistosomiasis greatly impeded economic development and improvement of living
standards. However, efforts to control the disease were limited at that time due to

poverty, internal strife, and lack of effective tools (Chen et al., 2016).

B Deworming Program in the 1950s

Chinese scientists started to carry out epidemiological surveys to determine the
prevalence of S. japonicum infections in the early 1950s. In 1956, Mao Zedong called
for all party members and Chinese people to eradicate schistosomiasis. The central
government then established a bureau to lead the national schistosomiasis control and
issued an instruction on the eradication program. A deworming campaign was carried
out in the 12 endemic provincial administrative units shortly thereafter. The launch
of this national campaign heavily relied on the supreme leader’s willingness, and it was
mobilized in a top-down manner, so it provides an exogenous shock to schistosomiasis
infections. Special anti-schistosomiasis health stations were established at three levels
in endemic areas (province, county, and community). Figure 1 shows the number of
newly established medical institutions that specialized in schistosomiasis from 1950
to 1985. We see a spike in 1956, which was the start of the schistosomiasis control
campaign. Health workers in medical schools and cities were dispatched to help
in rural endemic areas, but most of the eradication effort was extended through a

13 The governments in endemic areas usually bore the

“barefoot doctor” system.
cost of treatment, so rural population could receive free treatment. The key tool
to eliminate schistosomiasis was snail control through environmental modification
and mollusciciding (Li et al., 2016). Snail control can interrupt the life cycle of
Schistosoma in its snail host to reduce parasite transmission. Chemical repellents,
safe water, and sanitary toilets were provided as complementary interventions. A
hygiene movement and health education were also used as preventive measures (Xu

et al., 2016).
[Insert Figure 1 here]

The eradication efforts resulted in a great decline in schistosomiasis infections
immediately. Thirteen formerly endemic counties had eradicated the disease by the

end of 1957. In Hubei province, over 140,000 patients received treatment and more

13Barefoot doctors were special medical workers in rural areas. They received minimal basic
medical and paramedical training. In addition to treating common diseases, they provided basic
preventive health care and family planning.



than 80 percent of them recovered within several years after the launch of the disease
control program. By 1989, about 72 percent of the formerly endemic counties had
succeeded in interrupting and controlling the disease transmission, which proves the

effectiveness of the schistosomiasis control campaign in China (Yuan, Zhuo and Zhang,

1989).

II Data and Empirical Strategy

A Data

We compile our data from three main sources. To measure schistosomiasis preva-
lence, we collect data from the China Schistosomiasis Atlas (Qian, 1988). This book
records detailed information on the number of patients, infection rates, and snail
habitat areas at the county level before and after the deworming campaign.'* We use
the ratio of the number of patients to total population as our measure for pre-control
schistosomiasis prevalence. Our final treatment sample contains 255 endemic counties
in 12 endemic provincial administrative units. Uninfected counties in these provinces
make up our control group. Figure 2 shows the regional variation in pre-control

disease prevalence and the success of the deworming campaign.
[Insert Figure 2 here]

We then match the disease data with two individual-level datasets. The first one
is the 1 percent sample of the 1990 China Population Census. This dataset contains
basic demographic variables we use in this paper: gender, year of birth, ethnicity,
hukou type (urban or rural residential registration), county of hukou, education, and
employment status for respondents over 16. We generate a new variable that measures
years of schooling based on the original categorical education variable and the status
of completion.’> One potential shortcoming of the census data is the imprecise age
information, as people tend to round their age to numbers ending in 0 or 5.6 We

directly test whether this problem exists in the 1990 China Population Census. Figure

14Pre-control data were collected in the early 1950s, and post-control data were collected in 1981.
Section B of the Appendix introduces this disease dataset in detail.

15Specifically, the mapping is: illiterate = 0 years, (in)complete primary school = 6 (3) years,
(in)complete junior high school = 9 (7.5) years, (in)complete senior high school or specialized sec-
ondary school = 12 (10.5) years, and (in)complete college or junior college = 16 (14) years.

16The age-heaping problem is common in developing countries’ census data. Cutler et al. (2010)
and Barofsky, Anekwe and Chase (2015) group people into five-year birth cohorts to overcome this
problem.



A1 plots the distribution of the last digit of the reported age in the rural population.
The distribution is fairly even, which is consistent with previous research on the
accuracy of age data in the China Population Census (Huang, 2009). Therefore, we
stick to the reported birth year in our analysis. Following Chen et al. (2020), we
assume the county of residence in 1990 as the county of birth and the hukou type in
1990 as the childhood living area type. This is not a strong assumption in our context.
Due to the household registration (hukou) system, migration between counties was
scant in rural areas, and there were rare cases of people changing their hukou type
at that time.!” As schistosomiasis was mainly endemic in rural areas, we limit our
sample to people with rural hukou and born between 1946 and 1966 (normally these
people had finished their education in 1990). Table 1 provides the summary statistics
of the census sample. The average age of the people in this sample was about 33.
Men had a substantially higher education level than women. About 92 percent of the
sample were of Han ethnicity. Because most people were in their prime age and the

great majority of them were agricultural workers, the employment rate was extremely
high.

[Insert Table 1 here]

The second individual dataset is the 2010 wave of the China Family Panel Studies
(CFPS). We use this dataset to replicate our results from the census sample, esti-
mate the deworming effect in a longer term, and explore intergenerational impacts.
Although the CFPS does not contain people’s birthplaces, it provides useful infor-
mation so that we can directly address the migration concern. Specifically, we drop
individuals who moved out of their birthplaces and keep people holding rural hukou
when they were 3 years old.'® We keep respondents born between 1940 and 1970 in
endemic provinces plus 4 adjacent uninfected provinces, which leaves us with a sam-
ple including 23 infected and 89 uninfected counties in 17 provinces. In Section IV.A,
we show that the resulting sample remains representative. Summary statistics of key
variables are reported in Table 2. Compared with the census sample, one noticeable
change is that the average age rose to 52. Roughly 64 percent of men and 51 per-

cent of women were employed as the elder cohorts had retired in 2010. The average

"The hukou system was introduced in 1958 as a response to the large influx of people from the
countryside to the cities during the Great Leap Forward. Migration was effectively stopped until
the early 1990s.

18We use a restrictive version of the CFPS data that has information on individual’s current
residence county, but even this version does not provide individual’s birth county. Thus, we decide
to drop movers and argue that this will not bias our analysis.



educational level was slightly lower than that in the census sample. The average per
capita household income was approximately 7,700 CNY ($1,137), and about 73% of
the income was used for consumption. The average per capita net worth was about
52,000 CNY ($7,680), which mainly reflected the value of land asset.

[Insert Table 2 here]

B Empirical Strategy

This paper follows the identification strategy used in Bleakley (2010), Cutler et al.
(2010), and Lucas (2010) to identify the long-term effects of the schistosomiasis control

program. We run regressions using the following form:
Yije = & —+ 6 (SChj X pOStic) —+ Xijc@ + 5j + 50 + 5ijc (]_)

where y;;. is an adult outcome of individual 7 in county j, who belongs to cohort c. sch;
is the pre-control schistosomiasis infection rate in county j, measuring the treatment
intensity. post;. is a dummy variable indicating that individual ¢ was born after 1957.
Xijc is a set of control variables, which could include ethnicity and parental education
levels. 0; and d, are county fixed effects and cohort fixed effects, respectively. The
coefficient of interest is [, which captures the effect of the schistosomiasis control
program on lifetime outcomes. To explore potential heterogeneous effects by gender,
we estimate equation (1) for rural males and females separately.

As discussed in Bleakley (2007), this empirical strategy assumes that (i) there
were regional variations in schistosomiasis exposure, and (ii) areas with higher in-
fection rates had higher treatment intensity. Panel A of Figure 2 validates the first
assumption, showing large variations in pre-control schistosomiasis prevalence at the
county level. Figure 3 illustrates that areas with higher pre-control infection rates
indeed saw a greater decline in schistosomiasis prevalence, which supports the second
assumption. If a county (represented by a dot in the figure) eradicated schistosomi-
asis, it will be located on the diagonal line. As shown in Figure 3, most endemic

counties are on or close to the diagonal line.
[Insert Figure 3 here]

Our empirical strategy implicitly assumes that there are no differential changes

in outcomes between different counties with varying infection rates in the absence

10



of the schistosomiasis control program. In this part, we provide some suggestive
evidence on the validity of this parallel trends assumption.!? Figure A2 plots the
cohort-level mean residual outcomes conditional on ethnicity and county fixed effects
for rural women (panel A) and men (panel B) born between 1946 and 1966. Different
colored lines denote the average residual outcomes of counties in four quartiles of the
pre-control infection rate. The black line denotes the average residual outcomes in
uninfected counties. We focus on educational attainment and employment status in
the census sample. To measure educational attainment, we use years of schooling
and three dummy variables indicating literacy, primary school completion, and junior
high school completion. As shown in this figure, the treatment and control groups
move in a parallel fashion before 1957, but they diverge (except the literacy rate and

employment rate) after the deworming program.

IIT Empirical Results from the Census Data

A Baseline Results

We first investigate the effects of the deworming campaign on educational attain-
ment. Table 3 reports our baseline results by estimating equation (1). Panel A shows
that if a county with a 30 percent pre-control infection rate eradicated schistosomia-
sis, rural women in this county would be 2.97, 6.84, and 6.06 percentage points more
likely to be literate, complete primary school, and complete junior high school, respec-
tively.?? On average, rural women in this county would have an additional 0.56 years
of schooling. We find that rural men received smaller educational benefits from the
reduction in schistosomiasis infections. Panel B of this table demonstrates that the
same decrease in the pre-control infection rate led to an increase of 0.34 years in years
of schooling and an increase of 3.60 (5.10) percentage points in the probability of com-
pleting primary (junior high) school among rural men. However, the disease control
program did not improve male literacy.”! One explanation for this result is that there
was less scope to increase this outcome, as about 89 percent of rural men born before

the deworming campaign could read and write.?? It is worth noting that our baseline

9More formal analysis will be presented in section III.

20For reference, the 90th percentile of the pre-control schistosomiasis infection rate among endemic
counties was 30.2 percent.

21Gelective mortality may also explain this finding. See section IIL.B for the discussion.

22Gimilarly, Bleakley (2007) finds that the hookworm eradication in the American South had little
impact on school enrollment and literacy for white people. He argues that this is because whites
had less scope to increase these measures of human capital investment.

11



estimation is very likely to be a lower-bound of the true treatment effect, since we
assume that rural people did not relocate. Although this is not a strong assumption
given the rigid hukou system, it is true that the best-educated rural people were more
likely to migrate and switch hukou type (Zhao, 1997). Therefore, our sample may not
include those best-educated rural children, which makes our model underestimate the
positive effect of the disease control program on educational attainment.

Using the census data, we also examine the effect of the deworming campaign on
employment status when people were in their thirties. For both men and women in
rural areas, we are unable to reject the null hypothesis that the changes in employment
rate across counties with different schistosomiasis infection rates were the same. This
is consistent with the raw comparison in Figure A2, as we do not detect a divergence
in employment between treatment and control groups after 1957. Since most patients
were not deprived of working ability completely by schistosomiasis, they were still
counted as farmers in the census data. As shown in Table 1, more than 99 percent
of men and 93 percent of women were employed, which left little room for further

increase in this outcome.
[Insert Table 3 here]

To present the estimated effect graphically, we conduct a cohort analysis using

the following specification:

Yije = @+ Z Be (schj x cohort;.) + X0 + 0 + 0c + €ije (2)

where cohort;. equals 1 if individual 7 belongs to cohort c. Equation (2) allows the
effects of the schistosomiasis control program to vary by cohorts. We expect that
the coefficients associated with the pre-control cohorts are small and insignificant,
but those associated with the post-control cohorts are economically and statistically
significant. The effect on the cohort born in 1956 is normalized to zero, so all other
coefficients represent the treatment effects relative to people born in 1956. Panel A
of Figure 4 plots the cohort-specific coefficients (. for rural females. The coefficients
fluctuate around zero for cohorts born before 1957, which supports the assumption of
parallel trends across counties with different pre-control schistosomiasis prevalence.
Except when we use literacy or employment status as the dependent variable, most
coefficients after 1957 are large in magnitude and statistically significant. This con-

firms our baseline results in Table 3 that the deworming campaign had a positive

12



impact on female educational attainment. The break in the coefficient series, which
is coincident with the timing of the schistosomiasis control campaign, demonstrates
that it is reasonable to treat people born before 1957 as pre-control cohorts. Panel B
of this figure shows the same cohort analysis for rural males. We find robust positive
effects on years of schooling and the likelihood of completing junior high school. Sim-
ilar to the baseline DID estimation, the education effect on males was smaller than

that on females.

[Insert Figure 4 here]

B Threats to Identification

In this part, we discuss several threats to our baseline analysis and how we address
these concerns. We show that these threats will not overturn the above findings and
our baseline results underestimate the true treatment effects in most cases.

Concurrent Fvents.— During our study period, China experienced several influ-
ential events, such as the Great Famine, the Great Leap Forward, and the Cultural
Revolution. Admittedly, these events had direct impact on educational attainment
and employment status. Moreover, there might be a linkage between local disease
burden and the severity of these historical events. To address this concern, we directly
control for the possible confounding effects of contemporaneous events in a flexible
way.

We first introduce how we measure these concurrent events intensity at the county
level.? Following Meng and Qian (2009), we define local famine severity as one minus
the ratio of the cohort size of the famine cohorts (1959-1961) to that of the non-famine
cohorts (1955-1957). To measure the intensity of the Cultural Revolution, we use the
ratio of victims to the county population in 1964.?* During the Cultural Revolution,
the Send-Down Movement mandated about 16 million urban youth to temporarily
resettle in rural areas. This event seems to be a particular threat to our identification,

as it happened in rural areas at almost the same time. Following Chen et al. (2020),

23Due to data limitation, we measure the intensity of the Great Leap Forward at the province level.
Following Meng, Qian and Yared (2015), we use the increase in steel production, participation rate
in communal dining halls, magnitude of the Anti-Rightest purges, and the first principal component
of these three variables as proxies for political zealousness at the province level. Table A1 shows that
none of these measures is correlated with pre-control schistosomiasis infection rate at the province
level.

24The data come from the China Political Events Dataset (Walder, 2014).
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we use the ratio of received send-down youths to the county population in 1964 to
measure its intensity.

Formally, we estimate the following equation:

Yije = o+ B (sch; X post.) + Z Y. (GF; x cohort;.) + Z 7. (CR; X cohort;.)

+ Z Ae (SDj x cohortic) + Xije© + 6; + 6. +€ijc (3)

where GF;, CR;, and SD; measure the severity of the Great Famine, the Cultural
Revolution, and the Send-Down Movement in county j as we described above. Equa-
tion (3) allows the effects of three influential events to vary by cohorts. Table 4 reports
that the estimated coefficients are similar to our baseline estimates in magnitude and
statistical significance. These results show that our baseline estimates do not suffer

from the confounding effects of other concurrent historical events.
[Insert Table 4 here]

Furthermore, we rule out alternative stories of other events by exploring potential
mechanisms behind the increase in educational attainment. As discussed in section
I, the deworming campaign only applied various health and medical tools to control
the disease. If our findings were due to the deworming campaign, health improve-
ment should be the primary channel. In contrast, other historical events (e.g., the
Great Leap Forward and the Send-Down Movement) were more likely to have an im-
pact through educational infrastructure. We investigate the effect of the deworming
campaign on the expansion of educational infrastructure.?> Table A2 shows that the
number of primary schools or secondary schools did not increase in endemic counties
after the schistosomiasis control program. Therefore, our findings cannot be fully
explained by the Great Leap Forward or the Send-Down Movement.

Measurement Error.— Because the disease prevalence data were collected in a
bottom-up way, there may be some concern about whether the pre-control infection
rate truly reflects the geographic variations in pre-control schistosomiasis prevalence.
On one hand, low-endemic counties might have incentives to report a higher infec-
tion rate to receive more fiscal support from upper-level governments. On the other

hand, high-endemic counties might have incentives to report a lower infection rate

25We use the number of primary schools and secondary schools as dependent variables and estimate
a DID model at the county level.
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to hide the large disease burden. Our ordinary least squares (OLS) estimates will be
downward biased in both cases. Since we already have obtained significantly positive
results, the above estimates at least provide a lower bound of the positive effect of the
schistosomiasis control program in rural China. To evaluate the treatment effect more
precisely, we next exploit an instrument variable strategy (IV). The transmission of
schistosomiasis relied on infected water in most endemic counties in China, so we use
the county’s proportion of water area as an instrument variable for the pre-control
schistosomiasis infection rate. The first and second stage of the IV regression are
given by equations (4) and (5):

Diyj. = schj x post;. = a + p (water; x post;.) + Xi;c0© + 6; + . + &} (4)

ijc
Yije = & + 6[)@'0 + Xijc@ + (Sj + 66 + Ef%c (5)

where water; is the share of water area in county j. All other terms are as previously
defined.

Table A3 presents the first stage result, which shows that our instrument variable
is highly correlated with the endogenous independent variable. This IV strategy also
rests on the assumption that schistosomiasis prevalence is the only channel through
which the proportion of water area can affect the outcomes of interest in endemic
counties. If this exclusion assumption holds, the relationship between the instrument
variable and the dependent variable that exists in infected areas should not exist in
uninfected areas. To provide supportive evidence for the validity of our instrument
variable, we run reduced-form IV regressions in infected and uninfected areas sepa-
rately. Table 5 presents the reduced-form estimation results. Panels A and B reveal
a significantly positive relationship between the instrument variable and the depen-
dent variables in endemic counties. In contrast, panels C and D report small and
insignificant coefficients when we run the same reduced-form IV regressions in four
uninfected provinces adjacent to the 12 endemic provinces.?® This falsification test

provides suggestive evidence for the validity of our instrument variable.
[Insert Table 5 here]

After presenting the plausibility of our instrument variable, we then estimate
the two-stage least squares model (2SLS) in a sample consisting of marshland, lake

regions, and plain regions with waterway networks. The large F statistics reported in

26Four adjacent but uninfected provinces are Henan, Shandong, Shaanxi, and Gansu.
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Table 6 again suggest a strong first stage. As shown in this table, the IV coefficients
are indeed larger in magnitude than their corresponding OLS coefficients. Overall, we
find very similar results as our OLS estimates. The schistosomiasis control campaign
had a positive effect on educational attainment, but it had limited impact on male
literacy and people’s employment status in their thirties. According to column 1
of this table, rural men gained roughly 1 year more schooling from a reduction of
30 percentage points in the schistosomiasis infection rate, and rural women gained

another extra 0.3 years.
[Insert Table 6 here]

In addition, we conduct an IV version of the cohort analysis. Specifically, we use
water; X cohort;. as the instrument variable for sch; x cohort;. in equation (2). Panel
A of Figure A3 plots the cohort-specific coefficients for rural women, which has a
similar pattern as the OLS version of the cohort analysis. Most coefficients before
1957 are economically and statistically insignificant. In contrast, the coefficients after
the deworming campaign are large in magnitude and statistically significant except
when the dependent variable is literacy or employment status. For instance, there
is a discrete increase in the probability of completing junior high school after 1957,
and the magnitude of this increase is similar to the coefficient in Table 6. Panel B of
Figure A3 also suggests that the schistosomiasis control campaign had a significantly
positive effect on years of education and the likelihood of completing junior high
school among rural males.

Selective Mortality.— Selective mortality is another common threat to studies es-
timating long-run effects of early-life health shocks. It is a process whereby disadvan-
taged individuals die at younger ages than their more advantaged peers. Therefore,
the individuals in the census sample may appear healthier and more educated than
they would if the more disadvantaged individuals did not die early. We address this
concern in two steps. First, the schistosomiasis mortality rate is only approximately
1 percent of the malaria mortality rate, so selective mortality is a minor problem in
our setting (Naghavi et al., 2017). Second, even if selective mortality exists in our
research, our results at least provide a lower bound of the positive effect of the schis-
tosomiasis control campaign, as long as the campaign reduced mortality.?” Because

schistosomiasis has a relatively low mortality rate, the deworming program only saved

2TLi and Wei (2017) use aggregate data at the city level to find that the treatment and cure of
schistosomiasis reduced mortality in endemic areas.
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the least healthy people. Given that health is positively correlated with educational
attainment and labor participation, the least healthy people now included in the cen-
sus sample will pull down the average years of schooling of the post-control cohorts.
This may also explain why we find a weak effect on literacy rate. In a world without
the deworming campaign, people who are weak in health and intelligence will not
exist in the treatment group. However, in a world with the deworming campaign,

they will survive and lower the average literacy rate of the treatment group.

C Discussion and Robustness Checks

Previous literature evaluates the short-run and long-run effects of deworming pro-
grams targeted at school-aged children (Miguel and Kremer, 2004; Bleakley, 2007;
Baird et al., 2016), but little is known about the effects of deworming programs tar-
geted at other strata of the population at risk, particularly infants and preschool
children.?® The deworming campaign in China in the late 1950s provides a unique
opportunity to answer this question. Unlike school-based deworming programs, the
large-scale deworming campaign in this paper was not tailored towards a specific
group. Based on this feature, our empirical framework implicitly tests the fetal ori-
gins hypothesis, as we classify people born after the deworming campaign as the
treatment group. To the best of our knowledge, we present one of the first direct ev-
idence of the long-run impacts of reducing schistosomiasis infections in the maternal,
fetal, and neonatal period.?? To find the critical period of schistosomiasis treatment,

we estimate the following specification:
Yije = .+ P (schj X cohort}c) + 5o (schj X cohort?c) + XijeO + 0, + 6.+ 45 (6)

where cohort}, equals 1 if individual i was born between 1957 and 1966, and cohort?,
equals 1 if individual ¢ was born between 1952 and 1956. People born between 1942
and 1951 are left as the reference group. Thus, cohort 1 got treatment in utero, cohort
2 got treatment during early childhood (1-5 years old), and the reference group got
treatment when they were school-aged children (6-15 years old). Table 7 reports the

28Recent medical research has used animal models and case reports to detect the link between
maternal schistosomiasis and adverse pregnancy outcomes (Ajanga et al., 2006; Godwin et al., 2010;
McDonald et al., 2014).

290zier (2018) finds a large long-term cognitive effect for treated children who were less than one
year old. when school-age children in their communities received mass deworming treatment. The
author exploits the externalities from a randomized deworming intervention aimed at school-age
children.
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estimated results of equation (6). We find that the fetal disease environment was
extremely crucial for educational attainment. The coefficients of the first interaction
term (sch; x cohort},) are large and consistently significant, indicating that treatment
in utero was more effective than treatment in school age.>* We cannot reject the
null hypothesis that the treatment in early childhood and in school age had the same
effect. Our findings support the recent recommendation by medical experts to prevent

infection before and during pregnancy (Salawu and Odaibo, 2014).
[Insert Table 7 here]

We summarize robustness tests in Table A5. First, we perform two specification
tests. In column 1, we add a linear county-specific time trend, so this specification
allows different counties to have different growth paths. One concern on our identi-
fication strategy is that the increase in educational attainment could be an artifact
of mean reversion. To address this concern, we include a series of interaction terms
between the average of the dependent variable among people born from 1946 to 1956
and cohort dummies (i.e., §;46-56 X cohort;.). As shown in the first two columns, our
results are robust to these modifications of the baseline model.

Second, we estimate an alternative DID estimator that allows heterogeneous treat-
ment effects. Recent applied econometrics literature shows that two-way fixed effects
estimations of DID coefficients can lead to substantial biases when there are heteroge-
neous treatment effects, even if the parallel trends assumption is satisfied (De Chaise-
martin and d’Haultfoeuille, 2020; Callaway and Sant’Anna, 2021; Sun and Abraham,
2021). As the treatment status is continuous in our research, we follow De Chaise-
martin and d’Haultfoeuille (2020) to estimate a new DID estimator, DID,,, that is
still valid if the treatment effect is heterogeneous. In Appendix C, we derive the
estimator and discuss the satisfaction of the identification assumptions in our setting.
Column 3 of Table A5 displays our estimates of DID,,. The results are similar to
the cohort analysis and IV estimates. We find a significantly positive impact of the
deworming campaign on years of schooling and the likelihood of completing primary
and junior high school. The positive education effect on males was slightly smaller

than that on females.

39Treatments in early childhood and in school age were also effective. To see this, we add another
interaction term sch; x cohort, to equation (6), where cohorty, equals 1 if individual i was born
between 1942 and 1951. People born between 1935 and 1941 are used as the reference group. The
effect on the reference group was mechanically zero because these people were over the normal
age of completing junior high school when the deworming campaign started. Table A4 shows that
treatment was also effective in early childhood and in school age.
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Third, we conduct two placebo tests. In column 4, we estimate the baseline
model in a sample of people with urban hukou in 12 endemic provinces. Because
schistosomiasis was mostly prevalent in rural areas where people lacked safe water
sources, we expect a small and insignificant effect of the deworming program in the
urban sample. In column 5, we assume that the schistosomiasis control program
started in 1950, and then we use a sample of people born between 1940 and 1955 to
estimate the baseline model. If our findings are truly due to the real schistosomiasis
control campaign, we also expect limited effects in this sample. As shown in Table
A5, the results in these two columns are consistent with our expectation.

Finally, we use the empirical distribution of placebo coefficients to evaluate the
results in DID studies. In particular, we randomly assign the pre-control infection
rates to counties within each endemic province. Then we merge the fake disease
data with the true individual-level census data and estimate equation (1) to obtain
a placebo coefficient. Panel A of Figure A4 shows the distribution of 1,000 placebo
coefficients in the female sample. For example, the distribution of placebo effects on
junior high school completion is centered at 0.09, ranging from -0.05 to 0.24.3! The
vertical line representing our true DID estimate lies in the extreme right tail of the
whole distribution, which implies that the empirical p-value is 0.007. Similarly, our
baseline estimates of the effect on years of schooling and completing primary school
are also statistically significant at the 1 percent level. In contrast, we find that a
large proportion of placebo coefficients are larger than the baseline estimates in the
subfigures of literacy and employment status. This echoes the insignificant results
from the cohort analysis and the two-way fixed effects estimator with heterogeneous
treatment effects. Panel B of Figure A4 plots the same empirical distribution of
placebo coefficients in the male sample. It demonstrates that our baseline estimates of
the effect on schooling years and completing junior high school are significant at the 1
percent level, and the estimate of the effect on completing primary school is significant
at the 5 percent level. We cannot reject the null hypothesis that the schistosomiasis
control program had no effect on literacy and employment status in their thirties.
Taken together, this randomization inference method provides reinforcement that

our main findings are not merely statistical artifacts.

31Schistosomiasis prevalence was clustered at the province level, and we only randomly assign
infection rates within each province, so the distribution is not centered around 0. Exploiting the
province-level variation can already reveal some positive effects of the deworming campaign, but not
large enough to generate our baseline results.
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IV  Empirical Results from the CFPS Data

In this section, we employ the CFPS dataset to achieve three goals. First, we
replicate what we have found in a smaller but finer sample. Second, we evaluate
the long-term effects of early-life exposure to the schistosomiasis control campaign
on adult economic status over 50 years later. Third, we link information across three
generations and examine the intergenerational effects of the deworming campaign on

educational attainment.

A Replication of the Baseline Results

We refine the baseline estimates from the census sample in three ways. First and
foremost, we directly control for migration in our regressions. Since the CFPS does
not provide detailed birthplace information, we drop people who moved out of their
birthplaces (14.85% of the full sample). Table A6 shows that the resulting sample
is still representative, as there are no statistically large differences in the outcomes
of interest between movers and non-movers. Furthermore, we use the CFPS data
to examine whether the disease or the disease control program had an impact on
migration. As shown in Table A7, the pre-control schistosomiasis infection rate was
unrelated to the possibility of moving out of birthplaces, and the deworming campaign
had no effects on people’s migration decisions. This implies that our estimates using
the census sample do not suffer too much from our no-migration assumption. Second,
the measure of early-life exposure to schistosomiasis is more precise. Because of the
transmission feature of schistosomiasis, our goal is to keep people living in rural areas
during their childhood in the analysis sample. When using the census data, we can
only select people with rural hukou in 1990. Now we can select people with rural hukou
when they were 3 years old, which should be a better proxy for childhood living area.
Third, we further control for parents’ education levels in our regressions.*? Beach et al.
(2022) show that it is important to control for family background characteristics when
estimating the long-run effects of disease infections.

Table 8 presents the replication results. In this small but refined sample, we still

find a large positive effect on educational attainment. According to column 1, a

32We do not add this control variable in the census sample, as doing so would shrink the sample size
a lot and cause a selection problem. This is because we only have parents’ education information
for people who lived with their parents in the census sample. Table A8 shows that these people
differed significantly from others along many dimensions. People living with their parents tend to
be younger, more educated, and more likely to have a job.

20



reduction of 10 percentage points in infection rate led to an increase of 0.61 years
in years of schooling for rural women and 0.48 years for rural men. Overall, the
estimated effects in this table are larger than our baseline results using the census
data, mainly because we further control for parents’ educational levels. The omitted
variable (i.e., parents’ educational level) is positively correlated with the dependent
variable but negatively correlated with the independent variable of interest, so the
direction of the bias is negative.?® Indeed, Table A9 presents smaller estimated effects

when we do not control for parents’ educational levels.
[Insert Table 8 here]

We use the census and the CFPS data to find that the schistosomiasis control
campaign increased more schooling for females relative to males. This gender hetero-
geneity is consistent with the existing economic theory (Pitt, Rosenzweig and Hassan,
2012). The model assumes that investments in schooling and health and the choice
of occupation are made in a Roy-type economy. Each occupation requires a bundle
of brawn and skill. Schooling and health are complements in the production of skill,
while only health contributes to the accumulation of brawn. Two key biological facts
are embedded in the model: (1) men are stronger than women on average; and (2)
health improvement increases brawn substantially more for men than for women.**
Then in an economy where brawn is productive, health improvement brought by the
disease control campaign will have a positive effect on education for females but an
ambiguous effect for males.>® The reduction in morbidity greatly augments the brawn
of men and raise their productivity in occupations requiring raw labor, so staying in
school is less profitable for men due to their higher opportunity cost of schooling.
Given that the Chinese economy in our study period was quite underdeveloped, our
paper provides reduced-form evidence consistent with this model. The model also
implies that larger men may receive less schooling than smaller men. Because larger

men have more brawn, they will have a higher opportunity cost of schooling. In

33 As shown in Figure A2, there is a negative correlation between educational level and infection
rate before the deworming campaign.

34These two biological facts have been documented in the medical literature (Mathiowetz et al.,
1985; Round et al., 1999).

35This explains why empirical research finds mixed effects of public health interventions on edu-
cational attainment. We use the literature on malaria eradication as an example. Barreca (2010),
Lucas (2010), and Barofsky, Anekwe and Chase (2015) show that malaria eradication significantly
raised educational attainment in the United States, Sri Lanka, Paraguay, and southwestern Uganda.
However, Cutler et al. (2010), Bleakley (2010), and Venkataramani (2012) find mixed effects in India
and Mexico.
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contrast, larger women are more likely to have higher levels of schooling than smaller
women, as schooling and health are complements in the production of skill. Table
A10 provides empirical evidence for this implication. We separate people into high
and low endowments of brawn based on their adult heights. The positive effects of
the deworming campaign on years of schooling concentrate on shorter men and taller
women.

Column 5 of Table 8 reports the long-term effect of the deworming campaign on
employment status in one’s fifties. This is not a replication of our baseline result
using the census data (as shown in column 5 of Table 3). For people born around
the deworming campaign, though their educational attainment measured in 1990 and
2010 is almost the same, their employment status measured in two years is quite
different. They were at their prime age in 1990, but many of them were retired
or approaching retirement age in 2010.3¢ We find that if a county reduced its pre-
control schistosomiasis infection rate from 10 percent to zero, a rural woman born in
this county would be about 7.53 percentage points more likely to have a job in 2010.
This result suggests that the deworming campaign could have a long lasting effect on

women’s ability to work over 50 years later.

B Effects on Adult Economic Status

In this subsection, we examine the effects of early-life exposure to the schistoso-
miasis control program on adult economic status over 50 years later. We winsorize
the outcomes of interest at the 1st and 99th percentile and then take the natural
logarithm of them. Liu et al. (2008) point out that it is difficult to define individual
income or separate individual contributions to household income in rural households
in China, so we start by using per capita household income as the dependent variable
in column 1 of Table 9. We find that if a man was born in a county that witnessed
a 10 percent decline in the schistosomiasis infection rate, his household’s per capita
income would increase by 10.59 percent. This positive effect on the household income
of treated women slightly decreased to 9.69 percent. In the next two columns, we
follow Cutler et al. (2010) and explore the effects on household expenditure and con-
sumption.?” Based on our estimates, reducing the infection rate from 10 percent to

zero would lead to a 8.77 (10.44) percent increase in per capita household expenditure

36The female employment rate is about 93% in the census sample, but it is only about 51% in the
CFPS sample.

37Total expenditure is consumption plus transfer expenditure, welfare expenditure, and housing-
related expenditure.
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(consumption) for treated rural males, but we do not find the same effects for treated
females.®® The average household expenditure per capita in our sample was about
6,800 CNY, so in terms of money amount, this effect equals an increase of 596 CNY
(roughly $88). In addition, the schistosomiasis control program improved households’
asset accumulation. For treated men, the same decrease in schistosomiasis infection
rate was associated with a 13.82 percent increase in per capita household net worth.

In contrast, the effect for treated women was economically and statistically small.
[Insert Table 9 here]

Identifying mediators is a central challenge in studies of early life interventions,
requiring either additional sources of exogenous variation in mediators or strong as-
sumptions regarding the relationship between variables (Heckman, Pinto and Save-
lyev, 2013). The sequential ignorability condition assumed in some studies is not
tenable here, as most outcomes are proxies for human capital and not measured in
sequence throughout life. For this reason, we report the effects on potential mediators
alongside the effects on the final outcome of interest. We first explore the effects of the
deworming campaign on labor market outcomes. The results are reported in Table
All. In column 1, we find that the deworming campaign led to an increase of working
hours for rural females. This effect mainly comes from the extensive margin of female
employment, which is consistent with our result in column 5 of Table 8.3 Column
2 shows that the deworming program helped rural men find more prestigious jobs,
measured by the Standard International Occupational Prestige Scale (SIOPS).%0 As
we do not find positive effect on employment status of rural males, our results imply
that the positive labor market effects on males concentrate on the intensive margin
of employment. We next estimate the effects on different measures of adult health
and report the results in Table A12. Although we find no long-term effects on height,
body mass index, or self-reported health, there is some evidence of persistent health
gains in terms of interviewer-reported health for rural men.*! To complete our pre-

liminary analysis on the pathways between early-life health and adult income, we

38The same result pattern is also found in Cutler et al. (2010). They argue that the low female
labor participation rate and the improvement in male productivity may explain this result.

39Tf we drop unemployed women in this regression, the DID coefficient becomes small and statis-
tically insignificant.

40STOPS is a scale that provides hierarchical ranking from the least to most esteemed occupations
according to average societal ratings (Treiman, 1977).

41Gelf-reported health is a dummy variable that equals 1 if the respondent thinks (s)he is healthier
than peers. Interviewer-reported health is a dummy variable that equals 1 if the interviewer thinks
the respondent’s health condition is above 5 on a scale of 1 to 7.
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test if the positive relationship between these potential mechanisms and per capita
household income exists in our sample. Table A13 shows that all the above relevant
mechanisms have a strong positive correlation with adult income. To summarize,
education, labor market success, and health condition all partially explain why the

deworming campaign had a positive effect on adult economic status.

C Intergenerational Effects on Education

The detailed CFPS dataset offers us a rare opportunity to study the intergener-
ational effects of the disease control campaign on educational attainment. To avoid
confusion, people born between 1940 and 1970 are referred to as Generation 1. We
refer to their parents as Generation 0 and their children as Generation 2.

Schistosomiasis is a disease of poverty, given its close link with a safe and sanitary
condition. Poor children in rural areas were highly exposed, whereas wealthier parents
could establish a safer environment and purchase medical care for their children.
Thus, children from poor families may have benefited more from the decrease in
the prevalence of schistosomiasis. To analyse the differing impact of the deworming
program, we separate Generation 1 into high and low socioeconomic backgrounds
based on whether their fathers (i.e., Generation 0) were literate.’> Table 10 displays
the results from estimating equation (1) in four samples separated by gender and
family background. Comparing panels A and B, we find that the estimated effects
are larger for women from low socioeconomic background families. All the coefficients
in panel A are more significant economically and statistically than those in panel B.
As shown in panels C and D, we also find that rural men whose fathers were illiterate
benefited more from the deworming campaign. From an intra-family perspective,
compared with boys, girls often received less nutrition and financial support at that
time in rural households. Thus, the heterogeneous education effect across gender
is also consistent with this socioeconomic-dependent story. Taken together, these
findings suggest that people from a low socioeconomic background benefited more
from the schistosomiasis control program. The deworming campaign not only raised
the average educational level in rural China, but also reduced educational inequality

across gender and generations.

[Insert Table 10 here]

42 About 33% of fathers were literate in the CFPS sample.
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We next study the intergenerational effects of the schistosomiasis control cam-
paign on the children of Generation 1 (i.e., Generation 2). Biitikofer and Salvanes
(2020) discuss two possible mechanisms through which the benefits from a disease
control program can transmit across generations. The first channel is through better
living standards. We have provided some suggestive evidence of this channel in the
last subsection. The second and more direct channel is through biological changes.
As we lack data on birth information, this calls for further research. To address
whether there is selection into the sample, we show in Table A14 that the schisto-
somiasis control program did not change people’s fertility choice on the extensive or
intensive margins.*®> Due to data limitation on the second generation, we focus on the
educational attainment of Generation 1’s first child who was at least 25 years old in
2010. Table 11 shows that Generation 2 had more years of schooling if their mothers
experienced a larger drop in early-life exposure to schistosomiasis. However, treated
fathers did not have similar intergenerational effects on the second generation. This
result reflects the intra-family gender roles in traditional rural Chinese households.
That is, mothers are homemakers, while fathers are breadwinners. Unlike Generation
1 who were more likely to complete primary and junior high school, Generation 2
were more likely to complete senior high school. The heterogeneity of the deworming
effects at different educational levels is consistent with the rapid development in rural
China.

[Insert Table 11 here]

V  Conclusion

China used to be the largest endemic area of schistosomiasis in the 20th century.
In the late 1950s, China’s central government launched an unprecedented large-scale
schistosomiasis control campaign to eradicate this disease. This paper exploits this
deworming campaign to evaluate its long-term effects on human capital accumulation
and economic status in adulthood. To conduct the analysis, we compile a county-
level dataset on schistosomiasis infection rate and match it with the 1990 population
census and the 2010 CFPS household survey. We employ a difference-in-differences
specification, where we compare adult outcomes of people born before and after the
deworming program across counties with varying pre-control schistosomiasis preva-

lence.

43 About 98% of our sample had at least one child.
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Using the cohort DID method, we find that the disease control campaign led
to increased educational attainment among the rural population. Compared with
the literature on malaria eradication, our estimates imply a larger education impact,
consistent with the chronic and low-mortality features of schistosomiasis.** The ed-
ucation effect was larger on people from a lower socioeconomic background, such as
girls and people whose fathers were not literate, suggesting that the deworming pro-
gram reduced socioeconomic inequalities in adulthood. The deworming program also
increased household income, consumption, and asset accumulation over 50 years later.
We provide suggestive evidence that increased educational attainment, labor market
success, and better adult health are potential mechanisms explaining the effect of the
program on adult economic status. Future research can explore the relative weight of
each possible channel for the increase in adult income. The effect of the deworming
campaign persisted across generations, as we find a positive education effect on the
children of the treated rural females.

Although we lack data to calculate a rate of return to the schistosomiasis control
program, this paper presents clear policy implications for some countries that are still
suffering from this disease. Many countries have launched preventive chemotherapy
campaigns, but unfortunately just as many people suffer from schistosomiasis today
as they did 50 years ago (Sokolow et al., 2018). Overall, our findings offer new
justifications for mass deworming efforts, even in a very underdeveloped and unstable
economy. Moreover, our results suggest that earlier deworming interventions may be
more effective than the currently popular school-based interventions. With that said,
more observational studies and clinical trials on the treatment timing are solicited to

better reduce the disease burden of schistosomiasis.

4“For instance, Lucas (2010) finds that reducing malaria incidence by 10 percentage points led
to an increase in completed schooling of about 0.1 year and an increase in the probability of being
literate by 1 to 2 percentage points for females in Paraguay and Sri Lanka.
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Figure 1. Time Trend in Founding of Medical Institutions Specialized in Schistoso-
miasis
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Source: Chinese County-Level Data on Hospitals and Epidemiology Stations, 1950-1985. Palisades,
NY: NASA Socioeconomic Data and Applications Center (SEDAC).
Notes: This figure plots the number of newly established medical institutions specialized in schis-

tosomiasis from 1950 to 1985. The vertical line represents 1956.
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Figure 2. Schistosomiasis Infection Rate
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Figure 3. Pre-Control Infection Rate and Reduction in Infection Rate
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Notes: This figure plots the schistosomiasis control campaign effectiveness against initial disease
prevalence at the county level. The y-axis is the reduction in infection rate. The x-axis is the pre-
control infection rate. Fach dot represents a county, and the dots on the diagonal are the counties

that eliminated schistosomiasis.
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Table 1. Summary Statistics of the Census Sample

Female Male

Age 32.735  32.804
(6.157) (6.143)
Ethnicity (Han) 0.919 0.920
(0.273)  (0.271)
Years of schooling  4.796 6.867
(3.567)  (3.154)

Literacy 0.744 0.927
(0.436)  (0.260)
Primary school 0.565 0.797

(0.496)  (0.402)
Junior high school  0.228 0.423
(0.420)  (0.494)

Employed 0.933  0.993
(0.249)  (0.083)
Observations 651,812 676,545

Notes: The sample includes people with rural hukou and born between 1946 and 1966 in 12 endemic
provinces (Anhui, Fujian, Guangdong, Guangxi, Hubei, Hunan, Jiangsu, Jiangxi, Shanghai, Sichuan
(including Chongging), Yunnan, and Zhejiang). All table entries represent sample means and
standard deviations in parentheses. Ethnicity equals 1 if the individual is Han ethnicity. Literacy,
primary school, junior high school, and employed are dummy variables indicating whether one is
literate, completes primary school, completes junior high school, and has a job. We generate a
continuous variable to measure years of schooling based on the original census data on education
and completion status. The mapping is as follows: illiterate = 0 years, (in)complete primary school
= 6 (3) years, (in)complete junior high school = 9 (7.5) years, (in)complete senior high school or
specialized secondary school = 12 (10.5) years, and (in)complete college or junior college = 16 (14)

years.

36



Table 2. Summary Statistics of the CFPS Sample

Female Male
Age 51.955  52.145
(8.385)  (8.575)
Ethnicity (Han) 0.943 0.941
(0.232)  (0.236)
Years of schooling 4.211 6.733
(4.253)  (4.100)
Literacy 0.468 0.739
(0.499)  (0.439)
Primary school 0.481 0.743
(0.500)  (0.437)
Junior high school 0.247 0.461
(0.431)  (0.498)
Employed 0.507 0.636

(0.500)  (0.481)
per capita Household income 7,674 7,703
(6,321)  (6,377)

per capita Expenditure 6,805 6,819
(5,264)  (5,199)
per capita Consumption 5,602 5,691
(4,259)  (4,287)
per capita Net worth 51,000 51,900
(69,510) (69,764)
Observations 4,850 4,889

Notes: The sample includes people with rural hukou at age 3 years and born between 1940 and
1970 in the 13 endemic provinces (Anhui, Chongqing, Fujian, Guangdong, Guangxi, Hubei, Hu-
nan, Jiangsu, Jiangxi, Shanghai, Sichuan, Yunnan, and Zhejiang), plus four adjacent uninfected
provinces (Gansu, Henan, Shaanxi, and Shandong). We exclude people who moved out of their
birthplaces. All table entries represent sample means and standard deviations in parentheses,
weighted by national sampling weights. Household income, expenditure, consumption, and net
worth are measured in CNY in 2010.
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Table 3. Baseline Results

(1) (2) (3) (4) (5)
Schooling Primary  Junior
(years) school high

Panel A. Female
sch X post 1.855 0.099 0.228 0.202 -0.002
(0.348) (0.045)  (0.044)  (0.056) (0.012)
Observations 651,812 651,812 651,812 651,812 651,812

Panel B. Male
sch X post 1.137 -0.032 0.120 0.170 -0.002
(0.246) (0.024)  (0.038)  (0.036) (0.003)
Observations 676,545 676,545 676,545 676,545 676,545

County FEs Yes Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes Yes

Literacy Employed

Notes: This table reports our baseline results from estimating equation (1). The dependent
variables are years of schooling and four dummy variables indicating literacy, completing
primary school, completing junior high school, and being employed. We add county fixed
effects and cohort fixed effects and control for ethnicity in all regressions. Standard errors
are reported in parentheses and are clustered at the county level.
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Table 4. Controlling for Concurrent Events

(1) (2) (3) (4)

(5)

Schooling . Primary  Junior
(years) Literacy school high Employed
Panel A. Female

sch X post 1.461 0.111 0.213 0.105 -0.010

(0.384) (0.049) (0.050)  (0.063) (0.015)
Observations 517,919 517,919 517,919 517,919 517,919

Panel B. Male

sch X post 1.246 0.004 0.157 0.164 -0.000

(0.232) (0.026) (0.039)  (0.037) (0.004)
Observations 539,500 539,500 539,500 539,500 539,500
County FEs Yes Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes Yes
Control concurrent events Yes Yes Yes Yes Yes

Notes: This table reports our results from estimating equation (3). The dependent vari-

ables are years of schooling and four dummy variables indicating literacy, completing pri-

mary school, completing junior high school, and being employed. We add county fixed

effects and cohort fixed effects and control for ethnicity in all regressions.

We control

for the local intensity of the Great Famine, the Cultural Revolution, and the Send-Down

Movement. Standard errors are reported in parentheses and are clustered at the county

level.

39



Table 5. Reduced Form Instrument Variable Estimation

(1) (2) (3) (4) ()
Schooling Primary  Junior
(years) school high

Panel A. Female in infected areas
water X post 2.151 0.155 0.262 0.202 -0.002
(0.533) (0.062)  (0.068)  (0.083) (0.011)
Observations 551,273 551,273 551,273 551,273 551,273

Literacy Employed

Panel B. Male in infected areas
water X post 1.714 0.017 0.199 0.233 0.003
(0.498) (0.045)  (0.066)  (0.062) (0.003)
Observations 573,097 573,097 573,097 573,097 573,097

Panel C. Female in uninfected areas
water X post -0.295 0.009 -0.020 -0.052 0.064
(0.531) (0.118)  (0.111)  (0.126) (0.052)
Observations 265,065 265,065 265,065 265,065 265,065

Panel D. Male in uninfected areas
water X post -1.406 -0.065 -0.104 -0.196 -0.004
(1.118) (0.112)  (0.114)  (0.118) (0.013)
Observations 268,284 268,284 268,284 268,284 268,284

County FEs Yes Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes Yes

Notes: This table reports the reduced-form IV estimates in infected areas and uninfected
areas (Henan, Shandong, Shanxi, and Gansu). water; is the proportion of water area
in county j. The dependent variables are years of schooling and four dummy variables
indicating literacy, completing primary school, completing junior high school, and being
employed. We add county fixed effects and cohort fixed effects and control for ethnicity in
all regressions. Standard errors are reported in parentheses and are clustered at the county
level.
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Table 6. Instrument Variable Estimation

(1)

(2)

(4) (5)

Schooling . Primary  Junior
(years) Literacy high Employed
Panel A. Female

sch X post 4.293 0.309 0.403 -0.004

(1.180) (0.109) (0.191) (0.022)
F statistic 21.564 21.564 21.564 21.564
Observations 551,273 551,273 551,273 551,273 551,273

Panel B. Male

sch X post 3.389 0.035 0.460 0.007

(0.792) (0.088) (0.104) (0.006)
F statistic 23.895 23.895 23.895 23.895
Observations 573,097 573,097 573,097 573,097 573,097
County FEs Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes

Notes: This table reports our IV results from estimating equation (5). We use as water; x
post;. the instrument variable for sch; x post;.. We use a sample consisting of marshland,

lake regions, and plain regions with waterway networks.

The dependent variables are

years of schooling and four dummy variables indicating literacy, completing primary school,
completing junior high school, and being employed. We add county fixed effects and cohort
fixed effects and control for ethnicity in all regressions. Standard errors are reported in

parentheses and are clustered at the county level.
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Table 7. Critical Period of Deworming

(1) (2) (3) (4)
Schooling Primary  Junior
(years) school high

Panel A. Female
sch x cohortl 1.757 0.125 0.213 0.166
(0.419) (0.053)  (0.051)  (0.062)
sch x cohort2 -0.272 0.018 -0.036 -0.061
(0.213) (0.033)  (0.029) (0.022)
Observations 723,278 723,278 723,278 723,278

Panel B. Male
sch x cohortl 1.059 -0.030 0.124 0.135
(0.291) (0.034)  (0.043)  (0.041)
sch x cohort2 0.026 0.006 0.024 -0.038
(0.275) (0.022)  (0.029) (0.044)
Observations 751,627 751,627 751,627 751,627

County FEs Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes

Literacy

Notes: This table reports the results from estimating equation (6). cohort}. equals 1
if individual ¢ was born between 1957 and 1966, and cohm‘t?C equals 1 if individual 7
was born between 1952 and 1956. People born between 1942 and 1951 are left as the
reference group. The dependent variables are years of schooling and four dummy variables
indicating literacy, completing primary school, completing junior high school, and being
employed. We add county fixed effects and cohort fixed effects and control for ethnicity in
all regressions. Standard errors are reported in parentheses and are clustered at the county
level.
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Table 8. Baseline Results from the CFPS Sample

(1) (2) (3) (4) (5)

Schooling . Primary Junior
(years) Literacy school high Employed
Panel A. Female

sch x post 6.137 0.606 0.942 0.510 0.753

(2.327) (0.312) (0.266)  (0.238) (0.277)
Observations 3,677 3,677 3,677 3,677 3,677

Panel B. Male

sch x post 4.761 0.405 0.417 0.501 -0.163

(2.460) (0.340) (0.302) (0.276) (0.344)
Observations 3,804 3,804 3,804 3,804 3,804
County FEs Yes Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes

Notes: This table reports our baseline results using the CFPS sample from estimating
equation (1). The dependent variables are years of schooling and four dummy variables
indicating literacy, completing primary school, completing junior high school, and being
employed. All regressions are weighted by national sampling weights. We add county fixed
effects and cohort fixed effects in all regressions. Individual controls include ethnicity and
parents’ educational levels. Standard errors are reported in parentheses and are clustered
at the county level.
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Table 9. Effects on Adult Economic Status

(1) (2) (3) (4)

ngsehold Expenditure Consumption Net worth
income
Panel A. Female

sch X post 0.969 0.498 0.360 0.116

(0.452) (0.382) (0.358) (0.608)
Observations 2,951 2,951 2,951 2,951

Panel B. Male

sch x post 1.059 0.877 1.044 1.382

(0.411) (0.338) (0.389) (0.641)
Observations 3,095 3,095 3,095 3,095
County FEs Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes

Notes: This table reports the estimated effects on adult economic status using the CFPS
sample from estimating equation (1). The dependent variables are the log form of per
capita household income, expenditure, consumption, and net worth. All regressions are
weighted by national sampling weights. We add county fixed effects and cohort fixed
effects in all regressions. Individual controls include ethnicity and parents’ educational
levels. Standard errors are reported in parentheses and are clustered at the county level.
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Table 10. Effects on Educational Attainment by Socioeconomic Background

(1) (2) (3) (4)

Schooling Literac Primary  Junior
(years) Y school high
Panel A. Female whose father is illiterate
sch x post 6.212 0.720 0.906 0.695
(3.123) (0.346) (0.349) (0.304)
Observations 2,485 2,485 2,485 2,485
Panel B. Female whose father is literate
sch x post 0.252 0.074 0.162 -0.128
(3.497) (0.375) (0.452) (0.353)
Observations 1,672 1,672 1,672 1,672
Panel C. Male whose father is illiterate
sch X post 4.980 0.398 0.377 0.436
(2.159) (0.351) (0.269) (0.329)
Observations 2,556 2,556 2,556 2,556
Panel D. Male whose father is literate
sch X post 0.951 0.042 0.058 0.166
(4.122) (0.395) (0.465) (0.403)
Observations 1,643 1,643 1,643 1,643
County FEs Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes

Notes: This table reports heterogeneous effects on educational attainment by socioeco-
nomic background. The dependent variables are years of schooling and three dummy vari-
ables indicating literacy, completing primary school, and completing junior high school.
All regressions are weighted by national sampling weights. We add county fixed effects
and cohort fixed effects in all regressions. Individual controls include ethnicity and moth-
ers’ educational level. Standard errors are reported in parentheses and are clustered at the
county level.
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Table 11. Effects on Educational Attainment of the Second Generation

(1) (2) (3) (4) (5)

Dependent variable: Schooling Primary Junior Senior

Generation 2 (years) school high high College
Panel A. Generation 1 Female

sch x post 6.620 0.261 0.182 0.865 0.349
(2.432) (0.222) (0.312) (0.396) (0.273)

Observations 2,090 2,090 2,090 2,090 2,090

Panel B. Generation 1 Male

sch x post 0.595 -0.258 -0.622  0.305 0.203
(5.932) (0.366) (0.681) (0.511) (0.447)

Observations 1,980 1,980 1,980 1,980 1,980

County FEs Yes Yes Yes Yes Yes

Cohort FEs Yes Yes Yes Yes Yes

Individual controls Yes Yes Yes Yes Yes

Notes: This table reports the estimated effects on educational attainment of the sec-
ond generation. The dependent variables are the second generation’s years of schooling
and four dummy variables indicating completing primary school, completing junior high
school, completing senior high school, and completing college. All regressions are weighted
by national sampling weights. We add county fixed effects and cohort fixed effects in all
regressions. Individual controls include ethnicity, the second generation’s gender and age,
and parents’ educational levels. Standard errors are reported in parentheses and are clus-
tered at the county level.
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Figure A1. Age Heaping
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Notes: This figure plots the distribution of the last digit of age by gender among rural people
between 19 and 58 years old in the 1 percent sample of the 1990 China Population Census.
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Residualized average outcome

Residualized average outcome

Figure A2. Time Trend in Outcomes
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Residualized average outcome

Residualized average outcome

Notes: The figure plots the cohort-level mean residual outcomes conditional on ethnicity and county
fixed effects for rural women (panel A) and men (panel B) born from 1946 to 1966. The outcomes
are years of schooling and four dummy variables indicating literacy, completing primary school,
completing junior high school, and being employed. Different colored lines denote the average

outcomes of counties in four quartiles of the pre-control infection rate. The black line denotes the
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Figure A2. Time Trend in Outcomes (cont.)
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Figure A3. Cohort Analysis (IV)
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Notes: This figure plots the cohort-specific coefficients in equation (2) with an instrument variable
for pre-control infection rate. The effects on the cohort born in 1956 are set to zero. The outcomes
are years of schooling and four dummy variables indicating literacy, completing primary school,
completing junior high school, and being employed.
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Figure A4. Randomization Inference
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Notes: This figure plots the distribution of 1000 placebo DID coefficients. The vertical lines repre-
sent our baseline results in Table 3. We randomly assign the county-level pre-control schistosomiasis
infection rates within each province. The outcomes are years of schooling and four dummy variables
indicating literacy, completing primary school, completing junior high school, and being employed.
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Table Al. Correlation between Pre-Control Infection Rate and the Great Leap For-

ward Intensity

(1)

(2)

(3) (4) ()

sch Steel growth Communal dining Anti-right PCA
sch 1
Steel growth -0.165 1
(0.628)
Communal dining  0.312 -0.168 1
(0.350) (0.621)
Anti-right 0.407 -0.381 0.658 1
(0.214) (0.248) (0.028)
PCA 0.393 -0.577 0.827 0.908 1
(0.232) (0.063) (0.002) (0.000)

Notes: Column 1 presents that the pre-control infection rate was uncorrelated with any
measure of political zealousness at the province level. The Great Leap Forward intensity
measures come from Meng, Qian and Yared (2015). They are per capita steel production
growth (avg. 1958-1960), the participation rate in communal dining halls (avg. 1955-
1958), the magnitude of the 1957 Anti-Right purges, and the first principal component of
the above three variables. Significance levels are reported in parentheses.
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Table A2. Effects on Number of Schools

(1) (2)

#Primary schools #Secondary schools

sch X post -0.589 -0.003
(0.229) (0.006)
Observations 6,497 5,825
County FEs Yes Yes
Year FEs Yes Yes

Notes: This table reports the estimated results by estimating y;; = a4+ B(sch; x post;) +
d¢+0;+¢j:. We use county-level data between 1950 and 1966 from Chen et al. (2020). The
dependent variables are the number of primary schools per 100,000 people in column 1 and
the number of secondary schools per 100,000 people in column 2, scaled by population in
1964. We add county fixed effects and year fixed effects in all regressions. Standard errors
are reported in parentheses and are clustered at the county level.

Table A3. First Stage of IV Regression

(1) (2)

Female Male

water X post  0.501 0.506
(0.108)  (0.103)

Observations 551,273 573,097
County FEs Yes Yes
Cohort FEs Yes Yes

Notes: This table reports the first stage of IV regression from estimating equation (4).
The dependent variable is D;;. = sch;j x post;.. Columns 1 and 2 use female and male
sample, respectively. We add county fixed effects and cohort fixed effects and control for
ethnicity in all regressions. Standard errors are reported in parentheses and are clustered
at the county level.
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Table A4. Critical Period of Deworming

(1) (2) (3) (4)
Schooling Primary  Junior
(years) school high

Panel A. Female
sch x cohortl 2.215 0.272 0.218 0.162
(0.555) (0.059)  (0.067)  (0.069)
sch x cohort2 0.194 0.166 -0.030 -0.063
(0.385) (0.060)  (0.059)  (0.028)
sch x cohort3 0.467 0.146 0.006 -0.001
(0.260) (0.044)  (0.042) (0.014)
Observations 836,440 836,440 836,440 836,440

Panel B. Male
sch x cohortl 1.674 0.019 0.254 0.168
(0.387) (0.054)  (0.058)  (0.050)
sch x cohort2 0.645 0.055 0.155 -0.005
(0.355) (0.043)  (0.049)  (0.053)
sch x cohort3 0.618 0.049 0.131 0.033
(0.219) (0.029)  (0.038)  (0.027)
Observations 873,635 873,635 873,635 873,635

County FEs Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes

Literacy

Notes: This table reports the heterogeneous effects on educational attainment across the
age of receiving deworming treatment. cohortzlC equals 1 if individual ¢ was born between
1957 and 1966, cohortfc equals 1 if individual ¢ was born between 1952 and 1956, and
cohort?C equals 1 if individual ¢ was born between 1942 and 1951. People born between 1935
and 1941 are left as the reference group. The dependent variables are years of schooling
and four dummy variables indicating literacy, completing primary school, completing junior
high school, and being employed. We add county fixed effects and cohort fixed effects and
control for ethnicity in all regressions. Standard errors are reported in parentheses and are
clustered at the county level.

o4



Table A5. Robustness Checks

(1) (2) (3) (4) (5)
Linear Mean Urban Fake
. DID,,
trends  reversion sample  event

Panel A. Female
Schooling (years) 1.324 1.864 3.584  -0.279  -0.272
(0.274)  (0.346)  (0.595) (0.434) (0.220)

Dependent variable

Literacy 0.061 0.113 0.036 -0.031 0.041
(0.030)  (0.034)  (0.060) (0.030) (0.037)
Primary school 0.144 0.210 0.387 -0.025  -0.050

(0.034)  (0.043)  (0.073) (0.045) (0.032)
Junior high school 0.150 0.229 0.551 -0.033  -0.066
(0.035)  (0.046)  (0.098) (0.071) (0.019)

Employed -0.005  0.001  -0.025 -0.025  0.017
(0.012)  (0.011)  (0.020) (0.033) (0.021)
Observations 651,812 651,812 350,149 82,317 376,802

Panel B. Male
Schooling (years) 1.100 1.022 2.786 0.063  -0.187
(0.278)  (0.209)  (0.401) (0.477) (0.267)

Literacy 0011 -0.017  -0.049  0.049  0.024
(0.013)  (0.010)  (0.034) (0.022) (0.021)
Primary school 0.068  0.064 0260  0.036  0.007

(0.031)  (0.022)  (0.034) (0.029) (0.031)
Junior high school 0.187 0.165 0.445 -0.043  -0.077
(0.043)  (0.036)  (0.067) (0.081) (0.042)

Employed -0.007  -0.002  -0.002 -0.004  0.003
(0.005)  (0.003)  (0.004) (0.024) (0.003)
Observations 676,545 676,545 361,523 117,743 394,620

Notes: This table reports robustness checks of our baseline results. Column 1 includes
county-specific linear time trends. In column 2, we include a series of interaction terms
between the average of the dependent variable among people born from 1946 to 1956
and cohort dummies (i.e., gj46—56 % cohort;.). In column 3, we estimate a two-way fixed
effects model with heterogeneous treatment effects, as described in De Chaisemartin and
d’Haultfoeuille (2020). Columns 4 and 5 are falsification tests using an urban sample and a
fake intervention in 1950. The dependent variables are years of schooling and four dummy
variables indicating literacy, completing primary school, completing junior high school,
and being employed. We add county fixed effects and cohort fixed effects and control for
ethnicity in all regressions. Standard errors are reported in parentheses and are clustered
at the county level in columns 1-2 and 4-5. Standard errors are clustered at the county
level and computed by 1,000 bootstrap replications in column 3.
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Table A6. Difference between Non-Movers and Movers

(1) (2) (3) (4) (5)

Schooling Primary Junior

(years) Literacy school high Employed
Panel A. Female
native 0.028 0.011 0.028 -0.021 0.028
(0.299) (0.033) (0.035)  (0.032) (0.044)
Observations 4,314 4,314 4,314 4,314 4,314
Panel B. Male
native -0.456 -0.003 -0.019 -0.049 0.004
(0.334) (0.034) (0.029)  (0.042) (0.053)
Observations 4,313 4,313 4,313 4,313 4,313
County FEs Yes Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes

Notes: This table shows the comparison of educational attainment and employment sta-
tus between movers and non-movers in the CFPS sample. The independent variable is
a dummy variable indicating that the person did not move out of the birthplace. The
dependent variables are years of schooling and four dummy variables indicating literacy,
completing primary school, completing junior high school, and being employed. All regres-
sions are weighted by national sampling weights. We add county fixed effects and cohort
fixed effects in all regressions. Individual controls are ethnicity and parents’ educational
levels. Standard errors are reported in parentheses and are clustered at the county level.
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Table A7. Effects on Migration

Dependent variable: Migration (1) (2) (3) (4)
Panel A. Female
sch -0.007  -0.007
(0.004) (0.005)
sch X post -0.207  0.069
(0.210) (0.246)
Observations 5,715 4,316 5,712 4,314
Panel B. Male
sch -0.005  -0.004
(0.003) (0.003)
sch x post 0.209 0.013
(0.235)  (0.298)
Observations 5,560 4,313 5,559 4,313
County FEs No No Yes Yes
Cohort FEs Yes Yes Yes Yes
Individual controls No Yes No Yes

Notes: This table presents the estimates of the effect of schistosomiasis prevalence and the
deworming campaign on migration. The dependent variable is a dummy variable indicating
that the person moved out of his or her birthplace. All regressions are weighted by national
sampling weights. Individual controls include ethnicity and parents’ educational levels.
Standard errors are reported in parentheses and are clustered at the county level.
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Table A8. Differences Between People Who Lived With Parents and People Who Did

Not
Yes No Difference
Age 30.265  33.600 -3.335
(5.892)  (6.007) (0.012)
Male 0.710 0.443 0.267
(0.454)  (0.497) (0.001)
Ethnicity (Han) 0.906 0.924 -0.019
(0.292)  (0.264 (0.001))
Years of schooling  6.727 5.560 1.167
(3.227)  (3.563) (0.007)
Literate 0.911 0.813 0.098
(0.284)  (0.390) (0.001)
Primary school 0.781 0.650 0.131
(0.413)  (0.477) (0.001)
Junior high school  0.419 0.297 0.122
(0.493)  (0.457) (0.001)
Employed 0.978 0.959 0.019
(0.147)  (0.198) (0.000)
Observations 330,497 997,860

Notes: See the note of Table 1 for the description of the sample and the definitions of variables.

Standard deviations are in parentheses in columns 1 and 2.

Column 3 reports the differences

between people who lived with parents and who did not, which is obtained from a regression

of demographic characteristics on an indicator for living with parents. Standard errors are in

parentheses in column 3.
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Table A9. Baseline Results from the CFPS Sample without Controlling Parents’
Education

(1) (2) (3) (4) ()
Schooling Primary Junior
(years) school high

Panel A. Female
sch x post 4.154 0.424 0.575 0.418 0.609
(2.537) (0.268)  (0.302) (0.236)  (0.387)
Observations 4,849 4,849 4,849 4,849 4,849

Panel B. Male
sch x post 1.480 0.014 0.045 0.123 0.133
(2.282) (0.253)  (0.235)  (0.293) (0.292)
Observations 4,889 4,889 4,889 4,889 4,889

County FEs Yes Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes Yes

Literacy Employed

Notes: This table reports our baseline results using the CFPS sample from estimating
equation (1). The dependent variables are years of schooling and four dummy variables
indicating literacy, completing primary school, completing junior high school, and being
employed. All regressions are weighted by national sampling weights. We add county fixed
effects and cohort fixed effects and control for ethnicity in all regressions. Standard errors
are reported in parentheses and are clustered at the county level.
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Table A10. Heterogeneous Effects on Years of Schooling by Brawn Endowment

(1) (2) (3) (4)

Female<158cm Female>158cm Male<168cm Male>168cm

sch X post 2.836 7.294 6.368 2.591
(2.976) (2.507) (3.410) (2.426)
Observations 1,996 2,035 2,050 2,169
County FEs Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes

Notes: This table reports heterogeneous effects on years of schooling across brawn endow-
ment. All regressions are weighted by national sampling weights. We add county fixed
effects and cohort fixed effects in all regressions. Individual controls are ethnicity and
parents’ educational levels. Standard errors are reported in parentheses and are clustered
at the county level.
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Table A11.

Effects on Labor Market Outcomes

(1) (2)

Working hours Occupational Prestige

Panel A. Female

sch X post 6.169 -3.690
(2.260) (10.917)
Observations 3,677 1,803
Panel B. Male
sch x post 1.133 19.246
(3.872) (9.227)
Observations 3,804 2,315
County FEs Yes Yes
Cohort FEs Yes Yes
Individual controls Yes Yes

Notes: This table reports the estimated effects on labor market outcomes. The dependent
variables are working hours and Standard International Occupational Prestige Scale. All
regressions are weighted by national sampling weights. We add county fixed effects and
cohort fixed effects in all regressions. Individual controls include ethnicity and parents’
educational levels. Standard errors are reported in parentheses and are clustered at the

county level.
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Table A12. Effects on Adult Health

(1) (2) (3) (4)

. Self-reported Interviewer
Height — BMI health -reported health
Panel A. Female
sch x post -0.656  -3.787 -0.041 0.338
(4.972) (2.303) (0.370) (0.303)
Observations 3,464 3,431 3,677 3,677
Panel B. Male
sch x post -0.568  1.765 0.278 0.686
(3.061) (3.130) (0.217) (0.346)
Observations 3,748 3,737 3,804 3,804
County FEs Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes

Notes: This table reports the estimated effects on adult health. The dependent variables
are height, body mass index, self-reported health, and interviewer-reported health. Self-
reported health is a dummy variable that equals 1 if the respondent thinks (s)he is healthier
than peers. Interviewer-reported health is a dummy variable that equals 1 if the interviewer
thinks the respondent’s health condition is above 5 on a scale of 1 to 7. All regressions
are weighted by national sampling weights. We add county fixed effects and cohort fixed
effects in all regressions. Individual controls include ethnicity and parents’ educational
levels. Standard errors are reported in parentheses and are clustered at the county level.
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Table A13. Effects of Potential Mediators on Household Income

Mediators (1) (2) (3) (4) (5)
Education 0.027 0.035
(0.005) (0.006)
Employed 0.144
(0.044)

Occupational Prestige 0.007

(0.002)
Health 0.084

(0.017)

Observations 2,951 2,951 3,095 1,894 3,095
Sample Female Female Male Male Male
County FEs Yes Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes

Notes: This table reports the relationship between potential mediators and adult economic
status. The dependent variable is the log of per capita household income. All regressions
are weighted by national sampling weights. We add county fixed effects and cohort fixed
effects in all regressions. Individual controls include ethnicity and parents’ educational
levels. Standard errors are reported in parentheses and are clustered at the county level.
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Table Al14. Effects on Fertility

(1) (2)
L(has children) No. children

Panel A. Female

sch x post 0.074 0.644
(0.087) (0.502)
Observations 3,677 3,677
Panel B. Male
sch x post 0.106 0.187
(0.115) (0.534)
Observations 3,804 3,804
County FEs Yes Yes
Cohort FEs Yes Yes
Individual controls Yes Yes

Notes: This table reports the estimated effects on fertility. The dependent variables are
a dummy variable indicating if the person had a child and the number of children. All
regressions are weighted by national sampling weights. We add county fixed effects and
cohort fixed effects in all regressions. Individual controls include ethnicity and parents’
educational levels. Standard errors are reported in parentheses and are clustered at the

county level.
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B Data: China Schistosomiasis Atlas

We describe the data collection process as follows. According to a unified sta-
tistical table and method, the county-level offices of schistosomiasis control collected
the number of cases and reported it to the higher authority at the province level.
Then the province-level offices reviewed and summarized the data and sent them to
the central office for schistosomiasis control in Beijing. The central office released the
final statistics after some corrections.

For each endemic province, the atlas contains a map (e.g., Figure B1) and a
statistical table (e.g., Figure B2). The map plots the area of snail habitats and

population infection rates. The table reports (from the first column to the last):

1. county name,

\)

. the number of endemic people’s communes,*
3. the number of endemic production teams,?
4. population in endemic production teams,

5. the number of total patients,
6. the number of total chronic patients,
7. the number of current patients,
8. the number of current chronic patients,
9. pre-control infection rate,
10. current infection rate,
11. total area of snail habitats,

12. current area of snail habitats,

13. total and current area of snail habitats of three types.?

'The people’s commune was the largest collective units in rural areas from 1958 to 1983. The
communes had governmental, political, and economic functions during the Cultural Revolution.

2A production team was formerly the basic accounting and farm production unit in the people’s
commune system from 1958 to 1984.

3Three types are plain regions with waterway networks, marshland and lake regions, hilly and
mountainous regions
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Figure B1. Schistosomiasis Prevalence Map of Zhejiang Province

77 TR ML S AT I L P 78
1n §
AR A
L
) -
:’ :‘gtt-tm(llﬁm &
W e |
b
F
it f |
umm.@ s
b
I8 A A mi
(Rl L BT
B 00
B oo
I, soomt - 5
[ %0 L RS
| 50 LT s
| [ ] dememz |
‘ 1i7 18 5
: 5 B 12000000 & = L ipen
Notes: The figure is a scanned schistosomiasis prevalence map of Zhejiang province from the China

Schistosomiasis Atlas (Qian 1988).
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Figure B2. Schistosomiasis Prevalence Statistical Table of Zhejiang Province
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Notes: The figure is a scanned schistosomiasis prevalence statistical table of Zhejiang province from
the China Schistosomiasis Atlas (Qian 1988).
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C Two-Way Fixed Effects Model with Heterogeneous
Treatment Effects

Equation (1) is essentially a two-way fixed effects model studied in De Chaise-
martin and d’Haultfoeuille (2020). They show that if the treatment effect is het-
erogeneous across counties and cohorts, the two-way fixed effects estimator may be
a misleading estimate of the average treatment effect even when the standard par-
allel trend assumption is satisfied. Therefore, we estimate a corrected difference-
in-differences estimator DID,,, which allows heterogeneous treatment effects across
groups and periods.

We start from a general setup. All observations can be divided into J groups
and T periods. For every (j,t) € {1,...,J} x {1,.. T}, let N,; denote the number
of observations in group j at period ¢. For every (i,j,t) € {1,...,N;;} x {1,...,; J} x
{1,..T}, let D, ;, and y; ;; denote the treatment status and outcome of observation

i in group j and period ¢t. Then for all (j,t), let

= E 1,5,t5

jtzl

'7 E yz,]t
Jt =1

D, and Y;; denote the average treatment and observed outcome in group j at period
t, respectively. Suppose D, can take values in D = {0, ...,d}. To define DID,,, we
introduce, for all (d,d',t) € D* x {2,..T},

Njit
Z(j,t):Dj’t:d’,Dj’t,I:d,tZQ Nyas [Yyt Y},t—l]

N

it Y., Y.
(j,t):Dj’t:Dj7t_1:d,t22 Nd d ot [Y.;vt Y77t_1]

DIDd,d’,t = [1 {d < d/} —1 {d/ < d}]

where Nggt = > JiDja=d,D;p1=d N;; is the number of observations whose treatment
status changes from d to d' at time t. Denote Npg = Z( N;i|Djr — Djy—1],

then

G,t)it>2

Ndd it
DID,, Z Z . 2 DID gy
t=2 (d d’ eD? JdF£d

DID,, is a weighted average of a series of regular DID estimators. For a regular DID

estimator DIDg gz, , we compare the evolution of the outcomes between treatment
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groups and control groups in period ¢. The treatment level changes from d to d' in
treatment groups, while the control groups keep the treatment level at d unchanged.
DID,, combines this kind of regular DID estimators across all possible values of d,
d', and t.

Using De Chaisemartin and d’Haultfoeuille’s notation, our setup has two periods:
before and after the schistosomiasis control program (¢t = 1,2) and 858 groups (j =
1,2,...,858). It is a sharp two-way fixed effects model, which means that all people
have the same treatment variable within a group-period cell (i.e., D; ;: = D, for all
i € {1,...N;;}). Then D;; = 0 for all j since no county received treatment before
the start of the deworming program. D;s = sch; as the pre-control schistosomiasis
infection rate is the treatment level of county j. Since there are only two periods and
one initial treatment level, Ny = No g2 = Zj:Dj’Fd, Nj 2, which is the number of
observations born after 1957 in counties with sch; = d’. Denote the set of endemic
counties E and the set of uninfected counties U. We can write the number of people
born after 1957 in uninfected counties as Ny 2. Then we can express the regular DID

estimator as:

N; N,
DIDygy=DIDygo= Y. ﬁd; Vi =Yl = > N(J]z [Yio — Yid].

jeu

Finally, the new estimator, DID,,, can be written as:

Ny g
DIDy =Y “>*2DIDoy

aep DS

where Npg = ZJEE N;9Djs. The above formula clearly shows that DID,, is a
weighted average of regular DID estimators comparing the evolution of the outcome in
endemic counties where the pre-control infection rate is d’ and in uninfected counties
where the treatment is always 0, across all possible values of d'.

This new estimator relies on a normal parallel trend assumption and a stable group
existence assumption. That is, if there is one treatment group, then there exists at
least one control group. Our design clearly satisfies this assumption because there
are more uninfected counties than infected counties. Table C1 displays the estimated
results of DID,,,. Standard errors are clustered at the county level and computed by
1,000 bootstrap replications. The results are similar to the cohort analysis and IV
estimates. We find a larger significant increase in individuals’ educational attainment

compared to the baseline results. If one county with a 30 percent schistosomiasis in-
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fection rate eliminated the disease, rural women in this county were 11.61 and 16.53
percentage points more likely to complete primary school and junior high school, re-
spectively. In terms of years of schooling, they received roughly additional one year.
The positive education effect was slightly smaller for rural males, which is consistent

with our results using other methods.

Table C1. Two-Way Fixed Effects Estimator with Heterogeneous Treatment Effects

(1) (2) (3) (4) ()
Schooling Primary  Junior
(years) school high

Panel A. Female
sch x post 3.584 0.036 0.387 0.551 -0.025
(0.595) (0.060)  (0.073)  (0.098) (0.020)
Observations 350,149 350,149 350,149 350,149 350,149

Panel B. Male
sch x post 2.786 -0.049 0.260 0.445 -0.002
(0.401) (0.034)  (0.034) (0.067) (0.004)
Observations 361,523 361,523 361,523 361,523 361,523

County FEs Yes Yes Yes Yes Yes
Cohort FEs Yes Yes Yes Yes Yes

Literacy Employed

Notes: This table reports results from estimating a two-way fixed effects model with het-
erogeneous treatment effects, as described in De Chaisemartin and d’Haultfoeuille (2020).
The dependent variables are years of schooling and four dummy variables indicating liter-
acy, completing primary school, completing junior high school, and being employed. We
add county fixed effects and cohort fixed effects and control for ethnicity in all regressions.
Standard errors are clustered at the county level and computed by 1,000 bootstrap repli-
cations.
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