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Abstract

Understanding the causal relationship between vaccination and individuals’ risky
behavioral responses has important policy implications as it affects the ultimate
effectiveness of increasing access to vaccination. This paper examines the causal
effects of vaccination on risky behaviors by exploring the 1992 hepatitis B vacci-
nation campaign in China. Our empirical strategy exploits variations in age at the
campaign as well as the pretreatment infection risks across provinces. Using a large
cross-section of individuals born between 1981 and 1994, we find that more expo-
sure to the hepatitis B vaccination leads to lower alcohol use during adulthood, and
such impacts are almost entirely driven by men. Individuals from more educated
families and people who live in urban areas tend to react more. Improved educa-
tional attainment and dissemination of related knowledge are important contribu-
tors. Our results uncover an unexpected benefit of promoting access to vaccination.
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1 Introduction

Vaccination is one of the most effective ways to contain infectious disease outbreaks
and protect people from serious vaccine-preventable illnesses. However, the causal
relationship between vaccination and individuals® risky behavioral responses has
been understudied in the literature, and the existing evidence is mixed.' Such a rela-
tionship raises questions about the ultimate effectiveness of increasing access to vac-
cination. Take the COVID-19 vaccines as an example: if people continue taking pre-
cautions or become even more careful after receiving the COVID-19 vaccines, such
responses are likely to reinforce the positive effects of the vaccination, and we would
expect long-term benefits on public health. However, if individuals stop taking pre-
cautions after being vaccinated, the benefits of such vaccination are likely mitigated
in the long run.

This paper examines the causal relationship between vaccination and individual’s
risky behaviors by exploring the hepatitis B vaccination campaign in China in 1992.
Hepatitis B is one of the most important infectious diseases around the world, and it
is of particular interest to the policy makers in developing countries because of the
high prevalence of chronic hepatitis B virus (HBV) infection (Kane 1995). Chronic
HBYV infection can lead to cirrhosis and hepatocellular carcinoma (McMahon 2009),
imposing a heavy burden for low-income countries, and it is responsible for nearly
900 deaths per day worldwide (World Health Organization 2014).

The hepatitis B vaccination campaign was carried out by the Ministry of Health
of China in 1992 in response to the high prevalence of HBV infection. A routine
HBYV immunization was recommended, and priorities were given to the infants and
children at preschool age. We are particularly interested in the vaccination effects on
individuals’ alcohol use during adulthood.

A priori, how anti-HBV vaccination affects drinking behavior is unclear. First,
alcohol consumption is highly discouraged for people with chronic HBV infection
due to the harmful effects of alcohol on the liver. According to the Center for Dis-
ease Control and Prevention (CDC), alcohol use of more than 25-30 mL per day
is associated with the progression of HBV-related liver disease (CDC 2008). As a
result, vaccines that protect people from being infected with HBV might increase
individuals’ alcohol use because the cost of drinking alcohol is substantially
reduced. This is consistent with the concept of a moral hazard effect that has been
widely studied in the context of health insurance.”

Second, alcohol use may decline if vaccination generates gains in human capi-
tal. The long-run impacts of early-life health interventions on educational attainment
have been extensively studied in the literature (e.g., Chay et al. 2009; Bharadwaj

! For example, Brewer et al. (2007) show that individuals who had undergone human papillomavirus
(HPV) vaccination were less likely to engage in risky behaviors than those not vaccinated. Sadler et al.
(2015) find similar results for women in the UK. Moghtaderi and Dor (2021) further confirm that the HPV
vaccination causally promotes women’s participation in Pap tests. However, Donken et al. (2018) fail to
find any evidence that HPV vaccination affects young women’s sexual behavior in the Netherlands, which
is further confirmed by Ogilvie et al. (2018) in British Columbia and Frio and Franca (2021) in Brazil.

2 See a review of this literature in Einav and Finkelstein (2018).
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et al. 2013; Miller and Wherry 2019; Brown et al. 2020). There is also a growing
number of studies that focus on early-life vaccination and find significantly positive
effects on education (Baranov and Kohler 2018; Oskorouchi et al. 2020; Kuecken
et al. 2021; Zhang et al. 2021; He et al. 2022). Given the strong evidence that educa-
tion is negatively associated with alcohol consumption (e.g., Murakami and Hashi-
moto 2019; Crum et al. 1993; Liu et al. 2020), improved educational attainment as
a result of the vaccination might reduce regular alcohol use. Furthermore, alcohol
consumption may also be reduced if the vaccination campaign equips people with
better knowledge about the risk factors for HBV-related infection.

Finally, the theory of competing mortality risks outlined by Dow et al. (1999)
implies that a particular health policy does not only change the probability of death
from the targeted disease but also increases one’s incentive to invest in preventing
other causes of death. Based on this theory, people who have been exposed to the
anti-HBV vaccination might have strong incentives to increase other health invest-
ments so as to reduce alternative causes of death.

To identify the vaccination effects on individuals’ risky behaviors, we use the
cohort difference-in-differences (DD) strategy following Zhang et al. (2021), who
study the same vaccination campaign and its impacts on individuals’ investments in
human capital. This strategy exploits two sources of variation. The first variation is
the age when the campaign was launched. According to the medicine literature, unlike
most adults who recover spontaneously from acute HBV infection (e.g., Gitlin 1997,
Peters 2009), the chronicity risk of HBV infection is strikingly high among infants
and younger children since they usually do not have sufficient immune response to
clear the virus once exposed.® This chronicity risk declines with age at which one
was exposed, and according to the medicine literature, it dramatically drops to almost
zero if exposed at age 5 (e.g., Coursaget et al. 1987; Cui and Zhuang 2016; Zu et al.
2017; Torres-Cornejo and Lauer 2017) because now most people can spontaneously
clear their infection (e.g., Prescott et al. 1999; Mysore and Leung 2018).* Moreover,
an estimated one-third of individuals with chronic HBV infection ultimately develop
a long-term consequence of the disease, such as cirrhosis, end-stage liver disease, and
hepatocellular carcinoma (e.g., McMahon 2009; Liang 2009).5

Given the above evidence, we believe that the anti-HBV vaccination is more use-
ful for children under age 5 because they face substantially higher chronicity risk
and more detrimental long-term consequences of HBV infection than their older
counterparts. Older children and adults may not benefit from being vaccinated as
much since they either have already developed chronic HBV infection so that vac-
cination would not work anymore, or they mostly can recover spontaneously from an
acute infection without vaccines. In particular, we choose the age cutoff at 4 years,

3 People who test positive for the hepatitis B virus for more than 6 months (after their first blood test
result) are diagnosed as having a chronic infection (Krajden et al. 2005).

4 Specifically, the risk of developing chronic HBV infection if exposed is about 90% for neonates and
children younger than 1 year and about 30% for infections in early childhood between 1 and 4 years. In
contrast, the chronicity risk of HBV infection in older children and adults is as low as 3%.

5 To the contrary, acute liver failure is very rare among patients with acute hepatitis B, accounting for
approximately 1%.
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or equivalently the birth-year cutoff at 1988, and consider those no more than
4 years old at the time of the campaign as the treatment group. Applying the 4-year-
old cutoff is equivalent to restricting the coefficients for children aged 5 and above in
1992 to be zero and as suggested in Duflo (2001), this is empirically testable using
cohort-by-cohort estimation. Therefore, we follow Duflo (2001) and Nunn and Qian
(2011), and further confirm that this chosen age cutoff is in line with the data. We
also consider the variation in the number of years one is exposed to the vaccine, as
opposed to the binary exposure, for robustness tests.

The second variation comes from the regional differences in the pre-campaign
HBYV infection risks. It can be used to proxy for the intensity that a given area was
treated based on the evidence that provinces that had higher initial infection rates
experienced larger declines in the hepatitis B surface antigen (HBsAg) seropreva-
lence. We construct the vaccination exposure variable by combining the above two
sources of variation. Our identification comes from the comparison in the cohort
trends in alcohol use between individuals born in the areas with higher pre-cam-
paign HBV infection risks and those born in the areas that were less risky, within
and beyond the age range for the hepatitis B vaccination.

This identifying strategy does not assume exogenous cross-provincial variation
in the pretreatment risk levels, but it relies on the assumption of parallel trends: in
the absence of the vaccination campaign, alcohol use behaviors follow common
cohort trends across places with different pre-campaign HBV infection risks. In
other words, the cohort trends in regular alcohol use should not be correlated with
the initial risk levels if there were no vaccination campaigns. Based on the cohort-
by-cohort estimation, we confirm that there are no heterogeneous preexisting cohort
trends in alcohol use between high- and low-risk provinces. We further include a
series of pre-campaign provincial characteristics and allow these effects to vary
across cohorts to control for the potentially confounding factors that are correlated
with the initial HBV infection risk levels.

Using the China Family Panel Studies (CFPS) data in 2018, we find that more
exposure to the anti-HBV vaccination campaign leads to lower alcohol use during
adulthood. An increase of 1-percentage-point in the exposure intensity, measured
as the initial HBV infection risk, reduces the likelihood of regular alcohol drinking
by about 0.91 percentage points, which is equivalent to a decline of approximately
6.89%. Such negative effects only appear among men, while the vaccination impacts
on women’s alcohol use are neither statistically nor economically significant. The
estimates are robust to a variety of tests that account for different choices of sam-
pling cohorts, alternative control groups and treatment measures, inter-provincial
migration, sample selection, etc.

Apart from the gender differences in the treatment effect, there are also some het-
erogeneous vaccination effects that tend to be larger for individuals from more edu-
cated families and people who live in urban areas. We discuss two potential mech-
anisms. First, we find that more exposure to the vaccination campaign improves
educational attainment, which in turn reduces regular alcohol use. Second, the
reduction in regular alcohol consumption among high-educated fathers associated
with the vaccination provides suggestive evidence of knowledge dissemination due
to the campaign among the high-educated families.
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Our findings contribute to the literature in three ways. First, our paper adds to
the small but growing literature that examines individuals’ behavioral responses
to medical innovations. Existing associational and causal studies have looked into
medical innovations, including the HPV vaccines (Brewer et al. 2007; Moghtaderi
and Dor 2021; Frio and Franca 2021), the human immunodeficiency virus (HIV)
test and treatment (Wilson et al. 2014; Gong 2015; Delavande and Kohler 2016;
Friedman 2018), diabetes treatment (Klick and Stratmann 2007), statin use (Kaes-
tner et al. 2014), and the coronary artery disease (CAD) treatment (Margolis et al.
2014). Despite the great importance of hepatitis B and its vaccines, the causal rela-
tionship between hepatitis B vaccination and individual risky behaviors has received
little attention in the economics literature.

The behavioral changes associated with the vaccination against hepatitis B are
likely different from responses to the other medical innovations that have been stud-
ied in the literature for two reasons. For one thing, unlike diabetes and CAD, which
are noncommunicable, hepatitis B is highly infectious and can cause long-term dam-
age to the liver.® Therefore, people might react to the anti-HBV vaccines differently
from the treatments for non- or less-infectious diseases. For another, in addition to
the cost of medical treatment for HBV infection, HBV carriers in China usually have
to bear great costs associated with discrimination at school, in employment, in rela-
tionships, and even within families (Yang and Wu 2011). It was very common for
employers and schools to turn down those who tested positive for HBV, which high-
lights the poor knowledge about HBV transmission routes (Kan et al. 2015). Facing
such high costs, people who have been vaccinated might exert more effort in main-
taining their health in the context of hepatitis B.

Second, because most HBV infections occur through perinatal transmission from
mother to child, the vaccination against HBV is routinely given to newborns and
infants (Abbas and Siddiqui 2011). This provides us with the opportunity to study
the long-run behavioral responses to vaccination, while the existing literature has
primarily focused on the short-run effects.

Finally, our results shed light on the literature about the effect of early-life shocks
on later-life outcomes.” Existing studies have largely reached a consensus that early-
life health interventions have both short-run and long-run impacts on a variety of
outcomes, such as health, education, and labor earnings (Smith 2009; Currie et al.
2010; Currie and Vogl 2013; Adhvaryu et al. 2019). However, the role played by
children’s long-run behavioral responses to these shocks remains unclear. There is
a growing literature studying parental responses to children’s endowment (Fan and
Porter 2020) and children’s early health shocks (Yi et al. 2015), but their own behav-
ioral responses could be very different from parental reactions because they have
heterogeneous goals: parents aim to find the optimal solution to the intra-household
resource allocation problem, while children ought to maximize their own utility.

The paper is organized as follows: Section 2 provides the background of China’s
hepatitis B vaccine campaign. Section 3 describes the data used in the analyses.

6 Hepatitis B is known to be 50 to 100 times more infectious than HIV (Juszczyk 2000).
7" A review of this literature can be found in Almond and Currie (2011).
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Section 4 discusses the empirical strategy. Section 5 presents the baseline results,
the heterogeneity results, and robustness checks. Section 6 discusses the mecha-
nisms. Section 7 finally concludes.

2 Context

China was a hyperepidemic area of HBV infection (Lei et al. 1999). According to
the second National Viral Hepatitis Seroepidemiological Survey, the HBsAg sero-
prevalence® among the population aged 1-59 years was 9.75% in 1992. In most
developed countries, the prevalence of chronic HBV infection is only 1% (Abbas
and Siddiqui 2011). It is estimated that 120 million people in China were HBV car-
riers (Xia et al. 1996), and almost 300,000 died annually of HBV-induced liver dis-
eases (Zhuang 2004). Due to the high HBV endemicity, China’s health authorities
prioritized the prevention of HBV infection. In fact, China is known to be one of the
two first countries in the developing world to attempt to control HBV infection by
mass immunization of hepatitis B vaccines (Gust 1996; Zhou et al. 2008).

In 1986, a locally produced plasma-derived hepatitis B vaccine that uses HBsAg
from the blood of people with chronic HBV infection was licensed and produced.
The supplies of the carrier plasma were inadequate, and as a result, the produc-
tion was insufficient and very costly (Guo et al. 1999; Zhou et al. 2008). With the
availability of mammalian cell culture technologies, in 1992, recombinant hepati-
tis B vaccines using Chinese hamster ovary cells were licensed and put into mass
production.’

In the meantime, the Ministry of Health of China initiated the hepatitis B vac-
cination campaign. It formulated the “National Hepatitis B Immunization Plan” in
January 1992 and published the guideline in April 4, 1992. The state-owned com-
pany China Biological Products was the only supplier of the vaccine, and local
health departments were responsible for making the purchase and distributing the
vaccines to local healthcare facilities. The goal of this campaign was that by 1994,
the vaccination coverage rate should reach 85% for all neonates and preschool-age
children in the urban areas, about 60% for newborns in relatively more developed
rural areas, and 40% for neonates in less developed regions.

According to the Plan, the vaccination for neonates should follow the “0-1-6”
rule: receiving the first dose within 24 h of birth and subsequent doses at ages 1 and
6 months (Wang et al. 2016). For preschool-age children, three doses of catch-up
vaccines were given. At the beginning of the campaign, vaccines were not free of

8 HBsAg seroprevalence is believed to be a more appropriate measure for the hepatitis B infection than
clinical disease outcomes because the transmission of HBV among infants and young children is usually
asymptomatic, and reduction in the incidence of cirrhosis or hepatocellular carcinoma often takes many
years to observe (World Health Organization 2014).

° Later in 1996, Chinese vaccine makers were granted to produce recombinant vaccines using HBsAg
derived from yeast cells, a technology shared by the Merck & Dohme Company, and the vaccine produc-
tion was as high as about 60 million doses per year. In June 1998, the production of plasma-derived vac-
cine was suspended and was eventually abandoned in 2000 (Zhuang 2004).
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charge. It cost about 29 yuan for neonates born to mothers with chronic HBV infec-
tion and about 18 yuan for infants whose mothers were not HBV carriers and all pre-
school children (Hu 1992). Given that the yearly disposable income was about 1826
yuan among urban workers and around 784 yuan among rural workers (National
Bureau of Statistics of China 1993), the vaccines accounted for no more than 1.6%
and 3.7% of annual income among urban and rural workers, respectively.

With the hepatitis B vaccination program, vaccine coverage among children
has significantly increased. It was less than 8% at the time when the campaign was
launched, and by 1994, it had substantially increased to about 95.09% in the cities,
78.24% in the suburbs, and less than 50% in rural areas (Jia et al. 1999).10 Although
the immunization coverage was not full, the rate of HBsAg seropositivity among
children considerably reduced as a result of the vaccines. At the beginning of the
campaign, the HBsAg seroprevalence was 10.7% among boys aged no more than
4 years and 8.5% among girls within the same age range (Zhou et al. 2008), and it
had declined to about 2.28% by 1994 (Jia et al. 1999). In 2002, the health authorities
integrated the hepatitis B vaccine into the National Expanded Program on Immu-
nization (EPI) and canceled all charges in May 2005. According to the most recent
Seroepidemiological Survey of Hepatitis B Virus Infections in 2014, the HBsAg
seroprevalence among children under age five dropped to about 0.32% in China
(United Nations Children’s Fund 2018).

3 Data
3.1 HBV-infection risk

The pre-campaign HBV-infection risks at the province level come from the 1992
National Viral Hepatitis Seroepidemiological Survey. The survey was led by the
Ministry of Health of China and carried out by local health departments in June
1992. The survey randomly selected 145 national disease surveillance points (DSPs)
across 30 provinces,'! covering a total of 67,017 individuals aged 1-59 years from
22,949 households. It collects serum specimens from all subjects who were inter-
viewed, except those who had already been vaccinated, to detect HBsAg, total hepa-
titis B core antibody (anti-HBc), and hepatitis B surface antibody (anti-HBs). Since
the survey was conducted around the same time when the campaign was just initi-
ated, about 92% of all subjects had never received anti-HBV vaccination.

Figure 1 plots the geographical distribution of the HBsAg seroprevalence in
June 1992. Consistent with existing studies (e.g., Bersohn et al. 1974; Orito et al.
2001; Roman et al. 2014), the prevalence of HBsAg carriers has strong geographical

10 The immunization coverage was not universal, possibly due to the lack of public awareness. Moreo-
ver, before the introduction of the out-of-the-cold-chain (OCC) strategy, vaccines should be stored and
transported using a cold chain. The lack of cold-chain infrastructure further hampers immunization cov-
erage, especially in remote areas (Wang et al. 2007).

! The municipality of Chongging was not separated from Sichuan province until March 1997, and Tai-
wan was not surveyed.
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Fig. 1 Geographical Distribution of the HBsAg seroprevalence in 1992. Notes: This figure plots the geo-
graphical distribution of the HBsAg seroprevalence across provinces in June 1992. Data source: the 1992
National Viral Hepatitis Seroepidemiological Survey

patterns. The share of people with chronic HBV infection in the southern areas is
generally higher than that in northern China, and the average prevalence rates in the
coastal areas are typically higher than those in inland China.'?

More importantly, the pre-campaign HBsAg seroprevalence is strongly related
to the effectiveness of the vaccines, measured as a reduction in the province-level
HBV infection rates. Figure 2 plots the province-level HBsAg seroprevalence in
1992 against the percentage-point decline in the HBsAg carrier rates between 1992
and 2006 based on both waves of the National Viral Hepatitis Seroepidemiological
Survey. We find a strong and positive correlation with a slope of 0.311 (s.e. 0.106),
indicating that provinces that had higher HBV infection rates experienced larger
declines in the HBsAg seroprevalence.!* We thus assign the pre-campaign HBV

12 We confirm no evidence of a strong correlation between the initial risk levels and the of pretreatment
local economic development. There is a weak correlation between the logarithm of province-level GDP
per capita in 1992 and the province-level HBsAg carrier rates in the same year, with a slope of —0.903
(p-value=0.546).

13 We note that there are four provinces whose HBsAg carrier rates increased between 1992 and 2006.
We confirm that excluding these outliers yields a slightly smaller slope at about 0.206 (s.e. 0.095), and
the statistical significance remains.
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Percentage-point decline in HBsAg carrier rate from 1992 to 2006 (%)

5 10 15 20
HBsAg carrier rate in 1992 (%)

Fig.2 Decline in the province-level HBV-infection risks associated with initial risk levels. Notes: This
figure is a scatter plot with the province-level HBsAg carrier rates in 1992 on the horizontal axis and
percentage-point declines in the HBsAg carrier rates from 1992 to 2006 on the vertical axis. The data
is collected from the two waves of the National Viral Hepatitis Seroepidemiological Survey in 1992 and
2006. The fitted line is obtained from linear regression, and the slope is 0.311 (s.e. 0.106)

infection risk to each individual based on one’s province of birth so as to describe
the intensity that one is exposed to the vaccination.

3.2 Alcohol use

The key outcome of interest is individual’s regular alcohol use collected from the
CFPS. The CFPS is a nationally representative longitudinal social survey project
conducted by the Institute of Social Science Survey of Peking University, with rich
information on education, health, and income, among many others, at individual,
household, and community levels. The national baseline survey was launched in
2010 and interviewed 16,000 households in 25 provinces in China. There are then
bi-yearly follow-up surveys in 2012, 2014, 2016, 2018, and 2020.

We use the 2018 survey for our analyses, and the reasons are twofold. First,
since we focus on individuals born around the campaign year 1992, many of them
were too young in the earlier waves of the survey to drink alcohol regularly.'* Sec-
ond, we do not use the most recent wave of the CFPS surveyed in 2020 because

4 According to Li et al. (2011), only about 5.8% of men aged 18-24 years frequently drink alcohol in
China, while 14% of males aged 25-34 are regular alcohol users.
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we are concerned that the COVID-19 pandemic might change individuals’ alcohol
use behaviors. If its impacts vary across cohorts, our estimates will be biased."
We define the outcome variable as an indicator of whether one is a regular alcohol
user based on the survey question: “Did you drink alcohol at least 3 times a week
in the past month?” We assign the value of 1 if the individual answers “yes” to
this question and consider them as regular alcohol drinkers, and the value of O if
the answer is “no”.

To arrive at our baseline sample, we make two restrictions. First, we exclude peo-
ple whose alcohol-drinking behaviors are not allowed or strictly regulated, includ-
ing full-time students'® and Hui and Islam individuals who are forbidden from con-
suming alcohol due to religious rules. Second, we limit the sample to individuals
born between 1981 and 1994 who were in their late 20 s and early 30s when they
were surveyed. We do not include cohorts born beyond 1994 in concern of potential
sample selection since many are likely in school.!” Our baseline sample includes
5570 individuals. Among cohorts born before 1988, the difference in regular alcohol
drinking between the high- and low-risk areas is about 0.001 (s.e. 0.013) and statisti-
cally insignificant. The difference turns—0.026 (s.e. 0.012) for the treated cohorts
born in and after 1988 and becomes statistically significant at the 5% level. More
summary statistics of the demographic characteristics can be found in Table 1.

4 Empirical strategy

To gauge the causal effect of the anti-HBV vaccination on individual alcohol use,
we adopt the cohort difference-in-differences (DD) approach specified below:

Viptm = O+ ﬂRiskp X post1988; + X,-plmy + (an,)é + Gp +1,+ o, +Ep, (1)
where y;,,, is the regular alcohol drinking status of individual i born in province p
in year 7 surveyed in month m. The variable Risk,, is the initial HBV-infection risk
level, measured as the HBsAg carrier rate in province p in 1992, and post1988; is an
indicator that equals 1 if individual i was born in or after 1988 and O if individual
i was born before 1988. X,,,, is a series of individual and household characteris-
tics including gender, ethnicity, health endowment measured as one’s birth weight,
hukou type at birth, and three indicators for household age composition, i.e., shares
of household members who are aged 0-6, 7-24, and 25-55. We include a vector of
pretreatment characteristics at the province level measured in 1990, denoted by W,

15 We also note that the publicly available version of the CFPS 2020 is currently incomplete. For exam-
ple, it does not include family relations, so we are unable to control for family characteristics.

16 In China, the majority of university students live on campus, and their activities in dormitories are
often strictly regulated (Mou and Lin 2020). For example, student parties cannot involve alcohol con-
sumption on campus. They may still be able to consume alcoholic beverages outside the campus, but
they are rarely regular drinkers (Ji 2010).

17 We further removed 72 respondents whose provinces of birth were beyond the 25 provinces surveyed
in the baseline CFPS in concern of the singleton problem (Correia 2015).
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' Following Duflo (2001), Alsan (2017), and Kuecken et al. (2021), we interact W,
with indicators for birth cohorts #, to allow these effects to vary across cohorts. We
further include province-of-birth fixed effects 6, and birth cohort (or equivalently
birth year) fixed effects #,. We also control for the survey month fixed effects w,, to
capture the seasonal patterns in alcohol drinking. Following Kuecken et al. (2021),
we add an interaction term between birth cohort indicators #, and regional averages
of the outcome variable to control for the potential mean reversion in the alcohol
drinking behaviors. Standard errors are clustered at the place-of-birth level.

Our identification relies on the parallel trend assumption: the cohort trends in
alcohol use are not related to the initial HBV-infection risks, so the evolvement
of alcohol use among cohorts born in the low-risk areas provides valid counter-
factuals. In Fig. 3, we separately plot the fractions of regular alcohol drinkers for
each birth cohort between 1981 and 1994 for the high-risk areas and low-risk
areas determined by the median risk level. For earlier cohorts born before 1988,
there are no apparent differences in the cohort trends of shares of regular alcohol
drinkers between the high-risk areas and the low-risk areas. The spatial distri-
bution of HBV infection is largely determined by climatic characteristics (Yin
et al. 2021),19 which likely contributes to the common cohort trends prior to the
campaign. The fractions of regular alcohol drinkers for cohorts born after 1988,
however, immediately drop and remain low. Moreover, provinces that had higher
initial infection risks experienced a larger reduction in the fraction of alcohol
drinkers. Taken together, Fig. 3 suggests that cohort trends in alcohol use prior
to the campaign are similar across areas with different initial risk levels. It also
indicates that alcohol use behaviors are quite different for cohorts on the opposite
sides of the birth-year cutoff.

We further follow Duflo (2001) and Nunn and Qian (2011) and generalize Eq. (1)
to a fully flexible cohort-by-cohort estimation as below

1994
Vipm = O+ Zk=198l BRisk, X I+ X7 + (Wo1,)8 + 0, + 1, + @ + €5

(@)
Specifically, we interact the pre-campaign risk level Risk, with a series of birth-
year indicators If that equal 1 if individual i was born in year k. All other varia-
bles are defined in the same way as those used in Eq. (1). By writing the regression
model in this way, we are able to obtain a battery of cohort-specific estimators f, for
the vaccination effects, except for the cohort born in 1987, which is used as the ref-
erence group. Therefore, each coefficient f; is interpreted as the estimated impact of

the vaccination campaign for a given cohort k relative to the reference cohort.

18 Specifically, W, includes the logarithm of per capita consumption, number of hospital beds per 1000
people, the share of people with at least middle-school education, and four variables that describe local
population demographics, i.e., shares of people who are urban hukou owners, male, aged 0-6, and
Tibetan or Zhuang ethnicity. The latter two variables are collected from the fourth population census
data, and the rest are from the 1991 China Statistical Yearbook.

19 For example, Yin et al. (2021) show that warm and humid weather both aggravates the development
of hepatitis B disease and is not conducive to the recovery of liver disease.
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Fig.3 Fraction of regular alcohol drinkers by birth cohorts and pre-campaign HBsAg carrier rates.
Notes: This figure compares the fractions of regular alcohol drinkers for different birth cohorts between
high-risk areas and low-risk areas. We consider provinces where HBsAg carrier rates were higher than
the median level as the high-risk areas and those with lower-than-median HBsAg prevalence rates as
the low-risk areas. Data source: CFPS 2018 and the 1992 National Viral Hepatitis Seroepidemiological
Survey

Estimates of Eq. (2) are reported in Table 2 and plotted in Fig. 4. They lend
strong support to the parallel-trend assumption. For all cohorts born before 1988,
the vaccination effects on individual alcohol use are statistically insignificant and
very close to zero. Moreover, the responses to regular alcohol drinking are signifi-
cant among people born in and after 1988.2° When we divide the sample based on
gender, the same patterns hold for men, while the vaccination effects are indistin-
guishable from zero for all female birth cohorts. This dynamic pattern does not only
provide convincing evidence that the parallel-trend assumption is likely to hold, but
it also justifies our choice of 1988 as the birth-cohort cutoff.

A remaining concern comes from the potentially confounding impacts of other
vaccines scheduled for infants and established over the early 1980s. In 1978, the
state council passed a law that required the establishment of a national EPI. The pro-
gram requires all infants to receive Bacille-Calmette-Guérin (BCG), oral poliovirus

20 We note that the significant negative effects do not appear to hold for the youngest cohorts born in
1993 and 1994. One possible explanation is that the sample restriction that excludes full-time students is
likely to be more binding for these birth cohorts than their older counterparts; thus, the sample of these
two cohorts is subject to more selection.
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Table2 Cohort-by-cohort
vaccination effects on the
incidence of regular alcohol use

All Male Female
(¢)) (@) 3)
Risk x birth1981 0.0001 —0.0002 —0.0005
(0.0044) (0.0099) (0.0029)
Risk X birth1982 0.0024 0.0020 —0.0012
(0.0036) (0.0066) (0.0038)
Risk X birth1983 0.0018 0.0011 0.0008
(0.0067) (0.0131) (0.0025)
Risk x birth1984 —0.0051 —0.0054 0.0001
(0.0033) (0.0069) (0.0035)
Risk X birth1985 0.0048 0.0111 0.0033
(0.0071) (0.0119) (0.0048)
Risk x birth1986 —0.0046 —0.0063 0.0006
(0.0056) (0.0105) (0.0041)
Risk x birth1988 —0.0119%%*%  —0.0251*** 0.0012
(0.0037) (0.0082) (0.0033)
Risk X birth1989 —0.0091*%*%  —0.0186*** 0.0021
(0.0033) (0.0047) (0.0036)
Risk X birth1990 —0.0062*%**  —0.0103**  —0.0004
(0.0016) (0.0037) (0.0026)
Risk x birth1991 —0.0099%**  —0.0207*** 0.0007
(0.0035) (0.0058) (0.0020)
Risk X birth1992 —0.0176***  —0.0350*** 0.0010
(0.0032) (0.0067) (0.0031)
Risk x birth1993 —0.0043 —-0.0079 0.0018
(0.0032) (0.0067) (0.0047)
Risk x birth1994 —0.0038 —0.0056 0.0003
(0.0045) (0.0071) (0.0051)
Mean dependent variable 0.132 0.237 0.020
Observations 5570 2891 2679

This table estimates the vaccination campaign impacts on the inci-
dence of individual regular alcohol use based on Eq. (2). All speci-
fications shown include birth cohort indicators interacted with
regional averages of the outcome variable and pretreatment provin-
cial measures, individual and family characteristics, and province,
birth cohort, and survey month fixed effects. Results on demographic
and provincial characteristics are not reported. Standard errors are
in parentheses and clustered at the place-of-birth level. p <0.1; **

p<0.05; #* p<0.01

(OPV), diphtheria-pertussis-tetanus (DPT), and measles vaccines, which is also
known as the “Four vaccines, Six diseases” campaign (Yu et al. 2018). Since the
EPI was initiated around a similar time period when the anti-HBV vaccination was
launched, our estimates might be biased if the coverages of these other vaccines
are correlated with the pre-campaign HBV infection risks and vary across cohorts.
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However, we believe that this is less of a concern because the take-up rates of these
other vaccines were already high prior to the anti-HBV vaccine campaign. In par-
ticular, the first nationwide coverage survey conducted in 1989 documents that the
coverage of all recommended BCG, OPV, DPT, and measles doses by 12 months of
age was about 75-85% in 1987 and had reached 95-98% by 1989 (Yu et al. 2018).
Given that the majority of children were covered by the EPI at the time when the
anti-HBV vaccination was initiated, the potential impacts of the four major vaccines
are likely canceled out in the DD approach.

Finally, it is noteworthy that we do not observe whether one has been vaccinated;
hence, this identification strategy that is based on the exposure intensity estimates
the intention-to-treat (ITT) rather than the average treatment effect on the treated
(ATT). Understanding the ITT is as well important since the effect of the vacci-
nation campaign on individual risky behaviors does not always rely on individuals
being vaccinated. People who were not vaccinated might also be affected by the
availability of vaccines through positive externality (Kim 2006). Moreover, if the
vaccine campaign encourages the dissemination of HBV-related knowledge and
greater awareness that alcohol use could induce liver diseases, unvaccinated indi-
viduals who face a high risk of HBV infection might also reduce their alcohol use as
a result of the campaign. We will test this mechanism in Sect. 6.

5 Results
5.1 Baselineresults

The estimated results of Eq. (1) are reported in Table 3. We start with the
specification that only controls for a set of fixed effects. Column 1 shows that
more exposure to the vaccination tends to reduce the likelihood of regular alco-
hol drinking among men but not for women. Specifically, a 1-percentage-point
increase in the exposure intensity, measured as the pre-campaign HBV infection
risks, reduces the probability of regular drinking by 0.43 percentage points for
all, but such an effect is statistically insignificant.

When the sample is restricted to men, we find a significant reduction in their
likelihood of regular drinking at 1.05 percentage points. Given the sample aver-
age of regular drinking at 23.7% for men, this translates the vaccination effects to
a decline in the probability of regular alcohol use at about 4.43% (=1.05/23.7).
For women, the campaign effects are neither statistically nor economically sig-
nificant, which is somewhat unsurprising since very few women are regular alco-
hol users. Since the likelihood of regular drinking among the majority of women
is already at the corner solution in absence of vaccines, the vaccination can no
longer reduce their drinking, and the effect is expected to be small. On the con-
trary, as the interior solution is optimal for men on average, the exposure to vac-
cination would potentially drive some to the corner solution, leading us to find
significant results.

The province-of-birth fixed effects absorb all provincial characteristics that do not
vary across cohorts. However, concerns remain if the initial HBV infection risks are
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«Fig. 4 Cohort-by-cohort vaccination effects on the incidence of regular alcohol use. Notes: This figure
plots the estimation based on Eq. 2 for all and also separately for men and women. The markers show
the coefficients reported in Table 2, with the cohorts born in 1987 omitted as the reference group. The
dashed lines indicate the 95% confidence intervals around the point estimates, with the standard errors
clustered at the place-of-birth level

correlated with some cohort-variant factors at the province level. For example, areas
that experience economic downturns might have worsened healthcare systems and
hence higher infection risks for later cohorts. To address this concern, we include
the interaction terms between a battery of pretreatment provincial characteristics and
birth cohort indicators in column 2 of Table 3. We find a slightly larger vaccination
effect at about 1.5 percentage points (or equivalently 6.33%) for men and 0.65 per-
centage points (or 4.92%) for all.

In column 3, where we further control for a set of individual and household
characteristics, we consistently find a significant reduction in individual alcohol
use associated with vaccination exposure. Adding the mean-reversion term in col-
umn 4 yields a statistically significant estimate of —0.0183 for men and —0.0091
for all. The results suggest that a 1-percentage-point increase in vaccine exposure
reduces the probability of regular alcohol drinking by about 1.83 percentage points
or equivalently 7.72% for men and 0.91 percentage points or approximately 6.89%
for both genders combined. By multiplying these estimates by the average level of
initial HBV infection risk at 0.099, we find that the resulting elasticity is —0.76 for
men and —0.68 for all.

Our baseline estimation uses the birth cohorts born between 1981 and 1994. In
concern that the results are sensitive to the choices of sampling cohorts, we gradu-
ally restrict the sample by removing 1 year at a time from each side of the birth-
year cutoff and re-estimate Eq. (1). Results are reported in Table 4. We consistently
find reduced alcohol use associated with more exposure to the vaccination campaign
across all columns, especially for men. The statistical significance maintains even in
the last column, where we only include the two birth cohorts born in 1987 and 1988
who were respectively five and four years old at the time of the campaign, and the
magnitudes of the vaccine effects are slightly larger than the baseline results. One
percentage-point increase in vaccine exposure reduces the probability of regular
alcohol use by about 1.29 percentage points (or 8.43%) for all and 2.47 percentage
points (or 8.64%) for men. Overall, the estimates are robust to different choices of
sampling birth cohorts.?!

Alternatively, we redefine the treatment group to include cohorts born in 1986
and 1987, as they were both at preschool age and hence well targeted by the vac-
cination campaign. Results in the first two columns of Table Al remain statistically
significant and are slightly smaller than the baseline results in magnitude. In particu-
lar, the average reduction in regular alcohol use drops from 0.91 percentage points
to 0.82 percentage points for all individuals and from 1.83 percentage points to 1.57
percentage points for men. The results are also robust to the exclusion of the above
two cohorts, as shown in the last two columns of Table A1l.

21 We note that our estimates are also robust to the adoption of a probit model and the inclusion of the
CFPS sampling weights.
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Table 3 Vaccination effects on the incidence of regular alcohol use

€] @) 3 “
All
Risk X post1988 —0.0043 —0.0065%*%  —0.0074***  —0.0091%***
(0.0030) (0.0024) (0.0024) (0.0019)
Mean dependent variable 0.132 0.132 0.132 0.132
Observations 5570 5570 5570 5570
Male
Risk X post1988 —0.0105%*  —0.0150%**  —0.0154%%*% —(0.0183%***
(0.0044) (0.0039) (0.0041) (0.0030)
Mean dependent variable 0.237 0.237 0.237 0.237
Observations 2891 2891 2891 2891
Female
Risk X post1988 —0.0001 0.0008 0.0006 0.0006
(0.0007) (0.0008) (0.0009) (0.0008)
Mean dependent variable 0.020 0.020 0.020 0.020
Observations 2679 2679 2679 2679
Birth cohort X avg. alcohol use No No No Yes
Individual and family characteristics No No Yes Yes
Birth cohort X 1990 province characteristics No Yes Yes Yes

This table estimates the vaccination campaign impacts on the incidence of individual regular alcohol use
based on Eq. (1). All specifications shown include province, birth cohort, and survey month fixed effects.
Results on demographic and provincial characteristics are not reported. Standard errors are in parenthe-
ses and clustered at the place-of-birth level. p <0.1; ** p <0.05; *** p <0.01

5.2 Heterogeneity

Our baseline results reveal that vaccination exposure tends to reduce alcohol
use, especially for men. In this section, we discuss the potential heterogeneity
therein. We first divide the sample based on family educational background.
Specifically, we consider families as being highly educated if the average
parental education levels are at least middle school. Results in the first two
columns of Table 5 suggest that more exposure to the anti-HBV vaccination
reduces the likelihood of regular alcohol drinking for people from both educa-
tional backgrounds. In particular, a 1-percentage-point increase in vaccination
exposure reduces the likelihood of regular alcohol use by about 1.28 percent-
age points or 10.4% for individuals from more educated families, while the
effects are much smaller at about 0.55 percentage points or equivalently 3.85%
for the less educated group. Consistent with our baseline results, the signifi-
cantly negative impacts only appear among men.
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Table 5 Heterogeneous vaccination effects on the incidence of regular alcohol use

By average parental education By place of residence

Lower than At least middle school Urban Rural
middle school

@ @) 3 @
All
Risk X post1988 —0.0055%* —0.0128##* —0.0104%** —0.0085%**
(0.0024) (0.0034) (0.0029) (0.0024)
Mean dependent variable 0.143 0.123 0.121 0.147
Observations 3136 2347 2988 2470
Male
Risk X post 1988 —0.0098%*%* —0.0280%** —0.0203%** —0.0200%**
(0.0044) (0.0052) (0.0048) (0.0043)
Mean dependent variable 0.245 0.225 0.211 0.269
Observations 1704 1174 1528 1296
Female
Risk X post 1988 0.0009 0.0003 —0.0007 0.0020%*
(0.0009) (0.0018) (0.0012) (0.0008)
Mean dependent variable 0.0209 0.0205 0.0274 0.0111
Observations 1432 1173 1460 1172

This table estimates the heterogeneous vaccination campaign impacts on the incidence of individual reg-
ular alcohol use by average education levels of both parents and type of residential place. All specifica-
tions shown include birth cohort indicators interacted with regional averages of the outcome variable
and pretreatment provincial measures, individual and family characteristics, and province, birth cohort,
and survey month fixed effects. Results on demographic and provincial characteristics are not reported.
Standard errors are in parentheses and clustered at the place-of-birth level. p<0.1; ** p<0.05; ***
p<0.01

The larger vaccination impacts for men from families with better educational
backgrounds are likely driven through two channels. First, parents with higher edu-
cational attainments are more likely to educate their children with the HBV-related
knowledge that they acquired from the campaign, which in turn leads their children
to drink less when they grow up. Second, children from more-educated families
have a better chance of being vaccinated since their parents are likely more aware of
the importance of the vaccine.

Next, we discuss the heterogeneous treatment effects between urban and rural
regions. We consider the urban—rural classification based on one’s place of resi-
dence.?” Results are reported in the last two columns of Table 5. We find that the
impacts on individual alcohol use associated with the anti-HBV vaccination are

22 We are unable to examine the heterogeneous treatment effects based on one’s place of birth because
the CFPS does not provide information on the urban/rural classification for one’s birthplace. To mitigate
concerns about endogenous sampling, we run baseline regressions with the type of residential place as
the outcome variable. We confirm small and insignificant results overall and among men, but we cau-
tiously note that there appears to be some sorting in the rural area among women.
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rather comparable between the two groups of people. In particular, a 1-percentage-
point increase in vaccination exposure reduces the incidence of regular drinking
by about 0.85 percentage points or 5.83% for people living in rural areas, and the
effects are larger at about 1.04 percentage points or 8.57% for people living in urban
areas. Similar results are found for men.

When we restrict the sample to rural women, we find that they exhibit an ex-
ante moral hazard effect in the sense that they are more likely to drink alcohol
associated with more exposure to vaccination. We think that this could be driven
by the son preference that has long been prevalent among rural households. Li
(2004) finds that being female substantially reduces the probability of receiving
necessary vaccinations and leads to less child healthcare utilization in rural areas.
If the preference toward sons being vaccinated is particularly strong in the high-
risk areas, we might expect the vaccination effect on alcohol use flips the sign for
rural women.

5.3 Robustness checks
5.3.1 Placebo tests

To address the concern that our estimator may pick up the impact of some unob-
served province-level characteristics omitted from our regressions, we perform
two placebo tests. First, we estimate Eq. (1) based on placebo campaign years in
Table A2. We find insignificant effects in all placebo tests and confirm that our base-
line estimates are unlikely driven by some unobserved confounders.

Second, we follow Chetty et al. (2011) and Tang et al. (2019) and perform a pla-
cebo test by randomizing the initial risk levels. We repeat this procedure 1500 times
and depict the distribution of the ¢ statistics of the 1500 placebo estimates with the
kernel density denoted by the solid curves in Fig. 5. We confirm that the vaccination
campaign leads to a large decline in the incidence of regular alcohol use, especially
for men. This implies that the significant negative effects of the anti-HBV vaccina-
tion campaign on individual alcohol use are unlikely obtained by random chance.

5.3.2 Alternative treatment measures

In the concern that our baseline estimates might suffer from the measurement error
problem if the initial HBV-infection risk levels were misreported, we replace the
initial HBsAg seroprevalence with alternative measures.

First, we replace the risk levels with a binary variable based on the median level
of the initial HBsAg carrier rates in the first panel of Table A3. Second, we replace
the amount of HBsAg carrier rates with their rank orders in panel B. We further use
the quantiles of the initial infection risk and report the estimates in panel C. We con-
firm that the significant reduction in the likelihood of regular alcohol use, especially
for men, holds across all three specifications.
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«Fig.5 Placebo test by randomly assigning initial risk levels. Notes: This figure runs the placebo tests
by randomizing the initial HBsAg carrier rates. We repeat this procedure 1500 times and depict the dis-
tribution of the ¢ statistics of the 1500 placebo estimates with the kernel density denoted by the solid
curves. The vertical dashed lines present the 7 statistics of our baseline results shown in the last column
of Table 3. The p-value is the proportion of placebo ¢ statistics that are, in absolute value, no less than
the baseline 7 statistics

Furthermore, it is likely that individuals at different ages when the vaccination
campaign was launched were exposed to a different extent, even if they face the
same levels of infection risks. To this end, we replace the treatment group indicator
with a non-dichotomous variable to further differentiate the treatment group by the
number of years an individual was exposed to the vaccination campaign. We interact
this variable with the continuous risk levels and present the results in panel D, and
we combine it with the binary risk variable described above and re-estimate Eq. (1)
in panel E. Overall, the baseline results are robust to all of the alternative treatment
measures and unlikely attenuated.

5.3.3 Alternative control groups

In the baseline analyses, we use those who were aged at least 5 years at the time of
the campaign as the control group because the vaccines are unlikely effective for
these people. We pick cohorts born between 1981 and 1987, but technically, any
cohorts born before 1988 could serve as the comparison group. To examine whether
the baseline results are sensitive to the choices of the control group, we use a variety
of alternative birth cohorts as a comparison, as demonstrated in the column heads of
Table A4. We consistently observe significant negative effects on the likelihood of
alcohol use during adulthood associated with more exposure to the vaccination.

5.3.4 Confounding effects

First, in concern that our baseline results might pick up the confounding effects of
poor health, we restrict the sample to individuals with good health status and re-
estimate Eq. (1) in Table AS. The estimated impacts are very similar to the base-
line estimates and remain statistically significant. In particular, a 1-percentage-point
increase in the initial infection risk reduces the incidence of regular alcohol use by
approximately 0.8 percentage points or 6% for all and about 1.63—1.8 percentage
points (or equivalently 6.9-7.6%) for men.

Second, we address the concern of confounding vaccination effects with the
impacts of parental risk preference by controlling for own and/or parental degree
of risk aversion based on the five hypothetical questions regarding one’s risk
preference in the CFPS. In the survey, respondents are asked to compare receiv-
ing a fixed amount of money for sure and participating in a lottery with a certain
amount of prize. Based on these questions, we construct an ordered variable rang-
ing from 1 to 6, with a higher value representing a higher degree of risk aversion,
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and include it in the regression as five indicators.?> In Table A6, we first control
for parental risk preference and further add children’s own risk preference to the
regression. The estimates are very similar to our baseline results.

Finally, the 9-year compulsory education law (CEL) took effect on July 1, 1986;
hence, all cohorts in the baseline sample were affected. But due to the staggered
enforcement of the CEL at the province level, there might be heterogenous effects
across cohorts, which then confound the estimated vaccination effects. To mitigate
this concern, we use two ways to exclude its potential effects in Table A7. Results
confirm that the baseline estimates are insensitive to the inclusion of the CEL.

5.3.5 Sample selection

The sample selection problem could arise on two occasions. First, people might
migrate across provinces for health concerns. Therefore, we restrict the analytic
sample to the non-migrants whose provinces of residence are the same as their birth-
places. Results in Table A8 are almost identical to the baseline estimates.

Second, our baseline sample only includes individuals who survived in the long
run. This is unlikely a concern for the sampling cohorts since HBV infections often
manifest after middle age, especially post-40 years old (Kao and Chen 2002; Zu et al.
2017). Nonetheless, we examine this selection problem in two ways. We use the annual
average mortality per 100,000 people shown in Table A9 and back out the number of
observations that are potentially missing due to selection.* We find that the sample
selection problem is trivial. Only two people were selected for liver cancer, accounting
for merely 0.04% of our baseline sample size, and about 29.5 were selected by all-
cause disease mortality, which is only about 0.53% of the baseline sample size.?’

We also utilize the birth information collected for all members in the baseline
households regardless of whether they were alive, which is only available in the
CFPS 2010 data. It enables us to locate all individuals born between 1981 and 1994
whose households were surveyed by the CFPS. By replacing the dependent variable
in Eq. 1 with the indicator for whether one has died by 2010, we find in Table A10
that the vaccination effects are neither statistically nor economically significant.
Overall, we confirm that sample selection is negligible.

23 Specifically, the variable equals 1 if one consistently chooses the lottery; 2 if one stops preferring the
lottery when the safe price raises to 150 yuan; 3 if one stops preferring the lottery when the safe price is
120 yuan; 4 if one begins to prefer the lottery when the safe price is 80 yuan; 5 if one begins to prefer the
lottery when the safe price is 50 yuan; 6 if one consistently chooses the safe price over the lottery.

* We impute the survival function at age ¢ as S=Pr(T>0=Yr fi=1->,_,f where
Jfi =Pr(T =k)with k = 1,2, ... Dividing the number of observations within each birth cohort by the sur-
vival rate S then yields the complete cohort sizes. We then multiply the imputed cohort sizes with the
probability of dying any time between age 1 and age ¢, denoted by Zizl‘fk, and repeat this process for all
baseline birth cohorts. We note that the survival rate for a given cohort is imputed based on the mortality
at the age when they were surveyed by the CFPS in 2018, i.e., S = 1 — #f,. Since children are much less
likely to die from liver cancer than adults, our estimated size of selection is possibly the upper bound.

25 Admittedly, the average annual mortality rates are imputed based on the time period after 2004, not
exactly the entire time period our baseline cohorts have experienced. This may lead us to understate the
size of the selection problem if earlier periods have higher mortality rates.
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6 Mechanisms

In the previous sections, we find robust evidence that more exposure to the anti-
HBV vaccination leads to a reduced probability of regular alcohol use during
adulthood. To rationalize this negative effect, we consider two mechanisms.

6.1 Human capital

There is empirical evidence suggesting that vaccination improves the accumu-
lation of human capital, and the literature has also discovered some channels
through which education is affected. For example, Baranov and Kohler (2018)
find that antiretroviral therapy (ART), a treatment for HIV, significantly increases
household expenditures on education and children’s schooling, and they find that
the extended life expectancy and positive income effect through saved healthcare
costs are important contributors; Oskorouchi et al. (2020) show long-run posi-
tive impacts of childhood vaccinations on education and cognitive skills; Kuecken
et al. (2021) find that the anti-malaria campaigns in Sub-Saharan Africa lead to an
increase in children’s years of schooling since reducing malaria improves learning
through biological means; Zhang et al. (2021) explore the anti-HBV vaccination
campaign in China and find significant increases in children’s educational attain-
ments due to longevity gains; and He et al. (2022) show that children’s human
capital benefits from the introduction of Meningitis vaccines in China.

In Table 6, we examine whether individual educational attainment is affected
by the anti-HBV vaccination for our analytic sample. Results suggest that more
exposure to vaccination improves men’s education but has null effects on the
education among their female counterparts. This is consistent with Driessen
et al. (2015), who also find gender disparity in the childhood measles vaccina-
tion effects on schooling in Bangladesh, possibly due to son preference. Spe-
cifically, we find that a 1-percentage-point increase in the exposure raises the
likelihood of completing at least primary school and middle school education
by about 0.25 and 0.42 percentage points, respectively, while such positive
effects do not occur at the high-school margin. Given the strong evidence that
education is negatively associated with alcohol drinking (e.g., Murakami and
Hashimoto 2019; Crum et al. 1993; Liu et al. 2020), the reduction in individual
alcohol use could be driven by improved educational attainment as a result of
the vaccination.

In addition, since existing literature has found strong evidence of a causal
link between education and the majority of health outcomes (e.g., Brunello et al.
2016; Hamad et al. 2018), the educational gains associated with the vaccination
program may lead to significant improvements in other health outcomes as well.
To this end, we extend our baseline analysis to other health outcomes, includ-
ing self-assessed health, overweight status, incidence of inpatient care, medical
expenditures, current life expectancy, and cigarette smoking behavior. Details can
be found in Appendix B.

@ Springer



2574 C.Huang et al.

Tal).leﬁ AVaccinationieffects All Male Female
on individual educational
attainment ) @ 3)
At least complete primary school
Risk X post1988 —0.0001 0.0025* —0.0025
(0.0009) (0.0015) (0.0018)
Mean dependent variable 0.959 0.972 0.943
Observations 5708 3203 2505
At least complete middle school
Risk X post1988 0.0015 0.0042%* —0.0006
(0.0021) (0.0019) (0.0050)
Mean dependent variable 0.872 0.884 0.858
Observations 5708 3203 2505
At least complete high school
Risk X post1988 —0.0027 —0.0034 —0.0043
(0.0037) (0.0044) (0.0048)
Mean dependent variable 0.507 0.500 0.515
Observations 5708 3203 2505

This table estimates the vaccination campaign’s impacts on indi-
vidual educational attainment. All specifications shown include birth
cohort indicators interacted with regional averages of the outcome
variable and pretreatment provincial measures, individual and fam-
ily characteristics, province, birth cohort, and survey month fixed
effects. In this table, we further control for an individual’s number of
siblings so as to alleviate the confounding effect of quality-quantity
tradeoff and parental educational attainment, which are perceived as
a kind of social-economic background affecting children’s attitudes
toward the importance of education. Because we have included the
mean-reversion term, the estimations do not control for the interac-
tion between the provincial shares of people with at least middle-
school education and birth cohort dummies. Results on demographic
and provincial characteristics are not reported. Standard errors are
in parentheses and clustered at the place-of-birth level. p<0.1; **
p<0.05; *#* p<0.01

6.2 Dissemination of knowledge

According to the “National Hepatitis B Immunization Plan,” local health depart-
ments are also responsible for educating the public with HBV-related knowledge.
For example, in Anhui, local experts and healthcare workers showed up on TV pro-
moting anti-HBV vaccines, and there were approximately 400 news articles related
to hepatitis B in 1992 (Chen et al. 1993). Therefore, it is likely that people ben-
efit from the vaccination campaign not only through them being vaccinated but also
through their dissemination of related knowledge.

To test this channel, we face two challenges. First, the dissemination of infor-
mation is hard to measure. Second, children who were prioritized in the vaccina-
tion campaign were too young at the time to be directly educated, and thus, they

@ Springer



Vaccination and risky behaviors: evidence from the hepatitis. .. 2575

Table 7 Vaccination effects on the incidence of father’s regular alcohol use

)] @) 3 “ ) (6)
Risk X post 1988 0.0024  0.0021  0.0047 0.0048 0.0010 0.0010

(0.0029) (0.0028) (0.0035)  (0.0034) (0.0029) (0.0029)
Risk X post1988 x 1(edu; > highschool) —0.0109*% —0.0128%**

(0.0061)  (0.0055)
Risk X post1988 X 1(edu,, > highschool) —0.0170*** —0.0165%**
(0.0054) (0.0055)
Effect on the higher- —0.0062 —0.0080*% —0.0160%** —0.0155%**
educated

Mean dependent variable 0.315 0.318 0.315 0.318 0.312 0.314
Observations 6519 6084 6519 6084 5448 5106
Children characteristics No Yes No Yes No Yes

This table estimates the vaccination campaign impacts on the incidence of father’s regular alcohol use
based on Eq. (1). We control for children’s characteristics including gender, education level indicators,
marital status indicators, and current hukou type in columns 2, 4, and 6. Other covariates are defined the
same as in Eq. 1. In columns 3 and 4, we interact the treatment variable with the indicator for whether
father’s education level is at least high school. In the last two columns, we interact the treatment variable
with the indicator for whether mother’s education level is at least high school. All specifications shown
include birth cohort indicators interacted with regional averages of the outcome variable and pretreat-
ment provincial measures, individual and family characteristics, province, birth cohort, and survey month
fixed effects. Results on demographic and provincial characteristics are not reported. Standard errors are
in parentheses and clustered at the place-of-birth level. p <0.1; ** p <0.05; *** p <0.01

probably obtained the relevant knowledge through someone else, possibly their
parents. In this case, parents were educated during the campaign and passed the
information onto their children later on, and if parents are indeed the “messen-
gers,” we might expect their own risky behaviors to be changed. Since older chil-
dren and adults were not the targeted population of the 1992 vaccination cam-
paign, we believe that the dissemination of knowledge is plausibly limited among
parents of older and even adult children.

Results in Table 7 are obtained by estimating Eq. 1 based on the father’s current
alcohol use behaviors. We include the father’s marital status and indicators for the
father’s age groups, with other covariates defined the same as in the baseline analy-
ses. To mitigate the concern that fathers’ drinking may be affected by their adult
children, we add children’s characteristics, such as their gender, educational attain-
ment, marital status, and hukou type to the regression. Overall, we find null cam-
paign effects on fathers’ alcohol use in the first two columns.

We further consider the potential heterogeneity by parental education since par-
ents with higher education might process the information better than their less-
educated counterparts and are also more likely to educate their children. Specifi-
cally, in columns 4 and 5, we interact the campaign variable with the indicator for
whether father’s education level is at least high school. Its coefficient thus reflects
the difference in the campaign effects between high- and low-educated fathers.
Consistent with our prediction, the statistically significant interaction term (e.g.,
Risk X post1988 x 1(edu;> high school)) implies that the information channel differs
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between the two groups. We further confirm that this channel only exists among the
higher-educated by adding up the coefficient of the reference group (Risk X post1988)
with that of the interaction term (e.g., Risk X post1988 x 1(edu;>high school)). This
difference is even larger in the last two columns, where we examine the effects based
on whether the spouse’s education level is at least high school.

We would not expect that the reaction of the father’s alcohol use to the vac-
cination campaign is driven by direct vaccination since adults were not even
eligible for the vaccination during the campaign, and neither are they likely to
be affected through positive externality. Therefore, the father’s drinking behav-
ior likely reflects health knowledge. The significant interaction term (e.g.,
Risk X post1988 X 1(edu;>high school)) is also useful in explaining the heteroge-
nous effects in Table 5, where individuals from higher-educated families are much
less likely to be regular drinkers (—0.0128) compared with their less-educated
counterparts (—0.0055). Since this information channel is significantly different
between people from higher-educated and less-educated families, it may lead us to
find different results on their alcohol use.

7 Conclusion

This paper examines the causal effect of vaccination on an individual’s risky behav-
iors. We pay particular attention to individual alcohol use during adulthood and
exploit the introduction of the hepatitis B vaccination campaign in China in 1992.
This is essential for policy evaluation since an individual’s behavioral responses
could reinforce or compromise the ultimate effectiveness of the vaccination.

Using the cohort DD approach based on a cross-section of individuals born
between 1981 and 1994, we find that more exposure to the anti-HBV vaccines has
unexpected benefits. Specifically, a 1-percentage-point increase in the vaccination
exposure intensity, measured as the initial infection risks, reduces the likelihood of
regular alcohol drinking by about 6.89% and as large as 7.72% among men. These
results are robust to a series of tests. We further find some heterogeneous effects:
individuals from more educated families and people who live in urban areas experi-
ence a larger decline in the likelihood of being regular alcohol users. Human capi-
tal accumulation and dissemination of related knowledge are potential contributors
to the reduction in regular alcohol use. A back-of-the-envelope calculation sug-
gests that for every yuan spent on the anti-HBV vaccination, the health benefits
amount to 41.68 yuan (see Appendix C). This is very close to the benefit—cost ratio
of 39.41 estimated by Jiang et al. (2003) based on a sample of about 2800 workers
in a particular steel corporation in China.

Our findings should inform the policymakers, especially the developing coun-
tries where the uptake of the vaccine remains low, such as India (Khan et al.
2019) and the African region (World Health Organization 2017). In these coun-
tries, health infrastructure is relatively weak, healthcare insurance is often insuf-
ficient, and people with chronic HBV infection have to bear large medical costs
themselves since the treatments are usually not included in the insurance plans.
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Our findings suggest that promoting vaccination during early life is likely to have
long-term health benefits since people respond to the vaccination by reinforcing
the effectiveness of the vaccines through reduced risky behaviors. We cautiously
note that the evaluation of the effectiveness of vaccines might be needed on a
case-by-case basis. Nonetheless, the results that people take up more precautions
suggest that there are likely large benefits of adding and strengthening policy
interventions in vaccination coverage.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s00148-023-00942-4.
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