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ABSTRACT Although inter gen er a tional trans mis sion from par ents to chil dren has been 
widely stud ied, less is known about human cap i tal spill over from chil dren to par ents. 
Utilizing nation ally rep re sen ta tive data on both doc tor diag no sis and bio mark ers, as 
well as exploiting var i a tions in the implementation of China’s Compulsory Education 
Law, we exam ine the effects of adult chil dren’s edu ca tion on the prev a lence of chronic 
car dio vas cu lar illnesses among older par ents in China and explore poten tial mech
a nisms. Instrumental var i able esti ma tes indi cate that addi tional years of school ing 
among adult chil dren decrease the prev a lence of hyper ten sion among older par ents, 
whereas no evi dence indi cates a sig nif  cant impact on the prev a lence of dia be tes among 
the same group. Sons and daugh ters dif fer en tially impact their moth ers and fathers. 
Compared with fathers, moth ers ben e ft more from adult chil dren’s edu ca tion. Although 
no sig nif  cant dif fer ences are observed in the effects of sons’ and daugh ters’ edu ca tion 
in urban China, sons’ edu ca tion is more ben e f cial for par ents’ health in rural China. 
Further ana ly ses show that fnan cial sup port and health sup port (e.g., diag no sis and 
man age ment of chronic illnesses and main te nance of health behav iors) are crit i cal 
path ways for older par ents to ben e ft from their adult chil dren’s edu ca tion.

KEYWORDS Education • Chronic illnesses • Biomarkers • Intergenerational trans
mis sion • China

Introduction

It is well established that edu ca tion is asso ci ated with lon gev ity, phys i cal health, and 
men tal health across a wide range of socio eco nomic con texts (Goldman and Smith 
2011; Grossman 1972, 2015; Montez and Friedman 2015; Smith 2007). Evidence 
sug gests that the effects of edu ca tion on health per sist across gen er a tions (Black and 
Devereux 2011). However, pre vi ous stud ies have largely focused on inter gen er a
tional trans mis sion from par ents to chil dren (Aizer and Currie 2014). In the con text 
of pop u la tion aging, inter gen er a tional trans mis sion might work the other way around, 
from adult chil dren to older par ents.

If welledu cated adult chil dren pro vide bet ter oldage sup port and improve their 
par ents’ health, invest ment in chil dren’s edu ca tion could be a costeffec tive means 
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to pro mote pop u la tion health and alle vi ate gov ern ments’ fs cal chal lenges induced 
by ris ing med i cal expenditures. A small albeit grow ing lit er a ture has documented 
the pos i tive asso ci a tion between adult chil dren’s edu ca tion and paren tal mor tal ity in 
var i ous con texts (De Neve and Fink 2018; Friedman and Mare 2014; Lundborg and 
Majlesi 2018; Torssander 2013; Yahirun et al. 2017). However, less is known about 
the effects of adult chil dren’s edu ca tion on paren tal mor tal ity causes and how gen der 
influ ences those effects.

This issue is of par tic u lar impor tance in China, which has the larg est elderly pop
u la tion and is one of the most rap idly aging soci e ties in the world.1 As one of the 
world’s larg est devel op ing econ o mies, China pro vi des rel a tively less gen er ous social 
wel fare to its elderly pop u la tion. Given this inad e quate pub lic pro vi sion of for mal 
care for China’s elderly, infor mal fam ily sup port plays an essen tial role in oldage 
care pro vi sion. Filial piety, which is the core value of tra di tional Chi nese cul ture, 
enjoins chil dren to respect and sup port their par ents. In this con text, the edu ca tional 
attain ment of an adult child may be viewed as a fam ily resource, beneft ing not only 
the adult chil dren but also their old-age par ents (Friedman and Mare 2014).

These resources are par tic u larly impor tant now because China’s demo graphic 
shift is linked to a rapid health/epi de mi o log i cal tran si tion from infec tious to chronic 
dis eases.2 Cardiovascular dis eases remain the lead ing cause of mor tal ity in China, 
account ing for 46% and 43% of all  deaths in rural and urban China, respec tively 
(National Center for Cardiovascular Diseases 2018). Besides direct costs of med i cal 
care and the over all eco nomic bur den asso ci ated with these con di tions, car dio vas cu
lar dis eases also adversely impact qual ity of life—for exam ple, through decreased 
phys i cal func tion ing, shrunk social net works, and less con struc tive cop ing strat e gies 
(Megari 2013; Stanton et al. 2007; Tijhuis et al. 1998; Turner and Kelly 2000). Many 
car dio vas cu lar dis eases are pre vent able, and their risk fac tors are known and mod
i f able. However, inad e quate aware ness and responses among the older pop u la tion 
increase their like li hood of devel op ing those dis eases and decrease their like li hood of 
receiv ing proper dis ease diag no sis and man age ment after ward.

In this arti cle, by uti liz ing novel nation ally rep re sen ta tive data on both doc tor 
diag no sis and bio mark ers and by exploiting the dif fer en tial implementation of the 
Compulsory Education Law (CEL) between the late 1980s and early 1990s in dif fer-
ent prov inces across China, we exam ine the impact of adult chil dren’s edu ca tion on 
older par ents’ (aged 50+) car dio vas cu lar health. We focus, in par tic u lar, on hyper ten
sion and dia be tes, two major indi ca tors of car dio vas cu lar health. Hypertension is an 
impor tant risk fac tor for angina, heart attack, and stroke. It is regarded by the World 
Health Organization (WHO) as one of the most mod i f able risk fac tors for pre ma-
ture mor bid ity and mor tal ity (WHO 2013). It is also the sin gle larg est con trib u tor to 
global dis ease bur den and mor tal ity (Poulter et al. 2015). Diabetes is another impor
tant risk fac tor for car dio vas cu lar dis ease, and car dio vas cu lar dis ease is the lead ing 
cause of mor tal ity and mor bid ity among peo ple with dia be tes (Dal Canto et al. 2019). 

1 It took the United States 69 years, Sweden 85 years, and France 115 years for the pro por tion of the pop u
la tion aged 65 or older to dou ble from 7% to 14% (Bhattacharya et al. 2014). In China, the same tran si tion 
is esti mated to have occurred in only 25 years.
2 Almost 80% of all  deaths of peo ple liv ing in China aged 60 or older and 70% of dis abil ityadjusted life
years lost are attrib ut  able to chronic noncommunicable dis eases (Wang et al. 2005; WHO 2015).
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By com bin ing selfreported doc tor diag no sis with bio marker infor ma tion, we can 
go beyond sub jec tive selfreport mea sures to accu rately mea sure dis ease prev a lence. 
More impor tantly, we can inves ti gate the impact on the diag no sis and man age ment of 
those dis eases among older par ents.

We also explore how gen der influ ences the effects of adult chil dren’s edu ca tion on 
paren tal health. The dras tic demo graphic, eco nomic, and cul tural changes in China 
have shifted tra di tional patri ar chal fam ily struc tures and may have undermined the 
gen der divide in oldage sup port from adult chil dren to older par ents, espe cially in 
urban China (Xie and Zhu 2009). Financial, instru men tal, emo tional, and health sup
port (e.g., pro vid ing bet ter health knowl edge and encour ag ing bet ter health behav iors) 
may be par tic u larly impor tant mech a nisms for adult chil dren to improve paren tal car
dio vas cu lar health.

Background and Hypotheses

Chi nese Context

Education System in China

The typ i cal edu ca tion sys tem in China con sists of pri mary (six years), sec ond ary 
(three years of junior high and three years of senior high), and ter tiary (three/four 
years of col lege or more) lev els. In 1986, China insti tuted its nineyear Compulsory 
Education Law, mark ing the frst time the coun try used a law to spec ify nation wide 
edu ca tion pol icy (Fang et al. 2012; Huang 2015).

The CEL had sev eral key fea tures. First, it spec i fed that all  chil dren should enroll 
in school at age 6 and no later than age 7. Second, six years of pri mary school and 
three years of junior high school were des ig nated man da tory and free (i.e., nine years 
of free com pul sory edu ca tion in total).3 A typ i cal stu dent com ply ing with this law 
would begin pri mary edu ca tion at age 6, com plete the nine years of com pul sory 
school ing, and be eli gi ble to leave school at age 15. Those who were under age 15 at 
the time of the reform, espe cially those who would not have received the stip u lated 
num ber of years of edu ca tion if it were not for the CEL, were likely to obtain more 
years of school ing than they would have with out the CEL. But the extent of edu ca
tional expo sure var ied across agegroups. Those who were aged 6 or youn ger at the 
time of the reform were fully exposed because they had not begun their edu ca tion 
before the reform was intro duced. In con trast, those who were aged 7–15 may already 
have begun their edu ca tion at the time of the reform and thus were only par tially 
exposed.

Third, the pol icy made it unlaw ful for any orga ni za tion or indi vid ual to employ 
schoolage chil dren or ado les cents who should be receiv ing com pul sory edu ca tion 
(i.e., chil dren under age 15). The gov ern ment also set the min i mum employ ment age 
at 16 for the pub lic and pri vate sec tors in 1986 and 1988, respec tively (State Council 

3 Income per cap ita was much lower in China than in the United States or the United Kingdom when 
com pul sory school ing laws were implemented. In prac tice, the “free” aspect of the pol icy was not strictly 
enforced imme di ately after the enact ment and was instead set as a lon ger term goal.
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1986, 1988). In prin ci ple, a child can enter the labor mar ket only after fnishing the 
nine years of com pul sory school ing at age 15. A pro por tion of chil dren would con
tinue their edu ca tion for at least one more year, but chil dren aged 16 or older were 
not bound by either the CEL or the min i mum work ing age and thus were not exposed 
to the reform.

Finally, the prov inces could imple ment the CEL on dif fer ent sched ules (see Table 
A1 in the online appen dix). Some prov inces started as early as 1986, and some post
poned implementation until the 1990s. The cen tral gov ern ment also divided the 
nation into three categories: (1) eco nom i cally devel oped regions and cit ies, where a 
con sid er able pro por tion of the pop u la tion had already real ized uni ver sal junior sec
ond ary edu ca tion and where the gov ern ment aimed for CEL to be com pleted by 1990; 
(2) mid dle-level devel oped town ships and vil lages with tra di tion ally lower edu ca-
tional lev els, for which the goal was to real ize uni ver sal pri mary edu ca tion frst and 
then com plete CEL by 1995; and (3) least devel oped regions (mainly vil lages) with 
the low est edu ca tional level before the reform, for which no rigid time line was set for 
CEL implementation (Central Committee of the Communist Party of China 1985).

Old-Age Support in China

Community care, insti tu tional care, and fam ily care are the three main forms of care 
pro vi sion for the elderly. Family care—the infor mal care pro vided mainly by adult 
chil dren or other rel a tives—is the most impor tant of these forms (Zhao et el. 2019). 
Family income level is a crit i cal com po nent of this sup port through out the coun try, 
par tic u larly in rural areas. Family is the most impor tant source of sup port for rural 
older par ents (Cai et al. 2012).

The norms of fl ial piety, the most impor tant vir tue of Con fu cian ism, require that 
chil dren pro vide oldage sup port to their par ents. Such sup port has also been for mal
ized into law (Standing Committee of the National People’s Congress 2012). Accord
ing to the law, adult chil dren should ful fll their obli ga tions of fnan cial, emo tional, 
and health sup port and care to their older par ents. In par tic u lar, adult chil dren should 
pro vide timely treat ment and care for their sick, older par ents and cover med i cal 
expenses for older par ents with fnan cial dif f cul ties. This obli ga tion is par tic u larly 
impor tant for elderly peo ple with chronic illnesses because they require con stant care 
and treat ment. Although health care con di tions in China have gen er ally improved, 
the dis tri bu tion of med i cal resources between urban and rural areas is imbal anced. In 
2018, in urban and rural areas (respec tively), there were 4.0 ver sus 1.8 phy si cians, 
5.1 ver sus 1.8 reg is tered nurses, and 8.7 ver sus 4.6 beds per 1,000 pop u la tion.4 The 
qual ity of chronic dis ease man age ment is far from sat is fac tory in China. Although 
hyper ten sion and dia be tes are the most com mon chronic con di tions encoun tered in 
pri mary health care set tings, the man age ment of these two dis eases is char ac ter ized 
by poor aware ness and con trol rates (Li et al. 2020). Only 51.6% of hyper ten sive and 
36.5% of dia betic adults are aware of their con di tions, and only 16.8% of hyper ten
sive adults receive treat ment and con trol their blood pres sure (National Center for 

4 Authors’ cal cu la tions from 2019 China Statistical Yearbook (National Bureau of Statistics 2019).
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Cardiovascular Diseases 2018). The qual ity of diag no sis and man age ment of these 
two dis eases in rural China is even worse (Li et al. 2020).

Prior Research on Offspring’s Education and Parental Health

Studies have documented a pos i tive asso ci a tion between off spring’s edu ca tion and 
paren tal health in var i ous con texts. Most of these stud ies used mor tal ity risk as the 
main indi ca tor of paren tal health. Friedman and Mare (2014) showed that in the 
United States, off spring’s higher edu ca tional attain ment was asso ci ated with a lower 
risk of par ents’ mor tal ity when con trol ling for par ents’ socio eco nomic resources. 
Zimmer et al. (2002, 2007) found that in Taiwan, the edu ca tional attain ment of a 
par ent’s highestedu cated child was inversely asso ci ated with par ents’ mor tal ity 
and sever ity of func tional lim i ta tions as they age. Lee (2018) found that chil dren’s 
edu ca tion was neg a tively asso ci ated with older par ents’ phys i o log i cal dysregula
tion in Taiwan. Sabater and Graham (2016a) found that hav ing chil dren with upper 
sec ond ary or ter tiary edu ca tion was asso ci ated with a reduced risk of mor tal ity in 
Europe. Using Swed ish reg is try data, Torssander (2013) documented a sim i lar 
rela tion ship between paren tal mor tal ity and chil dren’s edu ca tion. Among socio eco
nomic dimen sions of adult chil dren, edu ca tion seems to be a key fac tor asso ci ated 
with paren tal mor tal ity (Torssander 2014). Several recent stud ies in Europe and the 
United States have shown that an increase in off spring’s school ing was asso ci ated 
with bet ter paren tal men tal health, as assessed via mea sures of depres sive symp toms 
(Sabater and Graham 2016b; Yahirun et al. 2020).

Similar asso ci a tions have also been documented in sev eral con texts char ac ter ized 
by lim ited pub lic sup port for the elderly. Yahirun et al. (2016, 2017) found that off
spring’s edu ca tion in Mexico was not asso ci ated with shortterm changes in par ents’ 
phys i cal func tion ing but was asso ci ated with increased paren tal lon gev ity. De Neve 
and Harling (2017) found that a oneyear increase in off spring’s school ing attain
ment was asso ci ated with 5% and 6% declines in the haz ard of mater nal and pater nal 
death, respec tively, in South Africa. Using Chi nese data, Yang et al. (2016) found that 
the adjusted haz ard of paren tal death for chil dren who received 10 or more years of 
edu ca tion was 17% lower than that of chil dren who received 6 or fewer years of edu
ca tion, and Jiang (2019) found that hav ing col legeedu cated chil dren was asso ci ated 
with a 31% decline in the haz ard of paren tal death.

Most of these cited results pro vide cor re la tional evi dence. Four recent stud
ies exploited edu ca tional reform pol i cies and used the instru men tal var i ables (IV) 
approach to esti mate the causal effects of chil dren’s edu ca tion on paren tal health. 
Using chil dren’s expo sure to the CEL as the IV, Ma (2019) found that increased chil
dren’s edu ca tion led to bet ter cog ni tive func tion ing and higher expected sur vival of 
older par ents in China. Exploiting an edu ca tional expan sion pol icy in Mexico in 1993, 
Ma et al. (2021) found sig nif  cant ben e f cial effects of off spring’s school ing on older 
par ents’ cog ni tion. Two other stud ies used paren tal mor tal ity as their main health 
mea sure, pro duc ing dif fer ent results. First, exploiting a Swed ish com pul sory school
ing reform that pro vided exog e nous var i a tion in chil dren’s school ing, Lundborg and 
Majlesi (2018) found no sig nif  cant causal impact of chil dren’s edu ca tion on paren-
tal mor tal ity risk broadly. However, they found the mar ginal impact of chil dren’s 
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edu ca tion to be more prominent in lowresource set tings. Second, using the 1974 
Tanzania Universal Primary Education pol icy reform as the IV for chil dren’s edu ca-
tion, De Neve and Fink (2018) found that each addi tional year of pri mary school ing 
among chil dren led to decreases of 3.7% and 0.8% in the prob a bil ity of mater nal and 
pater nal death, respec tively.

How Might Adult Children’s Education Affect Parental Health?

Health Spillovers/Behavioral Changes

Adult chil dren’s edu ca tion may affect paren tal health via sev eral chan nels. Berkman 
et al. (2000) high lighted the effects of social net works (includ ing fam ily and friends) 
on health. The spill over effects of fam ily mem bers’ edu ca tion, par tic u larly that of 
spouses and sib lings, are well documented (Friedman and Mare 2014). Welledu cated 
adult chil dren may help older par ents prac tice bet ter health behav iors (Friedman and 
Mare 2014; Ram et al. 2020); they may have bet ter health knowl edge and thus help 
older par ents avoid harm ful health behav iors and choose health ier life styles, such 
as by increas ing exer cise, improv ing diet, quit ting smok ing, and reduc ing alco hol 
con sump tion. Exposure to healthrelated exper tise in the fam ily has even been found 
to increase pre ven tive health invest ments, which is crit i cal for longterm health 
improve ment (Chen, Persson et al. 2019).

Financial, Instrumental, and Emotional Support

Betteredu cated chil dren may have more means to sup port their oldage par ents. 
Adult chil dren with more edu ca tion tend to have higher incomes and bet ter health 
out comes them selves, increas ing their like li hood of pro vid ing fnan cial sup port to 
their older par ents (De Neve and Fink 2018; Jiang and Kaushal 2020).

In addi tion, adult chil dren’s edu ca tion can have impli ca tions for the emo tional 
and instru men tal sup port of older par ents. Having more resources and bet ter health 
them selves, bet teredu cated adult chil dren may be well posi tioned to care for their 
older par ents (Friedman and Mare 2014). If chil dren’s higher edu ca tional attain ment 
trans lates to greater suc cess, it may increase morale or decrease worry among par
ents (Lundborg and Majlesi 2018). However, in pur suit of bet ter job oppor tu ni ties 
and career devel op ment, adult chil dren with more edu ca tion might live far ther from 
their par ents, mak ing car ing for older par ents more costly and poten tially neg a tively 
impacting par ents’ health (Torssander 2013). Other stud ies, though, have found no 
evi dence that geo graphic prox im ity and fre quency of con tact mod er ate the asso ci a-
tions between adult chil dren’s edu ca tion and paren tal health (e.g., Peng et al. 2019).

Diagnosis and Management of Care

Adult chil dren’s edu ca tion may increase their abil ity to acquire and pro cess health 
infor ma tion and to help older par ents nav i gate the health care sys tem (Friedman and 
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Mare 2014; Torssander 2013). The rapid devel op ment of dig i tal health—includ ing 
mobile health, health infor ma tion tech nol ogy, wear able devices, and per son al ized 
med i cine—is expected to improve the diag no sis and treat ment of dis ease and enhance 
health care deliv ery (Timmermans and Kaufman 2020). However, older adults face 
var i ous chal lenges related to dig i tal health, such as decreased famil iar ity with tech
nol ogy (e.g., internet, com puter, and smartphone), issues of trust, and con cerns about 
pri vacy (Fischer et al. 2014). Equipped with bet ter access to dig i tal health, bet ter-
edu cated adult chil dren may help par ents over come these chal lenges, obtain a timely 
diag no sis, and prac tice bet ter health man age ment once diag nosed (De León and 
McLaughlin 2018). This sup port is par tic u larly impor tant because the epi de mi o log
i cal tran si tion in China is char ac ter ized by wide spread underdiagnosis and low rates 
of treat ment and con trol of chronic dis eases.

In this arti cle, we aim to pro vide empir i cal evi dence on the effect of chil dren’s 
edu ca tion on paren tal health in old age in China. In addi tion to exam in ing the 
influ ence of fnan cial, instru men tal, and emo tional sup port, we high light the roles 
of health behav ior changes and the diag no sis and man age ment of care. Using 
mea sures of major behav ioral risk fac tors for car dio vas cu lar dis eases (includ-
ing phys i cal inac tiv ity, diet, smok ing, and drink ing), we inves ti gate poten tial 
behav ioral mech a nisms. By com par ing selfreported doc tor diag no sis with objec
tively mea sured bio mark ers, we test whether adult chil dren’s addi tional years of 
school ing lead to bet ter diag no sis and man age ment of chronic dis eases for older 
par ents.

Mother–Father and Daughter–Son Gender Differences

Adult chil dren’s edu ca tion may affect moth ers and fathers dif fer ently. The resource 
sub sti tu tion the ory pos its that when resources sub sti tute for one another, the pres
ence of one makes the absence of another less harm ful (Ross and Mirowsky 2006). 
The less there is of one resource, the more impor tant another resource will be. Given 
that older moth ers have fewer socio eco nomic resources, such as occu pa tion and 
earn ings, adult chil dren’s edu ca tion may have a larger impact on moth ers (Zhao and 
Zhao 2018). However, if the resources mul ti ply one another’s impact, the absence 
of one makes the pres ence of another less effec tive. Conversely, the more there is 
of one resource, the more impor tant another resource will be. Because older fathers 
have more socio eco nomic resources, they may ben e ft more from adult chil dren’s 
edu ca tion. Previous research has found greater ben e fts of off spring’s edu ca tion on 
moth ers’ health in Mexico and Tanzania but greater ben e fts on fathers’ health in 
South Africa (De Neve and Fink 2018; De Neve and Harling 2017; Yahirun et al. 
2017).

In addi tion, daugh ters’ and sons’ edu ca tion may have dif fer ent impacts on their 
older par ents. Friedman and Mare (2014) found that in the United States, hav ing 
daugh ters was more ben e f cial for moth ers’ sur vival than for fathers’, but the effects 
of sons’ and daugh ters’ edu ca tion did not dif fer sig nif  cantly. Torssander (2013) found 
that in Sweden, daugh ters’ edu ca tion was no more impor tant for paren tal mor tal ity 
than sons’ edu ca tion. Also using Swed ish data, Lundborg and Majlesi (2018) showed 
that daugh ters’ edu ca tion was more impor tant for fathers’ lon gev ity. In the tra di tional 
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patri ar chal Chi nese fam ily sys tem, sons are expected to assume the major respon si bil
ity of supporting their oldage par ents. However, with dras tic demo graphic changes, 
eco nomic devel op ment, and cul tural tran si tions, the tra di tional gen der divide in pro
vid ing oldage sup port has been declin ing. Although the tra di tional gen der pat terns in 
old-age sup port are more sta ble in rural China (Lei 2013; Yang 1996), daugh ters play 
an increas ingly impor tant and some times more prominent role in oldage sup port in 
urban China (Hu 2017; Whyte 2005; Xie and Zhu 2009).

In this arti cle, we exam ine gen der dif fer ences in the effects of adult chil dren’s 
edu ca tion on paren tal health at the par ent and child lev els in urban and rural China.

Data

We use data from the China Health and Retirement Longitudinal Study (CHARLS), 
which is a bien nial and nation ally rep re sen ta tive panel sur vey of peo ple aged 45 years 
or older and their spouses of any age. The CHARLS is part of an inter na tional net
work of lon gi tu di nal stud ies of aging and is closely har mo nized with the Health and 
Retirement Study in the United States and the Survey of Health, Ageing and Retire
ment in Europe. In this study, we mainly use data from Wave 4 (with the most recent 
avail  able bio marker data released in 2019).5 The CHARLS data were col lected via 
com puter-aided per sonal interviewing (CAPI) and a health assess ment. For detailed 
infor ma tion on the CHARLS sam pling, see Zhao et al. (2013).

Using CHARLS for this research offers three advan tages. First, CHARLS is 
pub licly avail  able and nation ally rep re sen ta tive, containing a wide range of infor
ma tion on demo graph ics, health, and socio eco nomic cir cum stances of adults aged 
45 or older. Specifcally, as one of the frst nation ally rep re sen ta tive sur veys in 
China to include blood bio mark ers (Chen, Crimmins et al. 2019), it con tains infor
ma tion on doc tor diag no sis and bio mark ers of hyper ten sion and dia be tes, enabling 
us to accu rately char ac ter ize the prev a lence, diag no sis, and man age ment of those 
illnesses. Second, CHARLS col lects detailed infor ma tion on respon dents’ liv ing 
chil dren.6 By matching each par ent with their chil dren, we can esti mate the impact 
of chil dren’s edu ca tion on older par ents’ health and explore poten tial mech a nisms. 
Finally, because some of these chil dren were exposed to the CEL but oth ers were 
not, we can infer cau sal ity. The sam ple includes chil dren born between 1956 and 
1991, who were aged 0–30 when the CEL was implemented. The oldest indi vid u als 

5 Wave 1 data were col lected in 2011 and 2012; Waves 2, 3 (the life his tory wave), and 4 followed in 2013, 
2014, and 2015, respec tively. However, the health assess ment data (blood pres sure and blood bio mark ers), 
from which we derive the objec tive mea sures of hyper ten sion and dia be tes, are avail  able for Waves 1 and 
4 only. In addi tion, implementing a fxed-effects esti ma tion strat egy would not account for time-vary ing 
unob serv able char ac ter is tics and, more impor tantly, would not allow us to recover the effect of adult chil
dren’s edu ca tion, which is largely timeinvari ant. Therefore, for the main anal y sis, we use a crosssec tional 
sam ple with the most recent avail  able bio marker data (Wave 4, released in June 2019) com bined with the 
IV esti ma tion strat egy.
6 The CHARLS (Wave 4) con tains a sep a rate data fle on the respon dent’s child(ren) (Child.dta), from 
which we obtain the infor ma tion on adult chil dren. Each child is assigned the same house hold ID as the 
respon dent. Relying on the unique house hold ID, we can link each respon dent to their child(ren).
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543Children’s Education and Older Parents’ Chronic Illnesses

affected by the CEL were 15 years old at the time of implementation. Thus, our 
choice to include indi vid u als who were 0–30 years old at CEL implementation 
means that roughly half the sam ple con tains chil dren who were fully or par tially 
affected by the CEL, and half the sam ple con tains chil dren who were not affected 
by the CEL.

For par ents with mul ti ple chil dren, we have mul ti ple par ent–child records in the 
data. Following Lundborg and Majlesi (2018), we weight each record pro por tional 
to the num ber of chil dren the par ent has. For exam ple, for a par ent with two chil dren 
who thus appears twice in the data, we weight each obser va tion of that par ent by one 
half, lead ing to a total weight of 1 for that par ent. In this way, we give equal weight 
to each par ent in the anal y sis.

Our sam ple of par ents includes those aged 50 or older. The fnal anal y sis sam ple 
includes approx i ma tely 29,458 adult chil dren in 150 counties in 28 prov inces.

Methods

Offspring edu ca tion might cor re late with unob served fac tors that are shared between 
off spring and older par ents (e.g., intrin sic abil i ties and under ly ing health), and health-
ier par ents might be bet ter  able to invest in off spring’s edu ca tion. To address these 
poten tial endogeneity issues and infer cau sal ity, we employ an IV approach and base 
our empir i cal anal y sis on the fol low ing equa tions:

 Yj = α0 +α1Si +ϕXc,i + γX p, j + εj  (1)

 Si = β0 +β1Zi + θXc,i + δX p, j + µ i .  (2)

Yj  denotes the health sta tus of child i’s par ent j. Si  indi cates years of school ing 
of child i. Xc,i  is a vec tor of con trol var i ables for child i’s char ac ter is tics: age; age 
squared; and indi ca tors for female, being mar ried, birth order (1st, 2nd, 3rd, and 
4th+), and num ber of sib lings. X p, j  is a series of con trol var i ables for char ac ter is
tics of child i’s par ent j: age; age-squared; and indi ca tors for female, being mar ried, 
highest edu ca tional level (illit er ate, pri mary, junior high, and senior high school or 
above), and rural house hold reg is tra tion (hukou) sta tus. Zi  mea sures CEL expo sure 
and is the IV. εj  and µ i are the dis tur bance terms. We con trol for both prov ince fxed 
effects and prov ince-spe cifc birth year lin ear trends (of the chil dren). We also clus ter 
the stan dard error at the prov ince chil dren’s birth year level.

Older Parents’ Chronic Illnesses

Our anal y sis includes two chronic con di tions: hyper ten sion and dia be tes. We use 
infor ma tion from the CAPI and the health assess ment to defne prev a lence.

We frst retain those who both com pleted ques tions regard ing their med i cal his tory 
of hyper ten sion and had their blood pres sure mea sured dur ing a health assess ment. 
We then defne hyper ten sion prev a lence as either of the fol low ing:
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544 Y. Liu et al.

 • Diagnosed with hyper ten sion (gath ered from the CAPI ques tion, “Has a doc tor 
ever told you that you have high blood pres sure or hyper ten sion?”).

 • Measured hyper ten sive (from the health assess ment, where hyper ten sion is 
defned as sys tolic blood pres sure ≥ 140 mm Hg and/or dia stolic blood pres sure 
≥ 90 mm Hg).7

Following Zhao et el. (2016), we frst include indi vid u als who com pleted ques-
tions regard ing their med i cal his tory related to dia be tes and had valid fasting plasma 
glu cose and whole blood HbA1C lev els. Diabetes prev a lence is then defned as one 
of the fol low ing:

 • Diagnosed with dia be tes (gath ered from the CAPI ques tion, “Has a doc tor ever 
told you that you have dia be tes or high blood sugar?”).

 • A fasting glu cose level of 126 mg/dL or higher.
 • An HbA1C con cen tra tion of 6.5% or higher.8

Adult Children’s Education

To mea sure adult chil dren’s edu ca tion, we fol low Pischke and von Wachter (2008) 
and Lundborg and Majlesi (2018) in converting each adult child’s highest edu ca tional 
attain ment to years of school ing.9 Because all  adult chil dren could poten tially affect 
their older par ents’ health, and because adult chil dren with dif fer ent edu ca tional lev
els might dif fer en tially influ ence paren tal health, we include all  adult chil dren’s years 
of school ing in the main anal y sis. We also adopt alter na tive mea sures for adult chil
dren’s edu ca tion as robust ness checks.

Table 1 pres ents descrip tive sta tis tics for adult chil dren and their older par ents, 
respec tively. The total prev a lence of hyper ten sion among older par ents is 46%, and 
the total prev a lence of dia be tes is 20%. There are evi dent dif fer ences in edu ca tional 
attain ment between adult chil dren and their older par ents. Whereas nearly half of the 
older par ents are illit er ate and 22% obtained only pri mary edu ca tion, the aver age 
years of school ing for adult chil dren is approx i ma tely 8.3 years.

7 In the health assess ment, sys tolic and dia stolic pres sure are mea sured three times. The mean val ues of 
these three read ings are cal cu lated (Lei et al. 2014).
8 Ten mil li li ters of fresh whole blood (three tubes of venous blood) was col lected for each respon dent dur-
ing health assess ment; 2 ml was used for com plete blood count anal y sis at local health cen ters imme di ately 
after the col lec tion. A 6ml tube of whole blood was kept under 4°C until the spec i mens were centri fuged 
to obtain plasma and buffy coat at local hos pi tals. Plasma and buffy coat for each respon dent were then 
stored in sep a rate cryovials and imme di ately stored fro zen at −20°C. A 2ml tube of whole blood for the 
HbA1C was stored at 4°C in local hos pi tals. The plasma, buffy coat, and whole blood for HbA1C were 
then shipped to the study head quar ters and placed in stor age at −80°C, and then assayed. More details can 
be found in Chen, Crimmins et al. (2019).
9 We con vert the highest edu ca tional attain ment to years of school ing as fol lows: 0 = no for mal edu ca tion, 
4 = did not fn ish pri mary school, 6 = pri mary school, 9 = junior high school, 12 = senior high school/voca
tional school, 14.5 = two/three years of col lege, 16 = four years of col lege, 19 = mas ter’s degree, and 22 = 
doc toral degree. Because the CHARLS does not con tain infor ma tion on exact years of school ing, we use 
the same cohorts from another nation ally rep re sen ta tive sur vey, the China Family Panel Studies. We thus 
cal cu late the aver age years of school ing for those with fewer than six years of school ing and assign that 
num ber (i.e., 4) to the group who did not fn ish pri mary school.
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The Instrumental Variable and Its Validity

We use CEL expo sure as the IV for chil dren’s school ing. Compulsory school ing laws 
have been used as exog e nous shocks in esti mat ing the effects of edu ca tion on var
i ous out comes across the eco nomic, health, and social domains (Grossman 2015; 
 Oreopoulos et al. 2008). The CEL took effect in dif fer ent years across prov inces. 
Using infor ma tion on the CEL effec tive year and adult chil dren’s birth year, and 
using prov ince of paren tal res i dence as a proxy for the prov ince in which adult chil
dren received com pul sory edu ca tion, we cal cu late adult chil dren’s ages when the 
CEL was implemented. On the basis of those ages, we fur ther divide adult chil dren’s 
CEL expo sure into three types: full, par tial, and none. Because chil dren begin school
ing at age 6 (no later than age 7) and com pul sory edu ca tion lasts for nine years, we 
clas si fed indi vid u als aged 6 or youn ger at the time of CEL implementation as fully 
exposed, those aged 7–15 as par tially exposed, and those aged 16 or older as not 
exposed. Therefore, Zi  equals 1 if child i was fully exposed to the CEL (i.e., aged 6 or 
youn ger at CEL implementation) and 0 if child i was unex posed (i.e., aged 16 or older 
at CEL implementation). For those aged 7–15 when the CEL was implemented, we 
assume that their expo sure to the law followed a lin ear func tion, as shown in Figure 1.

The iden ti f ca tion assump tion is that although chil dren’s CEL expo sure must have 
a suf f ciently strong impact on adult chil dren’s school ing, it affects paren tal health 

Table 1 Descriptive sta tis tics

Variable Mean SD N

A. Adult Children
 Years of school ing 8.324 3.927 29,458
 Junior high school or above .580 .494 29,458
 Female .478 .500 29,458
 Age 39.123 7.349 29,458
 Married .870 .336 29,458
 Number of sib lings 3.588 1.578 29,458
 Birth order
  1st .372 .483 29,458
  2nd .292 .455 29,458
  3rd .176 .381 29,458
  4th+ .161 .367 29,458
B. Older Parents
 Hypertension .461 .499 11,082
 Diabetes .202 .402 8,106
 Female .533 .499 11,398
 Age 63.646 8.268 11,398
 Married .816 .387 11,398
 Education level
  Illiterate .483 .500 11,398
  Primary school .221 .415 11,398
  Junior high school .189 .391 11,398
  Se nior high school or above .107 .309 11,398
 Rural (hukou) .746 .435 11,398
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only through its impact on adult chil dren’s school ing, con di tional on the fxed effects, 
trends, and covariates for which we con trol. We frst check the pre dic tive power of 
the IV. Figure 2 shows the aver age years of school ing by age at CEL implementation. 
The aver age num ber of years of school ing is lower for those aged 16 or older at CEL 
implementation than for those who were youn ger at CEL implementation. The effects 
of CEL expo sure on adult chil dren’s years of school ing are reported in panel C in 
Table 2. The CEL increased adult chil dren’s years of school ing by approx i ma tely one 
year—a fnd ing con sis tent with results from pre vi ous stud ies (Fang et al. 2012). The 
Kleibergen–Paap F sta tis tic for the weak iden ti f ca tion test is above 10, indi cat ing 
that the IV is suf f ciently strong.

One con cern is that the CEL implementation might be asso ci ated with pro vin
cial eco nomic and devel op men tal con di tions. We include prov ince fxed effects to 
account for the time-invari ant pro vin cial char ac ter is tics and prov ince-spe cifc adult 
chil dren’s birth year lin ear trends to con trol for observed and unob served prov ince 
cohort–spe cifc char ac ter is tics.10

Another con cern is that indi vid u als might migrate across prov inces for com pul
sory edu ca tion in a sys tem atic way. However, because of the rigid house hold reg is tra
tion sys tem, migra tion was sharply restricted until the late 1980s, and crossprov ince 

10 To account for the pos si bil ity that changes in pro vin cial eco nomic and social con di tions may not be 
lin ear in time or cohort and to allow for more flex i ble changes in pro vin cial eco nomic and social con di-
tions, we add prov ince-spe cifc qua dratic trends in adult chil dren’s birth year as a robust ness check. These 
results, shown in Table A2 in the online appen dix, are sim i lar to the main results.
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Fig. 1 Constructed exposure to the CEL. The left red rule indicates age 15 at CEL implementation, and the 
right red rule indicates age 6 at CEL implementation.
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547Children’s Education and Older Parents’ Chronic Illnesses

migra tion was rare in the 1980s and 1990s (Cui et al. 2019; Fan 2005). Less than 
10% of CHARLS respon dents have lived in a prov ince other than their cur rent prov
ince for more than six months. The rate would be much lower for a stay lon ger than 
six months. In addi tion, major dis in cen tives made it dif f cult for young chil dren to 
migrate: they were denied ben e fts of local hukou, includ ing access to pub lic schools 
(Chen and Feng 2013). Less than 5% of chil dren cov ered in the CHARLS lived away 
from their par ents for more than six months before age 16.

Empirical Results

Main Results

Panels A and B in Table 2 pres ent the ordi nary least squares (OLS) and two-stage 
least squares (2SLS) esti ma tes of the effects of adult chil dren’s edu ca tion on the prev-
a lence of hyper ten sion and dia be tes among older par ents, respec tively. The 2SLS esti
ma tion results indi cate that an addi tional year of adult chil dren’s school ing, induced 
by the CEL, decreases the prob a bil ity of hav ing hyper ten sion by approx i ma tely 5 
per cent age points. Given that the total prev a lence of hyper ten sion among older par-
ents is 46%, this fnd ing sug gests that an addi tional year of adult chil dren’s school ing 
could decrease the total prev a lence of hyper ten sion among older par ents by approx i
ma tely 11%. We fnd no evi dence of a sig nif  cant impact of adult chil dren’s edu ca tion 
on dia be tes prev a lence among older par ents.
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Fig. 2 Adult children’s years of schooling by age at CEL implementation. The left red rule indicates age 15 
at CEL implementation, and the right red rule indicates age 6 at CEL implementation.
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The dif fer ent results for the prev a lence of hyper ten sion and dia be tes among older 
par ents might be due to dif fer ent pro gres sion rates of the two dis eases. Compared 
with hyper ten sion, dia be tes has ear lier ante ced ents, which are less sus cep ti ble to 
change given dia be tes’ ear lier onset (e.g., type 1 dia be tes and obe sity in early life).11 
Therefore, adult chil dren’s edu ca tion may have a larger impact on hyper ten sion 
prev a lence among older par ents. Type 1 dia be tes begins most often in child hood 
and young adult hood and lasts for life.12 Type 2 dia be tes is the most com mon kind 
of dia be tes and occurs most often in mid dle age and older adult hood; hyper ten sion 
is com mon among older adults.13 In addi tion, over weight and obese chil dren are 
more likely to remain obese into adult hood and to develop dia be tes in adult hood.14 
Although the older par ents in our sam ple (who were 50 or older in 2015) were 
less likely to expe ri ence child hood obe sity, they expe ri enced rapid urban i za tion 
in China when they were youn ger, which was char ac ter ized by increased obe sity 
(from excess cal o rie intake and sed en tary life style) and envi ron men tal pol lut ants. 

11 Older age and fam ily his tory are cor re lated with higher chance of hav ing hyper ten sion and dia be tes.
12 We do not exclude type 1 dia be tes in our main anal y sis. As a robust ness check, because respon dents 
were not explic itly asked what type of dia be tes they had been diag nosed with, we exclude those par ents 
who were diag nosed with dia be tes before the age of 40 and who were on insu lin ther apy at the time of 
inter view, owing to the sus pi cion that they may have type 1 dia be tes. The results are sim i lar.
13 See https:  /  /www  .nia  .nih  .gov  /health  /diabetes  older  people and https:  /  /www  .nia  .nih  .gov  /health  /high 
 blood  pressure.
14 See https:  /  /www  .who  .int  /news  -room  /questions  -and  -answers  /item  /noncommunicable  -diseases 
 childhood   overweight  and  obesity.

Table 2 OLS and 2SLS esti ma tes of the effects of adult chil dren’s edu ca tion on older par ents’ chronic 
illnesses

Hypertension
(1)

Diabetes
(2)

A. OLS Estimation
 Adult chil dren’s years of school ing −0.002† 0.001

(0.001) (0.001)
B. 2SLS Estimation
 Adult chil dren’s years of school ing −0.051* 0.018

(0.023) (0.019)
C. First Stage (Y = adult chil dren’s years of school ing)
 CEL expo sure 1.054** 1.085**

(0.223) (0.256)
Kleibergen–Paap F Statistic for Weak Identifcation 22.262 18.010
R2 .309 .298
Number of Observations 28,636 20,965

Notes: All regres sions include con trols for adult chil dren’s char ac ter is tics (age; age squared; and indi ca tors 
for female, being mar ried, birth order [1st, 2nd, 3rd, and 4th+], and num ber of sib lings) and con trols for 
par ents’ char ac ter is tics (age; age squared; and indi ca tors for female, being mar ried, highest edu ca tional 
attain ment [il lit er ate, pri mary, junior high, and senior high school or above], and rural hukou). Province 
fxed effects and prov ince-spe cifc adult chil dren’s birth year lin ear trends are also included. Standard 
errors, clus tered at the prov ince chil dren’s birth year level, are shown in paren the ses.
†p < .10; *p < .05; **p < .01
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Because urban i za tion, obe sity, and inflam ma tion from envi ron men tal pol lut ants 
are the main driv ers of dia be tes in China (Zhao et al. 2016), older par ents’ dia be
tes prev a lence is prob a bly more related to their own expe ri ences when they were 
youn ger than to their adult chil dren’s edu ca tion.15 Our fnd ings are sim i lar to those 
reported from Mexico, another mid dle-income devel op ing coun try (Smith and 
Goldman 2007).

The 2SLS esti ma tes are larger in mag ni tude than the OLS esti ma tes. Two poten
tial expla na tions for this dif fer ence can be iden ti fed. First, the dis par ity could reflect 
an atten u a tion bias driven by mea sure ment error in reported school ing (De Neve and 
Fink 2018). Second, OLS esti ma tes show that the pos i tive asso ci a tion between adult 
chil dren’s years of school ing and paren tal health is obtained in gen eral, includ ing 
both the lower and upper parts of the edu ca tion dis tri bu tion. The IV esti ma tes iden tify 
the local aver age treat ment effect for those who change their school ing attain ment as 
a result of the CEL, reflecting var i a tions at the lower part of the edu ca tion dis tri bu tion 
(Angrist and Pischke 2009). Those “com pli ers” are more likely to be from a lower 
socio eco nomic back ground, where oldage par ents are more depen dent on their chil
dren for sup port and care.

Robustness Checks

In this sec tion, we con duct sen si tiv ity tests to check the robust ness of our results. 
First, we check whether dif fer ences in defn ing adult chil dren’s edu ca tion could affect 
results. Second, we use the CHARLS bio marker weights to account for the pos si
bil ity that respon dents who par tic i pated in the health assess ment might dif fer from 
those who did not. Third, we test whether the CEL had a big ger impact in prov inces 
with tra di tion ally lower edu ca tional lev els before the reform and use alter na tive IVs. 
Finally, we impose fur ther sam ple restric tions to see whether the main results are 
robust to sam ple choices.

Alternative Measures for Adult Children̓ s Education

First, we use an indi ca tor for junior high school or above to mea sure adult chil
dren’s edu ca tion. The CEL requires nine years of free com pul sory edu ca tion (six-
year pri mary and threeyear junior high edu ca tion). Thus, instead of hav ing a 
uni form effect increas ing years of school ing by approx i ma tely one year across the 
pop u la tion, the CEL may have a par tic u larly strong effect on the like li hood of com
plet ing junior high school. We run the anal y sis using this alter na tive mea sure and 
report the 2SLS results in panel A of Table 3. Results show sig nif  cant impact of 

15 Zhao et al. (2016) found higher dia be tes prev a lence for Chi nese with urban hukou, espe cially those 
liv ing in the bet teroff coastal regions. Using older par ents’ body mass index cal cu lated from weight and 
height infor ma tion col lected in the CHARLS health assess ment, we test whether adult chil dren’s edu ca
tion affects the prob a bil ity of being over weight or obese for older par ents. We fnd no sig nif  cant impact 
(results are avail  able upon request). We fur ther explore the major behav ioral risk fac tors in the Potential 
Mechanisms sec tion.
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adult chil dren’s edu ca tion on the prev a lence of hyper ten sion among older par ents. 
The mag ni tude of the impact is larger than for the main results in Table 2, which 
aligns with expec ta tions, because com plet ing junior high school requires nine years 
of school ing.

Second, and in con trast to the main anal y sis and pre vi ous robust ness checks in 
which we include all  chil dren from the same fam ily, we use only the highestedu cated 
child’s years of school ing as our mea sure of off spring edu ca tion. The highestedu cated 
child’s CEL expo sure is used as the IV in the 2SLS esti ma tion. Results are shown in 
panel B of Table 3.

Third, we use the aver age years of school ing of all  chil dren in a fam ily to mea sure 
off spring edu ca tion. The aver age of all  chil dren’s CEL expo sure is used as the IV in 
the 2SLS esti ma tion. Results are shown in panel C of Table 3.

As shown in pan els B and C of Table 3, using the lat ter two alter na tive mea sures 
for adult chil dren’s edu ca tion does not change the main results: addi tional years 
of school ing of adult chil dren lead to lower prev a lence of hyper ten sion for older 
par ents, but we fnd no sig nif  cant impact for dia be tes prev a lence. Although we 
fnd sim i lar mag ni tudes of impact when using aver age years of school ing across 
all  chil dren in a fam ily, we fnd larger mag ni tudes when using the highest-edu cated 
child’s edu ca tion.

Table 3 Robustness checks I: Alternative mea sures for adult chil dren’s edu ca tion

Hypertension 
(1)

Diabetes 
(2)

Hypertension 
(with weights) 

(3)

Diabetes 
(with weights) 

(4)

A. Junior High School or Above −0.313* 0.123
(0.129) (0.133)

 Number of obser va tions 28,636 20,965
B. HighestEducated Child’s Schooling −0.111** 0.018 −0.152† 0.105

(0.043) (0.029) (0.086) (0.077)
 Number of obser va tions 10,187 7,480 10,187 7,480
C. Average Years of Schooling of All 

Children −0.050** −0.001 −0.055* 0.021
(0.015) (0.015) (0.023) (0.025)

 Number of obser va tions 10,094 7,438 10,094 7,438

Notes: The highestedu cated child’s CEL expo sure is used as the instru men tal var i able for the highest 
edu cated child’s edu ca tion in the 2SLS esti ma tion in panel B. The aver age of all  chil dren’s CEL expo sure 
is used as the instru men tal var i able for the aver age years of school ing of all  chil dren in the 2SLS esti ma
tion in panel C. In pan els A and B, all  regres sions include con trols for adult chil dren’s char ac ter is tics (age; 
age squared; and indi ca tors for female, being mar ried, birth order [1st, 2nd, 3rd, and 4th+], and num ber of 
sib lings) and con trols for par ents’ char ac ter is tics (age; age squared; and indi ca tors for female, being mar-
ried, highest edu ca tional attain ment [il lit er ate, pri mary, junior high, and senior high school or above], and 
rural hukou). Province fxed effects and prov ince-spe cifc adult chil dren’s birth year lin ear trends are also 
included. Standard errors, clus tered at the prov ince chil dren’s birth year level, are shown in paren the ses. 
In panel C, all  regres sions include con trols for par ents’ char ac ter is tics (age; age squared; and indi ca tors 
for female, being mar ried, highest edu ca tional attain ment [il lit er ate, pri mary, junior high, and senior high 
school or above], rural hukou, and num ber of liv ing chil dren). Province fxed effects are also included. 
Standard errors, clus tered at the house hold level, are shown in paren the ses.
†p < .10; *p < .05; **p < .01
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Using CHARLS Sampling Weights

We address the pos si bil ity that older par ents who par tic i pated in the health assess
ment dif fer from those who did not. Because the num ber of chil dren serves as a 
weight when all  chil dren’s edu ca tion lev els are included, we use two alter na tive mea
sures of chil dren’s edu ca tion, noted in pre vi ous robust ness checks (i.e., the highest-
edu cated child’s edu ca tion and aver age years of school ing across all  chil dren), with 
the CHARLS bio marker weights. To account for the fact that a smaller num ber of 
respon dents had their blood taken in the health assess ment, we use CHARLS blood 
weights for dia be tes regres sions. The results, reported in col umns 3 and 4 in Table 3, 
are very sim i lar to those obtained with out sam pling weights.

Alternative Instrumental Variables

To test whether CEL had a big ger impact in prov inces with tra di tion ally lower 
edu ca tional lev els before the reform, we frst cal cu late the aver age years of school-
ing within the unaf fected cohorts in each prov ince as a proxy for edu ca tion lev
els in that prov ince before the reform. On the basis of this mea sure, we divide 
the sam ple into three groups—low-level, mid dle-level, and high-level school ing 
areas—and rerun the school ing regres sion. The results, reported in Table A3 of 
the online appen dix, show that the effects of expo sure to com pul sory edu ca tion 
on years of school ing are larger in prov inces with lower school ing lev els before 
the reform. To fur ther account for this issue, we inter act the aver age years of 
school ing within the unaf fected cohorts in each prov ince with the CEL expo sure to 
obtain an addi tional IV. The results, shown in panel A in Table 4, are very sim i lar 
to the main results.

Alternative Samples

First, we remove adult chil dren who may be too young or too old to care for their 
par ents and fur ther restrict the child cohorts to (1960,1990). Second, to help address 
the issue of sur vi vor bias, we remove par ents aged 80 years or older from the sam ple. 
Third, we remove adult chil dren who were par tially exposed to the reform (i.e., those 
aged 7–15 at CEL implementation) and per form a “dough nut” regres sion. Finally, to 
cap i tal ize on the lon gi tu di nal power of the data set, we retain older par ents who were 
not hyper ten sive (dia betic) in Wave 1 and test whether adult chil dren’s edu ca tion has 
an impact on the onset of hyper ten sion (dia be tes) by Wave 4 for older par ents. The 
results, shown in pan els B–E of Table 4, sug gest that the main results are robust to 
those four alter na tive sam ple choices.

Heterogeneous Effects

Sons and daugh ters may impact their moth ers and fathers dif fer ently (Friedman and 
Mare 2014). Gender-spe cifc het ero ge neous effects may also be dif fer ent in urban 
and rural China. In this sec tion, we frst test whether fathers’ and moth ers’ health 
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exhibit the same ben e fts from adult chil dren’s edu ca tion in urban and rural China. 
Then, we test whether sons’ or daugh ters’ edu ca tion is more ben e f cial for older par-
ents’ health in urban or rural areas.

Parent’s Gender

To explore the het ero ge neous effects by paren tal gen der, we inter act adult chil dren’s 
years of school ing with par ents’ sta tus (urban father, urban mother, rural father, and rural 
mother) in the model.16 The results are shown in panel A in Table 5. Compared with 

16 Similar to Fruehwirth et al. (2019) and Balli and Sørensen (2013), we use the inter ac tion terms of adult 
chil dren’s CEL expo sure and indi ca tors for par ents’ sta tus as the IVs for the inter ac tion terms of adult chil-
dren’s years of school ing and indi ca tors for par ents’ sta tus.

Table 4 Robustness checks II: Alternative instru ment var i ables (panel A) and alter na tive sam ples (pan els 
B–E)

Hypertension
(1)

Diabetes
(2)

A. Alternative Instrument Variables
 Adult chil dren’s years of school ing −0.042† 0.016

(0.022) (0.019)
 Kleibergen–Paap F sta tis tic for weak iden ti f ca tion 11.839 9.483
 p value of Hansen J sta tis tic 0.010 0.220
 Number of obser va tions 28,636 20,965
B. Adult Children’s Birth Year ∈ (1960,1990)
 Adult chil dren’s years of school ing −0.041* 0.010

(0.020) (0.018)
 Number of obser va tions 27,962 20,521
C: Exclude Parents Aged 80+
 Adult chil dren’s years of school ing −0.059* 0.016
 (0.025) (0.021)
 Number of obser va tions 27,072 19,974
D: Exclude Adult Children Partially Exposed to CEL
 Adult chil dren’s years of school ing −0.053† 0.014
 (0.029) (0.021)
 Number of obser va tions 17,294 12,532
E. Exclude Hypertensive (dia betic) Parents in Wave 1
 Adult chil dren’s years of school ing −0.079* 0.041
 (0.032) (0.027)
 Number of obser va tions 12,162 10,286

Notes: All regres sions include con trols for adult chil dren’s char ac ter is tics (age; age squared; and indi ca tors 
for female, being mar ried, birth order [1st, 2nd, 3rd, and 4th+], and num ber of sib lings) and con trols for 
par ents’ char ac ter is tics (age; age squared; and indi ca tors for female, being mar ried, highest edu ca tional 
attain ment [il lit er ate, pri mary, junior high, and senior high school or above], and rural hukou). Province 
fxed effects and prov ince-spe cifc adult chil dren’s birth year lin ear trends are also included. Standard 
errors, clus tered at the prov ince chil dren’s birth year level, are shown in paren the ses.
†p < .10; *p < .05
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fathers, moth ers ben e ft more from adult chil dren’s edu ca tion—a pat tern also found in 
other devel op ing con texts (De Neve and Fink 2018; Yahirun et al. 2017). In urban China, 
an addi tional year of adult chil dren’s school ing, induced by the CEL, decreases fathers’ 
prob a bil ity of hav ing hyper ten sion by 4.3 per cent age points and moth ers’ by 10.6 per
cent age points. The dif fer ence between the two coef f cients is sta tis ti cally dif fer ent from 
zero (the p value, cal cu lated via t test, is .001). In rural China, the decrease in the prob a
bil ity of hav ing hyper ten sion is 2.5 per cent age points (−0.062 + 0.037) larger for moth ers 
than for fathers. This dif fer ence is also sta tis ti cally dif fer ent from zero (p = .000).

Childʼs Gender

To explore the het ero ge neous effects by child’s gen der, we inter act adult chil dren’s 
years of school ing with chil dren’s sta tus (urban son, urban daugh ter, rural son, and 

Table 5 Heterogeneous effects by gen der and urban/rural res i dence

Hypertension
(1)

Diabetes
(2)

A. By Parent’s Gender
 Years of school ing × urban father −0.043† 0.022
 (0.023) (0.020)
 Years of school ing × urban mother −0.106** −0.022
 (0.035) (0.026)
 Years of school ing × rural father −0.037 0.030
 (0.024) (0.021)
 Years of school ing × rural mother −0.062** 0.012

(0.024) (0.019)
 Number of obser va tions 28,636 20,965
B. By Child’s Gender
 Years of school ing × urban son −0.061* 0.008
 (0.028) (0.024)
 Years of school ing × urban daugh ter −0.067** −0.006
 (0.023) (0.020)
 Years of school ing × rural son −0.058* 0.028
 (0.027) (0.024)
 Years of school ing × rural daugh ter −0.035* 0.015
 (0.017) (0.015)
 Number of obser va tions 28,636 20,965

Notes: “Years of school ing” refers to adult chil dren’s years of school ing. All regres sions include con
trols for adult chil dren’s char ac ter is tics (age; age squared; and indi ca tors for female, being mar ried, birth 
order [1st, 2nd, 3rd, and 4th+], and num ber of sib lings) and con trols for par ents’ char ac ter is tics (age; age 
squared; and indi ca tors for female, being mar ried, highest edu ca tional attain ment [il lit er ate, pri mary, junior 
high, and senior high school or above], and rural hukou). Indicators for par ents’ sta tus (urban father, urban 
mother, rural father, and rural mother) are included as addi tional con trol var i ables in panel A. Indicators for 
chil dren’ sta tus (urban son, urban daugh ter, rural son, and rural daugh ter) are included as addi tional con trol 
var i ables in panel B. Province fxed effects and prov ince-spe cifc chil dren’s birth year lin ear trends are also 
included. Standard errors, clus tered at the prov ince chil dren’s birth year level, are shown in paren the ses.
†p < .10; *p < .05; **p < .01
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rural daugh ter) in the model.17 The results are shown in panel B in Table 5. In urban 
China, we fnd no sig nif  cant dif fer ences in the effects of sons’ and daugh ters’ edu ca-
tion (p = .711). However, in rural China, sons’ edu ca tion is more ben e f cial for par ents’ 
health than daugh ters’ edu ca tion. An addi tional year of sons’ school ing decreases the 
prob a bil ity of hav ing hyper ten sion by 5.8 per cent age points for older parents, while 
an addi tional year of daugh ters’ school ing decreases this prob a bil ity by 3.5 per cent
age points. This dif fer ence is sta tis ti cally dif fer ent from zero (p = .064) and may be 
due to son pref er ence and high coresidency rates among older par ents and adult sons.

Potential Mechanisms

Health Spillovers/Behavioral Changes

Welledu cated adult chil dren may help older par ents avoid harm ful health behav iors 
and choose health ier life styles. In the life his tory wave (Wave 3) of the CHARLS, 
each respon dent was asked the fol low ing ques tion: “During your life, have you 
ever engaged in any of the fol low ing activ i ties for at least a year?” Four behav ioral 
changes were then listed: increas ing phys i cal activ ity, improv ing diet, quit ting smok-
ing, and reduc ing alco hol con sump tion. If the respon dent had engaged in at least one 
behav ioral change for at least a year, then a fol low-up ques tion was asked to iden tify 
their spe cifc age when they engaged in the behav ioral change: 0–15, 16–25, 26–40, 
41–55, 56–65, 66–75, or above 75.

These ret ro spec tive ques tions can pro vide dif fer ent per spec tives than the ques-
tions on con tem po ra ne ous behav ior changes. First, we focus on behav ior changes 
that last for at least one year because lon ger term adher ence to healthy behav ior 
changes has a greater impact on health, espe cially on chronic car dio vas cu lar health. 
Second, we focus on older par ents’ behav ior change(s) since age 56. Most par ents 
in our sam ple are older than 55, and their chil dren are likely to have fn ished their 
edu ca tion.

On the basis of these two ques tions, we frst derive four dummy var i ables indi cat-
ing that older par ents have increased phys i cal activ ity, improved diet, stopped smok
ing, or reduced alco hol con sump tion for at least one year since age 56. We then 
derive a ffth dummy var i able indi cat ing that older par ents have engaged in at least 
one behav ior change for at least one year since age 56. The 2SLS esti ma tion results 
are reported in Table 6. Although we fnd no sig nif  cant impact for the full sam ple, 
we fnd dif fer ent results for fathers and moth ers. We fnd a sig nif  cant pos i tive impact 
of adult chil dren’s edu ca tion on major behav ioral risk fac tors for car dio vas cu lar 
dis eases for moth ers but not for fathers. Adult chil dren’s edu ca tion is more likely to 
improve moth ers’ health behav iors. This result pro vi des one pos si ble expla na tion for 
our fnd ing that com pared with pater nal health, mater nal health ben e fts more from 
off spring’s edu ca tion.

17 We use the inter ac tion terms of adult chil dren’s CEL expo sure and indi ca tors for chil dren’s sta tus as 
the IVs for the inter ac tion terms of adult chil dren’s years of school ing and indi ca tors for chil dren’s sta tus.
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Financial, Instrumental, and Emotional Support

Betteredu cated adult chil dren might earn more and have bet ter health, thereby 
being bet ter posi tioned to sup port their oldage par ents. To test this mech a nism, 
we exam ine the impact of adult chil dren’s edu ca tion on the net cash trans fer 
from adult chil dren to par ents, paren tal liv ing arrange ments, and vis it ing/con
tact fre quency. We obtain the net cash trans fer from adult chil dren to par ents by 
subtracting cash trans fers from par ents to adult chil dren from trans fers in the 
oppo site direc tion (from adult chil dren to par ents).18 The results are reported in 
panel A of Table 7. We fnd no sig nif  cant impact of vis it ing/con tact fre quency 
and liv ing arrange ments. However, adult chil dren’s addi tional years of school
ing lead to a greater net cash trans fer from adult chil dren to par ents; this result is 
con sis tent with that found in another devel op ing con text, Tanzania (De Neve and 
Fink 2018).

18 This var i able is mea sured at the house hold level. For house holds in which only one (mainly sep-
a rated/divorced or widowed) older par ent par tic i pates in the CHARLS, the house hold level net cash 
trans fer is regarded as the trans fer received by the older par ent. For house holds in which both older 
par ents par tic i pate in the CHARLS, we assign the net cash trans fer at the house hold level equally to 
each par ent.

Table 6 Potential mech a nisms I: 2SLS esti ma tes of the effects of adult chil dren’s edu ca tion on older 
par ents’ health behav ior changes

At Least 
One Healthy 
Behavioral 

Change
(1)

Increased 
Physical 
Activity

(2)

Improved 
Diet
(3)

Stopped 
Smoking

(4)

Reduced 
Alcohol 

Consumption
(5)

A. General Effects
 Years of school ing 0.025 0.001 −0.005 0.003 0.013

(0.020) (0.015) (0.015) (0.012) (0.013)
  Number of obser va tions 26,838 26,838 26,838 26,838 26,838
B. Heterogeneous Effects by Parent’s Gender
 Years of school ing −0.0004 −0.004 −0.002 −0.019 −0.010
 (0.020) (0.015) (0.014) (0.012) (0.013)
 Years of school ing × mother 0.049** 0.010** −0.006 0.043** 0.045**
 (0.006) (0.004) (0.004) (0.005) (0.005)
 Number of obser va tions 26,838 26,838 26,838 26,838 26,838

Notes: “Years of school ing” refers to adult chil dren’s years of school ing. All regres sions include con
trols for adult chil dren’s char ac ter is tics (age; age squared; and indi ca tors for female, being mar ried, birth 
order [1st, 2nd, 3rd, and 4th+], and num ber of sib lings) and con trols for par ents’ char ac ter is tics (age; age 
squared; and indi ca tors for female, being mar ried, highest edu ca tional attain ment [il lit er ate, pri mary, junior 
high, and senior high school or above], and rural hukou). Province fxed effects and prov ince-spe cifc adult 
chil dren’s birth year lin ear trends are also included. Standard errors, clus tered at the prov ince chil dren’s 
birth year level, are shown in paren the ses.

**p < .01
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Diagnosis and Management of Care

Welledu cated chil dren might have bet ter health knowl edge and greater abil ity to 
nav i gate the health care sys tem, thereby pro vid ing bet ter health sup port to their older 
par ents. Diagnosis and man age ment of dis eases is a case in point. By com par ing 
selfreported doc tor diag no sis and objec tively mea sured bio mark ers, we can test 
whether adult chil dren’s addi tional years of school ing lead to bet ter diag no sis and 
man age ment of dis eases for older par ents.

We frst derive indi ca tors for undi ag nosed hyper ten sion, dia be tes, and dyslipid
emia.19 Dyslipidemia refers to abnor mal lev els of lip ids (e.g., cho les terol, fat) in the 
blood and is rec og nized as a prominent risk fac tor for car dio vas cu lar dis ease. Among 
older par ents who are hyper ten sive, those who have not received a doc tor’s diag no
sis of hyper ten sion are defned as hav ing undi ag nosed hyper ten sion. We sim i larly 
derive indi ca tors for the other two con di tions—undi ag nosed dia be tes and undi ag-
nosed dyslipidemia—among those who have each dis ease. Estimates shown in panel 
B of Table 7 indi cate that an addi tional year of adult chil dren’s school ing decreases 
paren tal undi ag nosed hyper ten sion and dyslipidemia by 9 and 3 per cent age points, 
respec tively. The effect on undi ag nosed dia be tes is not sta tis ti cally sig nif  cant. Given 
that the undi ag nosed hyper ten sion and undi ag nosed dyslipidemia rates are 39.7% and 
84.1%, respec tively, these are siz able effects.

We also derive indi ca tors for con trolled hyper ten sion, dia be tes, and dyslipidemia. 
Controlled hyper ten sion refers to a sit u a tion in which hyper ten sive older par ents were 
nor mo ten sive in the health assess ment. We sim i larly derive indi ca tors for the other 
two con di tions—con trolled dia be tes and con trolled dyslipidemia. Estimates in panel 
B of Table 7 sug gest that an addi tional year of adult chil dren’s school ing increases 
paren tal con trolled dyslipidemia by 1.7 per cent age points.

Discussion and Conclusions

In this arti cle, we use nation ally rep re sen ta tive data on doc tor diag no sis and bio mark
ers to pro vide new evi dence on the causal impact of adult chil dren’s edu ca tion on 
older par ents’ car dio vas cu lar health in China.

Exploiting the exog e nous var i a tions in the tim ing of CEL implementation and 
using the IV approach, we fnd that adult chil dren’s addi tional years of school ing lead 
to lower hyper ten sion prev a lence among older par ents. An addi tional year of school
ing, induced by the CEL, decreases the prob a bil ity of hav ing hyper ten sion by approx
i ma tely 5 per cent age points. We fnd no evi dence of a sig nif  cant impact of adult 
chil dren’s edu ca tion on dia be tes prev a lence among older par ents. The results hold in 
sev eral robust ness checks, includ ing alter na tive mea sures for adult chil dren’s edu
ca tion, alter na tive IVs, and var i ous alter na tive sub sam ples. There were 222 mil lion 

19 We use data from the frst health assess ment conducted in Wave 1. Utilizing infor ma tion from both 
CAPI and health assess ment, we defne dyslipidemia prev a lence as either diag nosed with dyslipidemia 
(gath ered from the CAPI ques tion, “Has a doc tor ever told you that you have dyslipidemia?”) or mea sured 
dyslipidemic (taken from the health assess ment; total cho les terol ≥ 200 mg/dl, tri glyc er ide ≥ 150 mg/dl, 
highden sity lipo pro tein cho les terol < 40 mg/dl, or lowden sity lipo pro tein cho les terol ≥ 130 mg/dl).
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Chi nese peo ple aged 60 and older in 2015 (National Bureau of Statistics 2015), and 
53.6% of the age 60+ Chi nese pop u la tion (119 mil lion) are hyper ten sive (Zhao et al. 
2019). Hypertension-related health expen di tures totaled 210.6 bil lion RMB (approx i-
ma tely US$34 bil lion) in 2013 (National Center for Cardiovascular Diseases 2018). A 
backoftheenve lope cal cu la tion sug gests that an addi tional year of adult chil dren’s 
school ing is asso ci ated with 5.95 mil lion fewer hyper ten sion cases and 10.53 bil lion 
RMB less in hyper ten sionrelated health expen di tures. Adult chil dren’s edu ca tion can 
decrease hyper ten sion prev a lence and related health expen di tures and improve older 
par ents’ health and wellbeing.

Heterogeneous ana ly ses show that sons and daugh ters have dif fer en tial impacts on 
their moth ers and fathers. Compared with fathers, moth ers ben e ft more from adult chil-
dren’s edu ca tion in both urban and rural China. One pos si ble rea son for this dis par ity is 
that adult chil dren are more likely to improve moth ers’ health behav iors. Although we 
fnd no sig nif  cant dif fer ences in the effects of sons’ and daugh ters’ edu ca tion in urban 
China, sons are more ben e f cial in rural China than daugh ters. Analyses on poten tial 
mech a nisms show that fnan cial and health sup port are crit i cal path ways through which 
adult chil dren’s edu ca tion affects older par ents’ health. Adult chil dren’s addi tional 
years of school ing lead to more fnan cial sup port, bet ter diag no sis and man age ment of 
chronic illnesses, and bet ter main te nance of health behav iors for older par ents.

Health is mul ti di men sional. Our fnd ings sug gest that the impact of adult chil-
dren’s edu ca tion can be con cen trated on cer tain health out comes but not oth ers. 
Hypertension and dia be tes have dif fer ent causes and rates of pro gres sion. The lit er a
ture high lights that an increas ingly Westernized diet and the large amount of refned 
rice intake in the tra di tional Chi nese diet are linked to dia be tes risks in China (Ma 
et al. 2014). Among the four major behav ioral risk fac tors exam ined in the ana ly ses, 
we fnd no sig nif  cant impact on improv ing diet. It is impor tant to acknowl edge the 
dif fer ences among var i ous health out comes and to dis tin guish dif fer ent path ways of 
influ ence among them.

One lim i ta tion of this study is that we focus on com pul sory edu ca tion reform, which 
mainly affects pri mary and sec ond ary edu ca tion lev els. The enroll ment rate from pri
mary school to junior high school increased from 68.4% in 1985 to 94.9% in 2000 in 
China (Liang and Dong 2019). As edu ca tion expan sion con tin ues and an increas ingly 
high pro por tion of Chi nese peo ple receive ter tiary edu ca tion, future research should 
explore how greater edu ca tional attain ment affects fam ily health out comes.

The other lim i ta tion is that by using the IV approach, we esti mate the aver age 
treat ment effect among those who alter their sta tus because they react to the pol
icy change (Imbens and Angrist 1994). The edu ca tion reform has greatly increased 
school com ple tion rates across all  of China, but it is chil dren from areas with lower 
lev els of school ing (mostly poorer inland areas) who ben e ft the most and poten tially 
pass on the health ben e fts to their older par ents. However, edu ca tional inequal ity still 
exists across regions. For exam ple, among the chil dren exposed to the CEL in our 
ana lytic sam ple, the pro por tion of chil dren who com pleted com pul sory edu ca tion is 
70.5%, 64.7%, and 55.1% for areas with high, mid dle, and low lev els of school ing, 
respec tively, before the reform. In that sense, fur ther invest ment in chil dren’s edu ca
tion, par tic u larly targeted at chil dren from lower socio eco nomic sta tus back grounds, 
may ben e ft mul ti ple gen er a tions, help ing pro mote healthy aging and reduc ing social 
and health inequalities.
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Most health pol icy and research has focused on indi vid ual inter ven tions. The cur
rent national pub lic health ser vice pro ject, which aims to pro vide free basic pub lic 
health ser vices to both rural and urban res i dents in China, cov ers annual blood pres
sure exam i na tions for those aged 35 years or older and more com pre hen sive phys i cal 
exam i na tions for those aged 65 years or older. Yet, the aware ness and man age ment 
of chronic car dio vas cu lar dis eases are far from sat is fac tory. We pro vide an upward 
inter gen er a tional per spec tive (i.e., from adult chil dren to older par ents). The edu ca-
tion reform in China not only increased lev els of school ing among cohorts of indi
vid u als who were affected but also had lon ger term ben e f cial effects on their par ents’ 
health two decades later. ■
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