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ARTICLE INFOQ ABSTEACT

L Background: Japam is facing a rapid increase in the mumber of reported child malireatment cases.
Child maltseatsent Child maltreatment has long-term consequences for the wictims, and unemployment mte is
Child neglert considered a strong predictor of it. However, ooly few stodies have analyzed the causal relation
?‘"d du";'ﬂ::"im between child maltreatment and the unemployment mte—particularly the effects of the latter om
JI“P-“-E the former—in Japan.

Methods: Using prefecture-level longitudinal data from 2005 to 2016, we employed a fxed effects
mstrumental variable estimation. The estimation incheded a weighted average of the national
unemployment rate across industries by industrial stroctures in 2005 as an instrument to identify
the causal effects.

Besufts: The average local unemployment rate changed by approximately 50% from the peak to
the bottom in the sample period. A 50% increase in loml] unemployment rates increassd the
mumber af reparted child neglect cases and child deaths by 80% and 70% (statisticall y significant
at the 5% level), respectively. Further, it increased cases of death due tp extenal causes, anin
tentional injuries, and unintentional drowning by 146%, 217%, and 315% (gatistically signifi
cant at the 53 level), respectively.

Conchusion: The local unemployment mte is a risk factor for child maltreatment, resulting in
children’s death, especially as a result of uninfentional drowming—the common couse of death
due to child neglect. When the local unemployment rates rise, governments should allocate more
financial and human resources for preventive measures to combat child deaths cansed by neglect.

1. Intredustion

Child maltreatment iz one of the most critical social and global pathologies in current times. According to the World Health Or-
ganization (WHO), more than 40,000 children under the age of 18 die due to maltreatment (ie., phynical, sexual, and emotional abuze
and neglect) annually. Purther, according to the WHO, 300 million children aged betwesn 2 and 4 years regularly suffer from physical

* Corresponding author at: 1-6-1, Mishiwaseda, Shinjukn, Tekye 169-B050, Japan.
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Abstract

In clinical trials, smoking-cessation aids (SCAs) have proven to be effective at
improving the odds of smoking cessation. Because of the effectiveness of SCAs
in these settings, many countries have adopted the coverage of SCAs to reduce
tobacco use. However, the effect of such coverage on tobacco use is ambiguous.
On one hand, the coverage may have the intended effect and reduce tobacco
use. On the other hand, the coverage may cause beneficiaries to participate in
tobacco use more as the drug coverage protects beneficiaries from future costs
associated with tobacco use. To understand the effect of SCA coverage, we ex-
amine it using 2008-2012 Canadian Tobacco Use Monitoring Survey and a dif-
ference-in-differences approach. We find that SCA coverage increases cigarette
and cigarillo use. Moreover, the effect of SCA coverage on tobacco use is strong-

Health, Labour and Welfare (MHLW) er in men and in those with at least a college education. Our results point to the

unintended consequences of the coverage of SCAs on tobacco use.

EEYWORDS
difference-in-differences, drug insurance, ex-ante moral hazard, smoking, smoking-cessation
aids

1 | INTRODUCTION

Approximately 20% of the world's population smokes cigarettes (World Health Organization [WHO], 2018) and seven
million deaths annually are attributed to smoking worldwide (WHO, 2017). Goodchild et al. (2018) estimated the total
economic loss from smoking was US$1436 billion, or approxdmately 1.8% of the world's annual gross domestic product in
201 2. Consequently, many governments have implemented various measures to reduce tobacco use through price-related
and non-price-related policies such as taxation and public smoking bans (Bitler et al., 2010; Carpenter, 2009; Carpenter
et al., 2011; Gallus et al., 2006; Hansen et al., 2017; Peterson et al., 1992). A particular non-price related policy that has
gained considerable attention relates to smoking-cessation aids (SCAs).

SCAs are drugs that reduce withdrawal symptoms by moderating the symptoms of irritation and mood disorders
(bupropion and varenicline). Several clinical trials have highlighted the effectiveness of these drugs in improving smok-
ing cessation (Aubin et al., 2004; Cinciripini et al., 2013; Jorenby et al., 1999; Wagena et al., 2005). Specifically, Hughes
et al. (2014) reviewed the existing evidence from clinical trials and found that treatment by bupropion significantly
increases the 6-month smoking abstinence by 62% more than placebo treatment. Due to the effectiveness of SCAs in

This 1s 2n open access article under the terms of the Creative Commons Atiribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly clbed.
& 2021 The Authors. Health Economics published by John Wiley & Sons Lid

2200 | Hexlth Feonomios. 021300 FH0-2216. wetlleyom line b rary com. fjourmal e 0 021 Johe Wiley & Sons Lid
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We investigated the causal effect of college education on smoking, drinking, sleeping, and cancer screening ©
behavior in Japan. To estimate said effect, we leveraged a unique instrument in which a mismatch between

Japanese superstition and school year in 1967 leading to an increase in college attainment. We found that a

longer year of college education was associated with reductions in smoking and drinking and improvements
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COVID-19’s Lockdown and Crime
Victimization: The State of Emergency under
the Abe Administration

Yichen SHEN,t &2 Rong FU 2 and Haruko NOGUCHI
Waseda Universty

ABSTRACT

COVID-19 has led many governments to impose lockdowns in efforts to reduce the spread of
the virus One of the many consequences of the lockdown is a reduction in crime. We apply a
difference-in-differences approach to the 20182020 Crime Statistics to investigate the effect of
the 2020 lockdown on crime victimization in Japan. We find that the 2020 lockdown leads to
127 and 20.9% declines in violent and property cime victimization rates per 100, people,
respectively. Moreover, we observe that premeditated crimes, such as breaking-and-entering and
sexual assault, decine more than non-premeditated crimes, such & homicide. We also explone
the heterogeneous effects of the lockdown by age groups. We observe that there is a signifcant
deding in sexual assault victimization for those between the ages of 0 and 29, and there are sig-
nificant declines in overall violent and property crime victimizations and their subtypes for those
between ages of 30 and 5%. Finally, we show that there is an improvement in suicide rates, which
suggests that better mental health is the mechanism partially mediating the relationship between
loscked own and crimme victomzation

Key words: COVID-19, crimes, difference-in-differences, lockdown, pandemic

JEL codes: H12, 112, T18

1. Introduction

COVID-19 has killed more than 1.5 million people worldwide as of December 2020,
The pandemic presents an unprecedented challenge to governments across the globe.

This research is partly funded by a research geant from the Ministry of Health, Labor, and Wel-
fare (Principal investigator: Haruko Noguchi, 19FA1013). We are grateful to the two desgnated
discussants, Masko I and Yoko Ibuka, who provided excellent comments that have led to signifi-
cant improwements in the earlier verdon of this manuscript. We would also like to thank Caolin
McKenzie, Marcus Moland, Kazumasa Iwata, Shumpel Takemaorl, Charles Hodoka, Cassey Lee,
Etsuro Shioji, Kenichi Usda, Shiro Armstrong, and all the participants of the 32nd Asian Eco-
nomic Policy Review Conference for their helpful comments during the conference on October
3, 2020, All errors are oUr OWI.
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7-4F521%, PubMed CiZ, Lund et al. (2008)&
Virtanen, et al. (2015021507200,

TR 757 By C— B T @ AR PEVE D FEAR
ELT, FFS TR HWSNHZ 80
LD, BRI TR - 3 - IRk - FLEhE
WROREREZ AL 7 IR kT2
EERAVERINE L CTE AL FIROF U Z FH
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C-5. fEREICEADLEIFIZEE)

AW L A Y CHAIEEE R A &
T ORI LEHEL T, FEEDHER
(D3, BEIRIA, TEERZRAAR, MR,
)0, AEIEEEIHN O FAE LA D 5V Body
Mass Index (BMI)%%: D i &7~ 9~ Fa 42 25
WHILTWDAN, =B FE(self-rated
health status)X°, Z9 L7 BNAOIRA LT {]
HNDE DN V(disability) DA, &= A
fi4F (disability-adjusted life year: DALY)% H
AR AT 5.

C-6. T Fik

AETE BB OO R &7 ) AR EEME D B M
(2B DAFFEICINT, B RO, W
(2N A (causality/endogeneity) S TEAET 5
728, RRHEGREATOZ LD D TN EETH D
RTHD. L0, RERHMEmI L TRk 72
PR 700 B Tl AEMEIC K DHEEME D WY
ZlElET 578D, — R R COMEWE T — 4
(cross-section data) D55, HRVEZAEIE
(instrumental variable method: IV)IZ&5, —
B P f5e /N — 3 1 (two-stage least squares:
2SLS), [ A= 7 {%(propensity score
matching: PMS)E S HWHITEY, EIER
Fhi /L F5R (randomized controlled trail:
RCT) 1>~ 7=.

BT OWFFETIE, BEEWIMIZH 7> THE
N7Z BB rTHE7 2 longitudinal data (panel data)
DR RTREIC 2R o727, BRI 84
xS DR AROB) TR REHEE T D
dynamic panel model<°H# & HE E (structural
estimation)Z W e T AU S LA 89127
o7z, F7z, longitudinal data (panel data) T



1%, FEIC Lo TR LW EREE A O J8
% [E BN R (fixed effect) U CREAHITHZ &M
A[RBE72D. LIE3o T, ez BB
BT DI MOMAEL e &, R EDFE B
(KD NAT AT DT EN T REL /R D.

FTo, BT OWZEDINTND, 1T L
D BHHIDT-DITNES DB EATER T
— N, AT OMEEE TRAE T DI
AT A& RS HZEN R, O ER TO
ATIRARHGFEE LD RIS, FH AL
R oERRE BRI, % A LD 6
MDAVIATe MDD 72K, BB ARAT AZLD
HIEFRZEN/NSWNEWST-RFITNHHEE 2
SNAH(E A, 2018). ZHLTHtA2H 4518
BOITET —4%L, ENTOBUREREZH
SRFEBRE LTI LT, propensity scoring
matching& 7= 7255 #7 (difference-in-
difference) % itx H L 7- R R HEFRH HE 2. D D>
2.
C-7. ZrHrit

AR TLE 2—ZAT TR TIE, AR
PEDRRD TREVNT — X, Shkie REEE5HT
FIEDISHEN T, b ofE R, A1EE
TEIR O REBICARRSNDTA | DS 2y 7
%, LT, BRI R T T I B
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FHFRIAE BRI, PR R - Al - R K
HE - B O T FE L FE O RN JRMED 7
7253, WSSO E - U S > THRARD T
ENoT.
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I3, ORI ~T, RIS SSIRLARE . ARl
LEBIZRIRITIR MERNICH DL, xtHRAY
(2 BYEDRY ANy Z— 572 TIIhE R
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Development Survey4 FL# L, A2 ROHR
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T HBMIDOHEAME )X, TEER DS, PIARST
B ROENDT IV—NT7 =R, FEV(:
FORIANT—~&, BRENITEATHEIZ
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iV ME BV D (McPhedran S, 2012).
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DT —2% T, B OFIEIZH) )06

- 30 -

T, RS @I O O D E T, B
PRE « w3 LOMKIR - VAl - AL B
TEAE A OVAZ TN AT, F 5500 A% f
VR, BNPOFFHIEOCBE), EE
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ootz YREHIRIZ B 2 EEE TGS
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Authors Journal Country Data Measurements Method Results
(Year) Work Health
Brenner, H., Occupational Ireland Records of sickness Sickness absence and  Diagnosis Descriptive Cardiovascular disease and
& Ahern, W. and absence since 1981to early retirement of classification statistics musculoskeletal disorders each
environmental 1996 construction workers  according to ICD9 accounted for nearly one third of the
1 medicine conditions leading to permanent
(2000) disability on the grounds of which
early retirement was granted.
Karjalainen, Scandinavian ~ Finland Three national Detailed level of Persistent asthma Log-linear A significantly increased risk was
A., Kurppa, journal of registers, and all 25- occupational model found for either men or women in
K., work, 59-year-old employed  classification 125 occupations. For the men, the
Martikainen, environment Finns were followed risk was highest among bakers,
R, & health for asthma incidence in laundry workers, shoemakers and
Karjalainen, (2002) 1986-1998 repairers, tanners, fell mongers and
2 J., &Klaukka, pelt dressers, and metal plating and
T. coating workers. For the women, the
risk was highest among shoemakers
and repairers, railway and station
personnel, jewelry engravers, engine
room crew, molders, round-timber
workers, and bakers.
Gambin Unpublished European 1994-2001 ECHP and  Continuous: log Dummies: Health OLS and Generally, health status and chronic
(2005) Countries SOEP hourly wage status from very Random- disease affect the wage of men
good health to poor  effects, and across European countries but has
health status, Fixed-effects no consistent effects for women of
chronic disease European countries. For instance,
men in Austria indicate that good
3 health improves wage but for

women the effect is small to
insignificant. Furthermore, effect
varies by country. For instance,
good health increases wage by 9.8%
in Austria but 12.34% in Greece for
men.
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Roos et al.

Scandinavian
Journal of
Public Health
(2005)

3 Nordic
Countries
(Denmark,
Finland, and
Sweden)

The Nordic Data bank

Dummy: unemployed Dummies: Self-
or not

reported poor
health and any
limiting

longstanding illness

Logistic

Overall, poor self-reported health
reduces the probability of being a
full-time employed and increases the
probability of unemployed and
being housewife for women across
Denmark, Finland, and Sweden,
though the effect is small in Finland.
Similar to women, men also
experience the same unemployment
effect of poor health and pattern is
similar to women across three
Nordic Countries.

Schuring et al.

Journal of
Epidemology

& Community

Health (2007)

11 European
Countries
(same as
above)

1994—-1998 European
Community Household
Panel (First Five
Waves)

Dummies:
Employed,
unemployed, and
retired

Dummies: Poor
health and chronic
health problem

Logistics
Regression

By countries, authors find that poor
health and chronic health
significantly increases the
probability of being unemployed
and retired. For example, individuals
with poor health are 30% less likely
to be employed and those with a
chronic health problem are 10% less
likely to be employed in Germany.
Similarly, those with poor health are
2.6 times more likely to be
unemployed and retired while 2.2 to
2.4 times more likely to be
unemployed and retired in Germany.
Similar pattern can be found across
other 10 countries but the effect of
poor health on employment,
unemployment, and retirement is
strongest on Demark, Netherlands,
and the United Kingdoms.

Alavinia and
Burdorf

International
Archives of
Occupational

Environmental

Health (2008)

11 European
Countries
(Denmark,
Sweden,
Austria,
France,

2004 SHARE

Dummies: Retire,
Unemployed, and
Homemaker

Dummies: self-
reported good
health

Logistics

Significant heterogeneity exists
across country and dependent
variables. For retirement, poorer
health increases the probability of
retired in Sweden, Denmark,
Germany, Austria, Italy, Spain, and
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Germany,
Switzerland,
Belgium,
the
Netherlands,
Spain, Italy
and Greece)

Greece. Poor health has no effect on
retirement in the Netherlands,
Switzerland, and France. Similar to
unemployment, poor health
increases unemployment in
Denmark, Germany, and etc. It has
no effect in France.

Bambra and
Eikemo

Journal of
Epidemology
& Community
Health (2009)

23 European
Countries

2002 and 2004
European Social
Survey

Dummy: unemployed

or not

Dummies: Self- Logistics
reported poor Regression
health and any

limiting

longstanding illness

By region and gender, limiting
longstanding illness and self-
reported poor health increases odds
of being unemployed across all
gender and regions: Scandinavian,
Bismarckian, Anglo-Saxon,
Southern, and Eastern Europe. As an
example, limiting longstanding
illness increases the odds of
unemployed by 96% than those
without in Scandinavian and those
with limiting longstanding illness
increases the odds of being
unemployed by 121% than those
without for men. To summarize, the
effect of poor health and illness on
unemployment status is greatest for
those who lived in Anglo-Saxon
region for women and Bismarckian
for men.

Lund et al.

European
Journal of
Public Health
(2009)

Sweden and
Denmark

Danish Work
Environment Studyand
HaKuL

Dummy: Absent due
to sickness at work in
> 7 Days or not

Dummies: Logistics
Overweight, obese,

neck, lower back,

knee symptoms,

Categorical: Self-

reported health

Being obese and overweight
increases the odds of being absent
for sickness in both Sweden and
Denmark. The effect are relatively
similar across these two countries.
Furthermore, various of different
symptoms of chronic health
symptoms are associated with higher
odds of being absent for sickness in
both Sweden and Denmark. The
effects do not vary by countries.
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Herquelot, E., Diabetes Care  France GAZEL prospective Transition from Diabetes Multistate Cox ~ Employment rate decreased more

Guéguen, A.,  (2011) cohort of 20,625 employment to model rapidly in participants with diabetes

Bonenfant, S., employees of the disability (51.9 and 10.1% at 55 and 60 years,

9 & Dray-Spira, French national gas respectively) compared with

R. and electricity nondiabetic participants (66.5 and

company “EDF-GDF.” 13.4%, respectively).

McPhedran, S.  Journal of Australia Waves 2 (2002) to 6 Labor force General health and  logistic Older workers in trades, labor, and
aging and (2008) of the participation =1 if well-being assessed  regression production occupations, the majority
health (2012) Household, Income consistently in the using the Short model of whom are men, have poorer

and Labor Dynamics in  labor force between Form-36 (SF-36) general health than their
Australia Waves 2 and 6; =0 if counterparts in other occupations
in the labor force at and are also the most likely to exit
Wave 2 but left the the workforce.
10 workforce and did
not reenter it between
Wave 2 and Wave 6.
Three broad
categories of
occupations:
professional,
clerical/sales/services
Olesen, S. C.,  Social Australia 2001-2006 Household,  Early retirement Mental Health log—log Poor mental health was associated
Butterworth, psychiatry and Income and Labour Inventory (MHI-5)  regression with higher rates of retirement in
1 P., & Rodgers, psychiatric Dynamics in Australia model men (hazard rate ratio, HRR 1.19),

B. epidemiology (HILDA) Survey and workforce exit more generally
(2012) in women (HRR 1.14).

Deiana C. Unpublished 26 European 2007 and 2009 Dummies: Full-time, Dummy: daily OLS and PSM  Having a limitation on activities
(2013) Countries European Union Part-time, Retired, activities limited reduces the probability of full-time

Statistics on Income Unemployed, and due to physical or employment and increase part-time
and Living Conditions  Inactive mental problems or employment, though the effect
12 not varies across countries. That is,

effect is stronger in countries such
as Austria, Belgium, and the effect
is weaker in countries such as,
Estonia and Finland.
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13

14

15

16

De Wind, A.,, BMC Public Netherlands  Interviews conducted Early retirement Health problems Qualitative Both poor and good health
Geuskens, G.  Health (2013) with 30 employees method influenced early retirement. For poor
A., Reeuwijk, (60—64 years) who health, four pathways were
K. G, retired before the identified. A good health also
Westerman, official retirement age influenced early retirement, since
M. J., Ybema, of 65 persons wanted to enjoy life while
J. F., Burdorf, their health still allowed to do so.
A., ...& Van
der Beek, A.
J.
Robroek, S.J., Scandinavian  N/A PubMed and Embase Exit from paid Overweight, Meta-analysis ~ Obese (relative risk (RR)=1.53) and
Reeuwijk, K. journal of for English language, employment through  obesity, and lack of overweight (RR=1.16) individuals
G., Hillier, F.  work, longitudinal, disability pension, physical activity had an increased likelihood of exit
C., Bambra, environment quantitative studies unemployment, and from paid employment through
C. L., van & health early retirement disability pension, but were not at
Rijn, R. M., & (2013) statistically significant increased risk
Burdorf, A. for unemployment or early
retirement.
Schuring, M.,  Scandinavian =~ Netherlands 1999-2002 Permanent =~ Unemployment, early ~ Self-reported health Cox Poor health increased the likelihood
Robroek, S. J., journal of Quality of Life Survey  retirement, disability =~ with five proportional of labor force exit into
Otten, F. W.,  work, pension, or becoming categories. Those hazards unemployment [hazard ratio (HR)
Arts, C. H., & environment economically reporting less than ~ analyses 1.89], disability pension (HR 6.39),
Burdorf, A. & health inactive “good health” were and early retirement (HR 1.20), but
(2013) defined as having a was not a determinant of becoming
poor health economically inactive (HR 1.07).
Bonauto, D. Preventing USA A landline telephone Occupation codes Obesity by Body Multivariate Workers in protective services were
K.,Lu,D., &  chronic survey in Washington  using the Mass Index regression 2.46 times as likely to be obese as
Fan, Z. J. disease (2014) state Prevention’s Standardized analyses workers in health diagnosing
Behavioral Risk Factor ~ Occupation and occupations. Workers with
Surveillance System Industry Coding physically demanding occupational
from 2003 to 2009 physical activity had a lower PR of

obesity (PR = 0.83) than those with
non-physically demanding
occupational physical activity.
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17

18

19

20

21

Rumball- Health Affairs 16 high SHARE (2004-07), Early retirement Self-reported Cox Across the sixteen countries, people
Smith, J., (2014) income ELSA (2002, 2004, doctor’s diagnosis ~ proportional diagnosed with diabetes had a 30
Barthold, D., countries and 2006), and HRS of diabetes hazards models percent increase in the rate of labor-
Nandi, A., & (2004) force exit, compared to people
Heymann, J. without the disease.
Virtanen, M.,  Diabetic Finland Finnish Public Sector Work disability Obesity, physical Group-based Diabetes was associated with a
Kivimidki, M., Medicine France Study (1102 cases; activity, smoking trajectory ‘high—increasing’ trajectory only
Zins, M., (2015) 2204 controls) and the and alcohol modelling (OR 1.90). Obesity and low physical
Dray-Spira, French GAZEL study consumption activity were similarly associated
R., Oksanen, (500 cases; 1000 with high work disability in people
T., Ferrie, J. controls), followed up with and without diabetes. Smoking
E,. & for 5 years. was associated with ‘high—
Vahtera, J. increasing’ trajectory in employees
with diabetes (OR 1.88) but not in
those without diabetes (OR 1.32).
Kaspersen, S.  The European = Norway Self-reported health Unemployment Chronic somatic Cox Compared to reporting no
L., Pape, K, Journal of data (1995-1997) conditions, high proportional conditions/symptoms, having >3
Vie, G. A., Public Health linked to the National symptom levels of  hazard models  chronic somatic conditions (HR
Ose, S. O., (2016) Insurance Database anxiety and 1.78) or high symptom levels of
Krokstad, S., (1992-2008). depression, poor anxiety and depression (HR 1.57)
Gunnell, D., self-rated health, increased the risk of subsequent
& Bjerngaard, insomnia unemployment substantially. Poor
J.H. self-rated health (HR 1.36),
insomnia (HR 1.19) were also
associated with increased risk of
unemployment.
GBD 2016 The Lancet Global Global Burden of Occupational risks deaths and Comparative Occupational risk factor accounted
Occupational ~ (2017) Diseases Studies Data disability-adjusted  risk assessment for the fewest number of deaths and
Carcinogens life years (DALYs) framework DALYs among all risks (metabolic,
Collaborators environmental, occupational, and
behavior risks), and there was a
significant decline in it since 2006.
Heggebo Ethnicity & 18 European 2005-2014 European Dummy: Dummy: LLSI: OLS Having a limiting long-standing
Health (2017)  Countries Union Statistics on Unemployed or not limiting long- illness increases the probability of

Income and Living
Conditions

standing illness

unemployment for some countries,
such as Austria, Belgium, Czech
Republic, and more. No effects are
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22

23

24

found on Croatia, Hungary, and
more.

Majeed, T., Journal of Australia 2011 Australian Life Workforce Diabetes, asthma, Multinomial Diabetes, asthma, depression, and
Forder, P. M., agingand Histories and Health participation depression, and regression arthritis were less prevalent in men
Mishra, G., health (2017) (LHH) Survey arthritis and women in class “mostly full-
Kendig, H., & time work,” compared with other
Byles, J. E. workforce patterns. The odds of
“mostly full-time work™ were lower
for men reporting depression or
arthritis, whereas among women,
depression was associated with
“increasing part-time work™ after
adjusting early and adult life factors.
Park, J., Kim,  Annals of Korea The fourth Working 20 occupations in Hazards of health chi-squared Aged workers in elementary and
S. G, Park, J.  occupational Conditions Survey of South Korea that problems test for the skilled manual occupations reported
S., Han, B., and 2014 employ the most differences frequent exposure to job-specific
Kim, K. B., & environmental aged workers (at least between aged hazards, such as noise, vibrations,
Kim, Y. medicine 55 years-old) by the workers and high and low temperatures, solvents,
(2017) Korean Standard young workers  and chemicals. In addition, aged
Classification of workers also reported more frequent
Occupations exposure to ergonomic hazards, such
as tiring or painful positions,
carrying or moving heavy loads, and
repetitive movements.
Reeuwijk et Scandinavian 11 European 2004—2012 Survey of ~ One categorical Good or poor self-  Cox Stratified by three regions
al. Journal of Countries Health, Aging, variable, five reported health Proportional (Bismarckian, Scandinavian, and
Work, (Denmark, Retirement in Europe categories: 1) Paid status (a dummy) Hazards Model =~ Southern European), poor health is
Environment, = Sweden, or SHARE (First Four  employment, 2) and F&G’s generally associated with a higher
& Health Austria, Waves) disability benefit, 3) Proportional probability of being in disability
(2017) France, unemployed, 4) early Subdistribution  benefit and unemployed across the
Germany, retirement, and 5) Hazards Model three regions. For Bismarckian
Switzerland, economically region, those with poor health are
Belgium, inactive (stopped 2.89 times more likely to be in
the working for reasons disability benefit group than paid
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25

26

Netherlands,
Spain, Italy
and Greece)

not listed above such
as homemaking)

employment (baseline) and 1.71
times more likely to be unemployed
than be in paid employment. For
Scandinavian region, poor health
increases the probability of being in
disability benefits than in paid
employment by 3.69 times. Finally,
individuals are 7.34 times more
likely to be in disability benefit than
paid employment if they are in poor
health and in Southern Europe
region.

Ando, E., Industrial Japan 2007-2011 Type of employment  Cardiovascular logistic Non-standard employees had a
Kachi, Y., health (2018) Comprehensive Survey contract: standard risk: obesity, regression statistically significant higher OR
Kawakami, of Living Conditions (full-time and abdominal obesity, = model for current smoking than the male
N., Fukuda, and National Health permanent) or non- hypertension, standard employees (OR 1.39; 95%
Y., & and Nutritional Survey  standard (part-time diabetes, CI, 1.13-1.86). The prevalence of
Kawada, T. job) dyslipidemia, diabetes was significantly higher
current smoking, among female non-standard
excessive alcohol employees than standard employees
consumption, and (OR 1.83; 95% CI, 1.10-3.09)
metabolic
syndrome
Leonardi et al. International 3 European  Collaborative Research  Dummy: Dummy: Self- Logistics Higher handgrip decreases
Journal of Countries on Ageing in Europe Unemployed or not reported poor unemployment in all three countries.
Environment (Finland, health The effect is relatively similar across
Research and Poland, and Continuous: three countries. That is, 1kg
Public Health ~ Spain) Handgrip in kg and increases in handgrip strength leads
(2018) walking test at 4m to 0.1 — 0.2 times decreases in

In meter

unemployment. For self-reported
poor health, poor health increases
the odds of unemployment by 3.14
times in Poland and 1.27 times in
Spain.
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28

29

30

Scharn, M., BMC public N/A 20 research articles Retirement timing Multiple domains Meta-analyses ~ Health limitation is one of the eight
Sewdas, R., health (2018) of the determinants, domains (demographic factors,
Boot, C. R., including health health, social factors, social
Huisman, M., participation, work characteristics,
Lindeboom, financial factors, retirement
M., & Van preferences, and macro effects) that
Der Beek, A. determine the timing of retirement.
J.
Heggebo and  Interantional 4 European 2013 European Union =~ Dummy: Dummy: LLSI: OLS Having a limiting long-standing
Buffel Journal of Countries Statistics on Income Unemployed or not limiting long- illness increase the probability of
Health and Living Conditions standing illness being unemployed in Norway,
Services Netherlands, and Belgium but has
(2019) no effect in Denmark. The effect
varies by education level, marital
status, age, and gender across these
countries.
Porru et al. European 11 European 2004 SHARE Dummy: Dummy: depress or  Cox Depression is more likely to increase
Journal of Countries Unemployed or not not using a scale of  proportional the risk of unemployment in
Public Health EURO-D scale (1: hazard model European countries, though the risk
(2019) >4 score and 0 varies. For instance, Northern
otherwise) European countries only have 1.03
risk ratio compared to Southern
European countries which have 1.68
RR.
Fu, R, PLoS ONE Japan the Comprehensive Working status by Diagnosed OLS, 2SLS Cardiovascular diseases
Noguchi, H., (2019) Survey of Living gender and cognitive  cardiovascular with IV significantly and remarkably
Kaneko, S., Conditions (CSLC) (white-color)/non- diseases reduced the probability of working
Kawamura, from 1995 to cognitive (blue-color) by 15.4% (95% CI: -30.6% to -
A., Kang, C., 2013 workers 0.2%). The reduction in working
Takahashi, H., probability was detected for women
Tamiya, N. only. Respondents aged>=40 years

were less likely to work once
diagnosed and the reduction was
enlarged for those aged>=65 years,
while those aged < 40 years
appeared to be unaffected.
Probability of engaging in manual
labor significantly decreased once
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31

32

33

diagnosed; however, no impact was
found for cognitive occupations.
Among employed respondents, the
adverse effects of cardiovascular
diseases decreased working hours by
five hours per week. Validity of the
biomarker instrumental variables
was generally verified.

Schuring et al.  Scandinavian 25 European 2005-2014 European Dummy: Dummy: Self- Cox Poor health increases the odds of
Journal of Countries Union Statistics on Unemployed or not reported poor proportional unemployment across Europe.
Work, Income and Living health hazards models  Specifically, the effect is strongest
Environment, Conditions among Anglo-Saxon region while
& Health the effect is weakest among Eastern
(2019) region.
Torp et al. Journal of 6 European ~ EU COST Cancer and  Dummy: Employed Dummy: Cancer Proportion test ~ Cancer survivors are more likely to
Occupational Countries Work Network Dataset  or self-employed, survivor or not be self-employed. In particular,
Rehabilitation reduced work hours cancer survivors in Belgium and
(2019) Continuous: hours of Ireland are more likely to be self-
work, mean reduced employed than being employed as a
work hours salaried worker. No effect is found
on France, Norway, and UK. Similar
patterns can be observed for work
hours.
Deedele A, International Kaunas city, Cross-sectional survey  the International Perceived Stress Binary logistic ~ Multivariate logistic regression was
Miskinyt e A., Journal of Lithuania which was conducted Standard and Sedentary regression used to assess the impact of
AndruSaityte  Environmental in 2017 by a research Classification of Behaviour sedentary behaviour on perceived
S., Bartkut e Research and market agency and Occupations stress among different occupational
Z. Public Health designed based on (ISCO) and grouped groups. The prevalence of high
(2019) telephone interviews into white-collar sedentary behaviour was 21.7 and
(ISCO-88 major 16.8 % among white-collar and
occupational groups blue-collar workers, respectively.

1-5) and blue-collar
(ISCO-88 major
occupational groups
6-9) workers

Blue-collar workers had a higher
risk of high perceived stress (OR
1.55, 95% CI 1.05-2.29) compared
to white-collar workers; however,
sedentary time did not have any
impact on high perceived stress
level. Meanwhile, white-collar male
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34

35

36

(OR 4.34, 95% CI 1.46-12.95) and
white-collar female (OR 3.26, 95%
CI 1.23-8.65) workers who spend
more than three hours per day
sedentary had a greater risk of high
levels of perceived stress. These
findings indicate sedentary
behaviour effect on perceived stress
among two occupational groups—
white-collar and blue-collar
workers—and other important
factors associated with perceived
stress

GBD 2016 Occupational Global Global Burden of Occupational Cancer attributable =~ Comparative An estimated 349,000 deaths and 7.2

Occupational ~ and Diseases Studies Data  carcinogens deaths and risk assessment  million DALY’ in 2016 due to

Carcinogens Environmental (sociodemographic disability-adjusted  framework exposure to the included

Collaborators ~ Medicine index, employment life years (DALY5s) occupational carcinogens—3.9% of

(2020) data) all cancer deaths and 3.4% all cancer

DALYSs; 79% of deaths were of
males and 88% were of people aged
55 79 years.

Kaneko, S., PLOS ONE Japan Longitudinal Survey of Working status by Diagnosed cancer Logistic Cognitive workers are more prone to

Noguchi, H., (2020) Middle-aged and gender and cognitive regression with  quit their job in the year of diagnosis

FuR., Kang, Elderly Persons (2005-  (white-color)/non- propensity by 11.6 percentage points, and this

C, Kawamura, 2016) cognitive (blue-color) score matching effect remains significant, 3.8

A.,Amano S., workers percentage points, in the following

Miyawaki A. year. On the other hand, for manual
workers the effect during the year of
diagnosis is huge. It amounts to 18.7
percentage points; however, the
effect almost disappears in the
following year.

Rivera- International N/A 18 studies Shift work Prostate cancer Meta analyses ~ No association was found between

Izquierdo, M.,  Journal of rotating/night-shift work and

Martinez- Environmental prostate cancer, pooled OR 1.07

Ruiz, V., Research and (95%CI1 0.99 to 1.15)

Castillo-Ruiz,  Public Health

E.M,, (2020)
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37

38

39

Manzaneda-

Navio, M.,
Pérez-Gomez,
B, &
Jiménez-
Moleoén, J. J.
Mahumud BMC Public Australia The Household, work disability Cancer Survivor unadjusted and  Cancer survivors who faced a severe
R.A., Alam Health (2020) Income and Labour adjusted fixed-  health burden were at 5.32 times
K., Dunn, J. & Dynamics in Australia effect significantly higher risk of having
Gow J. survey multinomial work disability compared with
logistic patients who had no health burden.
regression Other potential predictors, such as
model older patients(relative risk ratio,
RRR = 1.82; 95% CI: 1.57, 5.87),
those engaged in lower levels of
physical activities (RRR = 1.91;
95%CI: 1.07, 3.40), those who drink
alcohol (RRR = 1.29; 95% CI: 1.15,
1.49), and poor socioeconomic
status (RRR = 1.28;95% CI: 1.16,
2.23) were all significantly
associated with extreme work
disability.
SunY., Wang  BMC Public Hong Kong  cluster-randomized Likert scale Physical/mental A generalized ~ On-going study
A, YuS, Health (2020) control trial related health linear mixed
Hagger M.S., outcomes, health- model
Chen X., Fong related quality of (GLMM)
S.S.M.F, care
Zhang C.,
Huang WY,
Baker J.S.,
Dutheil F.,
GaoY.
Viisénen D., BMC Public Sweden the HPI Health Profile  physical activity Occupation group Chi-square test ~ The greatest variation in OR across
Kallings LV.,  Health (2020) Institute cohort (HPI, pattern, physical (a Swedish & sub-major and major occupational
Andersson G., Stockholm, Sweden. examination Standard multivariable groups were seen for daily smoking
Wallin P., www.hpihealth.se) indicators, perceived  Classification of adjusted (OR=0.68 to OR =5.12), physically
Hemmingsson health and other analyses demanding work (OR = 0.55 to
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40

E., Ekblom-
Bak E.

lifestyle-related Occupation:
indicators SSYK)

OR =45.74) and high sitting at work
(OR=0.04 to OR=1.86). For
clustering of health risk indicators,
blue-collar workers had significantly
higher clustering of health risks
(OR: 1.80; 95% CI 1.71-1.90)
compared to white-collar workers
(reference). Compared to high-
skilled white-collar workers, low-
skilled white-collar workers had
similar OR (2.00; 1.88-2.13) as
high-skilled blue-collar workers
(1.98; 1.86-2.12), with low-skilled
blue-collar workers having the
highest clustered risk (2.32; 2.17—
2.48). There were large differences
in health risk indicators across
occupational groups, mainly
between high-skilled white-collar
occupations and the other
occupations, with important
variations also between major and
sub-major occupational groups.
Future health interventions should
target the occupational groups
identified with the highest risk for
effective disease prevention.

Carlsson S.,
Andersson T,
Talbiack M.,
Feychting M.

Diabetologia
(2020)

Sweden

This nationwide study
included all Swedish
citizens born between
1937 and 1979 and
gainfully employed
between 2001 and
2013 (N=4,550,892),
and followed for a
diagnosis of diabetes
from 2006 to 2015

the Swedish Standard type 2 diabetes
Classification of

Occupations 1996

(SSYK96)

Descriptive
statistics

Prevalence of type 2 diabetes was
5.2% in men and 3.2% in women; in
men it was highest among motor
vehicle drivers (8.8%) and in
women it was highest among
manufacturing workers (6.4%).
Incidence varied dramatically across
occupational groups. In men, it was
highest among manufacturing
workers (9.41) and professional
drivers (9.32) and lowest among
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41

(n=201,717) through
national registers

university teachers (3.44). In
women, incidence was highest in
manufacturing workers (7.20) and
cleaners (6.18) and lowest in
physiotherapists (2.20). We found
major differences in the prevalence
of being overweight and smoking
and in the level of physical fitness
across these occupational groups
even at young ages.

Mutambudzi
M.,
Niedzwiedz
C., Macdonald
E.B., Leyland
A., Mair F.,
Anderson J.,
Celis-Morales
C.C., Cleland
J., Forbes J.,
Gill J., Hastie
C.,

Ho F., Jani B.,
Mackay D.F.,
Nicholl B.,
O'Donnell C.,
Sattar N.,
Welsh P., Pell
J.P,
Katikireddi
S.V., Demou
E.

Occupational

&

Environmental
Medicine

(2021)

Methods Baseline UK
Biobank data (2006—
10) for England were
linked to SARS-CoV-2
test results from Public
Health England (16
March to 26 July 2020)

three occupational positive in hospital ~ Poisson

classification or death due to regression
schemes (including COVID-19 models
Standard Occupation

Classification (SOC)

2000).

Results Of 120 075 participants, 271
had severe COVID-19. Relative to
non-essential workers, healthcare
workers (RR 7.43, 95% CI 5.52 to
10.00), social and education workers
(RR 1.84, 95% CI 1.21 to 2.82) and
other essential workers (RR 1.60,
95% CI 1.05 to 2.45) had a higher
risk of severe COVID-19. Using
more detailed groupings, medical
support staff (RR 8.70, 95% CI 4.87
to 15.55), social care (RR 2.46,
95% CI 1.47 to 4.14) and transport
workers (RR 2.20, 95% CI 1.21 to
4.00) had the highest risk within the
broader groups. Compared with
white non-essential workers, non-
white non-essential workers had a
higher risk (RR 3.27, 95% CI 1.90 to
5.62) and non-white essential
workers had the highest risk (RR
8.34, 95% CI 5.17 to 13.47). Using
SOC 2000 major groups, associate
professional and technical
occupations, personal service
occupations and plant and machine
operatives had a higher risk,
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compared with managers and senior
officials.

%% 2: EconLit IZLXAMERER

Authors Journal Country Data Measurements Method Results
(Year) Work Health
Pelkowski, J. Growth and USA 1992-93 Health and Transitions between  Diagnosed with Multinomial Workers with health problems are
M., & Berger, Change Retirement Study employers according  health problems logit regression  more likely than healthy workers to
M. C. (2003) to HRS occupational remain with their current employer
1 coding scheme than to switch employers. But
among those who switch employers,
those with health problems are more
likely to change broad occupational
categories than are healthy workers.
Llena-Nozal Health UK 1958-2010 National Occupation types: Mental health by Ordinary least ~ Employment status, occupation and
A, Economics Child Development professional, Malaise Inventory ~ square with lifestyle variables are important for
Lindeboom, (2004) Survey managerial and fixed effect, the probability of experiencing a
) M., & Portrait, technical, skilled selection disability shock. Individuals who
F. non-manual, skilled model participate in the labour market and
manual, partly who hold a professional occupation
skilled and unskilled have substantially lower disability
shock probabilities.
Steiner, J. F., Cancer (2004) Review Literature review from  Work return and Cancer survivor or A conceptual Because the ability to work
Cavender, T. 1966-2003 by work function, not model of work  integrates so many physical,
A., Main, D. searching the economic status, after cancer mental/cognitive, social, and
S., & Bradley, MEDLINE, CancerLit, work intensity, role, economic considerations,
3 C.I EMBASE, and content observational studies of the impact

HealthSTAR,

PsychoINFO, ERIC,
and Social SciSearch
electronic data bases

of cancer on work and interventions
to improve work function are a
particularly important component of
cancer survivorship research.
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Cawley et al. Schmoller US and 1986-2001 Panel Continuous: log Continuous: IV (parental For men in both the US and
Jahrbuch Germany Study of Income wage weight, height,and BMI) Germany, having higher BMI has
(2005) Dynamic and 2002 BMI no effect on log wage. For women
German Soci- Dummies: in the US, higher BMI reduces log
Economic Panel Underweight, wage by 1.32%. For women in
overweight, and Germany, higher BMI has no effect
overweight on log wage.
Garcia and Unpublised European 1998 — 2001 European ~ Dummy: Employed Continuous: BMI Logit The effect of weight-related
Quintana- (2006) countries Community or not and weight variables on employment and wage
Domeque Household Panel Continuous: Hourly =~ Dummy: Obese or differed across countries and
wage not gender. We only highlight an
example as too many
heterogeneities to summarize
everything. For instance, Higher
obesity, BMI, and weight increases
unemployment in Greece, Italy, and
Spain for women, whereas they
have no effects on unemployment in
Demark, Finland, Ireland, and
Portugal. For men, higher weight-
related variables increase
unemployment for Belgium,
Finland, and Spain.
Kim, I. H,, Social science  Korea 1998 Korean National =~ Nonstandard Self-reported Logistic Nonstandard employees were more
Muntaner, C., & medicine Health and Nutrition employment: part- depression and regression likely to be mentally ill compared to
Khang, Y. H., (2006) Examination Survey time work, suicidal ideation standard employees. Nonstandard
Pack, D., & temporary work, and work status was associated with
Cho, S. I. daily work poor mental health after adjusting

for socioeconomic position
(education, occupational class, and
income) and health behaviors
(smoking, alcohol consumption, and
exercise).
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Lundborg et
al.

The
Economics of
Obesity
(2006)

European
countries

2004 SHARE

Dummy: Employed
or not

Continuous: Hours
worked and wage

Dummies: Obese

OLS

For Nordic and Central European
countries, BMI has no effect of
employment for either men and
women. For Southern European
countries, higher BMI reduces
employment for men but has no
effect on women. Generally, BMI
has no effect on hours of worked
except for women of Central
European countries. Interestingly,
higher BMI increases the
probability of employment by 10.1
percentage points for women of this
region. For wage, BMI only has
effect on wage for women living in
central European countries.

Brunello and
D’Hombres

Economics
and Human
Biology
(2007)

European
countries

1998 — 2001 European
Community
Household Panel

Continuous: Hourly
wage

Continuous: BMI

Instrumental
variable (BMI
of relative)

Higher BMI is no effect on wage in
Greece, Spain, Austria, Denmark,
and Ireland for women. Higher BMI
reduces on wage in Italy, Portugal,
and Finland for women. For
instance, one point increases in BMI
reduces wage by 1.4% in Italy;
reduces wage by 3.5% in Portugal;
and reduces wage by 3.6% in
Finland. For men, the effect differs
across countries as well.

Atella et al.

EHB (2008)

European
countries

1998 — 2001 European
Community
Household Panel

Continuous: Wage

Dummies: Obese,
Overweight, and

Underweight

OLS and
quantile
regression

For women, the obesity has no
effect on wage in Austria, Greece,
Ireland, and Portugal. For Belgium,
Denmark, Finland, Italy, Spain,
being obese significantly decreases
wage for women. Generally, weight
has no effect on wage across
countries, except for Austria,
Belgium, Ireland, and Italy.
Significant heterogeneity exists
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across different distribution of wags
for both gender.

Case and Journal of UK and US 1958 National Child Continuous: log Continuous: Height OLS and For men and women in UK, higher
Paxon Political Development Study, annual earning multinomial height is associated with higher log
Economy 1970 British Cohort logistics annual earning. For men in the US,
(2008) Study, 1986-1994 being higher is associated with
10 National Health higher probability of being in an
Interview Survey, executive position. For women in
1988 — 1997 Panel the US, the effect is much smaller.
Study of Income
Dynamic
Villar and EHB (2009) European 1994-2001 European Continuous: Continuous: BMI OLS and logit ~ For men, higher BMI is associated
Quintana- countries Community Household income with higher household income but
Domeque Household Panel the effect varies across countries. In
particular, higher BMI increases
household income in Finland,
Greece, and Denmark but has no
11 effect in Austria, Belgium, Ireland,
Italy, Portugal, and Spain. For
women, higher has no effect on
household income, except for
Denmark where higher BMI
increases household income for
women.
Hildebrand Unpublished European 1994 — 2001 European  Continuous: Wage Continuous: BMI Partial linear For Northern and Southern
and Kerm (2010) countries Community model (non- European countries, BMI has no
Household Panel parametric effect on wage for men. For women,
12 model) BMI reduces employment by

approximately 0.4 percentage points
for both Northern and Southern
European countries.
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13

14

15

16

Garcia-Gomez  Journal of European 1994-2001 The Dummies: Dummies: Self- Propensity Significant heterogeneity exists on
Health countries European Community — unemployed, retired, reported bad health  score matching the effect of health and chronic
Economics Household Panel and inactive (SAH) and chronic ~ (or PSM) disorder on employment outcomes
(2011) disorder across European countries. For
instance, being poor health reduces
the probability of being employed
by 6.89 percentage-points in
Denmark while the effect in
Belgium is only 2.30 percentage-
points. Similar pattern can be
observed for having a chronic
disorder. Stratified the effect by age
groups, authors find that older
workers have stronger effect of poor
health and employment than
younger workers. The pattern is
consistent across countries.
Moran, J. R., Journal of USA 1997-1999 Penn State ~ Prime-age cancer Diagnosis of all Propensity As long as two to six years after
Short, P. F., & health Cancer Survivor survivors’ types of cancer score matching  diagnosis, cancer survivors have
Hollenbeak, C. economics Survey probability of difference in lower employment rates and work
S. (2011) working, probability difference fewer hours than other similarly
of working full time, aged adults.
working hours per
week
Sotnyk Unpublished European 2004 — 2009 SHARE Dummy: Employed Dummies: Obese OLS with Regardless whatever it is Northern
(2011) countries or not and overweight lagged or Southern European countries,
Continuous: Hours dependent being overweight or obese has no
worked variable effect on employment and hours
worked.
Wandel, M., Handbook of  N/A Literature review and  Job stress Weight Job Psychological demand and decision
Kjollesdal, M.  Stress in the interpretation of demand/control latitude are comprised in the model.
K. R., & Roos, Occupations potential mechanism model When an employee experiences
G. (2011) high psychological demands and his

decision latitude is low, job strain is
high and leads adverse stress
reactions such as having unhealthy
diet and being at risks of obesity.
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Christensen,
B.J, &
Kallestrup-

17 Lamb, M.

Health
Economics
(2012)

Denmark

1985-2001 Merged
register data on
individual objective
medical diagnosis
codes and early
retirement behavior

Early retirement

Diagnoses defined
by ICD-10

Duration
analyses

Individual obtaining a diagnosis
from musculoskeletal system and
connective tissue, or from diseases
of the circulatory system,
experiences a more than 50 %
increase in retirement probability.

Flores and
Kalwij

18

Empirical
Economics
(2014)

European
countries

2004 —2012SHARE

Dummy: Employed
or not

Categorical: Self-
reported health (3
categories: fair,
good, and
excellent)
Dummy: Chronic
condition

Probit

Significant difference exists across
European countries in term of
effects of chronic conditions on
employment. Generally, having
chronic condition reduces
employment regardless of countries
but the significance varies. For
instance, chronic condition
significantly reduces employment in
Sweden but the effect of chronic
condition on employment is
negative and insignificant in
Demark. For self-reported good
health, coefficient size of the effect
of good health varies but
significance is consistent across
ALL countries.

Candon, D.

19

Economics & UK
Human

Biology

(2015)

2000-2006 English
Longitudinal Study of
Ageing

Labor force
participation and
working hours

Diagnosis of all
types of cancer

Propensity
score matching

Cancer have a negative impact in
both the first 6-month period
following diagnosis and the second
6-month period. In the second 6-
month period after diagnosis,
respondents with cancer are 12.2%
points less likely to work and work
4.2 fewer hours a week when
compared to matched, healthy
controls.

Gimenez-
Nadal and

20 Molina

Economic
Modelling
(2015)

European
countries

Multinational Time
Use Survey

Continuous: Hours
devoted to market
work

Dummy: Self-
reported good
health

Seemingly
Unrelated
Regression

Overall, better self-reported health
is associated with more hours
devoted to market work regardless
of countries and gender, though the
effect varies across countries and
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gender. For instance, good health is
associated with 33.7% more hours
in market work for men in France
while good health is associated with
only 12.0% increase in hours of
market work for men in Germany.
Similar pattern can be observed in
women as well.

21

22

23

Kajitani, S. Journal of the  Japan 1999-2001 Nihon Type of occupation: ~ Number of chronic ~ Discrete time-  Physical abilities of male blue-collar
Japanese and University Japanese white-collar and diseases, high duration model ~ workers decline more rapidly with
International Longitudinal Study of  blue-collar blood pressure, age, especially after 55 years of age,
Economies Aging diabetes compared to those in other
(2015) occupations. By contrast, the
probabilities of being diabetic
among male white-collar workers
increase more rapidly with age than
they do for male blue-collar
workers.
Kolodziejczyk, Economics & Denmark Danish Cancer Non-participation of ~ Breast cancer Propensity There is a significant educational
C.,& Human Registry linked to labor market and score gradient in the effect of cancer in
Heinesen, E. Biology hospitalization registry  eligibility to disable weighting the public sector, where the
(2016) pension, three years methods estimated effects are 11.5 and 3.8
after the year of percentage points, respectively, for
diagnosis the low- and high-educated. The
corresponding estimates for the
private sector are 6.2 and 3.2
percentage points and here the
educational gradient is only
marginally significant.
Lin, S. J. The Journal of Taiwan 2008 Panel Study of Wage Obesity Two stage least Individuals with excess bodyweight

Developing
Areas (2016)

Family Dynamics

square

are paid much less than their normal
weight counterparts, in particular
for female workers and those who
are aged 50 and above. Being
overweight and obese also penalizes
the wages of those who are engaged
in the managerial, sales, and
services occupations.
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Trevisan and Labour European 2001-2013 SHARE Dummy: Worked last Dummy: has a PSM For Nordic countries, negative
Zantomio Economics countries and 2002 — 2013 week or four months  heart attack, health shock reduces the probability
(2016) English Longitudinal or not cancer, or stroke or of being employed by 11.9
Study of Ageing not percentage-points. For contential
and Mediterranean countries, health
24 shock has no effect on the
probability of being employed. For
Eastern countries, negative health
shock results in a significant
negative effect on the probability of
being employed. That is, the effect
is approximately -0.595.
Heinesen, E., Applied Denmark 2010 administrative Return-to-work Breast, colon or Linear Return-to-work probability has a
Kolodziejczyk, Economics data and a survey to probability three melanoma skin probability negative correlation with pre-cancer
C., Ladenburg, (2017) breast and colon years after the year cancer diagnoses models job dissatisfaction with mental
25 J., Andersen, cancer survivors of diagnosis demands (where the correlation is
I., & Thielen, driven by the high-educated) and
K. with physical demands and the
superior (where the correlation is
driven by the low-educated).
Jeon, S. H. Health Canada Canadian 1991 Census Individuals' working  Cancer types that Coarsened Over the 3-year period following
economics link to Vital Statistics  status and total are restricted to exact matching the year of the diagnosis, the
(2017) Registry and annual earnings people surviving and regression  probability of working is 5
26 longitudinal personal for more than three  models percentage points lower for cancer
income tax records years or not survivors than for the comparison
group, and their earnings are 10%
lower.
Jeon, S. H., &  Journal of Canada Canadian 1991 Census Individuals’ working  Treatment: spouses  Difference in There is a strong evidence for a
Pohl, R. V. health link to Vital Statistics  status, annual were diagnosed difference with  decline in employment and earnings
economics Registry and earnings, and family  with cancer for the  coarsened of individuals whose spouses are
(2017) longitudinal personal income first time between exact matching diagnosed with cancer. Individuals
27 income tax records 1992 and 2003 reducing their labor supply to

provide care to their sick spouses
and to enjoy joint leisure. Family
income substantially declines after
spouses’ cancer diagnoses,
suggesting that the financial
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28

29

30

31

consequences of such health shocks
are considerable.

Heinesen, E., Journal of Denmark 2000-2005 Danish Labor market Diagnosis of all OLS, The negative effect of cancer on
Imai, S., & health cancer and outcomes four years  types of cancer robustness employment is stronger if the pre-
Maruyama, S.  economics hospitalization after diagnosed based on ICD-10 checks with cancer occupation requires high
(2018) registers cancer over different ATT with levels of manual skills or low levels
job characteristics inverse of cognitive skills. Cancer is not
measurement: skill probability associated with occupational
and ability weighting mobility.
requirements in each
specific occupation.

Mavisakalyan ~ EHB (2018) Armenia, 2008 Caucasus Dummy: Employed =~ Dummy: Attractive Probit Across three countries, the effect of
Azerbaijan, Research Resource or not or not attractiveness on employment is
and Georgia  Centers Data relatively similar for men. That is,

attractiveness increases the
probability of employment by
approximately 13 to 14 percentage
points. For women, the
attractiveness has no effect on
employment.

Ravesteijn, B., Health Germany 1984-2012 German Occupational titles Health satisfaction, Dynamic panel Blue-collar workers report worse

Kippersluis, H.  economics Socioeconomic Panel according to Self-assessed data model health than white-collar workers,

V., & (2018) International health, SF12 for and that the size of this health gap is

Doorslaer, E. Standard physical and comparable to the effect of ageing

V. Classification of mental health 29 months. However, because of

Occupations various sources of selection into
occupation, the association does not
necessarily reflect the causal effect
of occupation on health.

Stephens Jr, National USA Multiple risks factor Earning and family Coronary heart Randomized The health interventions

M., & Toohey, Bureau of intervention trail income disease related controlled trail  significantly increase earning by

D. I Economic risks and three percent and family income by

Research interventions such four percent with no concurrent

as cholesterol,

effect on labor force participation.
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working paper
(2018)

smoking, and blood
pressure.

Dang, A, Economics & India 2004-05 and 2011-12 Working or not and BMI Ordinary least ~ BMI is positively and significantly
Maitra, P., & Human India Human white-collar or not square associated with labor market
Menon, N. Biology Development Survey inactivity. Women in white-collar
(2019) work have about 1.01 kg/m2 higher
32 BMI than women in blue-collar
work. For working men, the
comparable estimate is
approximately 1.18 kg/m2.
Kelly et al. EHB (2019) Entire world 1984 — 2008 Multiple =~ Continuous: GDP Continuous: Mean ~ OLS and Across different income level of
(116 data sources: WHO growth BMI dynamic panel  countries, authors find that upper
Countries) data, The World estimation middle income countries experience
Development a significant reduction in GPD
Indicators, growth as BMI increases. That is,
33 International Country 1% increase in population BMI
Risk Guide, and UN decreases GDP growth by 11.5%.
Conference on Trade No effects were found on low-
and Development income, lower middle-income, and
high-income countries.
Osmani, A. R., Economic USA 2008-2015 Medical Employment status, Cancer survivor or  Correlated Male and female cancer types
& Okunade, Modelling Expenditure Panel weekly work hours, not random effects  adversely affect short- and long- run
A A (2019) Survey hourly rate of pay model employment prospects, and male-
and total number of specific cancers increase weekly
missed workdays due hours of work and decrease short-
34 to illness and long- run annual labor incomes.

Moreover, gender-specific cancers
increasingly limit long run family
incomes and raise total health
expenditures in the short- and
intermediate- runs but not in the
long-run.
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White-Means,  Journal of USA 2008-2014 Medical Labor force Self-reported hurdle negative  Hispanic and Black breast cancer
S. I, & Family and Expenditure Panel participation and cancer status binomial survivors were less likely to be
Osmani, A. R.  Economic Survey working hours model employed by 4% and 7.5%,
Issues (2019) respectively, compared with Whites.
Black prostate cancer survivors
were 8% less likely to work than
35 Whites. Once employed, Black and
Hispanic breast cancer survivors
worked an extra 4 and 6 h than
Whites, while Hispanic prostate
cancer survivors worked 5 fewer
weekly hours than Whites.
Hamaaki, ] &  Journal of Japan 2008-2010 Survey on  Labor force Number of IV probit and A deterioration in health increases
Noguchi, H. International Health and Retirement  participation and illnesses/lifestyle recursive the probability of not working and
Economic conducted by National =~ working hours disease/at least one  bivariate probit  being retired and, moreover, tends
Studies Institute of Population of the three killer models to decrease individuals’ average
and Social Security diseases in working hours per week. Compared
36 Research preceding three with males under 60 years of age,

years

the work status of males aged 60 or
over is significantly more likely to
be affected by having one additional
illness and suffering from a lifestyle
disease than that of under 60s.
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# 1-1 : feidHE = (BIRIEEME)

TR B PR HE(R 2=
AETEEEIR T X Dok ki 6.72 10.08
o M2 0.27 0.67
2H Rk 6.45 9.71
An 153862.5  257455.45
9 h 40-44 % 10573.3 18825.3
9L 45-49 1% 10742.9 18590.5
9B 50-54 % 10491.2 17659.6
2% 55-59 % 10402.8 17199.4
25 60-64 7% 10312.6 16912.9
25 65-69 ik 9371.0 15372.1
25 70-74 7% 7706.3 12504.9
B Fa% 0.67 0.25
[ R i A 2K 132.4 256.2
IR IREL 2220.8 3718.2
SR 5 DIRBEDEIG 0.10 0.06
UNERWNE VRE -9 i &4 0.00 0.00
INERWNE VRS 0.02 0.01
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#*1-2 : b HEE (EABRE)

FIH AT RE A A A
I ¥y EEME(FZE 2001 2004 2007 2010 2013 2016
L RE IR 0 £ 1
BHIER 0.16 037 O O O O O O
i3} 0.09 28 O O O O O O
H 0.05 20 O O O O O O
ik 0.05 022 O O O O O O
I8 0.09 29 O O O O O O
ERlers 0.11 031 O O O O O O
ke 0.07 26 O O O O O O
R & 0.06 024 O O O O O O
B 0.22 40 O O O O O O
FR 0.1 3O O O O O O
PRI AE FE A 0.05 020 O O O O O O
5 0.02 o3 O O O O O O
%2 0.44 o5 O O O O O O
WA T )
=30} 0.03 le O O O O O O
TE W |2 T B 0.3 046 O o O
e 0.58 049 O O O
BT
BAIELSHEYBEFELLTND 0.43 049 O O O
ITHROLDERENRD 0.27 044 QO O O
JE/\SEIC LTV D 0.37 048 O O O
NRT U AZADENT-EEEZ LTINS 0.35 048 O O O
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7% 2: DID HE 8 (Fh e h-55%)

AETTRIRIR SR AETTEIRIR SR
3 IR RS R IR RS
(M ) ®3) 4) ) (6)
Treatx After -1.604**  -0.003  -1.602**

(0.628)  (0.072)  (0.623)

Treatx After 2.017%%%  0.013  -2.004%**
(2008 =[x <) (0.639) (0.083) (0.634)
BLEK 5590 5590 5590 4892 4892 4892
I ALE S AR 11.912 0.431 11.481 11.912 0.431 11.481

*p <0.1, %% p<0.05, %%x p<0.01. FEAEREITFEINNICBIAEERRZIZABRICET 27 7 24
U > 7R 2R R ERR e A B AL

7 3: DID # & (ZETHEE)

EE

2 A g TEH) /] HAIE LY 938k NG E NI R

() 2 3) “4) ) (6) (7 3
TreatxAfter 0.0474*  0.0233**  -0.0019 -0.0982*  0.1269%* -0.0181 0.0719 -0.0871

(0.0238)  (0.0105)  (0.0581)  (0.0502)  (0.0611) (0.0585)  (0.0465)  (0.0979)
B 42168 41166 21931 21335 21931 21931 21931 21931
T 0.4457 0.0159 0.3075 0.5071 0.4495 0.2952 0.3796 0.3685
LA A . . . . . . . .

*p <0.1, %% p<0.05, %%x p<0.01. FEEFREIIFEINNICBHEAEERRZIZATBRICET 227 7 22 ) o 7 CERE 7R
UERR 72 2 B
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F 4 TT VAT A NEFEE)

EE

TE ) /e HAIE LW 597k NG E RTR

(1 2 3) 4 Q) (6)
TreatxAfter 0.0134 -0.0482 0.0512 0.0531 -0.0154 0.0501

(0.0698)  (0.0340)  (0.0629) (0.0629)  (0.0208)  (0.0429)
B 83088 81675 83088 83088 83088 83088
1 0.3276 0.5563 0.4979 0.3065 0.3629 0.3989
LA . . . . . .

*p<0.1, %% p<0.05, +x p<0.01. FEHEFLE TRV I FBEE LI X BIRIKICRET % 7
FALY TR I AR S A F AL
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Transition Ratio to No Disability (male). Spline
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Transition Ratio to Heavy (male): Spline
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Transition Ratio to No Disability (female). Spline
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Transition Ratio to Heavy (female): Spline
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Transition Ratio from No Disability (male/1 Hokkaido): Spline
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Transition Ratio from Heavy (male/1 Hokkaido): Spline
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Transition Ratio from Light (female/1 Hokkaido): Spline
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Transition Ratio to No Disability (male/1 Hokkaido): Spline
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Transition Ratio to Heavy (male/1 Hokkaido): Spline
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Transition Ratio to Heavy (female/1 Hokkaido): Spline
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Transition Ratio from Light_Physical (male): Spline
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Transition Ratio from Heavy_Physical (female): Spline
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Transition Ratio to Heavy_Physical (male): Spline
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Transition Ratio to Death (male): Spline
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Transition Ratio to Heavy_Cognitive (female): Spline
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A. WFZEE healthcare systems (e.g., Germany, Sweden,
A-1. 22D = Taiwan, South Korea, and Japan) provide

To improve children’s health and healthcare subsidies in addition to universal health
accessibility, many developed countries have msurance for child patients. These policies are
provided generous healthcare coverage, often considered investments for their futures
free of charge, to child patients. The United because it is widely recognized that a healthy
States has expanded Medicaid eligibility to childhood results in various long-term benefits
include the children of low-income parents in health, education, and even labor. Besides
since the 1980s. Even countries with universal the benefits for the child, which are enjoyed
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throughout his or her life, improving health
equity for children in the community would
prevent the intergenerational perpetuation of
poverty and poor health outcomes that cause
future financial burdens on the healthcare

system.

A2, WIFEDO R

In this study, we investigated the effect free
healthcare provision had on the healthcare use
and health outcomes of children of preschool
age (that is, those aged zero to six years) by
exploiting the unique variation of eligibility for
the children's healthcare subsidy among
Japanese municipalities. In the 1990s, some
Japanese municipalities introduced the subsidy
to decrease cost-sharing for children from 30%
to 0%, thus augmenting universal health
insurance coverage. Because each municipality
introduced and expanded the subsidy to
different eligible ages at different times,
subsidy eligibility varies substantially at the
municipality-age-time levels, allowing us to
adopt the difference-in-differences (DID)
framework. To this end, we collected data on
the subsidy statuses of 33 municipalities with
relatively large populations by reviewing the
available minutes on each municipal council’s
homepage and then merged this information
with four nationally representative individual-
level datasets on healthcare use and health
status. We then investigated the subsidy’s
short-term effects on children’s outpatient and
inpatient care use (e.g., number of patients,
visit intervals, length of hospitalization, and
monthly spending) and health outcomes (e.g.,

subjective symptoms that were easily
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recognized and therefore reported by parents,
discharge outcomes measured by physicians,
and mortality rates). Therefore, it should be
noted that our results are limited to urban

regions.

B. WF7E 54
B-1. STV T =4

To collect information on subsidy status by
the municipality, we reviewed the minutes of
each municipal council. The Ministry of
Health, Labour, and Welfare (MHLW) has
published comprehensive information on the
subsidy status for all municipalities as of 2011,
but none is available before that date. In
particular, this information was not published
in the 1990s, when most municipalities
mtroduced subsidies. To compensate for this
shortage, we collected the following
information through a review of the minutes
available on the homepages of each municipal
council: 1) the time (year and month) of the
mtroduction of the subsidy, 2) the maximum
age of eligible children, and 3) the amendment
of the eligible age and its timing (year and
month). We collected this information for 33
municipalities with populations of more than
0.5 million from 23 specified districts
(“Tokubetsu-ku™) in the Tokyo Metropolis and
10 government-designated cities (“Seirei Shitei
Toshi”) across Japan. This study included 19%
of preschool-age children in the 1990s. The
main reason for focusing on the 33
municipalities is that they have taken the
mitiative to introduce the subsidy and expand

eligible age.



Table 1 shows the introduction of timing
and changes in the eligibility age for each
municipality. For example, Chiyoda
introduced the subsidy for children aged4 or
under in April 1993. Then, it was expanded to
children aged 6 or under in September 1995.
As shown in the table, the subsidy expanded
dramatically in the 1990s. Therefore, to save
space, we show only the year in which the
subsidy was introduced, although the month
also differs across municipalities.

We used the four nationally representative
data sources from the MHLW to evaluate the
effects of subsidies on comprehensive
healthcare use and children’s health outcomes.
From the entire survey sample, we extracted
data on children aged 0-6 years living in 33
municipalities and merged individual-level
data from each survey with subsidy status,
residential municipality/location of the medical
nstitution, and survey year-month as
identifiers. All data contained the age of each
child and the survey date. Furthermore, we
have information on the exact date of the
subsidy introduction. Using this information,
we identified whether each child was eligible
for the subsidy on the day of each survey.
Using this merged data, we investigated the
subsidy's short-term effects on the following
variables: 1) the number of patients, visit
intervals, and monthly spending, which
represent outpatient use; 2) the number of
patients, length of hospitalization, and monthly
spending, which correspond to inpatient use;
and 3) subjective symptoms that were easily
recognized and therefore reported by parents,

discharge outcomes measured by physicians,
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and mortality rates, which represent health

outcomes.

B-2. GCikHLE!

Table 2 summarizes the descriptive statistics
of major outcome variables used in this study
from each survey. Panel A describes the
Patient Survey (PS) and indicates that the
mean number of outpatient visit interval,
representing the frequency of outpatient care
use, is 21.6 days. The mean length of hospital
stay was 9.0 days, and 10.9% of child patients
were discharged as cured. Note that this
discharged outcome represents the objective
health status evaluated by a physician. Panel B
summarizes the monthly spending collected by
the Statistics of Medical Care Activities
(SMCA). These amounts are the total costs
paid by patients/municipalities and insurance
to medical institutions. Child patients spend an
average of JPY 8.3 and 84.6 thousand per
month on outpatient and inpatient care,
respectively. Panel C reports the basic statistics
of the Comprehensive Survey of Living
Conditions (CSLC). On average, 20.3% and
0.4% of children currently use outpatient and
mpatient care, respectively, and 24.5% of
children have some subjective symptoms,
representing subjective health status reported
by parents. Panel D, reflecting the Vital
Statistics (VS), shows that the average
mortality rate is 0.8/1,000 children. The
mortality rate among this age group is
extremely low but is somewhat higher in
infants under 12 months of age (i.e., aged
zero), at approximately 4.2/1,000 infants. We
also calculated the mortality rate by cause of



death based on the International Classification

of Diseases, Revision 8 (ICD-8). In these age

groups, congenital malformations and perinatal

diseases were the most common causes of
death.

B-3. #EEET L

We estimated the following equation utilizing
the unique variations in subsidy eligibility
across residential municipality, age, and time

of introduction:

Yiahme =+ ,B’l[Subsidized]a,m,t +
Xi,ty + 6h + Um + Tt + T[m,t + Si,a,h,m,t
(D

where Y; ;. is a dependent variable that
represents healthcare use and outcomes for
child i of age a at hospital h living in
municipality m in survey year t. The key
variable, 1[Subsidized], p, ., is a dummy
indicating whether healthcare is subsidized.
This variable depends on the maximum
subsidy eligibility age a in municipality m in
survey yeart. X;, is a vector of individual-
level control variables, such as gender, birth
month, age, and type of insurance. We also
included hospital fixed effects, 6, when
using the PS and the SMCA ; municipal fixed
effects, l,,,, when using the CSLC and the
VS, and survey year fixed effects, 7,. Further,
we included a municipality-specific trend,
T, ¢» Which is the interaction of the
municipality and survey year fixed effects, to
control for time-varying unobserved factors
correlated with healthcare use and outcomes at

the municipality level. The standard errors are

clustered at the level of children’s age and
municipality to account for the correlation in
the error terms within age and the
municipalities.
Similar to Equation (1), we used the following
equation to estimate the age-specific effect of
the subsidy:
Yianme =@+

6 _o Ba{1[Subsidized], , , X
1[Age al}+ X;, v + 8 + phm + 7, +

T[m,t + gi,a,h,m,t

2)

where 1[Age a] is adummy that takes the
value of one if a child is of age a (baseline: six
age). The other variables are the same as those
in Equation (1). While it is possible to estimate
the age-specific effect by dividing the samples
by the child’s age, we estimate a single
equation to prevent loss of statistical power
due to small sample sizes. The above equations

were estimated using ordinary least squares.

C. WFFERER
C-1. Sk~DF

We first present the results for the effect of
the subsidy on the use of outpatient services. In
Table 3, we report the estimated coefficient of
[, derived from Equation (1), representing the
difference between subsidized children, who
do not need to pay any of the costs, and non-
subsidized children, who pay 30% of the total
cost. Column (1) shows the effect on the
probability of using outpatient care, indicating
no significant difference between subsidized
and non-subsidized children. Next, we

examined the effect on the aggregated number



of patients by a medical institution and the
child’s age. Columns (2) and (3) present the
regression results for the number of patients by
first and repeat visits, respectively.
Interestingly, although the estimate for the first
visit was not statistically significant, we found
a significant difference for repeat visits. The
number of repeat patients increased by 8.8%
(0.17 out of 1.93 children) due to the subsidy.
This result might be consistent with that for the
outpatient dummy from the CSLC, which was
not statistically significant, as shown in
Column (1). The outpatient dummy equals one
for a repeat patient and does not change even if
repeated visits increase. The point estimate in
column (4) of Table 3 shows that the subsidy
shortened visit intervals by 3.0 days,
suggesting that subsidized children use
outpatient care more frequently than those
without subsidy. As the mean value for non-
subsidized children was 22.5 days, the subsidy
shortened outpatient intervals by 13.3%.
Column (5) reveals that the monthly spending
for subsidized children increased by JPY 517
(approximately USD 5.17) compared to those
without the subsidy. This estimate corresponds
to a 6.8% increase from the mean value for
non-subsidized children, which is JPY 7,525
(USD 75.25).

Panel A of Figure 1 demonstrates the age-
specific effect, which includes the interaction
of subsidy status with age (baseline: age six),
as presented in Equation (2). We find that the
size of the effects tends to be larger for young
children, particularly among infants aged zero
(i.e., under 12 months of age) and one year.

Specifically, the probability of using outpatient
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services for infants aged one is 6.3 percentage
points higher than that for children aged six.
Visit intervals for subsidized infants aged zero
(i.e., under 12 months of age) and one year
were shortened by 7.8 and 6.9 days compared
to non-subsidized children aged six years,
significant at the 10% level. As for monthly
spending, subsidized infants aged zero (i.e.,
under 12 months of age) and one year spend
more than JPY 2,387 (USD 23.87) and JPY
2,161 (USD 21.61), respectively, on medical

care compared to non-subsidized children aged

six years.

C-2. ANBE~DR%

Unlike outpatient services, to which patients
have free access and no restrictions on the
number of visits, a physician’s decision is
required for inpatient services. Thus, we can
observe supply-side behavioral responses to a
decrease in patients’ cost sharing (i.e., 30% to
0%) by estimating the effects on inpatient
dummy, days of hospital stay, and the number
of hospitalized patients.

First, we examined the effect on the
probability of using inpatient care. As shown
in Column (1) of Table 4, we found no
significant difference in hospitalization status
between subsidized and non-subsidized
children. We also examined the effect on the
aggregated number of patients by medical
mstitution and child’s age. Columns (2) and
(3) represent the results of the number of
patients with and without surgery, respectively.
We found significant results only for the
number of patients with surgery, suggesting

that the implementation of the subsidy



encourages physicians to more carefully
examine children hospitalized for serious
illness. Column (4) reports the effect of the
subsidy on the length of hospital stay, which
represents the intensity of care. We found no
significant effect, suggesting that physicians
do not hospitalize children longer, even if the
patients’ cost-sharing is zero. Column (5)
shows the estimate of monthly spending.
Similarly, we found no significant difference.
Panel B of Figure 1 plots age-specific effect
on inpatient use. As shown in the figure, we
found that the younger the children are, the
longer the hospital stay length is only for
patients who are hospitalized with surgery.
Subsidized infants under 12 months of age
(i.e., aged zero) stay 3.8 days longer in
hospitals than non-subsidized children aged six
years. However, we observed no significant
differences by age in children who were
hospitalized without surgery. These results
suggest that the implementation of the subsidy
leads to more careful treatment of younger

children hospitalized with serious diseases.

C-3. fEFE~DR

Turning now to the effect on health, we
investigated whether free healthcare improves
children’s health outcomes. Our primary focus
again was on comparing outcomes for
subsidized and non-subsidized children before
and after the introduction of the subsidy. We
first present results for subjective health, that
is, the probability of having symptoms as
reported by parents. Table 5 reports the
estimates on the probability of having various

symptoms. We found that subsidized children
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are less likely to have fevers, coughs, and nasal
discharge compared with non-subsidized
children, suggesting that the subsidy improved
children’s health. In particular, the probability
of having a cough, the most prevalent
symptom in this age group, decreased by 3.7%.
Considering that the mean value for non-
subsidized children is 12.1%, this effectis
considerably large. As presented in previous
section we found that the subsidy could
significantly increase outpatient care use (e.g.,
shortening visit intervals and increasing the
probability of current outpatient visits), thus
implying that subsidized children might go to
the physician early and in good time. Thus, the
subsidy might contribute to promoting the
healing process and finding otherwise
undetected diseases, thereby improving
subjective health. Meanwhile, we found no
significant effects on the probability of
wheezing, which might be associated with
asthma, itchy eyes, tinnitus, toothache, and
rash. Although we only observed significant
effects for minor symptoms, it can be inferred
that the benefits from decreases in children’s
subjective symptoms might translate into
further benefits, such as an increase in the
labor supply of parents. For example, if parents
view their children as having better subjective
health, they might have lower rates of
absenteeism in the workplace.

We also examined the effects on objective
health status. Column (1) of Table 6 reveals
the effect on discharge outcomes, as assessed
by a physician. Physicians assess patients’
outcomes at discharge in five stages (i.e.,

cured, lightened, unchanged, worse, and dead)



relative to the time of admission. Here, the
dependent variable is a dummy variable that
takes the value of one if a child patient was
discharged as cured. We observed no
significant effect on discharge outcomes,
suggesting that the subsidy does not improve
the health status of hospitalized children.
Column (2) reports the effect on the total
mortality rate, another objective measure of
health status. Similarly, we found no
significant change in the mortality rate due to
subsidies. We obtained similar results by cause
of death, as shown in Columns (3)—(7).

Figure 2 reports age-specific effects on
health outcomes. We only observed significant
improvements in health status for infants under
12 months of age (i.e., aged zero). Subsidized
infants have a 5.3% higher probability of a
cured outcome at discharge compared to non-
subsidized children aged six. In addition, their
total mortality rate is lower by 0.79 per 1,000
children. This result is statistically significant
atthe 10% level. As presented in previous
section, we found that children who underwent
a hospitalization involving surgery had a
longer hospital stay, thus implying that the
subsidy allowed patients with severe diseases,
who needed a longer period of medical
attention, to get more intensive high-tech
treatment. Such increased use of inpatient care
might lead hospitalized child patients to have
good discharge outcomes, thus resulting in a
decrease in the mortality rate. In summary,
although we find no significant effect on
overall objective health, the subsidy leads to

improved health status only for infants under

12 months of age (i.e., aged zero).

D. B%2

Important interpretation of our findings is
the costs and benefits of the subsidy. First, we
calculated the cost of the subsidy per child
saved. According to our estimates, the subsidy
increases monthly outpatient spending for
nfants under 12 months of age (i.e., aged zero)
by JPY 2,387 (about USD 23.87) and reduces
their mortality rate by 0.79 per 1,000 infants.
This result implies that the annual cost per
saved life is approximately JPY 36 million
(USD 0.36 million). Meanwhile, the statistical
value of a life calculated by previous studies
generally exceeds our estimated cost of saving
a child’s life through the subsidy. For example,
Itaoka et al. (2007)! estimated the willingness
to pay for reductions in mortality risk through
environmental policies, suggesting that the
value of a Japanese adult’s life ranges from
JPY 103 to 344 million (approximately USD
1.03 to 3.44 million). Integrating these aspects,
our study suggests that the introduction of the
subsidy yields an acceptable cost-benefit ratio
for policymakers.
E. i

Investments in child health can affect
various adult outcomes; thus, many developed
countries provide health insurance with
generous coverage for children. However, past
studies on the effect of such generous health

msurance predominantly focus on adults or the

! Ttaoka, K., Krupnick, A., Akai, M., Alberini,
A., Cropper, M., Simon, N.,2007. “Age,
health, and the willingness to pay for mortality
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risk reductions: a contingent valuation survey
of Shizuoka, Japan, residents.” Environmental
Economics and Policy Studies 8,211-237.



elderly, and surprisingly little is known about
children. In this study, we examined the
comprehensive effect of free healthcare for
preschool-age children on healthcare use and
health outcomes. We utilized the unique
variations in eligible age and the timing of
subsidy introduction across municipalities in
Japan.

We found that the free healthcare subsidy
for children significantly increased outpatient
use, as measured by visit intervals, the number
of repeat patients, and monthly spending. The
size of the effects tends to be larger for young
children, particularly among infants aged zero
(i.e., under 12 months of age) and one year.
However, we found little evidence of an
increase in inpatient use under the subsidy. We
found a significant increase in the length of a
hospital stay only for infants who were
hospitalized with any surgery. We also found
that the subsidy significantly decreased the
probability of having subjective symptoms,
especially fever, cough, and nasal discharge.
Further, the mortality rate for infants decreased
by 0.79 per 1,000 individuals. In summary, our
study suggests that free healthcare improves
children’s healthcare use as well as health
outcomes, while its effect on health outcomes
is limited for adults or the elderly, as shown by
previous studies.

This study has several limitations, mainly
due to data restrictions. First, the PS and the
SMCA used in this study only observed
patients who used healthcare services rather
than the entire population. As shown in the
main results, we found that the number of

patients who visited medical institutions
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increased sharply under the subsidy. These
results suggest that children who visit under
the subsidy are probably healthier, and thus,
the composition of the samples before and
after the change in subsidy status would be
different. Thus, the results on health outcomes
using these two data sources would be
underestimated, that is, biased toward not
finding any effects. To compensate for this
problem, individual-level panel data are
required; however, such data did not exist in
the 1990s, a focus period in this study.
Meanwhile, unlike the PS and SMCA, the
CLSC comes from the entire population, but
there is another concern about the results using
these data. Here, we cannot identify which
households reside in each of the 23 specified
districts in the Tokyo Metropolis. Hence, for
these households, we assigned individual data
to the subsidy status of the entire Tokyo
Metropolis. However, as shown in Table 1,
there are substantial variations in the timing of
subsidy expansion and maximum age
eligibility within these areas. Thus, it would
induce measurement errors, biasing the
estimates to zero. We cannot find any effect on
the probability of current use of outpatient care
(i.e., extensive margin) using the CSLS, in
contrast to effects on the number of patients
(i.e., intensive margin) using the PS. The
reason for this non-result on the extensive
margin is driven by the above measurement
erTors.

Second, we conducted a reduced-form
analysis focusing on urban areas due to data
availability. Because a reduced-form analysis

could not ensure external validity, we are



unsure whether our findings from urban areas
could be generalized to rural areas. To this
end, it is necessary to conduct a reduced-form
analysis using rural areas’ data or a structural
analysis. However, it is currently difficult to
collect information on subsidy status in rural
areas as most municipalities do not open their
municipal council minutes on their homepages.
Considering that it is important policy issue to
understand how the subsidy program is
effective in rural areas, this is a subject for
future challenging work.

Third, we focused only on the effect on
children’s outcomes. Considering that the
subsidy aimed not only to improve children’s
health but also to support young parents with
children, it may affect various parental
outcomes, such as financial stress and health
status. In particular, it seems likely that
benefits from improvements in children’s
subjective health might translate into an
increase in the labor supply of parents. For
example, if parents view their children as
having better subjective health, they might
have lower rates of absenteeism in the
workplace.

Finally, although we mainly concentrated on
the demand-side responses to free healthcare,
examining the effect on the supply side is
equally important. Since the subsidy increases
the number of outpatients, it may provide
incentives for physicians to migrate to
municipalities adopting generous subsidies.
Considering that the number of pediatric
hospitals in Japan has been decreasing recently
due to a decline in the total fertility rate, such

migration may contribute to significant
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improvements in access to healthcare services
for children.
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Table 1. Evolution of the subsidy by municipality
70s °91 92 93 94 °95 96 °97 98 99 00 01
23 specified districts in Tokyo
Chiyoda
Chuo
Minato
Shinjuku ®
Bunkyo @
Taito
Sumida
Koto
Shinagawa

Meguro

Ota

Setagaya

Shibuya

Nakano @)
Suginami

CXC

Toshima

Kita

Arakawa )
Itabashi

Nerima

Adachi

Katsushika

Edogawa

10 government-designated cities
Sapporo ©
Sendai ®
Y okohama
Kawasaki ©
Nagoya ©
Kyoto
Osaka
Kobe © ®
Hiroshima © ) @ ©)

Fukuoka ®

Notes: This table shows the timing of subsidy introduction and changes in the eligibility age for each
municipality. The numbers in circles represent the maximum eligible ages. For example, Chiyoda introduced a
subsidy for children aged four years orless in 1993. It was then expanded to children undersix years in 1995.
Although the month and year of the introduction of the subsidy differ across municipalities, we report only the
year of introduction to save the space.

@
e om e
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Table 2. Descriptive statistics

Mean SD
Panel A: from the PS
Outpatient (N=9,664)
Visit interval 21.604 37.669
Subsidized 0.468  0.499
Inpatient (N=18,600)
Days of hospital stay 8.961 10.750

Cured Outcome at discharge compared to admission 0.109  0.312

Subsidized 0.634 0.482
Panel B: from the SMCA
Outpatient (N=26,564)

Monthly spending (in JPY 1,000) 8.272  7.526
Subsidized 0.496  0.500

Inpatient (NV=2,938)

Monthly spending (in JPY 1,000) 84.603 65.428
Subsidized 0.711  0.453
Panel C: from the CSLC (N=18,083)

Outpatient dummy 0.203  0.403

Inpatient dummy 0.004  0.065

Having any subjective symptoms 0.245 0.430
Fever 0.050 0.218
Cough 0.114 0.318
Wheezing 0.032  0.177
Nasal discharge 0.120  0.325
Itchy eyes 0.001  0.024
Tinnitus 0.001  0.025
Toothache 0.008  0.089
Rash 0.040  0.195

Subsidized 0.347 0476

Panel D: from the VS (N=693)

Mortality rate (per 1,000 individuals) 0.810  1.556
Caused by infectious and parasitic diseases 0.018 0.076
Caused by neoplasms 0.028  0.083
Caused by diseases of the nervous system 0.034 0.129
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Caused by diseases of the circulatory system 0.024  0.094

Caused by diseases of the respiratory system 0.064 0.178
Caused by congenital malformations 0481 1.177
Subsidized 0.448  0.498

Notes: This table reports descriptive statistics of the main sample. Here, to save space, we report only

the means and standard deviations of the outcome and key variables.
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Table 3. Effect on outpatient use

Outpatient The number of patients Days from the Monthly
dummy First visit Repeated visits previous Vvisit spending
(M 2 3) “4) )
Subsidized 0.003 0.118 0.170" -2.997" 0.517"*"
(0.009) (0.081) (0.089) (1.363) (0.197)
Hospital fixed effects X X X X
Municipality fixed effects X X X X X
Year fixed effects X X X X X
Municipality-specific trend X X X X X
RrR? 0.012 0.058 0.286 0.110 0.109
Sample size 17,979 2,891 4,854 9,664 26,564
Mean of no subsidy 0.212 1.433 1.926 22.457 7.525
Data source CSLC PS PS PS SMCA

Notes: This table reports coefficients and standard errors (in parentheses) derived from Equation (1). The standard errors are two-way clustered at the

R

municipality and age levels. ***p<0.01, **p<0.05, "p<0.1.

- 162 -



Table 4. Effect on inpatient use

Inpatient The number of patients Days of Monthly
dummy With surgery Without surgery hospital stay spending
(1 2 3) “4) (5
Subsidized 0.002 0.374" 0.575 -0.017 -3.506
(0.002) (0.131) (0.372) (0.341) (4.178)
Hospital fixed effects X X X X
Municipality fixed effects X X X X X
Year fixed effects X X X X X
Municipality-specific trend X X X X X
R? 0.006 0.487 0.182 0.117 0.491
Sample size 18,083 1,996 5,819 18,600 2,938
Mean of no subsidy 0.003 1.520 2.364 7.930 80.036
Data source CSCL PS PS PS SMCA

Notes: This table reports coefficients and standard errors (in parentheses) derived from Equation (1). The standard errors are two-way clustered at the

municipality and age levels. ***p<0.01, **p<0.05, "p<0.1.
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Table 5. Effect on subjective health

Fever Cough Wheezing Nasal Itchy Tinnitus Toothache Rash
discharges eyes

(1) (@) 3) “ (©) (6) (7 (3)
Subsidized -0.015™" -0.037°** -0.003 -0.019""" -0.001 -0.000 0.000 -0.001

(0.006) (0.008) (0.004) (0.008) (0.001) (0.001) (0.002) (0.005)
Municipality fixed effects X X X X X X X X
Year fixed effects X X X X X X X X
Municipality-specific trend X X X X X X X X
RrR? 0.009 0.014 0.006 0.016 0.005 0.004 0.011 0.005
Sample size 18,083 18,083 18,083 18,083 18,083 18,083 18,083 18,083
Mean of no subsidy 0.048 0.121 0.031 0.127 0.001 0.001 0.012 0.037
Data source CSLC CSLC CSLC CSLC CSLC CSLC CSLC CSLC

Notes: This table reports coefficients and standard errors (in parentheses) derived from Equation (1). The standard errors are two-way clustered at the
municipality and age levels. ***p<0.01, **p<0.05, "p<0.1.
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Table 6. Effect on objective health

Cured Mortality rate (per 1,000 individuals)
outcome at Total Neoplasms Neuropathy Circulatory Respiratory Congenital
discharge diseases disease malformations
(1) @) 3) @) ) (©) )
Subsidized 0.002 -0.072 0.002 0.005 0.005 -0.018 -0.123
(0.009) (0.148) (0.010) (0.021) (0.013) (0.026) (0.150)
Hospital fixed effects X
Municipality fixed effects X X X X X X X
Year fixed effects X X X X X X X
Municipality-specific trend X X X X X X X
R? 0.320 0.398 0.147 0.151 0.171 0.210 0.351
Sample size 18,600 698 693 695 693 695 695
Mean of no subsidy 0.088 0.592 0.031 0.031 0.021 0.042 0.286
Data source PS VS Vs Vs ) ) 14

Notes: This table reports coefficients and standard errors (in parentheses) derived from Equation (1). The standard errors are two-way clustered at the

municipality and age levels. ***p<0.01, **p<0.05, “*p<0.1.

sk
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Figure 1. Effect on healthcare use by age

A. Outpatient use
Outpatient dummy

Estimates

B. Inpatient use
Days of hospital stay with surgery

Estimates

Estimates

Estimates

Visit interval

days of hospital stay without surgery

Monthly spending (in JPY 1,000)

Estimates

Estimates

monthly spending (in JPY 1,000)

60

s0d T e

0 - .—.\o—-.—.vo
30 ] T e
-60

Notes: The solid lines represent the estimates of f, for eachage (baseline: age six) derived from Equation (2). The dotted lines represent 95%

confidence mtervals.
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Figure 2. Effect on health outcomes by age

A. Cured outcome at discharge B. Total mortality rate C. Mortality rate caused by
(per 1,000 children) congenital malformations.
0.12 - 0.5 RTTTTTTT TR 0.5
) R S 0 e
g 0061 . £ .05 205 1
£ ., g ' = | .
& 01 St ceieencn,, o® 53 - .0. &3] i ...
.....'-.--.-0'. -1.5 1 o 15 1
-0.06 -2 -2
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Age Age Age

Notes: The solid lines represent estimates of f, for eachage (baseline: age six) derived from Equation (2). The dotted lines represent 95% confidence

mtervals.
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Table 1. Evolution of the subsidy by municipality
70s 91 92’93 °94 °95 96 97 98 99 00 01
23 specified districts in Tokyo
Chiyoda
Chuo
Minato
Shinjuku @
Bunkyo )
Taito
Sumida
Koto
Shinagawa

Meguro

Ota

Setagaya

Shibuya

Nakano )

Suginami

© e

Toshima

Kita

Arakawa )
Itabashi

Nerima

Adachi

Katsushika

Edogawa

10 government-designated cities
Sapporo ©
Sendai ®
Y okohama
Kawasaki ©
Nagoya ©
Kyoto

) )
Osaka © @ ©
Kobe © @
Hiroshima © ) ) )

Fukuoka ®

Notes: This table shows the timing of subsidy introduction and changes in the eligibility age for each
municipality. The numbers in circles represent the maximum eligible ages. For example, Chiyoda introduced a
subsidy for children aged four years or less in 1993. It was then expanded to children under six years in 1995.
Although the month and year of the introduction of the subsidy differ across municipalities, we report only the
year of introduction to save the space.
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Table 2. Descriptive statistics

Mean SD
Panel A: from the PS

Outpatient (N=9,664)

Visit interval 21.604 37.669
Subsidized 0.468  0.499

Inpatient (N=18,600)

Days of hospital stay 8.961 10.750

Cured Outcome at discharge compared to admission 0.109  0.312

Subsidized 0.634  0.482
Panel B: from the SMCA

Outpatient (N=26,564)

Monthly spending (in JPY 1,000) 8272  7.526
Subsidized 0.496 0.500

Inpatient (N=2,938)

Monthly spending (in JPY 1,000) 84.603 65.428
Subsidized 0.711  0.453
Panel C: from the CSLC (N=18,083)

Outpatient dummy 0.203  0.403

Inpatient dummy 0.004 0.065

Having any subjective symptoms 0.245  0.430
Fever 0.050 0.218
Cough 0.114 0.318
Wheezing 0.032  0.177
Nasal discharge 0.120  0.325
Itchy eyes 0.001  0.024
Tinnitus 0.001  0.025
Toothache 0.008  0.089
Rash 0.040  0.195

Subsidized 0.347 0.476

Panel D: from the VS (N=693)

Mortality rate (per 1,000 individuals) 0.810 1.556
Caused by infectious and parasitic diseases 0.018 0.076
Caused by neoplasms 0.028  0.083
Caused by diseases of the nervous system 0.034 0.129
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Caused by diseases of the circulatory system 0.024  0.094

Caused by diseases of the respiratory system 0.064 0.178
Caused by congenital malformations 0.481 1.177
Subsidized 0.448  0.498

Notes: This table reports descriptive statistics of the main sample. Here, to save space, we report only

the means and standard deviations of the outcome and key variables.
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Table 3. Effect on outpatient use

Outpatient The number of patients Days from the Monthly
dummy First visit Repeated visits previous visit spending
(1) P 3) @) )
Subsidized 0.003 0.118 0.170° 2.997" 0.517"
(0.009) (0.081) (0.089) (1.363) (0.197)
Hospital fixed effects X X X X
Municipality fixed effects X X X X X
Year fixed effects X X X X X
Municipality-specific trend X X X X X
R? 0.012 0.058 0.286 0.110 0.109
Sample size 17,979 2,891 4,854 9,664 26,564
Mean of no subsidy 0.212 1.433 1.926 22.457 7.525
Data source CSLC PS PS PS SMCA

Notes: This table reports coefficients and standard errors (in parentheses) derived from Equation (1). The standard errors are two-way clustered at the
municipality and age levels. ~ p< 0.01, " p< 0.05, p< 0.1.
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Table 4. Effect on inpatient use

Inpatient The number of patients Days of Monthly
dummy With surgery Without surgery hospital stay spending
(1) P 3) @) )
Subsidized 0.002 0.374"" 0.575 -0.017 -3.506
(0.002) (0.131) (0.372) (0.341) (4.178)
Hospital fixed effects X X X X
Municipality fixed effects X X X X X
Year fixed effects X X X X X
Municipality-specific trend X X X X X
R’ 0.006 0.487 0.182 0.117 0.491
Sample size 18,083 1,996 5,819 18,600 2,938
Mean of no subsidy 0.003 1.520 2.364 7.930 80.036
Data source CSCL PS PS PS SMCA

Notes: This table reports coefficients and standard errors (in parentheses) derived from Equation (1). The standard errors are two-way clustered at the

municipality and age levels. ~ p< 0.01, " p< 0.05, p< 0.1.
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Table 5. Effect on subjective health

Fever Cough Wheezing Nasal Itchy Tinnitus Toothache Rash
discharges eyes

&) 2 €)) “4) ®) (6) Q) ®)
Subsidized -0.015™ -0.037"" -0.003 -0.019" -0.001 -0.000 0.000 -0.001

(0.006) (0.008) (0.004) (0.008) (0.001) (0.001) (0.002) (0.005)
Municipality fixed effects X X X X X X X X
Year fixed effects X X X X X X X X
Municipality-specific trend X X X X X X X X
R? 0.009 0.014 0.006 0.016 0.005 0.004 0.011 0.005
Sample size 18,083 18,083 18,083 18,083 18,083 18,083 18,083 18,083
Mean of no subsidy 0.048 0.121 0.031 0.127 0.001 0.001 0.012 0.037
Data source CSLC CSLC CSLC CSLC CSLC CSLC CSLC CSLC

Notes: This table reports coefficients and standard errors (in parentheses) derived from Equation (1). The standard errors are two-way clustered at the
municipality and age levels. ~ p< 0.01, " p< 0.05, p< 0.1.
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Table 6. Effect on objective health

Cured Mortality rate (per 1,000 individuals)
outcome at Total Neoplasms Neuropathy Circulatory Respiratory Congenital
discharge diseases disease malformations
(1 2 3) “4) ) (6) (7
Subsidized 0.002 -0.072 0.002 0.005 0.005 -0.018 -0.123
(0.009) (0.148) (0.010) (0.021) (0.013) (0.026) (0.150)
Hospital fixed effects X
Municipality fixed effects X X X X X X X
Year fixed effects X X X X X X X
Municipality-specific trend X X X X X X X
R’ 0.320 0.398 0.147 0.151 0.171 0.210 0.351
Sample size 18,600 698 693 695 693 695 695
Mean of no subsidy 0.088 0.592 0.031 0.031 0.021 0.042 0.286
Data source PS VS ) ) ) VS VS

Notes: This table reports coefficients and standard errors (in parentheses) derived from Equation (1). The standard errors are two-way clustered at the

municipality and age levels. ~ p< 0.01, " p< 0.05, p< 0.1.
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Figure 1. Effect on healthcare use by age

A. Outpatient use

Outpatient dummy Visit interval Monthly spending (in JPY 1,000)
0.15 10 — 4 —
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Age Age Age
B. Inpatient use
Days of hospital stay with surgery days of hospital stay without surgery monthly spending (in JPY 1,000)
10 60
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Notes: The solid lines represent the estimates of [, for each age (baseline: age six) derived from Equation (2). The dotted lines represent 95%

confidence intervals.
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Figure 2. Effect on health outcomes by age

A. Cured outcome at discharge B. Total mortality rate C. Mortality rate caused by
(per 1,000 children) congenital malformations.
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Fig. 1. Changes in the local unemployment rates.

Table 1
Summary statistics.
Mean s.d. Min Max N
Panel A: year-level variables (2005-2016)
Number of reported child maltreatment cases per 100,000 children
Total cases 250.3 164.0 25.4 12121 552
Neglect 75.1 41.9 7.2 270.9 552
Mental abuse 87.2 89.7 1.8 676.8 552
Physical abuse 82.3 47.4 10.9 277.2 552
Sexual abuse 5.6 3.3 0.0 22.4 552
Unemployment rate 3.9 1.0 1.7 7.9 552
Predicted unemployment rate 2.5 0.4 1.7 3.5 552
Number of employees of child guidance center per 100,000 children 30.2 11.5 7.2 80.5 552
Finanecial capability indicator 48,147.5 19,987.2 21,059.0 140,598.0 552
Total population 2,710,673.7 2,599,917.6 575,418.0 12,966,307.0 552
Number of children
0-4 years old 114,985.1 111,102.9 23,551.0 533,075.0 552
5-9 years old 121,163.7 112,569.3 24,680.0 508,828.0 552
10-14 years old 126,348.8 113,539.9 26,295.0 501,429.0 552
15-19 years old 130,706.9 115,927.7 27,457.0 523,031.0 552
Panel B: quarter-level variables (Q1.2005-Q4.2016)
Number of child death cases per 100,000 children
Total cases 3.913 3.023 0.000 113.479 2208
Internal causes 2.927 1.121 0.000 8.619 2208
% in total death 76.387 15.555 0.000 100.000 2203
External causes 0.987 2.743 0.000 109.229 2208
% in total death 23.613 15.555 0.000 100.000 2203
Intentional injury 0.044 0.147 0.000 2.038 2208
% in external causes 4.619 14.362 0.000 100.000 1955
Unintenrional injury 0.615 2.719 0.000 109.229 2208
% in external causes 58.475 33.240 0.000 100.000 1955
Unintentional drowning 0.101 0.219 0.000 2.285 2208
% in unintentional injuries 17.816 29.110 0.000 100.000 1683
Undetermined injury 0.046 0.143 0.000 1.995 2208
% in external causes 5.123 14.935 0.000 100.000 1955
Unemployment rate (quarterly) 3.9 1.0 0.6 8.2 2208
Predicted unemployment rate (quarterly) 2.5 0.5 1.6 4.0 2208
Panel C: data for 2005
Total population 2,712,208.6 2,558,107.6 612,191.0 12,168,247.0 46
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Table 2
Effects on child maltreatment cases.

[&0] (2) (3) (4) (5)
Total case Neglect Mental Physical Sexual
Panel A: FE model
Logged unemployment rate 36.88 8.86 34.56* —5.36 -1.18
(27.22) (11.95) (18.13) (11.49) (1.29)
Panel B: IV-FE model
Logged unemployment rate 175.10* 118.74** 29.36 27.73 —0.73
(105.56) (46.23) (73.73) (40.04) (6.71)
Number of Observations 552 552 552 552 552
Effective F statistics 20.40 20.40 20.40 20.40 20.40
Overall mean 250.26 75.10 87.24 82.29 5.63

The unit of observations is prefecture-year. Standard errors robust against prefecture-level clustering are given in parentheses. All models include the
number of employees in child guidance offices per 100,000 children aged 0 to 18 years in each prefecture, the financial capability indicator, the total
population of each prefecture, the number of children in each prefecture (categorized by 5-year age groups: 0-4, 5-9, 10-14, and 15-19 years), two-

Tohoku-prefecture = 2011 dummy, linear prefecture trends, year fixed effects, and prefecture fixed effects. Inference: *p < .1, **p < .05, ***p < .01.
Table 3
Effects of local unemployment rates on child death cases.
(4] 2 (3) (4) (5) 6) @
Total External Intentional Unintentional Unintentional Undetermined Internal
causes injury injury drowning injury causes
Panel A: FE model
Logged unemployment —0.65 —0.28 —0.13%** —-0.17 0.14 —0.04 —0.37
rate (0.44)  (0.35) (0.04) (0.33) (0.11) (0.04) (0.24)
Panel B: IV-FE model
Logged unemployment 5.47** 2.89** 0.08 2.69** 0.63** 0.18 2.58
rate (2.50) (1.46) (0.23) (1.26) (0.32) (0.27) (2.04)
Number of Observations 2208 2208 2208 2208 2208 2208 2208
Effective F statistics 15.92 15.92 15.92 15.92 15.92 15.92 15.92
Overall mean 3.91 0.99 0.04 0.62 0.10 0.05 2.93

The unit of observations is prefecture-quarter. Standard errors robust against prefecture-level clustering are given in parentheses. All models include
the number of emplovees of child guidance offices per 100,000 children aged 0 to 18 years in each prefecture, the financial capability indicator, the
total population of each prefecture, the number of children in each prefecture (by 5-year age groups: 0-4, 5-9, 10-14, and 15-19 years), Two-Tohoku-
prefecturex 2011 dummy, linear prefecture trends, quarter fixed effects, and prefecture fixed effects. Inference: *p < .1, **p < .05, “**p < .01.
Table 4

List of data.

Variable name ways to access the data Data source Note
Number of reported cases of child maltreatment The Report on Social Welfare Administration Open aggregated data
https://www.e-stat.go.jp/stat-search/files?page= 1 & toukei—=00450046& tstat=000001034573

Number of death cases The Death Form of the Vital Statistics Survey Aggregated using micro data
The micro data are publicly available for researchers, as long as they obrtain official permission from the Ministry of Health, Labour and Welfare through the
application procedure described in the Statistics Act (Article 32 & 33) in Japan.

Number of children and total population The Basic Resident Registration Open aggregated data
https://www.e-stat.go.jp/stat-search/files?page= 1 &layout=datalist&toukei=00200241 &tstat=000001 039591 &cycle=7&tclass1=000001039601 &tclass2val =0

Prefectural unemployment rates The Labor Force Survey Open aggregated data
hrrps: //www.stat go.jp/data/roudou/pref/index.hmml

Number of people who have left an industry The Labor Force Survey Open aggregated data
‘www.e-stat.go.jp/api/sample2/tokeidb/getMetalnfo?statsDatald—=0003006484 (11th JSIC)
//www.e-stat.go.jp/api/sample2/tokeidb,/getMetalnfo?statsDatald=0003009254 (12th/13th JSIC)

Number of employees among industries The Labor Force Survey Open aggregated data
hrrps: //www.stat go.jp/data/roudou/longtime/03roudou.html (“d-2" for 11th JSIC) (“d-3" for 12th/13th JSIC)

Number of employees by industry and prefecture in 2005  The 2005 Population Census Open aggregated data
1/ /www.e-stat.go.jp/api/sample2/tokeidb/getMetalnfo?statsDatald=0000033962 (11th JSIC)
/www.e-stat.go.jp/api/sample2/tokeidb/getMetalnfo?statsDatald—0003010947 (12th/13th JSIC)

Number of employees in child guidance offices The Personnel Management Related to Local Governments Open aggregated data
https: //www.soumu.go.jp/main_sosiki/jichi_gyousei/c-gyousei/teiin/index.html

Financial capability indicator The Survey of Local Public Finance Open aggregated data
https://www.e-stat.go.jp/api/sample2/tokeidb,/getMetalnfo?statsDatald=0003173107

Table 4 summarizes the variables and their data sources. All links in Table 1 were accessible as of August 18, 2021.
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Table 5
Effects on child maltreatment cases by type of abuser.

m (2) (3) (4)
Father Mother Stepfather Stepmother
Panel A: FE model
Logged unemployment rate 18.76 11.87 —0.61 —-1.22
(14.13) (18.69) (3.87) (1.48)
Panel B: [V-FE model
Logged unemployment rate 41.42 129.29** 16.94 6.96%*
(46.43) (56.39) (13.17) (3.14)
Number of observations 552 552 552 552
Effective F statistics 20.40 20.40 20.40 20.40
Overall mean 77.50 138.58 16.41 2.55

The unit of observations is prefecture-year. Standard errors robust against prefecture-level clustering are given in parentheses. All models
include the number of employees in child guidance offices per 100,000 children aged 0 to 18 years in each prefecture, the financial
capability indicator, the total population of each prefecture, the number of children in each prefecture (categorized by 5-year age groups:
0-4, 5-9, 10-14, and 15-19 years), two-Tohoku-prefecturex2011 dummy, linear prefecture trends, year fixed effects, and prefecture fixed
effects. Inference: *p < .1, **p < .05, ***p < .01.
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We study the effects of exposure to radiation fear in utero on health at birth and five years later,
using universal birth records linked to Censuses in Japan. We are the first to assess maternal stress
due to a risk factor that is intangible and uncertain—radiation exposure. We leverage the
Fukushima nuclear power plant accident in 2011 and create a quasi-experimental setting by
focusing on children whose expected birthdates were within a 280-day window to the accident. We
find radiation fear in utero causes a 30-gram decrease in birth weight, with a 19% and 38%
increase in the risks of low birth weight and preterm delivery, respectively. The effects are more
pronounced if expectant mothers are less educated or have toddlers, and if expectant fathers work
in agriculture, indicating that the ability to collect information is important for stress alleviation
and that food contamination is the main source of radiation fear. The findings have immediate
implications for offspring health loss owing to maternal stress from intangible risk factors, such as
infectious viruses. This study has two major contributions. To our knowledge, this is the first study
to show population-representative casual evident on the impact of maternal stress from radiation
fear on birth outcomes. The findings have immediate implications for understanding the effects of
fear caused by intangible risk factors like infectious virus. Furthermore, this is the first study to

link universal birth records to the Censuses and further to large-scale surveys in Japan, laying the

groundwork to build relevant datasets for future research.

A. WFFEHRY consequences of maternal stress from radiation

This study exploits the effects of exposure fear. In terms of identification, NPP accidents
to radiation fear in utero on health at birth and outperforms the stressors documented in the
five years later. We leverage the accident of literature. Unlike self-reported stressors (e.g.,
Fukushima nuclear power plant (NPP) in 2011 family ruptures, assault, and job loss) that are
in Japan to show the intergenerational health typically related with selection issues, NPP
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accidents occur exogenously like nature
disasters and terrorist attacks (Douglas et al.,
2009). Meanwhile, NPP accidents differ from
those exogenous events in terms of the essence
of the induced stress. Natural disasters and
terrorist attacks frequently cause tangible and
measurable damages, while the NNP
accidents’ legacy—radiation exposure—is
intangible, uncertain, and with ambiguous loss.
Accordingly, stress induced by natural
disasters and terrorist attacks tends to be
concentrated among people directly affected,
whereas NPP accidents instill fear in a far
wider range of people, including those who are
not immediately affected (Huizink et al.,
2007). This allows us to better isolate the
impact of stress during pregnancy, as opposed
to the literature, where the impact of maternal
stress may be bundled with the impact of other
repercussions related to the stressful events.
We overcome the issue of small sample
by leveraging a population data from Japan’s
universe birth records linked to contemporary
Censuses. To better distinguish the impact of
radiation fear from the possible impacts of
tsunami-related stress or radiation exposure,
we omit data from municipalities that were
devastated by the tsunami or received an
annual radiation dose more than 1 millisievert.
To create a quasi-experimental setting, we
focus on the health of children at birth and five
years later whose expected birthdate was
within a 280-day window to the Fukushima
accident. We confirm with various tests that
the accident occurred at random to the
expectant mothers in this narrow bandwidth.

We use a prenatal vs postnatal model to
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compare children exposed to radiation fear in
utero and after birth, accompanied by a
difference-in-difference model to examine if
the prenatal-postnatal difference varies by fear
level. We further investigate the trimester-
specific impact of prenatal radiation fear, as
well as its various heterogeneous impacts and
potential mechanisms. We also check the

robustness of the results.

B. WF5E071k

The dataset used in this study is
constructed by linking three administrative
records in Japan: the universe birth records, as
well as the 2015 and 2010 Censuses. The birth
records track the outcomes of all newborns in
Japan, and the censuses complement the
newborns' parent and household
characteristics. We begin with extracting
households from the 2015 Census where a
child was born between the June 2010 and
December 2011 (hereinafter, the newborns).
The extracted households are then identified in
the 2010 Census using information on
household residency in 2010, birth year and
month of the newborns’ parents, and birth
year, month, and gender of the newborns’
older siblings if the newborns are not the
household's first child. Finally, using
information on household residency in 2010,
the newborns' birth year, month, and gender,
and their parents' birth year and month, the
identified households are linked to the universe
birth records. The linked dataset consists of
684,548 newborns.

As previously stated, the earthquake-

caused tsunami accounted for the majority of



the fatalities and devastation. According to
research on the relationship between natural
disasters and birth outcomes, we anticipate that
maternal stress caused by the tsunami may also
result in poor birth outcomes (Currie &
Rossin-Slater, 2013; Torche, 2011). To
minimize this confounder, we identify and
exclude data from municipalities damaged by
the tsunami based on a report from the
Geological Society of Japan (Akira, 2011).

Another issue is the confounding health
impact of the radiation exposure. Despite the
fact that little health impact of radioactivity is
found following the accident, we are
concerned about the potential physical insults
in utero due to radioactivity. To minimize this
confounder, we identify and exclude data from
prefectures where the annual accumulation of
radiation dose between March 2011 and April
2012 was 1 millisievert or above, using data on
monthly radioactive fallout from Japan
Nuclear Regulation Authority. It is noteworthy
that we use the maximum levels of radiation
doses of cesium-137 and cesium-134 recorded
within a month to represent the monthly levels
and accumulate them to annual level.

After excluding expectant mothers
residing in tsunami-damaged municipalities or
in municipalities with annual radiation doses
of 1 millisievert or more, the linked dataset
remains 566,170 mother-newborn pairs. This
dataset is referred to as the primary dataset for
estimations. We quantify birth outcomes using
birth weight (gram), an indicator of low birth
weight (LBW: <2500g), and an indicator of

preterm delivery (preterm: <37 weeks).
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We also trace the health of the newborns
at two and five years old. To this end, we
identify the newborns in the 2013 and 2016
Comprehensive Survey of Living Conditions
(CSLC). The CSLC is a nationally
representative triannual survey that is sampled
from the most recent Census up to the survey
year. Thus, we can link the 2013 CSLC to the
2010 Census and the 2016 CSLC to the 2015
Census, respectively, and then link both back
to the primary dataset. We are able to track
down 2,662 newborns at the age of two and
3,092 newborns at the age of five. The linkage
process is documented in Appendices B.II and
B.III. In CSLC, parents of children under the
age of six years old are asked to report whether
their children have any symptoms of health
problems (e.g., fever) and whether they visit
hospitals on a regular basis to be treated for
diagnoses (e.g., asthma). We use an indicator
of having any symptoms and an indicator of
regular hospital visits to assess the health of
the newborns at two and five years old.
Expectant mothers residing near the
Fukushima NPP may be more concerned about
unintended radiation exposure than those
living further away. To measure the variation
in fear levels, we divide municipalities into
three areas depending on their distance from
the Fukushima NPP, as illustrated in Figure 1.
During pregnancy, expectant mothers residing
in municipalities within 250 kilometers of the
Fukushima NPP are classified as having high
intense radiation fear (high-fear), those in
municipalities between 250 and 400 kilometers
from the NPP as having moderate fear

(moderate-fear), and those in municipalities



more than 400 kilometers from the NPP as
having low fear (low-fear). The classifications
of high-fear and low-fear areas are consistent
with previous research, which finds that
residents in north-east Japan (high-fear area)
were the most concerned about radiation
exposure, while residents in Osaka (low-fear
area) were less concerned (Tateno &
Yokoyama, 2013). Although the moderate-fear
classification may be considered as
exploratory, it allows us to capture possible
"dose-response” effects of radiation fear.
According to the literature, newborns
exposed to radiation fear postnatally can serve
as a proper comparison group for those
exposed prenatally (Currie et al., 2020;
Persson & Rossin-Slater, 2018). In our case,
consider a sample of mother-newborn pairs in
which the expectant mothers either
experienced the Fukushima accident during

pregnancy or shortly afterward:

S ={i:1[c < Accident< ¢;,]; =1 |
1[e, < Accident < ¢, + 280]; = 1},

where ¢ denotes the conception date of the
newborn and e, the expected date of birth.
The conception date is derived by subtracting
the number of gestation days from the actual
birthdate. The expected birthdate is defined as
280 days (40 weeks) after the conception date
(ep = ¢ +280). Thus, 1[c < Accident <
ep]i = 1 indicates that the accident occurred

during the expected length of pregnancy,

exposing the newborn to radiation fear
prenatally, whereas 1[e, < Accident < e}, +
280]; = 1 indicates that the accident occurred
shortly—within 280 days—after the expected
birthdate, exposing the newborn to radiation
fear postnatally. It is worth noting that we
utilize expected birthdate rather than actual
birthdate because the latter is endogenous to
the accident.! In contrast, the expected
birthdate is predetermined when the accident
occurred. For each i € {S}, we estimate the

following model,

Yime = Bo + B11[c < Accident < e |ime +
Am + e + X;T+ €ime,

for each newborn i who was born in
municipality m and conceived in month c.
1[c < Accident < ep];mc is an indicator that
takes the value of one if the newborn was
prenatally exposed to radiation fear, and zero
otherwise. Thus, f; captures the health
impact of radiation fear in utero. 4,, and A,
are municipality and conception month fixed
effects, accounting for potential geographical
and seasonal variations in the outcomes,
respectively (Buckles & Hungerman, 2013).?
x; is a vector of covariates that are
predetermined to the accident, including
mother’s and father’s ages at conception in
years and education in 2010 (less than high

school, vocational school, university or above).

! According to the literature, maternal stress may reduce
gestational age and increase the likelihood of stillbirth
(Torche, 2011), which may induce the issue of sample
selection.
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2 We account for prefecture fixed effect in place of the
municipality fixed effect when estimating the health
effects at ages two and five due to small sample sizes.



Additionally, x; includes residential
characteristics in 2010 such as living in house
or apartment, floor of residence (5™ floor or
lower, 6™-10™ floor, 11™ floor or higher), and
length of residence (less than one year, one to
five years, more than five years). These
residential characteristics account for possible
variations in earthquake impacts. x; also
contains neonatal characteristics such as
gender and parity (first, second, and third) and
a full interaction between the gender and
parity. Robust standard errors are clustered on
expectant mothers’ municipality of residence

in 2010.

C. WF7ERE 5
C-1. FoR#at &

Table 1 depicts the basic statistics. Column
(1) presents statistics for the full primary dataset,
while columns (2) and (3) provide statistics for
the prenatal and postnatal groups, respectively.
Columns (4)-(6) present related statistics from
the original administrative records and survey for
children born during the same period as the
newborns in the primary dataset.

Panel A shows that average birth weight in
the primary dataset is 3,030 grams, with 7.6%
and 4.2% of LBW and preterm delivery,
respectively. Panel B reveals that 24.6% and
18.3% of the newborns have symptoms and
regular outpatient visits at age two, respectively,

which decreases to 18.4% and 17.0% at age five.

Overall, the prenatal group has a poorer birth
outcome and health at two and five years old
than the postnatal group. The second part of
Panel A, as well as Panels C and D, depict the
characteristics of newborns, parents, and
residences, with statistics that are comparable
between the prenatal and postnatal groups. This
is consistent with the non-significant estimates
for these characteristics in Appendix Tables C1—
C4. Furthermore, compared to the statistics from
the original datasets in columns (4)-(6), our
primary dataset has a slightly higher average
birth weight and slightly lower likelihoods of
LBW and preterm delivery.® Except for the fact
that mothers and fathers in our dataset are
somewhat older than all parents in the birth
records, other characteristics are comparable

between the primary and original dataset.

C-2. [EUm I L HHEE RS R

Table 2 depicts the effects of in utero
radiation fear on average birth weight, likelihood
of LBW, and likelihood of preterm delivery in
Panels A, B, and C, respectively. Column (1)
presents the estimates for the prenatal vs
postnatal model; columns (2) and (3) illustrate
respectively the estimates for the DD model by
comparing the high-fear area to the moderate-
and low-fear areas as a whole and separately;
column (4) shows the estimates for the DD

model with the continuous measure of fear.

3 This is most likely because our primary dataset is built
by linking several datasets that is conditional on the birth
year and month of both the mother and father of a
newborn. Put differently, the primary dataset does not
include children born to single mothers. Since newborns

- 179 -

born to single mothers may have poorer birth outcomes
than those born to two-parent households, our dataset
shows slightly better average birth outcomes than the
overall birth records.



Panel A suggests that in utero radiation fear
causes a substantial decrease in birth weight,
regardless of model specifications. Specifically,
newborns who were exposed in utero to radiation
fear are around 30-gram lighter than those
exposed within 280 days after the expected
birthdate. The magnitudes remain constant after
accounting for variation in fear levels. The
magnitude with continuous fear indicator is
larger than others because it depicts the impact
on newborns born to mothers resided in areas
with the shortest distance to the Fukushima NPP.
Focusing on the DD model, we find that
newborns in the high-fear area are 4-gram lighter
than those in other areas and 6-gram lighter than
those in the low-fear area. In contrast, there is no
significant difference in birth weight between the
moderate- and low-fear areas. The DD model
with the continuous fear indicator also shows an
attenuating trend in the birth weight decrease as
distance from the Fukushima NPP increases,
though the magnitude is insignificant. Panels B
and C indicate a 1.5 and 1.6 percentage point
(pp) increase in the likelihood of LBW and
preterm delivery, respectively, among the
newborns exposed to radiation fear in utero. The
magnitudes are consistent across model
specifications and correspond to a 19% and 38%
increase at the sample mean, respectively. In
contrast to the birth weight impact, the increases
in LBW and preterm risks do not vary by fear
levels.

The findings are consistent with previous
research, indicating a negative impact of

maternal stress on birth outcomes. The 30-gram
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decrease in birth weight is the lower bound of the
magnitude reported in the literature

when maternal stress is induced by natural
disasters or terrorist attacks (Camacho, 2008;
Hugo De Oliveira et al., 2021; Torche, 2011).
Meanwhile, the magnitude is greater than that
found when maternal stress is caused by life
events such as family ruptures (Black et al.,
2016; Persson & Rossin-Slater, 2018). This
could be attributable to the distinct nature of
these stressors. Unlike the concrete damages of
natural disasters and terrorist attacks, radiation
exposure is intangible and ambiguous, which
may result in less acute shocks in the expectant
mothers. On the other hand, fear of radiation
exposure tends to have a more prolonged
aftermath than stress from life events, leading to
a more pronounced impact on birth outcomes.
Furthermore, the large impacts of natural
disasters and terrorist attacks on birth outcomes
reported in the literature are likely due to the
difficulty in disentangling maternal stress from
other consequences of these events, whereas in
our study, in utero radiation fear is carefully
isolated from the confounders. Finally, the
findings show that, unlike stress from natural
disasters or terrorist attacks, maternal radiation
fear has a nationwide impact on birth outcomes,

with only moderate fear level heterogeneity.

D. £%% /E. i

Despite a growing body of literature measuring
the intergenerational health effect of various
kinds of maternal stress, little is known about

the impact of maternal stress caused by risk



factors that are intangible, uncertain, and with
ambiguous loss. This study is groundbreaking
because it provides the first population-based
casual evidence on the impact of in utero
radiation fear on health at birth and five years
later, where widespread anxiety about
radiation exposure caused by the Fukushima
accident serves as an indicator for intangible
risk factors.

We link universe birth records to
contemporary Censuses, constructing a unique
dataset that contains not only birth outcomes
but also parental and residential information.
We rule out other plausible ways for the
accident to affect birth outcomes by excluding
children born to mothers who resided in
municipalities that were damaged by the
tsunami or received a subclinical radiation
dose. We use two identification strategies. The
first focuses on children whose expected
birthdate was within a 280-day window of the
accident and compares those exposed in utero
to those exposed after birth. The second allows
for further variation in the prenatal-postnatal
outcome differences by fear level. We find that
radiation fear in utero decreases birth weight
and increases the risks of low birth weight and
preterm delivery. The impact varies only
marginally by fear level, implying that
radiation fear affects expectant mothers with
nearly consistent intensity regardless of
distance from the accident site. We find that
the negative health impact fades by the age of
five, indicating a tentative physical health
consequence of radiation fear, and that the
impact appears to be driven by exposure from

the first trimester onwards, showing an
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accumulative effect of the fear. We also find
that food contamination is the main source of
radiation fear, as evidenced by the greater
impact on children born to mothers with
toddlers and fathers working in agriculture.
Finally, we underline the importance of
information collection in the face of intangible
risk factors, since children born to higher
educated mothers and professional fathers are
less susceptible to prenatal radiation fear.

This study is subjected to several limitations
due to data constraints. We are unable to assess
the mental health or cognitive functions of
prenatally exposed children because the CSLC
only collects relevant information for
respondents over the age of six. We are also
unable to trace the children for a longer period
because the most current survey available is
the 2016 CSLC. Future research on the longer-
run and cognitive consequences of prenatal
fear exposure is needed. Furthermore, we are
unable to assess birth outcomes in terms of
abnormal conditions or complications of labor
because the information is not included in birth
records. Finally, we are unable to investigate
changes in prenatal medical care utilization
following the accident, which is a critical
pathway via which the accident can alter birth
outcomes. Future research into neonatal and
maternal medical records may provide a more
thorough understanding of the impact on
health at birth.

What conclusions can we draw from the
findings? We contend that policymakers may
have underestimated the welfare costs of
intangible risk factors on an important

population segment, i.e., newborns, as we



demonstrate that the costs include not only the
actual damage caused by those risks, but also
the fear of them. An immediate implication is
the loss of offspring health due to maternal
stress from infectious virus like COVID-19.
Furthermore, we highlight that timely and
adequate information sharing could be the key
solution for the welfare loss of intangible risks.
This is especially beneficial for parents who
have lesser human capital and can contribute to
prevent the persistence of such disadvantage

through generations
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Table 1. Basic Statistics

Sample for Estimation

Population Data

Thz;::::fry Prenatal  Postnatal Bﬁ'ilhs CSLC C;(I)lls(l;s
(©) 2 (©) 4 (©) Q)
Panel A: Birth Outcomes
Birth weight (g) 3030.118 3027.114 3034.387 3025.475
(407.109) (412.846)  (398.775) (433.817)
LBW (<2,500g) 0.076 0.078 0.074 0.080
Preterm (< 37 weeks) 0.042 0.045 0.037 0.042
Parity
First 0.469 0.458 0.481 0.489
Second 0.389 0.390 0.388 0.377
Third 0.142 0.152 0.131 0.134
Male newborn 0.512 0.512 0.512 0.512
Panel B: Health at Age Two and Five
Any symptoms (Age Two) 0.246 0.263 0.218 0.221
Outpatient visit (Age Two) 0.183 0.197 0.160 0.161
Any symptoms (Age Five) 0.184 0.191 0.178 0.180
Outpatient visit (Age Five) 0.170 0.171 0.169 0.171
Panel C: Parent Characteristics
Mother's age at conception 31.310 31.035 31.003 30.456
(4.441) (4.361) (4.534) (5.032)
Father's age at conception 33.091 33.031 32.984 32.432
(5.249) (5.192) (5.313) (5.769)
Mother's education
High school 0.309 0.309 0.310 0.301
Vocational school 0.365 0.365 0.364 0.347
University and above 0.255 0.255 0.255 0.266
Father's education
High school 0.364 0.363 0.364 0.355
Vocational school 0.145 0.146 0.145 0.140
University and above 0.418 0.418 0.419 0.420
Panel D: Residence Characteristics
Residence
House 0.425 0.426 0.423 0.412
Apartment 0.574 0.572 0.576 0.586
Floor of Residence
F1-F5 0.854 0.859 0.849 0.831
F6-F10 0.091 0.090 0.091 0.099
Fl1+ 0.055 0.051 0.060 0.070
Residence period
Less than one year 0.228 0.230 0.226 0.229
One-five years 0.527 0.526 0.529 0.528
More than five years 0.245 0.244 0.245 0.244
N 566,170 332,331 233,839 1,887,741 19,700 984,528
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Table 2. Impacts of in Utero Radiation Fear on Birth Outcomes

Prenatal vs Postnatal

Difference-in-Difference

1) @) 3) “)
Panel A: Birth Weight
In-utero -29.9703 oA -29.0241  *F* 283828  F¥E 413734 wE*
(1.5706) (1.6656) (1.7741) (12.1635)
In-utero x Fear
High -4.1174 * -6.1809 ok
(2.4296) (2.8322)
Moderate -4.0566
(2.5904)
In-utero x log(Distance) 1.855
(1.655)
Mean 3030.118 3030.118 3030.118 3030.118
N 548,533 548,533 548,533 548,533
Panel B: LBW
In-utero 0.0149 oA 0.0147 oAk 0.0147 oAk 0.0166 ok
(0.0010) (0.0011) (0.0011) (0.0080)
In-utero x Fear
High 0.0003 0.0017
(0.0017) (0.0020)
Moderate 0.0000
(0.0017)
In-utero x log(Distance) -0.0003
(0.0013)
Mean 0.0762 0.0762 0.0762 0.0762
N 548,533 548,533 548,533 548,533
Panel C: Preterm
In-utero 0.0160 oA 0.0160 Ak 0.0159 oAk 0.0174 Ak
(0.0008) (0.0008) (0.0009) (0.0061)
In-utero x Fear
High 0.0001 0.0007
(0.0014) (0.0017)
Moderate -0.0002
(0.0014)
In-utero x log(Distance) -0.0004
(0.0010)
Mean 0.0419 0.0419 0.0419 0.0419
N 548,533 548,533 548,533 548,533

Notes: Each column in each panel is a separate regression. Column (1) presents estimates for equation (2), columns (2)-(3)

for equation (3); column (4) for equation (4). “In-utero” corresponds to 1[c<Accident<e b ] imc=1. All regressions control

for municipality fixed effect, conception month fixe effect, mother’s and father’s age at conception in years and education in

2010, residential characteristics in 2010, and neonatal characteristics. Robust standard errors are clustered on expectant

mothers’ municipality of residence in 2010. Statistical inference: * p<0.1 ** p<0.05 *** p<0.01

- 184 -



Distance (km) to the Fukushima Nuclear Power Plant

B 200-2235
250 - 400

i 141 - 250

s No data

Figure 1. Data Exclusion and Areas with Different Fear Levels

Notes: The municipalities with "no data" are those for which data are excluded for estimation. These municipalities were
either damaged by the tsunami or had an annual radiation dose over one millisievert. Details about these municipalities are
in Appendix A. The red area corresponds to the high-fear area, with distances to Fukushima NPP ranging from 141 km to
250 km. The pink area corresponds to the moderate-fear area, with a distance range of 250 km to 400 km. With a distance
greater than 400 km, the blue area corresponds to the low-fear area.
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Table 1. Basic Statistics

Sample for Estimation

Population Data

Thz;::::fry Prenatal  Postnatal Bﬁ'ilhs CSLC C;(I)lls(l;s
(©) 2 (©)) 4 (©) Q)
Panel A: Birth Outcomes
Birth weight (g) 3030.118 3027.114 3034.387 3025.475
(407.109) (412.846)  (398.775) (433.817)
LBW (<2,500g) 0.076 0.078 0.074 0.080
Preterm (< 37 weeks) 0.042 0.045 0.037 0.042
Parity
First 0.469 0.458 0.481 0.489
Second 0.389 0.390 0.388 0.377
Third 0.142 0.152 0.131 0.134
Male newborn 0.512 0.512 0.512 0.512
Panel B: Health at Age Two and Five
Any symptoms (Age Two) 0.246 0.263 0.218 0.221
Outpatient visit (Age Two) 0.183 0.197 0.160 0.161
Any symptoms (Age Five) 0.184 0.191 0.178 0.180
Outpatient visit (Age Five) 0.170 0.171 0.169 0.171
Panel C: Parent Characteristics
Mother's age at conception 31.310 31.035 31.003 30.456
(4.441) (4.361) (4.534) (5.032)
Father's age at conception 33.091 33.031 32.984 32.432
(5.249) (5.192) (5.313) (5.769)
Mother's education
High school 0.309 0.309 0.310 0.301
Vocational school 0.365 0.365 0.364 0.347
University and above 0.255 0.255 0.255 0.266
Father's education
High school 0.364 0.363 0.364 0.355
Vocational school 0.145 0.146 0.145 0.140
University and above 0.418 0.418 0.419 0.420
Panel D: Residence Characteristics
Residence
House 0.425 0.426 0.423 0.412
Apartment 0.574 0.572 0.576 0.586
Floor of Residence
F1-F5 0.854 0.859 0.849 0.831
F6-F10 0.091 0.090 0.091 0.099
Fl1+ 0.055 0.051 0.060 0.070
Residence period
Less than one year 0.228 0.230 0.226 0.229
One-five years 0.527 0.526 0.529 0.528
More than five years 0.245 0.244 0.245 0.244
N 566,170 332,331 233,839 1,887,741 19,700 984,528
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Table 2. Impacts of in Utero Radiation Fear on Birth Outcomes

Prenatal vs Postnatal

Difference-in-Difference

1) @) 3) “)
Panel A: Birth Weight
In-utero -29.9703 oA -29.0241  *F* 283828  F¥E 413734 wE*
(1.5706) (1.6656) (1.7741) (12.1635)
In-utero x Fear
High -4.1174 * -6.1809 ok
(2.4296) (2.8322)
Moderate -4.0566
(2.5904)
In-utero x log(Distance) 1.855
(1.655)
Mean 3030.118 3030.118 3030.118 3030.118
N 548,533 548,533 548,533 548,533
Panel B: LBW
In-utero 0.0149 oA 0.0147 oAk 0.0147 oAk 0.0166 ok
(0.0010) (0.0011) (0.0011) (0.0080)
In-utero x Fear
High 0.0003 0.0017
(0.0017) (0.0020)
Moderate 0.0000
(0.0017)
In-utero x log(Distance) -0.0003
(0.0013)
Mean 0.0762 0.0762 0.0762 0.0762
N 548,533 548,533 548,533 548,533
Panel C: Preterm
In-utero 0.0160 oA 0.0160 Ak 0.0159 oAk 0.0174 Ak
(0.0008) (0.0008) (0.0009) (0.0061)
In-utero x Fear
High 0.0001 0.0007
(0.0014) (0.0017)
Moderate -0.0002
(0.0014)
In-utero x log(Distance) -0.0004
(0.0010)
Mean 0.0419 0.0419 0.0419 0.0419
N 548,533 548,533 548,533 548,533

Notes: Each column in each panel is a separate regression. Column (1) presents estimates for equation (2), columns (2)-(3)

for equation (3); column (4) for equation (4). “In-utero” corresponds to 1[c<Accident<e b ] imc=1. All regressions control

for municipality fixed effect, conception month fixe effect, mother’s and father’s age at conception in years and education in

2010, residential characteristics in 2010, and neonatal characteristics. Robust standard errors are clustered on expectant

mothers’ municipality of residence in 2010. Statistical inference: * p<0.1 ** p<0.05 *** p<0.01
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Distance (km) to the Fukushima Nuclear Power Plant

B 200-2235
250 - 400

i 141 - 250

s No data

Figure 1. Data Exclusion and Areas with Different Fear Levels

Notes: The municipalities with "no data" are those for which data are excluded for estimation. These municipalities were
either damaged by the tsunami or had an annual radiation dose over one millisievert. Details about these municipalities are
in Appendix A. The red area corresponds to the high-fear area, with distances to Fukushima NPP ranging from 141 km to
250 km. The pink area corresponds to the moderate-fear area, with a distance range of 250 km to 400 km. With a distance
greater than 400 km, the blue area corresponds to the low-fear area.
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Table 1.1. Timing of implementation for anticancer drug parity laws

Law/State

Policy Implementation Dates

Oregon

Towa

DC. Indiana. Hawaii
Vermont

Minnesota

Kansas

Colorado. Connecticut

New Mexico

Texas

Washington. lllinois. New York
Nebraska

Virginia, New Jersey
Maryland

Delaware

Massachusetts, Rhode Island
Maine

Mississippi, Wyoming

Pennsylvania. West Virginia,

Dakota. Arizona

January 2008
January 2009
January 2010
Apnl 2010
May 2010
July 2010
January 2011
June 2011
October 2011
January 2012
Apnl 2012
July 2012
October 2012
January 2013
January 2014
January 2015
July 2015

January 2016

DC stands for District of Columbia
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Table 1.2. Summary statistics

All States Non-Parity States Parity States
()] 2) 3 Q) ) (6) @)
All Years 2004- 2008- Diff = (2}~ 2004-2007 2008- Diff = (5
2007 2017 3) 2017 (©)
Log breast cancer mortality rate 2.340 2418 2.347 -0.071* 2.399 2.283 -0.116™
(0.148)  (0.143)  (0.130)  (-4.167)  (0.133)  (0.147)  (-7.322)
Log respiratory cancer mortality rate 3.317 3464 3.343 -0.121™ 3.369 3.222 -0.147"
(0.333)  (0.351)  (0.402)  (-2.457)  (0215)  (0.264)  (-5.20%)
Log head/neck cancer mortality rate 0.768 0.788 0.846 0.059 0.667 0.731 0.064™
0281)  (0262) (0.296)  (1.605) (0272)  (0.258)  (2.208)
Log digestive cancer mortality rate 3.334 3.268 3.396 0.128* 3.237 3.338 0.101**
0.149)  (0.147)  (0.159)  (6.451) (0.117)  (0.120)  (7.666)
Log bone/skin/soft tissue cancer mortality 1.497 1.539 1.518 -0.022 1.512 1.457 -0.055™"
rate
0.163)  (0.137)  (0.146)  (-1.183) 0.147)  (0.183)  (-2.864)
Log female genital cancer mortality rate 1.882 1.859 1.898 0.039™ 1.877 1.876 -0.000
(0.146)  (0.133)  (0.143)  (2.183) (0.143)  (0.154)  (-0.003)
Log male genital cancer mortality rate 0.694 0.671 0.768 0.097*** 0.595 0.675 0.0807"
(0224)  (0244) (0.186)  (3.741) (0221)  (0.229)  (3.192)
Log urinary cancer mortality rate 1.417 1.421 1.454 0.033 1.402 1.389 -0.013
(0.194)  (0.198)  (0201)  (1.303) (0.195)  (0.181)  (-0.654)
Log nervous system cancer mortality rate 1.426 1.392 1.465 0.073 1.366 1.426 0.060™
(0.182)  (0.140)  (0.142)  (4.040) (0.183)  (0215)  (2.642)
Log thyroid cancer mortality rate -0.808 -0.877 -0.770 0.107"° -0.881 -0.791 0.090™
0.322) (03200 (0.315)  (2.649) (0.365)  (0.305)  (2.463)
Log lymphoid cancer mortality rate 2.075 2.175 2.068 -0.107* 2.138 2.021 -0.116™
0.157)  (0.125)  (0.158)  (-5.657) (0.130)  (0.151)  (-7.256)
Log ill-defined/multiple sites” cancer 1.934 2.036 1.965 -0.0717 1.914 1.879 -0.035
mortality rate
(0.232)  (0.230) (0.237)  (-2.362) (0.236)  (0.210)  (-1.465)
N 714 80 220 308 116 290 406

Note: Columns (1)—(7) report weighted means of dependent variables for all states. non-parity states, and parity states. respectively.
Column (2) and (3) and Column (3) and (6) report the means of pre-2008 and post-2008 for non-parity and parity states. Column (4)
and (7) report the differences of means for non-parity and parity states, respectively. The unit of observation is state-year cell. The

standard deviations are reported in parentheses i Column (1)—(3) and (5)—(6). The t-statistics are reported in parentheses in Column

(4) and (7).
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Table 1.3. Impacts of anticancer drug parity laws on cancer mortality rates by the site of cancer

Panel A: Breast to Female Genital

(1 2) () ) (%) (6)
Breast Respiratory ~ Head/Neck Digestive Bone/Skin/S  Female Genital
oft tissue
Parity Laws 0.018 -0.005 -0.0907 -0.004 0.010 0.016
(0.016) (0.009) (0.030) (0.007) (0.020) (0.024)
Controls Yes Yes Yes Yes Yes Yes
Mean (pre-2008 parity states) 2418 3.464 0.788 3.268 1.539 1.859
adj. R2 0.303 0.787 0.087 0.643 0.113 -0.011
N 714 714 714 714 714 714
Panel B: Male Genital to Ill-defined/ Multiple
(0 2) 6] “ €] (6)
Male Genital Urinary Nervous Thyroid Lymphoid q-
defined/Multiple
Parity Laws -0.005 -0.021 0.006 0.026 -0.007 -0.012
(0.030) (0.021) (0.024) (0.050) (0.019) (0.019)
Controls Yes Yes Yes Yes Yes Yes
Mean (pre-2008 parity states) 0.671 1.421 1.392 -0.877 2.175 2.036
adj. R? -0.003 0.016 0.077 -0.078 0.398 0.191
N 714 714 714 690 714 714

Note: All regressions are estimated using FE. Columns (1)—(6) of Panel A report the estimates for all, breast, respiratory. head/neck,
digestive, bone/skin/soft tissue, and female genital cancer mortality, respectively. Columns (1)—(6) of Panel B report the estimates for
male genital, urinary, nervous, thyroid, lymphoid, and ill-defined/multiple cancer mortality. respectively. Controls are age, gender,
race, marital status, education. other state socio-economic variables. state-and year-fixed effects. and state-specitic trends. The
standard errors in parentheses are clustered by state.

*p<0.10."p<0.05""p=<001
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Table 1.4. Event study: Impacts of anticancer drug parity laws on cancer mortality rates by cancer types

M 2 () 4) () (6)

Breast Respiratory  Head/Neck Digestive Bone/Skin/S Female
oft tissue Genital

Parity Laws t-4 and prior 0.031 0.011 0.072 -0.019 0.013 0.038
(0.028) (0.020) (0.046) (0.014) (0.031) (0.032)

Parity Laws t-3 0.012 0.012 0.035 0.003 -0.015 0.047
(0.024) (0.015) (0.047) (0.010) (0.025) (0.033)

Parity Laws t-2 -0.001 0.001 0.003 -0.000 -0.045" 0.013
(0.017) (0.011) (0.040) (0.010) (0.026) (0.028)
Parity Laws t-1 Baseline Baseline Baseline Baseline Baseline Baseline

Parity Laws t 0.000 0.010 -0.061 -0.004 -0.004 0.026
(0.022) (0.013) (0.043) (0.007) (0.029) (0.032)

Parity Laws t+2 0.001 -0.006 -0.097 0.014 0.016 0.031
(0.026) (0.016) (0.041) (0.011) (0.030) (0.030)

Parity Laws t+3 -0.008 -0.019 -0.122* 0.020 -0.020 0.023
(0.025) (0.019) (0.057) (0.012) (0.038) (0.028)

Parity Laws t+4 and after 0.002 0.006 -0.133* 0.034" -0.009 0.018
(0.027) (0.022) (0.073) (0.016) (0.045) (0.035)

Controls Yes Yes Yes Yes Yes Yes
adj. R2 0.399 0.835 0.081 0.670 0.169 -0.004

N 602 602 602 602 602 602

Note: All regressions are estimated using FE. Columns (1)—(6) report the estimates for all, breast, respiratory. head/neck, digestive.
bone/skin/soft tissue, and female genital cancer mortality, respectively. Controls are age, gender. race. marital status, education, other
state socio-economic controls, state-and year-fixed effects. and state-specific trends. The standard errors in parentheses are clustered
by state.

p<0.10, " p<0.05""p<0.01
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Table 1.5. Event study: Impacts of anticancer drug parity laws on cancer mortality rates by cancer types

(€)) (2) (3) (4) (5 (©)
Male Genital Urinary Nervous Thyroid Lymphoid Ti-
defined/ Multiple
Parity Laws t-4 and prior 0.027 0.000 0.020 0.023 0.028 -0.055
(0.064) (0.041) (0.034) (0.086) (0.030) (0.038)
Parity Laws t-3 -0.032 0.007 -0.013 -0.009 0.018 -0.027
(0.062) (0.024) (0.035) (0.105) (0.031) (0.028)
Parity Laws t-2 -0.015 0.014 -0.034 0.063 -0.034 -0.023
(0.048) (0.026) (0.022) (0.004) (0.021) (0.027)
Parity Laws t-1 Baseline Baseline Baseline Baseline Baseline Baseline
Parity Laws t -0.080" -0.002 -0.005 0.136 -0.013 -0.024
(0.047) (0.028) (0.036) (0.088) (0.027) (0.027)
Parity Laws t+2 0.022 -0.063* 0.017 0.061 -0.045* -0.012
(0.056) (0.032) (0.027) (0.092) (0.027) (0.034)
Parity Laws t+3 -0.007 -0.025 0.016 0.084 -0.044 0.003
(0.058) (0.041) (0.043) (0.099) (0.027) (0.041)
Parity Laws t+4 and after 0.037 -0.017 0.030 0.207" -0.061" -0.013
(0.066) (0.044) (0.046) (0.117) (0.036) (0.055)
Controls Yes Yes Yes Yes Yes Yes
adj. R2 -0.060 0.036 0.062 -0.129 0.364 0.172
N 602 602 602 602 602 602

Note: All regressions are estimated using FE. Columns (1)—(6) report the estimates for male genital. urinary, nervous, thyroid.
lympheoid. and ill-defined/multiple cancer mortality, respectively. Controls are age, gender, race, marital status. education. other state
socio-economic controls, state-and year-fixed effects. and state-specific trends. The standard errors in parentheses are clustered by
state.

Tp<0.10. 7 p<0.05 " p<0.01
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Table 1.6. Event study: Impacts of anticancer drug parity laws on cancer mortality rates by

cancer rypes

(1) (2) (3)

Incidence Non-cancer Non-malignant
Parity Laws -0.000 0.013" 0.002
(0.005) (0.007) (0.041)
Controls Yes Yes Yes
adj. R2 0.776 0.896 0.082
N 663 714 714

Note: All regressions are estimated using FE. Columns (1) and (2) report the estimates for
cancer incidence, non-cancer mortality rates, and non-malignant cancer rates, respectively.
Controls are age. gender, race, marital status, education. other state socio-economic variables,
state-and year-fixed effects, and state-specific trends. The standard errors in parentheses are
clustered by state.

p<010."p<0.05""p=<0.01

Table 1.7. Impacts on private and public insurance coverage

(1) (2)

Private Public
Parity Laws 0.001 -0.033

(0.001) (0.030)
Controls Yes Yes
adj. R? 0.995 0.816
N 714 714

Note: All regressions are estimated using FE. Columns (1) and (2) report the estimates for log
of private and public insurance coverage. respectively. Controls are age, gender, race. marital
status. education. other state socio-cconomic variables. state-and year-fixed effects, and state-
specific trends. The standard errors in parentheses are clustered by state.

p<0.10."p<0.05""p=0.01
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Appendix

Appendix Table 1.1 Name and number of the statute of anticancer drug parity laws

State Statue Number
Arizona HB2078
Colorado HB1202
Connecticut SB30
Delaware HB265
District of Columbia Bill18-278
Hawaii HB1964
Illinois HBI1825
Indiana SB437
Iowa 514C.24
Kansas HB2X160
Maine 4317-B
Maryland SB179
Massachusetts S2363
Minnesota SF1761
Mississippi 83-9-24
Nebraska LB882
New Jersey SB1834
New Mexico SB385
New York SB450
Oregon SBE8
Pennsylvania HB60
Rhode Island SB428
South Dakota SB101
Texas HB438
Vermont HB444
Virginia SB450
Washington HB1517
West Virginia 33-25A-81
Wryoming 26-20-501
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Table 2.1.Timing and characteristics of provineial coverage of SCA

Mandatory
Provinee Date Drugs covered Length of coverage
Counselling
10/1998:
bupropion: Bupropion and 12 continuous
Alberta No*
06/2011: varenicline weeks/year
varenicline
Bupropion and 12 continuous
British Columbia 10/2011 No
varenicline weeks/year
12 continuous
Manitoba 11/2011 Varenicline No
weeks/year
New Brunswick None
Newfoundland
None
& Labrador
2004 (dates vary ~ Bupropion and
Nova Scotia WVaries by subregion No
by sub-regions varenicline
and depend on
funding)
04/2000:
bupropion: Bupropion and 12 continuous
Ontario No
08/2011: varenicline weeks/year
varenicline;
Prince Edward Bupropion and ~ 4 weeks/year (or
01/2001 Yes
Island varenicline CANS75/year)
Bupropion and 12 continuous
Saskatchewan 01/2011 No
varenicline weeks/year
10/2000:
bupropion: Bupropion and 12 continuous
Quebec No
10/2007: varenicline weeks/year
varenicline

Source: White et al. (2015)
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Table 2.2. Summary Statistics

All Control Treated
All 2008— 2011- 2008- 2011-
2010 2012 2010 2012
(1 2) () 4) (%)
Outcome Variables:
Any Cigarette Use 0.175 0.193 0.185 0.170 0.166
(0.380) (0.395)  (0.388) 0.375)  (0.372)
Occasionally versus Daily 0.767 0.812 0.768 0.743 0.762
(0.423) (0.391)  (0.422) (0.437)  (0.426)
Any Cigar Use 0.016 0.019 0.015 0.017 0.014
(0.127) (0.136)  (0.122) (0.131)  (0.117)
Any Cigarillo Use 0.033 0.045 0.028 0.031 0.030
(0.178) (0.208)  (0.165) 0.173)  (0.170)
Any Pipe Use 0.004 0.004 0.003 0.004 0.003
(0.060) (0.063)  (0.052) (0.065)  (0.053)
Any Tobacco Chew 0.005 0.002 0.002 0.006 0.006
(0.068) (0.045)  (0.040) (0.079)  (0.076)
Socioeconomic Variables:
Age 44.856 45.710 46.104 44.160 44.651
(18.160) (18.163)  (18.198) (18.057)  (18.235)
Women 0.506 0.508 0.5006 0.5006 0.505
(0.500) (0.500)  (0.500) (0.500)  (0.500)
S/W/D 0.110 0.124 0.125 0.102 0.106
(0.313) (0.329)  (0.331) (0.303)  (0.308)
Single 0.263 0.261 0.250 0.266 0.267
(0.441) (0.439)  (0.433) (0.442)  (0.443)
Marital status—unknown 0.008 0.011 0.006 0.008 0.007
(0.000) (0.106)  (0.077) (0.087)  (0.086)
Completed elementary 0.017 0.025 0.017 0.014 0.015
(0.129) (0.157)  (0.130) 0.117)  (0.121)
Some high school 0.138 0.152 0.157 0.133 0.126
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(0.345) (0.359)  (0.364) (0.339)  (0.332)

Completed high school 0.217 0.221 0.205 0.219 0.217
(0.412) (0.415)  (0.404) (0.414)  (0.412)
Some college 0.049 0.056 0.055 0.045 0.047
(0.216) (0.231) (0.227) (0.207) (0.211)
Completed college 0.203 0.195 0.207 0.212 0.194
(0.402) (0.396) (0.405) (0.409) (0.396)
Some vniversity 0.064 0.054 0.048 0.065 0.078
(0.245) (0.226) (0.214) (0.247) (0.268)
Completed nniversity 0.270 0.247 0.256 0.272 0.293
(0.444) (0.431) (0.436) (0.445) (0.455)
Education—Other 0.011 0.009 0.019 0.014 0.005
(0.106) (0.096) (0.137) (0.118) (0.071)
Education—unknown 0.019 0.015 0.020 0.019 0.020
(0.136) (0.123)  (0.142) (0.137)  (0.142)
French only 0.247 0.720 0.705 0.016 0.015
(0.431) (0.449)  (0.456) (0.127)  (0.120)
English and French 0.008 0.017 0.013 0.006 0.003
(0.090) (0.129)  (0.115) (0.077)  (0.052)
Languages—unknown 0.108 0.054 0.068 0.127 0.140
(0.311) (0225)  (0.252) (0.333)  (0.347)
Rural 0.192 0.232 0.231 0.176 0.168
(0.394) (0.422) (0.421) (0.381) (0.374)
Residential area—unknown 0.026 0.023 0.023 0.024 0.031
(0.158) (0.151)  (0.151) (0.153)  (0.172)
Household size 2,913 2.712 2.720 2.993 3.038
(1.261) (1.217) (1.204) (1.271) (1.275)
Real cigarette taxes (cents) 37.676 33.988 33.826 39.947 38.906
(6.187) (3.976)  (4.909) (5.629)  (6.721)
N 81173 24096 16309 24816 15952

Note: There are four control provinces and four treated provinees. The standard deviations are reported in round brackets. All statistics

are weighted by normalized sampling weights provided by Statistics Canada.
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Table 2.3, The effect of SCA coverage on tobacco use outcomes

M &) 3) “ %) (6)
Any Oceasion Any cigar Any Any pipe Any
cigarette versus use cigarillo use use tobacco
use Daily chew
SCA Coverage 0.017™ -0.001 0.003 0.017* 0.000 -0.000
(0.004) (0.011) (0.002) (0.004) (0.001) (0.001)
Socioeconomic controls Yes Yes Yes Yes Yes Yes
Province Fixed Effects Yes Yes Yes Yes Yes Yes
Time Fixed Effects Yes Yes Yes Yes Yes Yes
Drug Policies Yes Yes Yes Yes Yes Yes
Smoke-Free Car Laws Yes Yes Yes Yes Yes Yes
N 81173 15073 80872 80876 80880 80882

Note: Columns (1)—(6) report estimates for any cigarette use. occasionally versus daily use. any cigar use. any cigarillo use. any pipe
use, and any tobacco chew, respectively. Socioeconomic controls are age, age squared, gender, marital status. educational attainment,
household size, languages. and other provineial-level variables. Provinee fixed effects are a vector of province-binary variables. Time
fixed effects are vectors of month-and year-binary variables. Standard errors are clustered at the provinee levels. Inferences are

adjusted using t-distribution with 5 degrees of freedom. * p < 0.05, ¥# p < 0.01, ##% p < 0.001

-202 -



Table 2.4, Heterogeneity across subpopulation

1 2) (3 @ (5) (6)
Any Occasionall  Any cigar Any Any pipe Any
cigarette ¥ versus use cigarillo use use tobacco
use Daily chew
Panel A:Men
SCA Coverage 0.026™ 0.019 0.004 0.0227 0.001 0.000
(0.006) (0.018) (0.003) (0.005) (0.001) (0.001)
N 37260 7728 37082 37092 37088 37002
Panel B: Women
SCA Coverage 0.009 -0.026 0.003* 0.012° -0.001 -0.001
(0.004) (0.011) (0.001) (0.004) (0.000) (0.000)
N 43913 7345 43790 43784 43792 43790
Panel C: < College
SCA Coverage 0.008 0.015 0.008* 0.006 0.001 -0.003*
(0.008) (0.025) (0.003) (0.003) (0.002) (0.001)
N 42117 8960 42082 42087 42104 42103
Panel D: = College
SCA Coverage 0.014* -0.018 0.000 0.025% -0.001 0.002
(0.003) (0.009) (0.001) (0.008) (0.000) (0.001)
N 37254 5623 37235 37221 37239 37249

Note: Columns (1)—(6) report estimates for any cigarette use, occasionally versus daily use. any cigar use. any cigarillo use. any pipe
use, and any tobacco chew, respectively. Sociosconomic controls are age, age squared, gender, marital status. educational attainment,
household size, languages. and other provincial-level variables. Provinee fixed effects are a vector of provinee-binary variables. Time

fixed effects are vectors of month-and year-binary variables. Standard errors are clustered at the province levels. Inferences are

adjusted using t-distribution with 5 degrees of freedom. * p < 0.05. ** p < 0.01, *** p < 0.001
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Table 2.5. The effect of SCA coverage on tobacco use outcomes by types of drugs covered

(0 2 3) @ (&) (6)
Any Occasion Any cigar Any Any pipe Any
cigarette versus use cigarillo use use tobacco
use Daily chew
SCA Coverage Adding 0.021% -0.006 0.006" 0.021" 0.000 -0.001
Varenicline with Existi
aremueline with Brstig (0.002) (0.011) (0.002) (0.004) (0.001) (0.001)
Bupropion Coverage
SCA Coverage Adding 0.011 0.044 -0.015" -0.003 -0.002" 0.002
Varenicline without
(0.006) (0.030) (0.005) (0.006) (0.001) (0.003)
Existing Bupropion
Coverage
SCA Coverage Adding -0.010 0.006 -0.002 0.002 0.001* 0.003**
Both D
ot Drues (0.004) (0.015) (0.001) (0.003) (0.000) (0.001)
Socioeconomic controls Yes Yes Yes Yes Yes Yes
Provinee Fixed Effects Yes Yes Yes Yes Yes Yes
Time Fixed Effects Yes Yes Yes Yes Yes Yes
Drug Policies Yes Yes Yes Yes Yes Yes
Smoke-Free Car Laws Yes Yes Yes Yes Yes Yes
N 81173 15073 80872 80876 80880 80882

Note: Columns (1)—(6) report estimates for any cigarette use, occasion versus daily use, any cigar use, any cigarillo use. any pipe use.

and any tobacco chew, respectively. SCA Coverage Adding Varenicline with Existing Bupropion Coverage is provinces covering

varenicline with existing bupropion coverage (Alberta and Ontario): SCA Coverage Adding Varenicline without Existing Bupropion

Coverage is province covering varenicline without existing coverage of any SCA (Manitoba): and SCA Coverage Adding Both Drugs

1s provinee covering both drugs at the same time (Saskatchewan). Socioeconomic controls are age, age squared. gender, marital status,

educational attainment. household size, languages. and other provincial-level variables. Province fixed effects are a vector of

province-binary variables. Time fixed effects are vectors of month-and year-binary variables. Standard errors are clustered at the

province levels. Inferences are adjusted using t-distribution with 5 degrees of freedom. * p < 0.05, ** p < 0.01, *** p < 0.001
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Table 2.6. The effect of SCA coverage on cessation intention

(&) @
Quit in Next  Quit in 30
6 Months Days
SCA Coverage 0.004 0.008
(0.034) (0.022)
Socioeconomic controls Yes Yes
Province Fixed Effects Yes Yes
Time Fixed Effects Yes Yes
Drug Policies Yes Yes
Smoke-Free Car Laws Yes Yes
N 14400 14400

Note: Columns (1) and (2) report estimates for Quit in 6 Next Months and Quit in 30 Days. respectively. Socioeconomic confrols are
age, age squared, gender. marital status. educational attainment. household size, languages. and other provincial-level variables.

Province fixed effects are a vector of provinee-binary variables. Time fixed effects are vectors of month-and year-binary variables.

Standard errors are clustered at the province levels. Inferences are adjusted using t-distribution with 5 degrees of freedom. * p < 0.05,

¥ p < 0,01, % p <0.001
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Figure 2.1. Event study coefficient plot.

Note: Each panel reports the estimates of SCA coverage from equation (2) and reports the estimate for a different dependent variable.
The omitted category is one year prior to SCA coverage. Control variables include age. age squared. gender. marital status,
educational attainment. houschold size. langnages, other provincial-level variables, and all the fixed effects. Standard ervors are
clustered at the province levels. Confidence intervals are adjusted using t-distribution with 5 degrees of freedom. The dots represent

point estimates, and the caps represent 95% confidence intervals.
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Note: Each panel reports the estimates of SCA coverage similar to equation (2) but with six-month periods, instead of one year

periods. Each panel reports the estimate for a different dependent variable. The omitted category is six months prior to SCA coverage.

Control variables include age. age squared. gender, marital status, educational attainment. household size, languages, other provincial-

level variables, and all the fixed effects. Standard errors are clustered at the provinee levels. Confidence intervals are adjusted using t-

distribution with 5 degrees of freedom. The dots represent point estimates, and the caps represent 95% confidence intervals.
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Figure 2.3. The coefficient plot for the inclusion of provinee-specific linear and nonlinear trends.

Note: Each panel reports the SCA coverage estimate from equation (3) for a different dependent variable. Each color represents a
different specification: base is a specification without any province-specific trends; linear is a specification includes province-specific
linear trends: quadratic is a specification includes province-specific quadratic trends: cubic is a specification includes province-
specific cubic trends: and quartic is a specification includes province-specific quartic trends. Control variables include age, age
squared, gender. marital status, educational attainment, household size. languages, other provineial-level variables. and all the fixed
effects. Standard errors are clustered at the province levels, Confidence intervals are adjusted using t-distribution with 5 degrees of

freedom. The dots represent point estimates, and the caps represent 95% confidence intervals.
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Figure 2.4.The coefficient plot for the “Leave-Out™ analysis.
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baseline is a specification includes all treated provinees: no ON is a specification excludes Ontario: no MB is a specification excludes
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of freedom. The dots represent point estimates, and the caps represent 95% confidence intervals.
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outcomes, not social networks.

We investigated the causal effect of college education on smoking, drinking, sleeping, and
cancer screening behavior in Japan. To estimate said effect, we leveraged a unique instrument in
which a mismatch between Japanese superstition and school year in 1967 leading to an increase in
college education attainment. We found that an additional year of college education led to
reductions in smoking and drinking and improvements in sleeping and the use of cancer screening.
We also explored heterogeneity across genders and found that women drive the causal relationship
between college education and health behavior in Japan. Finally, we found that the causal
relationship between college education and health behavior is mediated by better labor market

A. WFFEH

In 2015, across 25 Organization for
Economic Co-operation and Development
(OECD) countries, a college-educated person
aged 30 years could be expected to live for
another 53.4 years, whereas a non-college-
educated person of the same age could only be
expected to live for another 47.8 years,
translating to a 5.6-year difference (OECD,
2017). This difference in life expectancy is
consistent with research from past decades, in
which higher education has been found to be
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causally associated with lower mortality
(Lleras-Muney, 2005; Clark & Royer, 2013;
Fischer et al., 2013; Buckles et al., 2016).
Moreover, for instance, based on a rough
calculation by Cutler & Lleras-Muney (2006)
based on Cutler (2004), the health returns to
education increase the total returns to
education by 15-55 percent. Cutler and Lleras-
Muney (2010) attributed these differences in
health to the differences in health behavior
between less educated and educated people.
However, a substantive debate is ongoing



regarding the extent to which higher education
can causally affect health behavior.
Specifically, the literature offers little
consensus on this relationship. For instance,
some studies have found that higher education
reduces risky behaviors such as smoking
(Kenkel et al., 2006; de Walque, 2007;
Grimard & Parent, 2007; Kemptner et al.,
2011; Jurges et al., 2011), whereas others have
found that higher education does not affect
health behavior (Reinhold & Jurges, 2010; Li
& Powdthavee, 2015; Silles, 2015; Dursun et
al., 2018).

To further our understanding, we
investigated the causal effect of education on
health behavior in Japan. However, education
is associated with unobserved cofounders that
can correlate with health behavior, and thus,
causality is difficult to establish. To address
the endogeneity of education, we pursued an
instrumental variable (1) approach similar to
that of previous studies. Relevant studies have
leveraged natural experiments, such as
compulsory schooling laws, expansionary
schooling policy, and Vietnam War draft
avoidance, as instruments for education.
Compulsory schooling laws exploit the
geographic- and time-variation of the
minimum age at which individuals must stay in
school, which increases an individual’s
exposure to educational systems; thus, an
individual who has experienced a change in
compulsory schooling laws would have a
higher educational attainment than one who
has not (Amin et al., 2013; Dursun et al., 2018;
Kemptner et al., 2011; Kenkel et al., 2006; Li
& Powdthavee, 2015; Silles, 2015; Xie & Mo,

2014). Another related instrument is
expansionary schooling policy (Jlrges et al.,
2011; Park & Kang, 2008), which mandates an
increase in the number of schools operating
across geographic locations and time. An
increase in the number of schools would allow
more individuals to attain higher education;
thus, it would effectively increase access to
higher education through reduced competition.
Regarding draft avoidance, relevant studies
have employed Vietnam War draft avoidance
as an instrument for college education
(Buckiles et al., 2013; de Walque, 2007,
Grimard & Parent, 2007). Specifically,
individuals were able to defer entry into the
army to fight in the Vietnam War if they
entered college or institutions of higher
education (Card & Lemieux, 2001). Therefore,
men under the age of 24 years had a strong
incentive to attend colleges to avoid the draft,
which led to an increase in college educational
attainment among American men born in the
1940s and 1950s.

We departed from existing literature by
examining a unique natural experiment in
Japan that has not been studied before, namely
Japanese people’s superstitious belief in the
zodiac signs. They believe that children born
under a specific combination of zodiac signs
will have undesirable personality traits that are
difficult to deal with. Notably, a specific
combination of zodiac signs known as
“Firehorse” (FH) occurs every 60 years.
Japanese people believe that women born
under the FH sign will have a domineering
personality that can affect their relationships
throughout their lives. This induces parents to



avoid having children in the year of the FH,
which resulted in a notably lower birthrate in
1966, the most recent FH year. This lower
birthrate significantly reduced competition for
college enrollment and improved the learning
environment during early education due to
smaller classroom sizes, leading to a higher
enrollment rate for college institutions among
individuals born in 1966, ceteris paribus.
However, such a superstition may correlate
with unobserved health-related confounders,
which in turn may correlate with health
behavior. To avoid this selection issue, we
took advantage of a mismatch between the
Japanese school year — which starts in April
each year and ends the following March — and
the calendar year. Specifically, we focused on
a cohort of individuals born from January to
March 1967, who enrolled in college together
with those born in 1966 but were not affected
by the FH superstition of 1966. Doing so
minimized the effect of unobserved
confounders associated with the superstition on
education and health behavior.

Exploring the relationship between
college education and health behavior, we
focused on behaviors that are proven to have
significant impacts on the health of the
population. Specifically, we examined the
effect of college education on smoking,
drinking, sleeping, and cancer screening
behavior. Smoking kills more than 7 million
people annually worldwide (World Health
Organization (WHO), 2017). Furthermore,
poor sleep significantly increases traffic-
related mortality (Gottlieb et al., 2018),
depression (Tsuno et al., 2005), and
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cardiovascular diseases (Kronholm et al.,
2011; Tobaldini et al., 2017). Moreover,
cancer is the second-leading cause of death
worldwide (WHO, 2021). The early detection
of cancer through screening is beneficial
because it significantly improves the survival
of cancer patients (Hugosson et al., 2010;
Kalager et al., 2010; Olsen et al., 2005).

As a preview, we found that 1 additional
year of college education reduces the
probabilities of having ever smoked and of
being a current smoker by 14.7 and 9.1
percentage points, respectively. Regarding
alcohol use, we found that 1 additional year of
college education reduces the probabilities of
having ever been a drinker and of being a
current drinker by 19.1 and 20.8 percentage
points, respectively. Moreover, we found that
more years of college education have no effect
on the probability of having good and adequate
sleep. Regarding cancer screening behavior,
college education was found to have no effects
on the probabilities of getting stomach, lung,
and ovarian cancer screenings; however, it was
found to increase the probability of getting a
breast cancer screening by 35.8 percentage
points and a colon cancer screening by 23.3
percentage points. We also found that the
causal relationship is mainly driven by women.
Finally, we show that more college education
predominately improves economic resources,
not social networks. In particular, we found
that college education increases the probability
of being employed, being a fulltime worker,
and being a civil servant by 8.7, 16.9, and 12.0
percentage points, suggesting better and stable
employment are important meditators for the



causal relationship between college education
and health behavior.

Our contribution to the literature is
threefold. First, this study would add a new
evidence the causal effect of higher level of
schooling like college education on health
behaviors. Although number of literatures have
already shown significant causal impacts of
lower levels of schooling on health behavior
and/or health outcome, the returns to college
education still remains unknown and it would
be important for us to understand the
heterogeneity of the returns of to various levels
and/or qualities of education (Cutler & Lleras-
Muney, 2006). Second, we depart from the
existing literature by using a mismatch
between the school year and a superstition as
an instrument for our IV approach, whereas
previous studies have used compulsory
schooling laws or Vietham War drafting as an
instrument for their IV approach. Existing
strategies rely on penalties associated with
laws and war to increase educational
attainment, whereas our strategy relies on a
decline in competition to increase education
attainment. This is the first study to leverage
this strategy.  Third, this is the first study to
examine the effect of education on sleeping
and cancer screening behavior. We are not
aware of any study having examined these
behaviors previously.

B. #F9E 751k

We employed an instrumental variable
approach to instrument college education.
College education is endogenous in that
college education is likely to be correlated with
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unobserved confounders in the error term, such
as parental education. This, in turn, would be
correlated with health and behavior of the
individual. To alleviate the endogeneity issue,
We used the mismatch between the Firehorse
superstition that ends at January of 1967 and
the beginning of Japanese school year that
begins at April of 1967 to instrument college
education. The mismatch works as an
instrument in that due to a mismatch between
the beginning of school year and ending of the
Firehorse in 1967. Those born between
January and March of 1967 experienced a
decline in college competition leading to an
increased level of college enrollment. Given
this fact, the mismatch can serve as a strong
instrument for college education to investigate
the causal effect of college education on health
behavior in Japan. The data being analyzed is
2016 Comprehensive Living Condition
Survey.

C. WFZERE R

Overall, we found that the ordinary least
squares (OLS) estimates underestimate the
effect of college education sustainably.
Accounting for endoegenity using two stage
least squares (2SLS), we found that longer
year of college education significantly reduces
smoking, alcohol use, and cancer screening
use. Unfortunately, no effect was observed for
sleeping behavior. we further stratified the
estimates by gender, and we showed that the
effect is primary driven by women. Finally, we
examined the potential mechanisms behind the
relationship: economic resources and social
networks. we showed that the mechanism that



is mediating the relationship is though better
access to economic resources, such as
employment, civil servant job, and full time.
That is, college education significantly
increased the employment stability of those
highly educated compared to those who are
less educated.

D. B%2

In this, we employed an instrumental
variable approach to examine the causal effect
of college education on health behavior in
Japan. Using the mismatch between the
Firehorse superstition and school year in
Japan, we found that college education
significant improves the health behavior of the
population. Moreover, we found that college
education improves access to economic
resources, like labor market outcomes, of
college-educated but not social networks. This
suggests that college-education has benefits
beyond the immediate economic benefits.
Policymakers wishing to reduce the funding
toward education needs to consider the costs
and benefits of beyond just economic benefits.

E. fi&if

Recently, the public have begun to
question the value of college education. Our
findings provide an answer to this question by
showing that college education has beneficial
effects beyond the immediate economic returns
to college, such as higher wages and greater
job security. And, college education can
significantly benefit an individual’s health
through a reduction in health-disinvestment

behaviors and an improvement in health-
investment behaviors.
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Table 1. Summary Statistics

All years 1947-1965 and 1968-1980 1967
All Control Mismatched Difference: Control Mismatched Difference:
3)-(2) (6)-(5)
1) ) ) (4 __ (5) (6) ()
Years of College 1.419 1.454 1.318 -0.136 1.530 1.507 -0.023
(1.898) (1.913) (1.850) (-21.728) (1.907) (1.932) (-0.662)
Ever Smokers 0.305 0.305 0.300 -0.005™ 0.330 0.316 -0.014
(0.460) (0.461) (0.458) (-3.142) (0.470) (0.465) (-1.681)
Current Smokers 0.246 0.247 0.242 -0.005™" 0.267 0.257 -0.010
(0.431) (0.431) (0.428) (-3.790) (0.442) (0.437) (-1.223)
Ever Drinkers 0.687 0.688 0.682 0.713 0.692 0.678 -0.021"
(0.464) (0.463) (0.466) (0.452) (0.462) (0.467) (-2.562)
Current Drinkers 0.671 0.672 0.665 0.701 0.678 0.687 -0.023™
(0.470) (0.469) (0.472) (0.458) (0.467) (0.464) (-2.734)
Good Sleep 0.742 0.741 0.752 0.010™ 0.674 0.676 0.002
(0.438) (0.438) (0.432) (6.991) (0.469) (0.468) (0.231)
Adequate Sleep 0.026 0.026 0.025 -0.001 0.034 0.032 -0.002
(0.159) (0.159) (0.156) (-1.560) (0.181) (0.176) (-0.456)
Stomach Cancer 0.418 0.415 0.423 0.009™ 0.443 0.446 0.004
Screening
(0.493) (0.493) (0.494) (5.233) (0.497) (0.497) (0.406)
Lung Cancer 0.472 0.468 0.479 0.011™ 0.501 0.512 0.011
Screening
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(0.499) (0.499) (0.500)
Ovarian Cancer 0.384 0.384 0.378
Screening

(0.486) (0.486) (0.485)
Breast Cancer 0.366 0.364 0.365
Screening

(0.482) (0.481) (0.481)
Colon Cancer 0.401 0.396 0.409
Screening

(0.490) (0.489) (0.492)
Women 0.511 0.510 0.515

(0.500) (0.500) (0.500)
HH Structure — 0.190 0.189 0.206
Couple

(0.393) (0.391) (0.404)
HH Structure — 0.419 0.423 0.398
Couple with
Children

(0.493) (0.494) (0.490)
HH Structure — 0.065 0.064 0.063
Single with
Children

(0.246) (0.246) (0.243)
HH Structure — 3 0.145 0.143 0.147

218

(6.299)
-0.006™
(-2.685)
0.001
(0.406)
0.013™
(7.483)

0.005™
(3.006)

0.017""
(13.012)

Fokk

-0.025

(-15.318)

-0.001

(-1.527)

0.003™

(0.500)
0.444
(0.497)
0.419
(0.493)
0.420
(0.494)

0.517
(0.500)

0.090
(0.287)

0.519

(0.500)

0.087

(0.282)

0.154

(0.500)
0.443
(0.497)
0.447
(0.497)
0.447
(0.497)

0.521
(0.500)

0.105
(0.307)

0.497

(0.500)

0.079

(0.269)

0.166

(1.215)
-0.001
(-0.096)
0.028"
(2.208)
0.027™
(2.949)

0.003
(0.387)

0.015™
(2.833)

-0.022"

(-2.427)

-0.009

(-1.718)

0.012



Generations

(0.352) (0.350) (0.354) (2.851) (0.361) (0.372) (1.887)
HH Structure — 0.096 0.095 0.101 0.006™" 0.075 0.077 0.002
Other

(0.295) (0.293) (0.302) (6.599) (0.263) (0.266) (0.414)
Single 0.145 0.149 0.135 -0.014™ 0.171 0.162 -0.008

(0.353) (0.356) (0.341) (-12.204) (0.376) (0.369) (-1.256)
Widowed 0.029 0.029 0.032 0.004™ 0.008 0.009 0.001

(0.168) (0.167) (0.1277) (6.762) (0.091) (0.096) (0.556)
Divorced 0.067 0.067 0.067 0.001 0.077 0.077 0.000

(0.250) (0.250) (0.251) (0.846) (0.267) (0.267) (0.003)
Children Do Not 0.178 0.175 0.196 0.020™ 0.070 0.086 0.016™
Live Together

(0.382) (0.380) (0.397) (16.112) (0.255) (0.281) (3.402)
Children Live 0.559 0.558 0.547 -0.011™ 0.664 0.653 -0.012
Together

(0.497) (0.497) (0.498) (-6.649) (0.472) (0.476) (-1.364)
Children in Home — 0.016 0.016 0.017 0.001" 0.014 0.013 -0.002
Unknown

(0.126) (0.125) (0.129) (2.402) (0.119) (0.111) (-0.896)
Shared House 0.216 0.220 0.204 -0.016™ 0.249 0.237 -0.012

(0.412) (0.414) (0.403) (-11.514) (0.432) (0.425) (-1.510)
Observations 474872 332531 127490 460021 10540 4311 14851

Column (1) reports the means and standard deviations of the whole sample. Columns (2) and (3) report the means and standard deviations of the
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non-1967 years, which were between 1947 and 1980, excluding 1966. Columns (5) and (6) report the means and standard deviations of the
sample in 1967. Columns (4) and (7) report the differences between columns (2) and (3) and between columns (5) and (6), respectively. Except
for columns (4) and (7), the standard deviations are reported in brackets. For columns (4) and (7), the t-statistics are reported in brackets. Control
refers to individuals born between January and March, and mismatched refers to individuals born between April and December.
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Table 2. First-stage 2SLS Estimates for Effect of Years of College Education on Health Behavior

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
Yearsof Yearsof Yearsof Yearsof Yearsof Yearsof Yearsof Yearsof Yearsof Yearsof Yearsof
College  College  College  College  College  College  College  College  College  College  College
Mismatch x 1967 0.094™  0.094™  0.091™ 0.091™ 0.084™ 0.085™ 0.088™" 0.092"" 0.083"" 0.085""  0.093™"
(0.023) (0.023) (0.023) (0.023) (0.023) (0.027) (0.024) (0.024) (0.022) (0.022) (0.026)
Corresponding Ever Current Ever Current Good  Adequate Stomach Lung Ovarian Breast Colon
dependent variable in Smoker  Smoker  Drinker  Drinker Sleep Sleep Cancer Cancer Cancer Cancer Cancer
the 2SLS second-stage: Screenin  Screenin  Screenin  Screenin  Screenin
g g g g g
Socioeconomic controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Birth-month FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Birth-year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Survey-year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Prefectural FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 460888 460888 461631 461631 459327 346646 445306 443738 227297 227337 442666

Note: The table reports the first-stage 2SLS estimates. Each column reports a different first-stage estimate for a different dependent variable in the
second-stage. The main dependent variable is years of college. Years of college education is a continuous variable that equals O if respondents graduate

with an education level less than high school; 2 if vocational school or short-term college; 4 if bachelor’s degree; and 9 if a master’s degree or above.

Socioeconomic controls include sex, marital status, household type, whether children lived together, and type of house owned. Prefectural FE is a vector
of prefecture dummies where surveys were sampled, and survey-year FE is a vector of year dummies when surveys were sampled. Birth-month FE is a
vector of month binary variables corresponding to January to December. Birth-year FE is a vector of year binary variables corresponding to the year an
individual was born from 1947 to 1980, excluding 1966. The standard errors are clustered at birth month and year levels. “p < 0.10, ™ p < 0.05, ™

0.01
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Table 3. Effect of Years of College Education on Health Behavior for OLS and 2SLS

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
Ever Current Ever Current Good  Adequate Stomach Lung Ovarian Breast Colon
Smoker ~ Smoker  Drinker  Drinker Sleep Sleep Cancer Cancer Cancer Cancer Cancer
Screenin  Screenin  Screenin  Screenin  Screenin
g g g g g
Panel A: OLS
Years of College -0.032"" -0.033™ 0.010™ 0.010™ -0.001  -0.001™" 0.029"" 0.025  0.0277" 0.028"" 0.025™
(0.002) (0.002) (0.001) (0.001) (0.001) (0.000) (0.001) (0.001) (0.001) (0.002) (0.001)
Panel B: 2SLS second-stage
Years of College -0.147 -0.091 -0.191™  -0.208™ -0.030 -0.016 0.001 0.064 0.009 0.358™ 0.233™
(0.074) (0.065) (0.083) (0.084) (0.071) (0.026) (0.076) (0.071) (0.1412) (0.156) (0.092)
Socioeconomic controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Birth-month FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Birth-year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Survey-year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Prefectural FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
First-stage F-statistics 135.501 135501 128.592  128.592  115.288 120.235 103.337 115.598 140.257 138.035 106.282
Observations 460888 460888 461631 461631 459327 346646 445306 ~ 443738 227297 227337 442666

Note: Panel A reports the OLS estimates, and panel B reports the second-stage 2SLS estimates. Each column reports a different dependent variable.
Years of college education is a continuous variable that equals 0 if respondents graduate with an education level less than high school; 2 if vocational

school or short-term college; 4 if bachelor’s degree; and 9 if a master’s degree or above. Socioeconomic controls include sex, marital status, household

type, whether children lived together, and type of house owned. Prefectural FE is a vector of prefecture dummies where surveys were sampled, and

survey-year FE is a vector of year dummies when surveys were sampled. Birth-month FE is a vector of month binary variables corresponding to January
to December. Birth-year FE is a vector of year binary variables corresponding to the year an individual was born from 1947 to 1980, excluding 1966. The

standard errors are clustered at birth month and year levels. “p < 0.10, ™ p < 0.05,
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Table 4. Additional Tests for Instrumental Validity

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
Ever Current Ever Current Good  Adequate Stomach Lung Ovarian Breast Colon
Smoker ~ Smoker  Drinker  Drinker Sleep Sleep Cancer Cancer Cancer Cancer Cancer
Screenin  Screenin  Screenin  Screenin  Screenin
g g g g g
Panel A: Without January cohort
Years of College -0.100" -0.054 -0.185™  -0.210™ -0.054 -0.012 0.004 0.095 0.095 0.388"  0.238""
(0.055) (0.055) (0.094) (0.094) (0.058) (0.032) (0.081) (0.068) (0.163) (0.175) (0.088)
Observations 414451 414451 415158 415158 413088 312185 400439 399064 204090 204094 398071
Panel B: Overidentified with multiple instruments
Years of College -0.1477"  -0.091™" -0.187"" -0.204™ -0.052"" -0.020"" 0.006 0.064™ -0.007 0.364™  0.230™
(0.020) (0.016) (0.022) (0.023) (0.019) (0.007) (0.026) (0.023) (0.045) (0.062) (0.037)
Hansen-J P-values 0.922 0.368 0.315 0.319 0.301 0.306 0.312 0.361 0.308 0.302 0.257
Observations 460888 460888 461631 461631 459327 346646 445306 443738 227297 227337 442666

Note: Panel A reports the second-stage 2SLS estimates without the January cohort, and panel B reports the second-stage 2SLS estimates with two
instruments. Each column reports a different dependent variable. Years of college education is a continuous variable that equals O if respondents
graduated with an education level less than high school; 2 if vocational school or short-term college; 4 if bachelor’s degree; and 9 if a master’s degree or
above. Socioeconomic controls include sex, marital status, household type, whether children lived together, and type of house owned. Prefectural FE is a
vector of prefecture dummies where surveys were sampled and survey-year FE is a vector of year dummies when surveys were sampled. Birth-month FE
is a vector of month binary variables corresponding to January to December. Birth-year FE is a vector of year binary variables corresponding to the year

an individual was born from 1947 to 1980, excluding 1966. The standard errors are clustered at birth month and year levels. “p < 0.10, ™ p < 0.05,

0.01
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Table 5. Effect of Years of College Education on Economic Resources and Social networks

Economic Resources Social networks
(1) 2 (3) 4) (5) (6) (7) (8)
Employe Large Fulltime Civil White Talk to Talk to Talk to
d Corporati Servant Collar Relatives  Friends  Superior
ons
Years of College 0.087" 0.150 0.169" 0.120" 0.043 -0.179 0.028 0.102
(0.051) (0.225) (0.092) (0.069) (0.063) (0.140) (0.153) (0.202)
Socioeconomic controls Yes Yes Yes Yes Yes Yes Yes Yes
Birth-month FE Yes Yes Yes Yes Yes Yes Yes Yes
Birth-year FE Yes Yes Yes Yes Yes Yes Yes Yes
Survey-year FE Yes Yes Yes Yes Yes Yes Yes Yes
Prefectural FE Yes Yes Yes Yes Yes Yes Yes Yes
First-stage F-statistics 112.635 33.481 77.342 68.707 138.655 80.584 80.584 80.584
Observations 473846 257095 254559 281307 332004 237995 237995 237995

Note: All columns report the second-stage 2SLS estimates. Each column reports a different dependent variable. Years of college education is a
continuous variable that equals O if respondents graduated with an education level less than high school; 2 if vocational school or short-term
college; 4 if bachelor’s degree; and 9 if a master’s degree or above. Socioeconomic controls include sex, marital status, household type, whether
children lived together, and type of house owned. Prefectural FE is a vector of prefecture dummies where surveys were sampled, and survey-
year FE is a vector of year dummies when surveys were sampled. Birth-month FE is a vector of month binary variables corresponding to January
to December. Birth-year FE is a vector of year binary variables corresponding to the year an individual was born from 1947 to 1980, excluding
1966. The standard errors are clustered at birth month and year levels. “p <0.10, ™ p < 0.05, ™ p < 0.01
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Table 6. Additional Robustness Check

1) (2) ©) (4) () (6) (7) (8) (9) (10) (11)

Ever Current Ever Current Good  Adequate Stomach Lung Ovarian Breast Colon
Smoker ~ Smoker  Drinker  Drinker Sleep Sleep Cancer Cancer Cancer Cancer Cancer
Screenin  Screenin  Screenin  Screenin  Screenin

g g g g g

Panel A: Alternative definition of schooling (years of schooling)

Years of Schooling -0.047" -0.029 -0.060™ -0.066""  -0.016 -0.005 0.000 0.020 0.003 0.121™  0.074™
(0.025) (0.021) (0.024) (0.025) (0.018) (0.009) (0.023) (0.023) (0.047) (0.045) (0.025)

Observations 460888 460888 461631 461631 459327 346646 445306 443738 227297 227337 442666

Panel B: Binary variable of education (=1 if graduated from short-term and technical college or above)

College or Above -0.720™"  -0.443" -0.944 -1.026 -0.260 -0.082 0.006 0.309 0.039 1.520" 1.116™
(0.246) (0.205) (0.633) (0.672) (0.333) (0.125) (0.365) (0.438) (0.583) (0.786) (0.566)

Observations 460888 460888 461631 461631 459327 346646 445306 443738 227297 227337 442666

Panel C: Binary variable of education Il (=1 if graduated with bachelor or above)

Bachelor’s or Above -0.763 -0.470  -0.979™  -1.065™ -0.279 -0.096 0.006 0.330 0.064 2.454 1.253™
(0.532) (0.430) (0.430) (0.429) (0.292) (0.166) (0.401) (0.315) (0.953) (2.134) (0.586)

Observations 460888 460888 461631 461631 459327 346646 445306 443738 227297 227337 442666
Panel

Panel D: Alternative imputation of graduate school (imputing graduate school to be 6 years)

Years of College -0.168™  -0.103 -0.218™  -0.237" -0.061 -0.019 0.001 0.073 0.011 0.418™  0.266™"
(0.079) (0.070) (0.101) (0.104) (0.067) (0.031) (0.087) (0.083) (0.163) (0.185) (0.099)

Observations 460888 460888 461631 461631 459327 346646 445306 443738 227297 227337 442666

Panel E: Adjusted for multiple inference
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Years of College -0.147°  -0091  -0.191°  -0.208°  -0.054  -0.016  0.001 0.064 0009  0.358"  0.233"
[0.068] [0.195] [0.065] [0.065] [0.380] [0.437] [0.814] [0.380] [0.814] [0.065]  [0.065]

Observations 460888 460888 461631 461631 459327 346646 445306 < 443738 227297 227337 442666

Note: Panel A reports the estimates using years of college education, panel B the estimates using college or above, panel C the estimates using bachelor or
above, panel D the estimates using an alternative imputation for graduate school education level, and panel E the estimates adjusted for multiple inference
using the algorithm provided by Anderson (2008). The squared brackets report the adjusted p-values. All panels report the second-stage estimates. Each
column reports a different dependent variable. Years of schooling is a continuous variable that equals O if respondents graduated with an education level less
than junior high school; 3 if high school; 5 if vocational school or short-term college; 7 if bachelor’s degree; and 12 if a master’s degree or above.
Socioeconomic controls include sex, marital status, household type, whether children lived together, and type of house owned. Prefectural FE is a vector of
prefecture dummies where surveys were sampled and survey-year FE is a vector of year dummies when surveys were sampled. Birth-month FE is a vector of
month binary variables corresponding to January to December. Birth-year FE is a vector of year binary variables corresponding to the year an individual was
born from 1947 to 1980, excluding 1966. The standard errors are clustered at birth month and year levels. “p < 0.10, ™ p < 0.05, ™" p < 0.01
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Figure 1. Total fertility rates from 1947 to 1980.
Source: Vital Statistics.
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Figure 2. High school and college enrollment rates from 1965 to 1998.
Source: 1954-2008 Education Basic Survey.
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Figure 3. Mismatch between the calendar year and school year in Japan.
Source: Authors.
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Figure 4. Effect of years of college education on health behavior by gender.
Note: Each panel represents a different dependent variable. Each line represents estimates for each gender. All estimates are the second-stage

2SLS estimates. All regression estimates control for socioeconomic variables, such as marital status and household type, as well as fixed effects.
The standard errors are clustered at birth month and year levels.
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Figure 5. Alternative year ranges: expanding birth year range.

Note: Each panel represents a different dependent variable. Each line represents estimates for a different birth year range. All estimates are the
second-stage 2SLS estimates. All regression estimates control for socioeconomic variables, such as marital status and household type, as well as
fixed effects. The standard errors are clustered at birth month and year levels.
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Figure 6. Alternative year ranges: restricting birth year range.

Note: Each panel represents a different dependent variable. Each line represents estimates for a different birth year range. All estimates are the
second-stage 2SLS estimates. All regression estimates control for socioeconomic variables, such as marital status and household type, as well as
fixed effects. The standard errors are clustered at birth month and year levels.
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Figure 7. Inferring bias from unobserved omitted variables using observed variables.

Note: Each panel represents a different dependent variable. Each line excludes a different set of variables. All estimates are the second-stage
2SLS estimates. All regression estimates control for socioeconomic variables, such as marital status and household type, as well as fixed effects.
The standard errors are clustered at birth month and year levels.
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Figure 8. Relaxing the exclusion restriction using the method by Conley et al. (2012).

Note: Each panel represents a different dependent variable. Each figure shows the 95% confidence intervals that correspond to the upper and lower lines generated from the
Conley et al.’s (2012) approach, and the point estimates of the original 2SLS corresponding to the midline. The red dash line represents the value of zero. The x-axis is the
degree of violation of exclusion restriction, &. Conley et al. (2012) pioneer the method, and the algorithm used is the local to zero. The distribution of & is assumed to be
Gaussian with mean of & and variance of 2. All regression estimates control for socioeconomic variables, such as marital status and household type, as well as fixed
effects. The standard errors are clustered at birth month and year levels.
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A. TR E Y

2015 4, %37 1 71 B 6 A% (OECD) TN
B342% 25 BENCIBUT, 30 RIS T, K%

BEZITTOD AN 534 EELFAREE T
HENDDITHL, RFHEZZIT TN
NI 47.8 ELDAEELNR, OFD, K5
HEICEH->TE56 EDENHHERESNT
WAH(OECD, 2017 4F). ZD ¥ D7
X, BEHHEOEE B TR, 5%
JEIIFE CROAR T LR RBRDDHHZEN,

£k & 7SR KO HMZ STV H(OECD,

2017). Lleras-Muney, 2005; Clark & Royer,
2013; Fischer et al., 2013; Buckles et al.,
2016). ®iZ, f5:21%, Cutler(2004)(Z:-3<
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Cutler & Lleras-Muney(2006) DAEH (2 L4
X, HE LT HT LD T 201
EIE, 2B LA IMEfEDSH D 15—55
Y%Z it 2L DM E S5, Cutler and
Lleras-Muney(2010)i%, ZHL7zfdtHE D71,
IR IR L IR ORI TEh O 221 T R
FTHELTWA. LU, @EHE MR TE
(ZE OFEERIREIR A FFH I 5D T
X, FER RO e TR, [FEA L=y
TP RAIELILTOR. 21T, EES
BABEEDY A7 TENVZ G T EVOBFIES
HALiL(Kenkel et al., 2006; de Walque, 2007;
Grimard & Parent, 2007; Kemptner et al.,
2011; Jiirges et al., 2011), A2 B 1T T



BB 2N EVOIFSEL 8% (Reinhold &
Jurges, 2010; Li & Powdthavee, 2015; Silles,
2015; Dursun et al., 2018).

ARFZENE, ZHULT—HE O ZEITH #RT~
<, BARIZBITD, RF(EF)HBE IMEFRET
B R AE T R R BRI DOV TRRGEIERAT -
7o UL, FHEE, ERATEN AR5 W EE
MO BHHBIEZH K I2NAAEIR 12 Ff D78,
KR BEGROSLREIIEH I EETH S, 2oL
T2 #E OWNAEMICHH LT DT, RWFFET
I, FEATHIEERIAR, HREAEEIE
(Instrumental Variable: LA T, V)& 5.
Y FIEE O IATIRTIE, BEHE
HIEE 1T DAL A AR i DR B, 28K
OINFEDHEBIRDYLHE, LT, <
BN Gt STpRaYs- R IR Y AP NE S
R ARERELT, ZNOEIVELTH
WEFZERREN TS, £, BEHE
FEDYIEIZDUWTIE, A FRIT @72
TIUTT2 72N ARAE i N L S TZT2,
AN DHBEFR PRI, ZFEMRED
S ES 7= (Amin et al.2013; Dursun et
al.2018; Kemptner et al.2011; Kenkel et
al.2006; Li & Powdthavee, 2015; Silles, 2015;
Xie & Mo, 2014). RIZ, DK EHIRIZ I
DB, JVELD N % D3 E%EH
BaZTHIEEAREICL, BBV —E A
TOBFORWMPEBLC, BEHE~DOT Y
T AEHFANTEE NS5 (Jirges et al., 2011,
Park & Kang, 2008). #1412, ~XhT- LBk
SE[EDREZ DWW TR, RO FHE RIS
NFF UL, AREIER T 52 LD k72
(Card & Lemieux, 2001). L7=H3>7C, 24 ik LA
T OB M T AR T DT DI RPITHE
FTORMOEIEARTD, 20N 1940 4R E
1950 FARUCAFNT=T AV I AN BYEDORFT
DG ED LRI BT ThD
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(Buckles et al.2013, de Walque, 2007,
Grimard & Parent, 2007).

ZHLTBEAF O Sk IS &, ARWFFET
%, BAR, 20U, 7T EEIRA OR
Lozt 32 A& OREE AW B IR ERE
IVELTEMALEZ. Zo%EIL, BFEDT X
DA EOETAEENTZFEBIE, il
< HFELLZRUW A OR M E 2 R D LV )RR 1E
Tob. ¥rlZ, R4 (Firehorse:LL R, FH)&
MR EN D8 E DT X O/ EHEIE, 60 4
TEITRAETDH. HARTIE, ZORFEIZAE
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Wb, ZD720, Bl FH O it E T
ZEEBET DI, FER, BIED FH OF
T2 1966 I T HAFENFELAR T L.
LT RO — R 1%, REPEAT
AR S A DA 130l D AN NG =i | Rl e
BB RO FEHBEROBEHELHTZHL, 1966
FEAFNDOME N D R FHE 2RI TVIRAINT &
Ipof. 5T, 2O KEEHIMEL
TWHZEHERD, BIEESIU TRV e RE
DIZFEH 1-LAEBIL, ZAvnMatHed 7o) &+ BE
THAREME DD, DR 7 a fiER
BET D721, AWFFETIE, B ARDFHEE
(fH4F 4 AT E0 R 3 B IO D) LB
DOAR—FEFALE. BRMIZIE, 1966 4
A FhE—REICRFIT AL, 1966 4D FH
AZ DEEA ST TUVRUY 1967 4E 1 A DD
SHAEFNOaR—NMIFEH L. 297528
T, HAEITBEE T DB MR W HE R 23
BRI TENC RIE TR R/MET D
ZLINEREERD.

REHE LA TEIO K R BIfR A FRFE S
D, BRI AR ARSI 3BT, I
L 5.2 DT EDFEAS TN N O0D
ITENCE R A Y THIEICT 5. BRI,



WA AR, BEIR, BSAMBZOZZTHD.
WAL, it FCCAER] 700 B LL B E A
S TOD(HE LR EEREEI(WHO), 2017 4F).
FZ, REERR AN 2 13 A2 8 BE B AE 1 3 (Gottlieb
5, 2018), 9297 (Tsuno 5, 2005), JCalfil ¥R
& (Kronholm &, 2011; Tobaldini &, 2017)%
A EICHINSE L2 L0800 ->T0D. Bl
HRT2FHICZVIECRE LS TNVD
(WHO, 2021). 22Xk D23 A0 I3 A
X, BABREOEFFERIEIZN LSE57
DA 1% ThH(Hugosson 5, 2010 4F, Kalager
5, 2010 4F, Olsen &, 2005 47).

AIFFED AT OFER, RFHE 2B
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ABIT LD THD. Linl, REHEIC
K HVE—ATKIREL TR THY, Hix
BB L IRBIK T HVE— OREE
P2 PR HZ LT EHE THH(Cutler &
Lleras-Muney, 2006). £ 2 |2, JCATHF4E CIE
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Table 1. Summary Statistics

All years 1947-1965 and 1968-1980 1967
All Control Mismatched Difference: Control Mismatched Difference:
3)-(2) (6)-(5)
1) ) ) (4) (5) (6) )
Years of College 1.419 1.454 1.318 -0.136 1.530 1.507 -0.023
(1.898) (1.913) (1.850) (-21.728) (1.907) (1.932) (-0.662)
Ever Smokers 0.305 0.305 0.300 -0.005™ 0.330 0.316 -0.014
(0.460) (0.461) (0.458) (-3.142) (0.470) (0.465) (-1.681)
Current Smokers 0.246 0.247 0.242 -0.005™" 0.267 0.257 -0.010
(0.431) (0.431) (0.428) (-3.790) (0.442) (0.437) (-1.223)
Ever Drinkers 0.687 0.688 0.682 0.713 0.692 0.678 -0.021"
(0.464) (0.463) (0.466) (0.452) (0.462) (0.467) (-2.562)
Current Drinkers 0.671 0.672 0.665 0.701 0.678 0.687 -0.023™
(0.470) (0.469) (0.472) (0.458) (0.467) (0.464) (-2.734)
Good Sleep 0.742 0.741 0.752 0.010™ 0.674 0.676 0.002
(0.438) (0.438) (0.432) (6.991) (0.469) (0.468) (0.231)
Adequate Sleep 0.026 0.026 0.025 -0.001 0.034 0.032 -0.002
(0.159) (0.159) (0.156) (-1.560) (0.181) (0.176) (-0.456)
Stomach Cancer 0.418 0.415 0.423 0.009™ 0.443 0.446 0.004
Screening
(0.493) (0.493) (0.494) (5.233) (0.497) (0.497) (0.406)
Lung Cancer 0.472 0.468 0.479 0.011™ 0.501 0.512 0.011
Screening
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(0.499) (0.499) (0.500)
Ovarian Cancer 0.384 0.384 0.378
Screening

(0.486) (0.486) (0.485)
Breast Cancer 0.366 0.364 0.365
Screening

(0.482) (0.481) (0.481)
Colon Cancer 0.401 0.396 0.409
Screening

(0.490) (0.489) (0.492)
Women 0.511 0.510 0.515

(0.500) (0.500) (0.500)
HH Structure — 0.190 0.189 0.206
Couple

(0.393) (0.391) (0.404)
HH Structure — 0.419 0.423 0.398
Couple with
Children

(0.493) (0.494) (0.490)
HH Structure — 0.065 0.064 0.063
Single with
Children

(0.246) (0.246) (0.243)
HH Structure — 3 0.145 0.143 0.147
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(6.299)
-0.006™
(-2.685)
0.001
(0.406)
0.013™
(7.483)

0.005™
(3.006)

0.017""
(13.012)

Fokk

-0.025

(-15.318)

-0.001

(-1.527)

0.003™

(0.500)
0.444
(0.497)
0.419
(0.493)
0.420
(0.494)

0.517
(0.500)

0.090
(0.287)

0.519

(0.500)

0.087

(0.282)

0.154

(0.500)
0.443
(0.497)
0.447
(0.497)
0.447
(0.497)

0.521
(0.500)

0.105
(0.307)

0.497

(0.500)

0.079

(0.269)

0.166

(1.215)
-0.001
(-0.096)
0.028"
(2.208)
0.027™
(2.949)

0.003
(0.387)

0.015™
(2.833)

-0.022"

(-2.427)

-0.009

(-1.718)

0.012



Generations

(0.352) (0.350) (0.354) (2.851) (0.361) (0.372) (1.887)
HH Structure — 0.096 0.095 0.101 0.006™" 0.075 0.077 0.002
Other

(0.295) (0.293) (0.302) (6.599) (0.263) (0.266) (0.414)
Single 0.145 0.149 0.135 -0.014™ 0.171 0.162 -0.008

(0.353) (0.356) (0.341) (-12.204) (0.376) (0.369) (-1.256)
Widowed 0.029 0.029 0.032 0.004™ 0.008 0.009 0.001

(0.168) (0.167) (0.1277) (6.762) (0.091) (0.096) (0.556)
Divorced 0.067 0.067 0.067 0.001 0.077 0.077 0.000

(0.250) (0.250) (0.251) (0.846) (0.267) (0.267) (0.003)
Children Do Not 0.178 0.175 0.196 0.020™ 0.070 0.086 0.016™
Live Together

(0.382) (0.380) (0.397) (16.112) (0.255) (0.281) (3.402)
Children Live 0.559 0.558 0.547 -0.011™ 0.664 0.653 -0.012
Together

(0.497) (0.497) (0.498) (-6.649) (0.472) (0.476) (-1.364)
Children in Home — 0.016 0.016 0.017 0.001" 0.014 0.013 -0.002
Unknown

(0.126) (0.125) (0.129) (2.402) (0.119) (0.111) (-0.896)
Shared House 0.216 0.220 0.204 -0.016™ 0.249 0.237 -0.012

(0.412) (0.414) (0.403) (-11.514) (0.432) (0.425) (-1.510)
Observations 474872 332531 127490 460021 10540 4311 14851

Column (1) reports the means and standard deviations of the whole sample. Columns (2) and (3) report the means and standard deviations of the
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non-1967 years, which were between 1947 and 1980, excluding 1966. Columns (5) and (6) report the means and standard deviations of the
sample in 1967. Columns (4) and (7) report the differences between columns (2) and (3) and between columns (5) and (6), respectively. Except
for columns (4) and (7), the standard deviations are reported in brackets. For columns (4) and (7), the t-statistics are reported in brackets. Control
refers to individuals born between January and March, and mismatched refers to individuals born between April and December.
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Table 2. First-stage 2SLS Estimates for Effect of Years of College Education on Health Behavior

1) (2) (3 4) (5) (6) (7) (8) () (10) (11)
Yearsof Yearsof Yearsof Yearsof Yearsof Yearsof Yearsof Yearsof Yearsof Yearsof Yearsof
College  College  College  College  College  College  College  College  College  College  College
Mismatch x 1967 0.094™  0.094™  0.091™ 0.091™ 0.084™ 0.085™ 0.088™" 0.092"" 0.083"" 0.085""  0.093™"
(0.023) (0.023) (0.023) (0.023) (0.023) (0.027) (0.024) (0.024) (0.022) (0.022) (0.026)
Corresponding Ever Current Ever Current Good  Adequate Stomach Lung Ovarian Breast Colon
dependent variable in Smoker  Smoker  Drinker  Drinker Sleep Sleep Cancer Cancer Cancer Cancer Cancer
the 2SLS second-stage: Screenin  Screenin  Screenin  Screenin  Screenin
g g g g g
Socioeconomic controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Birth-month FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Birth-year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Survey-year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Prefectural FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 460888 460888 461631 461631 459327 346646 445306 443738 227297 227337 442666

Note: The table reports the first-stage 2SLS estimates. Each column reports a different first-stage estimate for a different dependent variable in the
second-stage. The main dependent variable is years of college. Years of college education is a continuous variable that equals 0 if respondents graduate

with an education level less than high school; 2 if vocational school or short-term college; 4 if bachelor’s degree; and 9 if a master’s degree or above.

Socioeconomic controls include sex, marital status, household type, whether children lived together, and type of house owned. Prefectural FE is a vector
of prefecture dummies where surveys were sampled, and survey-year FE is a vector of year dummies when surveys were sampled. Birth-month FE is a
vector of month binary variables corresponding to January to December. Birth-year FE is a vector of year binary variables corresponding to the year an
individual was born from 1947 to 1980, excluding 1966. The standard errors are clustered at birth month and year levels. “p < 0.10, ™ p < 0.05, ™

0.01
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Table 3. Effect of Years of College Education on Health Behavior for OLS and 2SLS

(1) (2) (3) 4) (5) (6) (7) (8) (9) (10) (11)
Ever Current Ever Current Good  Adequate Stomach Lung Ovarian Breast Colon
Smoker ~ Smoker  Drinker  Drinker Sleep Sleep Cancer Cancer Cancer Cancer Cancer
Screenin  Screenin  Screenin  Screenin  Screenin
g g g g g
Panel A: OLS
Years of College -0.032"" -0.033™ 0.010™ 0.010™ -0.001  -0.001™" 0.029"" 0.025  0.0277" 0.028"" 0.025™
(0.002) (0.002) (0.001) (0.001) (0.001) (0.000) (0.001) (0.001) (0.001) (0.002) (0.001)
Panel B: 2SLS second-stage
Years of College -0.147 -0.091 -0.191™  -0.208™ -0.030 -0.016 0.001 0.064 0.009 0.358™ 0.233™
(0.074) (0.065) (0.083) (0.084) (0.071) (0.026) (0.076) (0.071) (0.1412) (0.156) (0.092)
Socioeconomic controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Birth-month FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Birth-year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Survey-year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Prefectural FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
First-stage F-statistics 135.501 135501 128.592  128.592  115.288 120.235 103.337 115.598 140.257 138.035 106.282
Observations 460888 460888 461631 461631 459327 346646 445306 ~ 443738 227297 227337 442666

Note: Panel A reports the OLS estimates, and panel B reports the second-stage 2SLS estimates. Each column reports a different dependent variable.
Years of college education is a continuous variable that equals 0 if respondents graduate with an education level less than high school; 2 if vocational

school or short-term college; 4 if bachelor’s degree; and 9 if a master’s degree or above. Socioeconomic controls include sex, marital status, household

type, whether children lived together, and type of house owned. Prefectural FE is a vector of prefecture dummies where surveys were sampled, and

survey-year FE is a vector of year dummies when surveys were sampled. Birth-month FE is a vector of month binary variables corresponding to January
to December. Birth-year FE is a vector of year binary variables corresponding to the year an individual was born from 1947 to 1980, excluding 1966. The

standard errors are clustered at birth month and year levels. “p < 0.10, ™ p < 0.05,
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Table 4. Additional Tests for Instrumental Validity

(1) (2) (3) 4) (5) (6) (7) (8) (9) (10) (11)
Ever Current Ever Current Good  Adequate Stomach Lung Ovarian Breast Colon
Smoker ~ Smoker  Drinker  Drinker Sleep Sleep Cancer Cancer Cancer Cancer Cancer
Screenin  Screenin  Screenin  Screenin  Screenin
g g g g g
Panel A: Without January cohort
Years of College -0.100" -0.054 -0.185™  -0.210™ -0.054 -0.012 0.004 0.095 0.095 0.388"  0.238""
(0.055) (0.055) (0.094) (0.094) (0.058) (0.032) (0.081) (0.068) (0.163) (0.175) (0.088)
Observations 414451 414451 415158 415158 413088 312185 400439 399064 204090 204094 398071
Panel B: Overidentified with multiple instruments
Years of College -0.1477"  -0.091™" -0.187"" -0.204™ -0.052"" -0.020"" 0.006 0.064™ -0.007 0.364™  0.230™
(0.020) (0.016) (0.022) (0.023) (0.019) (0.007) (0.026) (0.023) (0.045) (0.062) (0.037)
Hansen-J P-values 0.922 0.368 0.315 0.319 0.301 0.306 0.312 0.361 0.308 0.302 0.257
Observations 460888 460888 461631 461631 459327 346646 445306 443738 227297 227337 442666

Note: Panel A reports the second-stage 2SLS estimates without the January cohort, and panel B reports the second-stage 2SLS estimates with two
instruments. Each column reports a different dependent variable. Years of college education is a continuous variable that equals O if respondents
graduated with an education level less than high school; 2 if vocational school or short-term college; 4 if bachelor’s degree; and 9 if a master’s degree or
above. Socioeconomic controls include sex, marital status, household type, whether children lived together, and type of house owned. Prefectural FE is a
vector of prefecture dummies where surveys were sampled and survey-year FE is a vector of year dummies when surveys were sampled. Birth-month FE
is a vector of month binary variables corresponding to January to December. Birth-year FE is a vector of year binary variables corresponding to the year

an individual was born from 1947 to 1980, excluding 1966. The standard errors are clustered at birth month and year levels. “p < 0.10, ™ p < 0.05,

0.01
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Table 5. Effect of Years of College Education on Economic Resources and Social networks

Economic Resources Social networks
(1) 2 (3) (4) (5) (6) (7) (8)
Employe Large Fulltime Civil White Talk to Talk to Talk to
d Corporati Servant Collar Relatives  Friends  Superior
ons
Years of College 0.087" 0.150 0.169" 0.120" 0.043 -0.179 0.028 0.102
(0.051) (0.225) (0.092) (0.069) (0.063) (0.140) (0.153) (0.202)
Socioeconomic controls Yes Yes Yes Yes Yes Yes Yes Yes
Birth-month FE Yes Yes Yes Yes Yes Yes Yes Yes
Birth-year FE Yes Yes Yes Yes Yes Yes Yes Yes
Survey-year FE Yes Yes Yes Yes Yes Yes Yes Yes
Prefectural FE Yes Yes Yes Yes Yes Yes Yes Yes
First-stage F-statistics 112.635 33.481 77.342 68.707 138.655 80.584 80.584 80.584
Observations 473846 257095 254559 281307 332004 237995 237995 237995

Note: All columns report the second-stage 2SLS estimates. Each column reports a different dependent variable. Years of college education is a
continuous variable that equals O if respondents graduated with an education level less than high school; 2 if vocational school or short-term
college; 4 if bachelor’s degree; and 9 if a master’s degree or above. Socioeconomic controls include sex, marital status, household type, whether
children lived together, and type of house owned. Prefectural FE is a vector of prefecture dummies where surveys were sampled, and survey-
year FE is a vector of year dummies when surveys were sampled. Birth-month FE is a vector of month binary variables corresponding to January
to December. Birth-year FE is a vector of year binary variables corresponding to the year an individual was born from 1947 to 1980, excluding
1966. The standard errors are clustered at birth month and year levels. “p <0.10, ™ p < 0.05, ™ p < 0.01
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Table 6. Additional Robustness Check

(1) (2) ©) (4) () (6) (7) (8) (9) (10) (11)

Ever Current Ever Current Good  Adequate Stomach Lung Ovarian Breast Colon
Smoker ~ Smoker  Drinker  Drinker Sleep Sleep Cancer Cancer Cancer Cancer Cancer
Screenin  Screenin  Screenin  Screenin  Screenin

g g g g g

Panel A: Alternative definition of schooling (years of schooling)

Years of Schooling -0.047" -0.029 -0.060™ -0.066""  -0.016 -0.005 0.000 0.020 0.003 0.121™  0.074™
(0.025) (0.021) (0.024) (0.025) (0.018) (0.009) (0.023) (0.023) (0.047) (0.045) (0.025)

Observations 460888 460888 461631 461631 459327 346646 445306 443738 227297 227337 442666

Panel B: Binary variable of education (=1 if graduated from short-term and technical college or above)

College or Above -0.720™"  -0.443" -0.944 -1.026 -0.260 -0.082 0.006 0.309 0.039 1.520" 1.116™
(0.246) (0.205) (0.633) (0.672) (0.333) (0.125) (0.365) (0.438) (0.583) (0.786) (0.566)

Observations 460888 460888 461631 461631 459327 346646 445306 443738 227297 227337 442666

Panel C: Binary variable of education 11 (=1 if graduated with bachelor or above)

Bachelor’s or Above -0.763 -0.470  -0.979™  -1.065™ -0.279 -0.096 0.006 0.330 0.064 2.454 1.253™
(0.532) (0.430) (0.430) (0.429) (0.292) (0.166) (0.401) (0.315) (0.953) (2.134) (0.586)

Observations 460888 460888 461631 461631 459327 346646 445306 443738 227297 227337 442666
Panel

Panel D: Alternative imputation of graduate school (imputing graduate school to be 6 years)

Years of College -0.168™  -0.103 -0.218™  -0.237" -0.061 -0.019 0.001 0.073 0.011 0.418™  0.266™"
(0.079) (0.070) (0.102) (0.104) (0.067) (0.031) (0.087) (0.083) (0.163) (0.185) (0.099)

Observations 460888 460888 461631 461631 459327 346646 445306 443738 227297 227337 442666

Panel E: Adjusted for multiple inference
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Years of College -0.147°  -0091  -0.191°  -0.208°  -0.054  -0.016  0.001 0.064 0009  0.358"  0.233"
[0.068] [0.195] [0.065] [0.065] [0.380] [0.437] [0.814] [0.380] [0.814] [0.065]  [0.065]

Observations 460888 460888 461631 461631 459327 346646 445306 < 443738 227297 227337 442666

Note: Panel A reports the estimates using years of college education, panel B the estimates using college or above, panel C the estimates using bachelor or
above, panel D the estimates using an alternative imputation for graduate school education level, and panel E the estimates adjusted for multiple inference
using the algorithm provided by Anderson (2008). The squared brackets report the adjusted p-values. All panels report the second-stage estimates. Each
column reports a different dependent variable. Years of schooling is a continuous variable that equals O if respondents graduated with an education level less
than junior high school; 3 if high school; 5 if vocational school or short-term college; 7 if bachelor’s degree; and 12 if a master’s degree or above.
Socioeconomic controls include sex, marital status, household type, whether children lived together, and type of house owned. Prefectural FE is a vector of
prefecture dummies where surveys were sampled and survey-year FE is a vector of year dummies when surveys were sampled. Birth-month FE is a vector of
month binary variables corresponding to January to December. Birth-year FE is a vector of year binary variables corresponding to the year an individual was
born from 1947 to 1980, excluding 1966. The standard errors are clustered at birth month and year levels. “p < 0.10, ™ p < 0.05, ™" p < 0.01
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Figure 1. Total fertility rates from 1947 to 1980.
Source: Vital Statistics.
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Figure 2. High school and college enrollment rates from 1965 to 1998.
Source: 1954-2008 Education Basic Survey.
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Figure 3. Mismatch between the calendar year and school year in Japan.
Source: Authors.
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Figure 4. Effect of years of college education on health behavior by gender.
Note: Each panel represents a different dependent variable. Each line represents estimates for each gender. All estimates are the second-stage

2SLS estimates. All regression estimates control for socioeconomic variables, such as marital status and household type, as well as fixed effects.
The standard errors are clustered at birth month and year levels.
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Figure 5. Alternative year ranges: expanding birth year range.

Note: Each panel represents a different dependent variable. Each line represents estimates for a different birth year range. All estimates are the
second-stage 2SLS estimates. All regression estimates control for socioeconomic variables, such as marital status and household type, as well as
fixed effects. The standard errors are clustered at birth month and year levels.
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Figure 6. Alternative year ranges: restricting birth year range.

Note: Each panel represents a different dependent variable. Each line represents estimates for a different birth year range. All estimates are the
second-stage 2SLS estimates. All regression estimates control for socioeconomic variables, such as marital status and household type, as well as
fixed effects. The standard errors are clustered at birth month and year levels.
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Figure 7. Inferring bias from unobserved omitted variables using observed variables.

Note: Each panel represents a different dependent variable. Each line excludes a different set of variables. All estimates are the second-stage
2SLS estimates. All regression estimates control for socioeconomic variables, such as marital status and household type, as well as fixed effects.
The standard errors are clustered at birth month and year levels.
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Figure 8. Relaxing the exclusion restriction using the method by Conley et al. (2012).

Note: Each panel represents a different dependent variable. Each figure shows the 95% confidence intervals that correspond to the upper and lower lines generated from the
Conley et al.’s (2012) approach, and the point estimates of the original 2SLS corresponding to the midline. The red dash line represents the value of zero. The x-axis is the
degree of violation of exclusion restriction, &. Conley et al. (2012) pioneer the method, and the algorithm used is the local to zero. The distribution of & is assumed to be
Gaussian with mean of & and variance of 2. All regression estimates control for socioeconomic variables, such as marital status and household type, as well as fixed
effects. The standard errors are clustered at birth month and year levels.
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A. WFFEHRY

The objective of our paper is to assess the
effect of the voluntary lockdown imposed by
the Abe administration on crime victimization
rates in Japan. Despite the criticisms from the
media and public over the administration’s
slow responses, we find significant reductions
in both violent and property crime

victimization rates after the implementation

-235-

of the voluntary lockdown in April and May in
Japan using data from the 2018-2020 Crime
Statistics and a difference-in-differences (DID)
approach, which is consistent with findings
from the previous studies in other countries.
Moreover, we examine whether there are
heterogeneous effects of the lockdown on
crime victimization rates across age groups.

We find that the victimization due to sexual



assault significantly declined for individuals
between the ages of 0 and 29 during the
lockdown, while the victimization for all types
of violent and property crimes for individuals
between the ages of 30 and 59 are declined
during the lockdown, though the magnitudes
and significances of the effect differ across the
type of crime victimization. Finally, we
explore the mental health mechanism by
proxying the channels with suicide rates. We
find that the lockdown significantly reduced
suicide rates. Specifically, the decline in the
suicide rates due to economic/living conditions
is driving our results. However, our results do
not suggest that the Abe administration
anticipated the crime reduction effect of their
lockdown policies, but rather our results show
that a lockdown, whether it is voluntary or
mandatory, would have negative spillover
effects on the crime victimization rates,

regardless of the intention.

B. #5877 1k

To examine the effect of COVID-19’s
lockdown on crime victimization rates, we
implement a specification similar to Leslie’s
and Wilson’s (2020) model. We regress the
following difference-in-differences (DD)

model:

Yamt = BO + Blpostm + ,322020t + B3P05tm
X 2020, + g + Vi + w4
+ Uamt» (1)
where Y, is the natural logarithm of violent
or property crime victimization rates per

100,000 people by age group a in month m and
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year ¢. Similar to Leslie and Wilson (2020),
2020, which is a

binary variable that equals to one if the year of

our treatment variable is

observations is 2020, and zero otherwise. For
the treatment period variable, Post,, is a
binary variable that equals to one if the month
of observations is between April and June, and
zero otherwise. Post,, X 2020, is the
interaction term between Post,, and 2020,
and B; is the main coefficient of interest,
measuring the effect of the COVID-19’s
lockdown on crime victimizations. A, is a
vector of age binary variables corresponding to
the respective age groups. y,, and w; are
vectors of the month and year binary variables
corresponding to respective month and year.
Ugme 18 the error term.

Our DD model relies on the common trend
assumption. That is, the systematic differences
between treated and control groups do not
differ in the absence of a policy or a shock.
The crime victimization rates between January
to March cohort in 2020 and the same cohort
in 2018 and 2019 should be constant or
parallel. To show that our DD estimates are not
driven by declining trends in crime
victimization rates before the lockdown, we

implement the following event study model:

1
Yome = Po + 2 SmMonth,, X 2020, + 4,
M2 Y + ©p F Ugme, (2)
where all dependent variables and fixed effects
are identical to equation (1), except for the
interaction terms. Our interest lies in the
interaction term, Month,, X 2020, and the

associated parameter, §,,. The baseline



category is March that is one month prior to
the lockdown began. Compared to the
baseline, if the magnitudes, directions, and
significances on the estimates for January and
February are small, opposite, and/or
insignificant, we may conclude that the
common trend assumption is plausible.

The lockdown can affect different
populations differently. For example, older
individuals who are already retired and do not
commute to work may be less affected by the
lockdown, whereas younger individuals who
are supposed to commute to work and school
may be more strongly affected. Given our
dataset is stratified by age group, we can
examine the age heterogeneity by interacting
our DD interaction term with a three-level
category variable of age, similar to a triple-
differences (DDD) approach. Specifically, we

estimate the following model:

Yome = a + B1Post,, X 2020, X Age0 — 29,

+ [, Post,,

x 2020, X Age30 — 59,

+ Ay + Vm + 0 + Vinda

+ widg + Ugme, 3)
where Age0 — 29, is a binary variable that
equals to one if the age group is between 0 and
29, and zero otherwise. Age30 —59, isa
binary variable that equals to one if the age
group is between 30 and 59, and zero
otherwise. The baseline level is the age group
for individuals who are 60 years-old and
above. We use these cutoffs, because these
individuals who are 60 years-old are more

likely to retire and widowed (or divorced).

- 237 -

Thus, they would not be as severely affected
by labor market shocks or family shocks of the
COVID-19 as those who are below 60 years-
old. Moreover, we stratify those who are below
60 into two groups (0-29 and 30-59), since we
expect those between the ages of 30 and 59 to
be more vulnerable to the labor market and
family shocks, given that they are in the prime
working-age. y,4, and w1, control for
time-specific age trends.

One potential mechanism that can mediate
the relationship between lockdown and crime
victimization is mental health. Literature
shows that COVID-19 has a direct effect on
mental health (Tanaka & Okamoto, 2020;
Ueda et al., 2020). Moreover, COVID-19 can
also have indirect effects on mental health
through labor market, family, and stress. To
examine the effect of the lockdown on mental
health, we proxy mental health with suicide

rates. We estimate the following model:

Samt = Bo + f1Post,, + 22020, + S3Post,,
X 2020, + g + Vi + w4
+ Ugme 4)
where all independent variables are the same
as equation (1). S, is the natural
logarithm of suicide rates per 100,000 people
for age group a in month m and year ¢. We also
estimate the effect on the suicide rates by three
different reasons—family, health, or
economic/living condition—to further explore
the mechanisms.
We cluster the standard errors at the age
levels. Recent works by Cameron et al. (2008)
and MacKinnon and Webb (2017) show that



the cluster inferences with less than 50 would
lead to an overrejection of the null hypothesis.
Given our age level is only 10, our inferences
may suffer from the issue of too “few”
clusters. One strategy is to utilize wild
bootstrapping. This method has been shown to
work reasonably well (Cameron et al., 2008;
Cameron et al., 2015). We wild bootstrap our
cluster inferences with 1000 replications with
Webb’s weights. The p-values are reported,
instead of the standard errors (Roodman et al.,
2019).

C. WFZERE R
C-1. Summary Statistics

Table 1 reports the means and standard
deviations of the dependent variables by
treatment groups and treatment periods.
Column (1) report all years; Columns (2) and
(3) report 2018 and 2019; and Columns (4) and
(5) report 2020. First, property crime
victimization rates are overall higher than
violent crime victimization rates. For instance,
the logarithm of property crime victimization
rates per 100,000 people is 1.397, whereas the
logarithm of violent crime victimization rates
per 100,000 people is 0.393. Second, the
means of the logarithm of violent and property
crime victimization rates increase between
Jan—Mar cohort and April-May in 2018 and
2019, whereas the means decrease between the
two cohorts in 2020. Finally, there are
significant heterogeneity across the subtypes of
crimes. For example, homicide victimization
rates between the two cohorts decline less than
(1.6% in 2018 and 2019 versus -15.9% in

2020) sexual obscenity victimization rates do

(21.8% in 2018 and 2019 versus -21.5% in
2020). In sum, the statistics suggest that the
lockdown has a negative effect on crime
victimization rates, but a more comprehensive
analysis is required.

C-2. Main Results

Table 2 reports the estimated effect of the
lockdown on crime victimization rates from
equation (1). Columns (1)—(3) report the
estimates for violent crimes, and Columns (4)—
(6) report the estimates for property crimes.
Each column reports a different dependent
variable. Overall, we find that the lockdown is
associated with a decline in violent and
property crime victimization rates. The
lockdown leads to 12.7% and 20.9% declines
in violent and property crime victimization
rates, respectively. Although there is no
statistically significant effect on homicide, the
lockdown leads to a decline in sexual
obscenity victimization rate by 9%. For the
subtypes of property crimes, we find that
break-and-enter reduced by 16.4% and motor
vehicle theft reduced by 6.1%.

Figure 2 shows the event study model for
violent, property crime victimizations, and
their respective subtypes from equation (2). As
a reminder, the baseline category is March, one
month prior to the lockdown. Panels A—C
report the estimates of the event study model
for violent crime victimization rates and its
subtypes. Panels D—F report the estimates of
the event study model for property crime
victimization rates and its subtypes. We
observe that the estimates on January (Month
1) and February (Month 2) are statistically

insignificant for violent and its subtypes.



Moreover, the magnitudes of these estimates
are trivial compared to the estimates in April
(Month 4) and May (Month 5), suggesting that
the common trend assumption is plausible for
violent crime victimization rates. For property
crime, we find that the estimates on January
(Month 1) and February (Month 2) are positive
but statistically significant. The statistically
significant estimates before March seem to
suggest a violation of the common trend
assumption. However, this may be attributed to
the effect of the pandemic, as people may be
more likely to stay at home due to the fear of
pandemic in March. This can be seen when we
decomposed the property into subtypes: break-
and-enter and motor vehicle theft. The trends
only appear in break-and-enter but not motor
vehicle theft, suggesting there may be some
stay-at-home behavior in March though the
effect is not strong. Overall, our event study
model suggests that the common trend
assumption is likely to hold in our study.
Table 3 reports the estimated effect of
lockdown on crime victimization rates by age
group. The baseline category is individuals
who are 60 years-old and above. Each column
reports the estimates using a different
dependent variable. Overall, our estimates
suggest that different age group is affected
differently between violent and property crime
by the lockdown. Based on Columns (1)—(3),
we find that lockdown significantly reduces
the violent crime victimization rates by 19.8%
and 9.5% for those between the ages of 0 and
29 and those between the ages of 30 and 59,
respectively. We do not find any effect on

homicide regardless of age, but we find that
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sexual obscenity is significantly affected. For
the total property crime victimization rates, we
find the lockdown decreases the rates by
11.9% only for those between the ages of 30
and 59. The estimates on break-and-enter and
motor vehicle theft suggest that only break-
and-enter are more affected by the lockdown
for those between the ages of 30 and 59. In
sum, the estimates suggest there is a significant
heterogeneity by age groups between COVID-
19’s lockdown and crime victimization rates.
In particular, there is a consistent negative
effect for those between the ages of 30 and 59
for both violent and property crime
victimizations.

Table 4 reports the estimated effect of
lockdown on mental health proxying with
suicide rates. Each column reports a different
dependent variable. Column (1) reports the
estimate for total suicide rates, and Columns
(2)—(4) report the estimated effect on suicide
rates by family, health, and economic/living
condition reasons. Based on the estimates, we
observe that the lockdown significantly
reduces the total suicide rates per 100,000
people by 2.8%. Stratifying by the reasons for
suicide, we find that the lockdown
significantly reduces suicide due to physical
health and economic/living conditions but has
no effect on suicide due to family reason. That
said, the magnitude of effect is trivial for
physical health which is approximately 0.6%.
All in all, our estimates suggest that a decline
in suicide may partially explain the decline in
crime and victimization during a lockdown,
and the decline in suicide due to economic and

living conditions that may be an important



mediator of the relationship. This finding is
somewhat contradict our expectation that the
suicide due to economic and/or living
conditions would increase (or statistically
insignificant) due to the lockdown, as literature
points to a significant increase in
unemployment. One potential explanation of
this phenomenon is that labor market effect is
not immediate, rather the labor market effect
lagged behind the lockdown. Therefore, the
remote work channel is more dominant during
the lockdown, leading to a significant decline
in suicide due to economic and/or living
conditions, as work stress in corporate
environment declines when people stay in their
home environment.
C-3. Robustness Checks

Tables 5 reports the robustness checks
of our estimates with various specifications.
Though our event study shows that the
violation of common trend assumption is
minimal, we can further improve the
confidence of our results by including age-
specific linear and quadratic trends to absorb
any group-specific trends in the model. Panels
A and B report the estimates including these
trends. Overall, we do not detect significant
changes in magnitudes, signs, and
significances between these estimates and the
main results. We further test the robustness of
our results to alternative model by estimating
them with Poisson. We use non-log
transformed rates as our dependent variables.
Panel C reports the estimates using Poisson.
The relationship is consistent with the main
results. In addition to an alternative model, we

also examine the robustness to alternative
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transformation, inverse hyperbolic sine
transformation, that has the advantage of
generating non-zeroes when the original rates
were zeroes. Panel D reports the estimates
using this transformation. We do not find a
significant difference between these estimates
and the main results. Finally, recent work by
Solon et al. (2015) show that it is not clear
what we are weighing for in a weighted
regression. Ideally, one should test the
robustness of the estimates to unweighted
regression. Panel D reports the unweighted
estimates. Similar to the weighted estimates,

no significant differences were found.

D. % /E. i

Using 2018-2020 Crime Statistics and a DD
approach, we estimate the effect of the
COVID-19’s lockdown on crime victimization
rates. Specifically, we investigate the effect of
lockdown on violent, property, and their
respective subtypes of crime victimization
rates in Japan. We find that the COVID-19’s
lockdown is significantly associated with
12.7% and 20.9% reductions in violent and
property crime victimization rates per 100,000
people, respectively. We also implement an
event study to investigate whether the common
trend assumption is plausible. We find that our
estimates are unlikely to be driven by the pre-
existing declining trends of crime victimization
rates for most of the crimes. We further
implement a DDD approach to investigate the
heterogeneous age effect of the lockdown on
both types of crime victimizations. We find
that those who are between 30 and 59 are most

affected by the lockdown. Finally, we explore



the mental health mechanisms mediating the
relationship by proxying with suicide rates and
find that suicide rates decline by 2.8% during
the lockdown. Moreover, the effect seems to
be driven by suicide due to economic and
living conditions. Overall, the lockdown has a
consistent negative effect on crime
victimization rates in Japan.

Our study has several implications. First, we
find that the lockdown reduces both the violent
and property crime victimizations. In other
words, there may be less crime being
committed during the lockdown. It would
suggest that additional resources can be re-
allocated from some public sectors, such as
police and criminal justice, to healthcare
sectors in order to alleviate the added stresses
on the healthcare sector during a pandemic.
Second, the lockdown does not affect different
subtypes of crimes uniformly. That is, some
crimes are more affected than others. For the
crimes not affected, the police may need to
devote more resources to policing these crimes
during a lockdown. Third, individuals who are
in the prime working-age are consistently
affected by the lockdown. These individuals
are more likely to travel during peak hour and
different area. It would suggest that frequent
contact between offenders and victims is an
important mechanism mediating the
relationship between lockdown and crime.
Finally, our mental health mechanisms show
that lockdown significantly reduces suicide
rates, and it was driven largely by the decline
in suicide to economic and living conditions.
This implies that policymakers wishing to

reduce victimization should focus on not just
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reducing the contact between offenders and
victims but also improving the overall mental
health conditions of the population.

Our study has limitations. First, our data is
aggregated, not micro-level data. This limits
our ability to track a single individual. Having
access to micro-level data would allow one to
understand how the lockdown affects one’s
criminal behavior in long term and would
allow us to do additional heterogeneous
analyses. Second, the crime victimization rates
used in this study may be underreported. If this
is the case, our estimates may be biased
upward, given the “true” rates may be higher.
Finally, given the limited data, we cannot
further detangle the mechanisms behind the
relationship between a lockdown and crime.
Our current study cannot fully explain all the

potential channels mediating the relationship.
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Table 1. Summary statistics

All (N=150) 2018-2019 (N=100) 2020 (N=50)
All Jan—Mar April-May Jan—Mar April-May
(@) 2) 3) 4 (©)
Ln(Violent Crime Victimization Rates) 0.393 0.384 0.436 0.400 0.326
(0.240) (0.229) (0.267) (0.242) (0.209)
Ln(Homicide Victimization Rates) 0.061 0.061 0.062 0.063 0.053
(0.027) (0.025) (0.028) (0.031) (0.024)
Ln(Sexual Obscenity Victimization Rates) 0.195 0.187 0.239 0.185 0.147
(0.225) (0.211) (0.278) (0.205) (0.165)
Ln(Property Crime Victimization Rates) 1.397 1.432 1.492 1.340 1.191
(0.608) (0.617) (0.634) (0.583) (0.550)
Ln(Break-and-Enter Victimization Rates) 1.240 1.267 1.315 1.194 1.078
(0.562) (0.572) (0.593) (0.536) (0.5006)
Ln(Motor Vehicle Theft Victimization Rates) 0.340 0.359 0.372 0.311 0.263
(0.234) (0.245) (0.245) (0.219) (0.188)

Note: Columns (1)—(5) report the means and standard deviations of all, 2018-2019, and 2020 samples. The standard deviations are reported in round brackets. The variables are
log-transformed victimization rates per 100,000 people. All statistics are weighted by populations.
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Table 2. The effect of COVID-19’s lockdown on crime victimization

Violent Crime Property Crime
@ (2) 3) 4) )] (6)
Overall Homicide Sexual Overall Break-and- Motor Vehicle
Obscenity Enter Theft
Post x Year 2020 -0.127" -0.010 -0.090™ -0.209™" -0.164™ -0.061™"
[0.000] [0.131] [0.015] [0.001] [0.002] [0.006]
Age FE Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
N 150 150 150 150 150 150

Note: Columns (1)—(6) report the effect of Covid-19’s lockdown on crime victimization rates. Each column reports an estimate for a different dependent variable. All
regression estimations control for age, month, and year fixed effects and weighted by population. We cluster at the age levels and wild bootstrap the standard errors over 1000
replications with Webb’s weights. The p-values are reported in the square brackets.

"p<0.10," p<0.05," p<0.01
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Table 3. Heterogeneity by age group

Violent Crime Property Crime
(1) ) (&) C)) C)) (6)
Overall Homicide Sexual Overall Break-and-  Motor Vehicle
Obscenity Enter Theft
Post x Year 2020 x Age 0-29 -0.198" 0.004 -0.250"" -0.037 0.037 0.033
[0.003] [0.838] [0.002] [0.706] [0.584] [0.294]
Post x Year 2020 x Age 30—59 -0.095™ -0.020 -0.065™ -0.119™ -0.116™ -0.029
[0.017] [0.155] [0.022] [0.021] [0.041] [0.384]
Post x Year 2020 x Age > 60 Baseline Baseline Baseline Baseline Baseline Baseline
Age FE Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
N 150 150 150 150 150 150

Note: Columns (1)—(6) report the effect of Covid-19’s lockdown on crime victimization rates. Each column reports an estimate for a different dependent variable. All regression estimations
control for age, month, and year fixed effects and weighted by population. We cluster by the age levels and wild bootstrap the standard errors over 1000 replications with Webb’s weights.
The p values are reported in the square brackets.

"p<0.10," p<0.05"" p<0.01
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Table 4. The effect of COVID-19’s lockdown on suicides

Reason(s)
1) (2) 3) “4)
Total Suicide Family Physical Economic/
Health Living
Conditions
Post x Year 2020 -0.028™ -0.012 -0.006" -0.012"
[0.002] [0.108] [0.044] [0.015]
Age FE Yes Yes Yes Yes
Month FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
N 120 120 120 120

Note: Columns (1)—(4) report the effect of Covid-19’s lockdown on suicide rates and its causes. Each column reports an estimate for a different dependent variable. All regression
estimations control for age, month, and year fixed effects and weighted by population. We cluster by the age levels and wild bootstrap the standard errors over 1000 replications with
Webb’s weights. The p values are reported in the square brackets.

"p<0.10," p<0.05"" p<0.01

.01
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Table 5. Robustness check

Violent Crime Property Crime
(2) 3) “4) 5 (6) (7
Overall Homicide Sexual Overall Break-and-  Motor Vehicle
Obscenity Enter Theft
Panel A: Age-specific linear
trends
Post x Year 2020 -0.127" -0.010 -0.090" -0.209" -0.164™ -0.061""
[0.000] [0.131] [0.015] [0.001] [0.002] [0.006]
Panel B: Age-specific
quadratic trends
Post x Year 2020 -0.127" -0.010 -0.090" -0.209" -0.164™ -0.061""
[0.000] [0.135] [0.013] [0.000] [0.002] [0.006]
Panel C: Poisson
Post x Year 2020 -0.438™" -0.101 -0.614™ -0.294™ -0.244™ -0.2417"
[0.002] [0.403] [0.021] [0.002] [0.000] [0.006]
Panel D: Inverse hyperbolic
sine transformed
Post x Year 2020 -0.170" -0.011 -0.118" -0.258" -0.206™" -0.080""
[0.001] [0.138] [0.014] [0.001] [0.001] [0.002]
Panel E: Unweighted -0.126™" -0.005 -0.095™" -0.204™" -0.154™ -0.052"
Post x Year 2020 [0.001] [0.432] [0.008] [0.002] [0.002] [0.002]
N 150 150 150 150 150 150

Note: Columns (1)—(6) report the effect of Covid-19’s lockdown on crime victimization rates. Each column reports an estimate for a different dependent variable. All regression estimations
control for age, month, and year fixed effects and weighted by population. We cluster by the age levels and wild bootstrap the standard errors over 1000 replications with Webb’s weights.

The p values are reported in the square brackets.
"p<0.10," p<0.05," p<0.01

248



Crime Victimization Number

Crime Victimization Number

45000
40000
35000
30000
25000
20000
15000
10000

5000

25000

20000

15000

10000

5000

Panel A: Agregated Year-to-year changes
5000

4500
P-‘.,~~~~~.. 4000
*------*"s:."“"‘ 3500

‘s~~. 3000

2500

2000
1500
1000

500

&-Q““H

2016 2017 2018 2019 2020
Year

= #= Violent Crime --+#-+ Property Crime

Panel B: Violent Crime Victimization

2016 2017 2018 2019 2020
Year

— &= Jan-Mar e—=—@= April-May

Figure 1. Crime Victimizations from 2016 to 2020. Source: 2016—2020 Crime Statistics.
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Figure 2. Event study model. Note: Each panel represents a separate regression results. Each regression controls for time-and age-fixed effects. All regressions are regressed using OLS and
weighted using population by age levels. Source: 2018-2020 Crime Statistics.
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Table 1. Summary statistics

All (N=150) 2018-2019 (N=100) 2020 (N=50)
All Jan—Mar April-May Jan—-Mar April-May
1) (2) 3) (4) ()

Ln(Violent Crime Victimization Rates) 0.393 0.384 0.436 0.400 0.326
(0.240) (0.229) (0.267) (0.242) (0.209)
Ln(Homicide Victimization Rates) 0.061 0.061 0.062 0.063 0.053
(0.027) (0.025) (0.028) (0.031) (0.024)
Ln(Sexual Obscenity Victimization Rates) 0.195 0.187 0.239 0.185 0.147
(0.225) (0.211) (0.278) (0.205) (0.165)
Ln(Property Crime Victimization Rates) 1.397 1.432 1.492 1.340 1.191
(0.608) (0.617) (0.634) (0.583) (0.550)
Ln(Break-and-Enter Victimization Rates) 1.240 1.267 1.315 1.194 1.078
(0.562) (0.572) (0.593) (0.536) (0.506)
Ln(Motor Vehicle Theft Victimization Rates) 0.340 0.359 0.372 0.311 0.263
(0.234) (0.245) (0.245) (0.219) (0.188)

Note: Columns (1)—(5) report the means and standard deviations of all, 2018-2019, and 2020 samples. The standard deviations are reported in round brackets. The variables are
log-transformed victimization rates per 100,000 people. All statistics are weighted by populations.
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Table 2. The effect of COVID-19’s lockdown on crime victimization

Violent Crime Property Crime
(1) (2) 3) (4) (5) (6)
Overall Homicide Sexual Overall Break-and- Motor Vehicle
Obscenity Enter Theft
Post x Year 2020 -0.127 -0.010 -0.090™ -0.209™" -0.164™ -0.061™"
[0.000] [0.131] [0.015] [0.001] [0.002] [0.006]
Age FE Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
N 150 150 150 150 150 150

Note: Columns (1)—(6) report the effect of Covid-19’s lockdown on crime victimization rates. Each column reports an estimate for a different dependent variable. All
regression estimations control for age, month, and year fixed effects and weighted by population. We cluster at the age levels and wild bootstrap the standard errors over 1000
replications with Webb’s weights. The p-values are reported in the square brackets.

*p<0.10, " p<0.05 " p<0.01
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Table 3. Heterogeneity by age group

Violent Crime Property Crime
1) ) ©) (4) (5) (6)
Overall Homicide Sexual Overall Break-and-  Motor Vehicle
Obscenity Enter Theft
Post x Year 2020 x Age 0-29 -0.198™ 0.004 -0.250™" -0.037 0.037 0.033
[0.003] [0.838] [0.002] [0.706] [0.584] [0.294]
Post x Year 2020 x Age 30-59 -0.095™ -0.020 -0.065™ -0.119™ -0.116™ -0.029
[0.017] [0.155] [0.022] [0.021] [0.041] [0.384]
Post x Year 2020 x Age > 60 Baseline Baseline Baseline Baseline Baseline Baseline
Age FE Yes Yes Yes Yes Yes Yes
Month FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
N 150 150 150 150 150 150

Note: Columns (1)—(6) report the effect of Covid-19’s lockdown on crime victimization rates. Each column reports an estimate for a different dependent variable. All regression estimations
control for age, month, and year fixed effects and weighted by population. We cluster by the age levels and wild bootstrap the standard errors over 1000 replications with Webb’s weights.
The p values are reported in the square brackets.

“p<0.10, " p<0.05 " p<0.01
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Table 4. The effect of COVID-19’s lockdown on suicides

Reason(s)
1) (2) 3) (4)
Total Suicide Family Physical Economic/
Health Living
Conditions
Post x Year 2020 -0.028™" -0.012 -0.006™ -0.012™
[0.002] [0.108] [0.044] [0.015]
Age FE Yes Yes Yes Yes
Month FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
N 120 120 120 120

Note: Columns (1)—(4) report the effect of Covid-19’s lockdown on suicide rates and its causes. Each column reports an estimate for a different dependent variable. All regression
estimations control for age, month, and year fixed effects and weighted by population. We cluster by the age levels and wild bootstrap the standard errors over 1000 replications with

Webb’s weights. The p values are reported in the square brackets.
“p<0.10, " p<0.05 " p<0.01
.01
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Table 5. Robustness check

Violent Crime Property Crime
) (€) (4) (5) (6) (7)
Overall Homicide Sexual Overall Break-and-  Motor Vehicle
Obscenity Enter Theft
Panel A: Age-specific linear
trends
Post x Year 2020 -0.127 -0.010 -0.090™ -0.209™ -0.164™ -0.0617"
[0.000] [0.131] [0.015] [0.001] [0.002] [0.006]
Panel B: Age-specific
guadratic trends
Post x Year 2020 -0.127" -0.010 -0.090™ -0.209™ -0.164™ -0.061™"
[0.000] [0.135] [0.013] [0.000] [0.002] [0.006]
Panel C: Poisson
Post x Year 2020 -0.438™ -0.101 -0.614™ -0.294™ -0.244™ -0.2417
[0.002] [0.403] [0.021] [0.002] [0.000] [0.006]
Panel D: Inverse hyperbolic
sine transformed
Post x Year 2020 -0.170™ -0.011 -0.118™ -0.258™ -0.206™" -0.080™"
[0.001] [0.138] [0.014] [0.001] [0.001] [0.002]
Panel E: Unweighted -0.126™ -0.005 -0.095™ -0.204™ -0.154™ -0.052™"
Post x Year 2020 [0.001] [0.432] [0.008] [0.002] [0.002] [0.002]
N 150 150 150 150 150 150

Note: Columns (1)—(6) report the effect of Covid-19’s lockdown on crime victimization rates. Each column reports an estimate for a different dependent variable. All regression estimations
control for age, month, and year fixed effects and weighted by population. We cluster by the age levels and wild bootstrap the standard errors over 1000 replications with Webb’s weights.
The p values are reported in the square brackets.

“p<0.10, " p<0.05 " p<0.01
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