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I. Introduction 
 
Improvements in infant and child health are widely accepted public health and 

public policy goals in most developing and developed countries.  One obvious way to 
accomplish these goals is to provide health insurance to pregnant women, infants, and 
children.  From the point of view of mothers and families, this policy lowers the prices 
of such medical care services as prenatal care, delivery, neonatal care, vaccinations, 
immunizations, and well-baby and child care.  These price reductions should increase 
the quantities of services demanded.  From the point of view of providers, health 
insurance guarantees the receipt of payment for services rendered, so that increases in 
supply should accompany the inc reased demand.  

While appealing in theory, government financed or subsidized health insurance 
competes with a variety of other mechanisms to improve health including direct cash 
subsidies to families or providers, publicly supplied care, and health education campaigns 
to discourage such behaviors as cigarette smoking and inappropriate alcohol use.  Hence, 
estimates of the impacts of the effects of insurance on infant and child health are key 
ingredients in the policy debate concerning the most efficient ways to improve health.   

The extensive literature dealing with the effects of health insurance on infant 
and child health has reached few definitive conclusions. Given the serious 
challenges involved in this undertaking, these mixed results are not surprising.  As 
emphasized by Brown, Bindman, and Lurie (1998), Kaestner (1999), and Levy and 
Meltzer (2001), observational or cross-sectional correlation studies throw little light 
on causality.  On the one hand, women who anticipate a poor birth outcome or who 
have sick infants or children may be more likely to obtain health insurance.  On the 
other hand, women with a propensity to avoid risk or to engage in a variety of 
healthy behaviors may be more likely to obtain insurance.  In the first case the 
effect of insurance on health is understated, and in the second case it is overstated. 

Studies employing experimental or quasi-experimental data have the 
potential to reach more definitive conclusions.  Examples are the RAND Health 
Insurance Experiment (HIE), the introduction of National Health Insurance (NHI) in 
Canada and Medicaid in the United States, and the Medicaid income eligibility 
expansions in the late 1980s and early 1990s.  Even here there are problems.  
Subjects recruited for the HIE might already have benefited from the medical care 
covered by their existing policies.  The widespread adoption of oral and 
intrauterine contraceptive devices and the reform of restrictive abortion laws 
coincided with the introduction of Medicaid and NHI, making it difficult to sort out 



 3 

the impacts of each development.  Many women made eligible for Medicaid by the 
expansions chose not to enroll in the program (Gruber 1997), and some women 
switched from private insurance to Medicaid (Cutler and Gruber 1996).  These 
factors and year-to-year changes in income in the years just before and just after the 
expansions make it difficult to create the appropriate treatment and control groups 
required to evaluate their effects. 

The objective of this project is to estimate the impacts of the introduction of 
National Health Insurance (NHI) in Taiwan in March 1995 on the health of infants.  
There is enormous interest in the impacts of NHI on health outcomes, but the very nature 
of this intervention, whereby entire nations are covered universally, makes it difficult to 
estimate the health impacts of the change.  The experience of Taiwan, however, provides 
a potential laboratory for overcoming these limitations.  Prior to NHI, government 
workers possessed health insurance policies that covered prenatal medical care, newborn 
deliveries, neonatal care, and medical care services received by their children beyond the 
first month of life.  Private sector industrial workers and farmers lacked this coverage.  
All households received coverage for the services just mentioned as of March 1995.  
Therefore, the introduction of NHI constitutes a natural experiment with treatment and 
control groups that form the basis of our empirical design.  The former group consists of 
non-government employed households, while the latter group consists of 
government-employed households.  We expect tha t increases in infant health after the 
introduction of NHI in the treatment group will exceed corresponding increases in the 
control group. 

To sort out the effects of NHI from unobserved trends, we employ a 
difference-in-differences estimation methodology.  This compares the experiences of the 
treatment and control groups before and after implementation of NHI under the 
assumption that other temporally coincident changes are the same for the two groups.  
We also will employ a regression framework.  This nets out the effects of observed 
factors that may change at different rates for the two groups.  More importantly, it 
allows for interactions between health input availability and NHI.   
 
II. Background 
 

A. Taiwan Experience 
 

Legislation authorizing National Health Insurance in Taiwan was enacted on 
July 19, 1994, and NHI went into effect on March 1, 1995.  By the end of 1995, the 
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percentage of the population with health insurance rose from approximately 54 
percent in the month prior to implementation to approximately 92 percent. 
(Executive Yuan, Department of Health 1993; Peabody et al. 1995; Bureau of 
National Health Insurance 1997; Chiang 1997; Chou and Staiger 2001; Chou, Liu, 
and Hammitt forthcoming; personal communication with Jack Ho of the Taiwan 
Council of Labor Affairs.  Unless otherwise noted, the material in this section is 
drawn from these seven sources.)  Prior to NHI, dependent spouses and children 
and persons over the age of 60 accounted for almost all of the uninsured population, 
with dependent spouses and children amounting to almost 55 percent of the 
uninsured.   

The large number of uninsured women and children prior to 1995 can be 
traced to the nature of the health insurance system before that year.  Insurance was 
obtained through one of four government-sponsored health plans, three of which 
were tied to a person’s place of employment.  With the exception of supplementary 
coverage for a few selected conditions such as cancer and accidents, no private 
health insurance was available.  The employment-based plans were Labor 
Insurance (LI), which covered 38 percent of the population in 1992; Government 
Employee Insurance (GI), which covered 8 percent of the population; and Farmers’ 
Health Insurance (FI), which also covered 8 percent of the population.  The fourth 
plan, Low-Income Households’ Health Insurance (LII), was provided directly by the 
government and covered only 0.5 percent of the population.  Coverage was 
mandatory for eligible persons in the three employment-based plans.  Premium 
costs were shared by the employer, the employee, and the government.  
Self-employed workers could obtain LI only if they were members of an 
occupational union.  LI, the largest of these plans, did not provide coverage for 
non-working spouses (almost entirely wives) and children.  FI did not provide 
coverage for children under the age of 15 and for spouses who did not farm.  GI 
provided coverage for spouses.  Effective July 1, 1992 it also provided coverage 
for dependent children. 

In addition to these differences in coverage, GI provided much more generous 
benefits in the case of medical care services received by pregnant women and their very 
young infants. A pregnant woman received a cash benefit for childbirth equal to one 
month of salary and an additional maternity subsidy equal to an additional month of 
salary if either she or her husband was covered by one of the three employment-based 
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insurance plans.1  An insured woman who underwent a difficult delivery (for example, a 
cesarean section) could file a claim for its costs if she was willing to forego the cash 
benefit for childbirth under LI or FI.  Typically, the cash benefit and maternity subsidy 
covered the cost of a routine delivery.  But they did not cover prenatal care services, and 
they also did not cover extended hospital stays of low-weight infants including the cost of 
neonatal intensive care.  On the other hand, GI provided coverage, subject to a 
coinsurance rate of between 10 and 15 percent, for ten prenatal care visits: a first visit 
with a detailed physical examination and nine subsequent visits for routine checkups, an 
ultrasound exam around the 20th week of pregnancy, and screening tests for hepatitis B, 
rubella, and syphilis around the 32nd week of pregnancy.  Moreover, neonatal care 
delivered during the time the infant was in the hospital, including that received in a 
neonatal intensive care unit, also was covered. 

After the introduction of NHI, non-government employed households enjoyed 
benefits similar to those received by government employed households prior to March 
1995.  Premium costs continue to be shared by employers, employees, and the 
government, except that the government pays the entire premium for low-income families. 
Thus, the introduction of NHI constitutes a “natural experiment” in which a large number 
of previously uninsured pregnant women, infants, and children in a country with a 
population of over 21 million persons receive coverage for prenatal care, delivery, 
neonatal care, vaccinations, immunizations, and well-baby and child care for the first 
time.  The behavior of this “treatment group” in the pre- and post-NHI periods can be 
compared to the behavior of the “control group” of government employed households 
whose health insurance coverage did not change. 
 

B. Literature Review 
 

                                                 
1 After NHI became effective, the cash benefit for childbirth was eliminated, and the maternity 

subsidy is paid only to women who work in the LI and FI plans.  The GI plan continues to make 

these cash payments to employees or their spouses.  Prior to NHI, women in the low-income plan 

received cash and maternity benefits, but these obviously were very modest.  The government did 

provide maternal and child care for poor women at public hospitals and clinics, but less than 1 

percent of households were classified as poor.  After NHI became effective, the administration of 

medical care benefits was transferred to the Bureau of National Health Insurance.  The LI, FI, and 

GI plans continue to administer other types of insurance such as disability, unemployment, and 

old -age insurance. 
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Studies dealing with the effects of health insurance on infant or child health that 
employ experimental or quasi-experimental data are most relevant to our study.  With 
the exception of the RAND Health Insurance Experiment (Newhouse 1993), these studies 
deal with the introduction of National Health Insurance in Canada, the introduction of 
Medicaid in the U.S., and the Medicaid income eligibility expansions in the late 1980s 
and early 1990s.  Detailed reviews of this literature are contained in Gruber (1997, 
2000), Kaestner (1999), Currie (2000), and Dubay et al. (2001).  Our goal in this section 
is to highlight the diversity and lack of consensus of findings in it. 

Hanratty (1996) capitalizes on the staggered adoption of NHI by the ten provinces 
of Canada in the period from 1962 to 1971 to assess its impacts on infant mortality and 
low birthweight (percentage of infants who weigh less than 2,500 grams) using data for 
the years 1960-1975.  She finds negative effects of NHI on each outcome, with a larger 
effect for mortality.  Decker (1996) capitalizes on the similar staggered adoption of 
Medicaid by states of the U.S. in the period from 1966 through the early 1970s and finds 
negative effects for low birthweight in data for the period from 1964 through 1967.  One 
problem with both studies is that they do not control for abortion reform and for the 
diffusion of oral and intrauterine contraceptive devices.  These developments occurred 
between the mid 1960s and 1970s at rates that differed among states and provinces.  
Hence, they are not adequately reflected by the national time indicators employed in both 
studies.2             

Many researchers have explored the impacts of Medicaid reforms that took place 
between 1984 and 1990.  These reforms extended coverage to poor and near-poor 
pregnant women and children.  Many of these studies use a pre- and post-design with 
data for one or two states and low birthweight as the outcome.  Treatment and control 
groups are defined by identifying women and children whose Medicaid status is most or 
least likely to be affected by the reforms.  Most of them find no effect of the expansions 
(for example, Piper, Ray, and Griffin 1990; Haas et al. 1993; Piper, Mitchel, and Ray 
1994; Ray, Mitchel, and Piper 1997; Epstein and Newhouse 1998).  Dubay et al. (2001) 
argue that these findings may be due to the small incremental changes in Medicaid 
considered in these studies or because the studies included few women affected by the 
expansions.  Dubay et al. (2001) also point to two fundamental difficulties in conducting 
a national evaluation of the Medicaid expansions based on well-defined treatment and 
                                                 
2 Grossman and Jacobowitz (1981) and Corman and Grossman (1985) report that abortion reform and 

family planning are important predictors of neonatal mortality, although they are not able to control for 

unmeasured area effects because they employ cross-sectional data. 
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control groups.  In the first place, nationally representative data with information on 
family income, insurance status, and birth outcomes are lacking.  In the second place, 
the expansions were accompanied by improvements in the eligibility determination 
process, higher fees, and reimbursement for enhanced prenatal care.  These 
developments were very likely to have affected one potential control group: women 
already covered by Medicaid. 

Dubay et al. (2001) conduct a national before- and after-study by forming 
race-specific treatment and control groups based on mother’s education and marital status 
for the period from 1980-1986 (before the enactment of broad expansions) and 
1986-1990 (after the enactment of these expansions).  They find that the expansions 
caused the rate of low birthweight to decline for some white women of low 
socioeconomic status (those with less than 12 years of formal schooling).  They do not 
observe similar declines for other white women of low socioeconomic status (those who 
are unmarried and have less than 16 years of formal schooling) or for any black women 
of low socioeconomic status.  They acknowledge that they are not able to identify 
treatment and control groups precisely.  Moreover, they do not consider the targeted 
expansions occurring between 1981 and 1984 that Currie and Gruber (1996b) find to be 
important (see below). 

Currie and Gruber (1996b) explore the effects of the expansions in a national 
study using a time series of states of the U.S. for the years 1979-1992.  They do not 
consider separate treatment and control groups.  Instead, they compute the fraction of 
women ages15-44 who are eligible for Medicaid by state and year.  This is their key 
regressor in equations explaining low birthweight or infant mortality rates of all babies.  
They realize that the enrollment measure is endogenous and employ as an instrument for 
it the eligibility fraction based solely on state rules in effect in a given year.  They find 
that predicted eligibility has negative effects on low birthweight and infant mortality.  
The mortality reductions are larger in absolute value than the birthweight impacts.  They 
also find much bigger effects for the targeted legislation of the early 1980s aimed at 
increasing the eligibility of a relatively small pool of women relative to the broader 
legislation of the late 1980s which was aimed at a much larger pool.  Indeed, the broad 
eligibility effects are not statistically significant.  Their explanation is that the broad 
expansions had much lower take-up rates than the narrow expansions.  Kaestner (1999) 
and Dubay et al. (2001) question these findings because they do not fully account for the 
fact that the Medicaid program is directed at poor and near-poor women.  Thus, the 
expansions should have larger effects the larger is the fraction of poor and near-poor 
women in a given state. 
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Currie and Gruber (1996a) report that the expansions lowered the mortality rates 
of children between the ages of 1 and 14 from internal and external causes considered 
separately.  Currie and Gruber (1997 and summarized in Currie and Gruber 2001) also 
report that teenage mothers or mothers who dropped out of high school and who live near 
a hospital with a neonatal intensive care unit experience significant reductions in neonatal 
mortality relative to older or more educated mothers due to the expansions.  The former 
result is subject to the same criticism made above; it does not fully account for the larger 
anticipated effect of the expansions on mortality rates of poor and near-poor children.  
The latter finding is of considerable interest because it employs a treatment-group 
control-group methodology and includes the fraction of light births as a regressor.  It 
would, however, be more conclusive if the neonatal mortality rate of low-weight infants 
were the outcome.  Neonatal intensive care units are aimed at these infants and should 
have larger impacts on their mortality rate than on the rate of normal-weight infants. 

Newhouse (1993) examine the effect of insurance on child health outcomes other 
than birthweight and mortality in experimental or quasi-experimental settings.  Using 
the RAND Health Insurance Experiment, Newhouse (1993) reports that the health of 
children in families with the most generous benefits improved only in the cases of anemia 
among poor children and decayed teeth among children ages 3-5.  Other physiologic 
measures and parental assessments of general and mental health were not affected.  
Some caution is required in interpreting these results because of the small samples 
involved.     

By employing the Taiwan NHI experiment to evaluate the impacts of health 
insurance on infant and child health, we will be able to circumvent the problems 
encountered in prior research.  Treatment and control groups are sharply defined.  The 
introduction of NHI was not accompanied by changes birth control techniques--changes 
that did occur when Canada adopted NHI and when the U.S. introduced Medicaid.  
Abortion has been legal in Taiwan since 1984. Households simply had to register with 
the Bureau of National Health Insurance to obtain coverage, and take-up rates were 
nearly 100 percent.  In summary, we propose to evaluate the impact of an event that 
caused a large number of previously uninsured pregnant women, infants, and children to 
gain health insurance in data collections that have a very rich set of infant health 
outcomes.  
 
III. Conceptual Framework 

 
From the point of view of mothers and families, the introduction of National 
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Health Insurance (NHI) reduces the price of medical care services delivered to pregnant 
women, newborns, older infants, children, and adolescents who had no or less generous 
benefits prior to the enactment of NHI.  If the quantity of these services demanded is 
inversely related to price, the quantity of services demanded by these groups should rise. 
If more medical care leads to better health, the groups affected should exhibit improved 
child health outcomes.   

 If medical care services are supplied competitively, the nominal price of 
medical care (the price received by suppliers as opposed to the price paid by consumers) 
will not rise if the supply function of medical care services is infinitely elastic or if the 
supply function shifts downward (the quantity supplied at a given price rises) by an 
amount that is exactly equal to the upward shift in the demand function.  Supply shifts 
are more likely if the government allocated additional resources to the health care sector 
in the period prior to the enactment of NHI.  Even if the government did not pursue this 
policy, price may not rise because health insurance guarantees the receipt of payment for 
services rendered.  Stability of the nominal price is required for the enactment of NHI to 
have no impact on the quantity of services demanded by the previously insured.  
Implications for our estimates of departures from competitive supply or stable nominal 
prices are discussed in Section V.       

The preceding predictions come from a simple model in which parents maximize 
a utility function that depends on their own consumption and the health of their children.  
Complications arise, however, if the parents have a more complex utility function.  For 
example, they may care about the number of children in the family as well as the health 
of each child.  NHI lowers both the price of the former and the price of the latter.  
Leibowitz (1990) finds that women randomly assigned to receive free medical care for 
three to five years in the RAND Health Insurance Experiment had almost 30 percent 
more births than women assigned to insurance plans requiring cost-sharing for health 
services.  Joyce, Kaestner, and Kwan (1998) report that the Medicaid income eligibility 
expansions discussed in Section II raised births and lowered abortions for white 
unmarried women aged 19-27 who had no more than a high school education.  Given 
interactions between the quantity and quality (measured by health) of children 
emphasized by Becker and Lewis (1973), one possible outcome is that the optimal 
number of children rises while the optimal health of each child falls.  The amount of 
medical care received by each child still could rise, but the favorable impact of this 
development on health could be more than offset by reductions in other health inputs. 

A factor that goes in the opposite direction is that the health of infants and young 
children depends on the time that parents, especially mothers, allocate to pregnancies and 
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to the care of infants and young children. Women in non-government employed 
households no longer had to work in order to obtain health insurance for themselves as a 
result of the introduction of NHI in Taiwan.  Chou and Staiger (2001) report that women 
married to non-government employees were less likely to work in the post-NHI period.  
The end to the link between employment and insurance coverage allows women who face 
difficult pregnancies to withdraw from work.  In addition, women who do not work 
when their children are very young have more time to allocate to their children.  The 
resulting impacts on child health may be analogous to those reported by Ruhm (1998).3   

 A final factor to consider is the decision of a woman who has been told that her 
fetus may incur serious health problems during pregnancy or at delivery.  With no 
health insurance to finance extensive prenatal and neonatal care, she may decide to abort 
the pregnancy.  She may, however, make a very different decision if most of the 
expenses are covered under NHI.  A similar decision to have another pregnancy in the 
presence of NHI may be made by a woman who has suffered previous fetal loss.  If this 
factor is important, the introduction of NHI could lead to more low-birthweight births 
through a “selection” or compositional effect. Note that the introduction of NHI may 
cause the mortality rate of light infants to fall at the same time as the fraction of these 
births increases.  

 We adopt the hypothesis that NHI improves the health of the children whose 
medical care costs are affected by its introduction. Offsetting factors associated with 
increases in the number of children are most appropriately viewed as “second-order 
effects.” This is a reasonable position because the studies by Leibowitz (1990) and by 
Joyce, Kaestner, and Kwan (1998) do not distinguish between the timing of births and 
completed fertility.  That is, women may have decided to give birth during the period 
that they received free care in the RAND experiment or were eligible for Medicaid but 
may not have altered their completed fertility decisions.  Moreover, our preliminary 
studies find that the introduction of NHI had no effect on fertility in Taiwan.  This is not 
surprising because after NHI became effective, the cash benefit for childbirth was 
eliminated, and the maternity subsidy is paid only to women who work in the Labor 
                                                 
3 Using aggregate data for sixteen European countries over almost three decades, he finds that more 

generous entitlements to parental leave are negatively related to rates of low birthweight, neonatal mo rtality, 

postneonatal, mortality, and child mortality rates, with the largest and most significant effects occurring for 

the last three outcomes.  He argues that these effects arise because longer and more generous leaves 

provide parents with more time to invest in their young children and increase the incidence and duration of 

breastfeeding. 
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Insurance and Farmers’ Insurance plans.  The Government Employee plan 
continues to make these cash payments to employees or their spouses (see footnote 
1).  Hence, the price of a birth for the treatment group does not fall by as much as it 
would have if the subsidy policies did not change.     

Finally, changes in the behavior of women confronting high risk pregnancies must 
be considered.  This highlights the need to consider a variety of outcomes in addition to 
birthweight or low birthweight.  In particular, the behavior of birthweight-specific 
mortality must be assessed. Note that multiplication of changes in weight-specific 
mortality by fixed fractions of low- and normal-weight births gives the impact of NHI on 
mortality in a situation in which the birthweight distribution remains constant.  This 
procedure controls for composition or selection effects in mortality outcomes in 
situations in which NHI causes the incidence of low birthweight to rise for certain groups 
(for example, young or old mothers). 
 
IV.  Data and Sample 

 
A. Data and Health Outcomes 

 
Our two major data sources are annual birth and death certificates for the years 

1991 through 1999.  There were more than 300,000 births a year in Taiwan during this 
period.  In addition to birthweight and gestational age, birth certificates contain the 
following information: place of birth (hospital, clinic, other); gender; parity; mother’s 
town of residence; mother’s marital status; mother’s age; mother’s schooling; father’s age; 
and father’s schooling. Mother’s and father’s occupation and industry also are reported, 
but there are many missing values.4  Therefore, treatment and control groups will not be 
created from data on birth certificates. Instead, as detailed later, birth and death 
certificates will be matched to annual files maintained by the three 
government-sponsored insurance programs: Government Employee Insurance, Labor 
Insurance, and Farmers’ Health Insurance.  

 Health outcomes studied in this paper include the probability of low-weight (less 
than 2,500 grams) births  and the probabilities of neonatal, postneonatal and infant death 
for low-weight births. Birthweight is a continuous, well-measured, and frequently used 
indicator of infant health.  Low and very-low birthweights have extremely strong 
                                                 
4 Taiwanese Department of Health Officials have informed us that this is because very detailed 

information is requested.  
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associations with infant morbidity and mortality.  In a proximate sense, birthweight and 
low birthweight are caused by prematurity and slow growth in utero.  Premature births 
have gestational ages (the difference between the date of birth and the date of the 
mother’s last menstrual cycle) of less than 37 weeks.  The general consensus in the 
clinical literature is that relatively little is known about the causes of preterm delivery (for 
example, Hack and Merkatz 1995) and that most interventions designed to prevent these 
deliveries are not successful (for example, Goldenberg and Rouse 1998).  On the other 
hand, fetal growth offers more scope for intervention since it is known to be linked to 
maternal smoking and maternal weight gain (see Joyce 1999 for a review of this 
evidence).       

Neonatal deaths pertain to deaths within the first month of life, while postneonatal 
deaths pertain to deaths between the ages of one month and one year.  Infant deaths are 
the sum of those occurring in the neonatal and postneonatal periods.  We distinguish 
between neonatal and postneonatal mortality because their causes are very different.  
Most neonatal deaths are caused by congenital anomalies, prematurity, and complications 
of delivery, while most postneonatal deaths are caused by infectious diseases and 
accidents.  Infants who die within the first month of life will be excluded from the logit 
or probit equations for the probability of postneonatal death. Weight-specific neonatal 
and postneonatal mortality are important outcomes to consider because Cutler and Meara 
(2000) report that virtually all of the reduction in neonatal mortality in the U.S. between 
1950 and 1990 was due to reductions in birthweight-specific neonatal mortality.  
Declines in deaths among low- and very low-weight babies dominated this trend.  
Moreover, neonatal intensive care is aimed primarily at light babies and should have its 
largest impacts on their mortality.   
 

B. Creation of Treatment and Control Groups 
 

As explained in Section II, infants of parents who did not work in the government 
sector had no health insurance in the period prior to NHI.  Hence, our treatment group 
will consist of births to househo lds in which no family member is employed in the 
government sector or the children in these households.  Similarly the control group will 
consist of households in which at least one family member is employed in the 
government sector.   

 Treatment and control groups will be created based on files that we have 
obtained from the Central Trust of China and from the Bureau of Labor Insurance.  Prior 
to the March 1995 date on which NHI became effective, the Central Trust of China 
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administered health insurance under Government Employee Insurance (GI), and the 
Bureau of Labor Insurance administered health insurance under Labor Insurance (LI) and 
Farmer’s Insurance (FI).  These two organizations maintained files containing the 
national identification numbers of all persons with coverage.  They continued to 
maintain these files after March 1995 because they still are responsible for other types of 
insurance (for example, disability insurance, unemployment insurance, and old-age 
insurance).  We have obtained GI administrative files from 1991 to 1999. We also 
obtained 1998 LI administrative file which is kept in the log format.  

 In cases where no matches are made with the administrative files, we will 
assume that the household would have been eligible for Low-Income Households’ Health 
Insurance or would have been eligible for government-provided maternal and child health 
care at public clinics.  Only 0.5 percent of all persons had Low-Income Households’ 
Health Insurance in 1992, and only 0.9 percent of the population were members of 
low-income households in 2000 (Chou, Liu, and Hammitt forthcoming).  The type of 
care delivered to low income-infants or children may differ in important respects from 
that received by other children in either the treatment or control groups.  Moreover, 
some infants and children may be incorrectly classified as members of low-income 
families because self-employed workers could only obtain labor insurance if they were 
members of an occupational union. 

 Our sample is restricted to the marital births whose parents are 15 years old or 
above.  Agricultural families were excluded from the sample.  We also excluded the 
births whose mother and father were not matched to the LI or GI administrative files 
(either low-income families or self-employed workers) or father was not matched and 
mother was a private worker.  Also deleted were mothers with incomplete identification 
numbers.5  Given the typical nine-month lag between conception and birth, we also 
excluded the births between March 1995 and October 1995.  These restrictions result in 
a sample of 1,725,573 spanning the periods from 1991 to February 1995 and November 
1995 to 1999.  Out of this sample, 284,329 were government-employed households 
(16.5%) and 1441244 were non-government-employed households (83.5%). 

 Figures 1 to 4 show the trends of health outcomes from 1991 to 1999 by 
treatment status.  Before discussing the trends in these figures, two developments in 
addition to NHI that occurred during our sample period should be addressed first.    
The most important of these is the requirement effective October 1994 that mandated 
                                                 
5 Those mothers are more likely to be international brides who are from less developed countries with 

lower educational levels.  
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child delivery institutions to report births directly to household registration offices (the 
source of our birth and death certificates) and to health authorities.  Throughout our 
sample period, parents required a birth certificate completed by a physician or another 
hospital official to obtain national identification numbers for their infants.  But prior to 
October 1994 some parents did not bother to report births to household registration 
offices if their infants died within the first year of life.  Clearly, low-weight births 
resulting in neonatal deaths were most likely to go unreported.  As of October 1994 
delivery institutions were required to send birth certificates to household registration 
offices and to health authorities.  Hence, the number of births, the percentage of 
low-weight births, and the neonatal mortality rate all rose after 1993 (Department of 
Health 1996 and personal communication with Pau-Chung Chen, M.D., of the National 
Taiwan University Medical College). 

 The second development is that effective July 1992 children of government 
workers received health insurance coverage.  This did not affect coverage for neonatal 
care services because prior to that date mothers covered by GI filed claims for these 
services under their own national identification numbers.  But after that date, benefits 
had to be claimed under infants’ national identification numbers.  Hence, the control 
group had more incentives to report low-weight births to household registration offices 
than the treatment group in the period between July 1992 and October 1994. 

 These two developments in addition to NHI are clearly reflected by the trends 
of infant health outcomes in Figures 1 to 4. The percentage of low-weight births of the 
control group increased by 6% from 1991 to 1993 and then decreased by 0.7% in 1994.  
The increases of neonatal, postneonatal and infant mortalities of the control group from 
1991 to 1993 were even more drastic. The neonatal, postneonal and infant mortalities 
increased by 69%, 11% and 49% from 1991 to 1993, respectively. Those numbers 
decreased in 1994 and remained stable through 1996.  On the contrary, low-weight 
births of the treatment group increased by 13% from 1994 to 1996. The neonatal 
mortality of the treatment group increased by 80% from 1994 to 1996, and the infant 
mortality of the treatment group was almost doubled during the same period.  
Low-weight births of the control and treatment groups all increased in 1997 and 1998.  
Mortality rates had a decreasing trend for both control and treatment groups after 1997.   

 To summarize, Figures 1 to 4 clearly show that the adverse infant health 
outcomes increased in 1993 for the control group (due to the 1992 policy change) and 
increased in 1996 for the treatment group (due to the 1994 policy change).  Because of 
these two developments in addition to NHI, it is hard to see the impact of NHI on infant 
health from the Figures. 
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Table 1 presents summary statistics for the household characteristics by treatment 
status.  The variables that will be employed in the regression analyses and discussed 
below include birth order dummies, mother’s age dummies, father’s age dummies, 
mother’s education dummies, father’s education dummies, birth place dummies and twin 
dummy.  The births in our sample were more likely to be the first or the second child for 
the control group.  Treatment group’s mothers were younger when giving the birth; 30% 
of the treatment group gave birth at the age between 15 and 25, however, only 13% of the 
control group gave birth at this age range. Father’s age was not significantly different 
between treatment and control groups. Another significant difference between treatment 
and control group was the education levels of mother and father. For the control group, 
49% of the mothers and 61% of the fathers have years of schooling more than 12 years 
(junior college or above). However, only 12% of the mothers and 19% of the fathers have 
junior college education or above.  As discussed in more details below, we will run 
regressions by mother’s education level so that treatment and control groups will be more 
comparable.   
 
V. Empirical Strategy 

 
A. Basic Strategy 

 
To estimate the effects of NHI on infant health outcomes, we capitalize on its 

differential impact on the coverage and benefits of government workers and their 
dependents compared to other workers and their dependents.  As explained in Section II, 
the former group had the same coverage and benefits before and after the adoption of 
NHI, while the latter group did not.  With modifications discussed below, families with 
a government worker serve as the control group, and families with no government 
employees serve as the treatment group in a difference- in-differences (DD) estimation 
strategy.  Health outcomes in the control group should not be affected by the 
introduction of NHI, while health outcomes in the treatment group should be affected.  
Unobserved trends may, however, impact outcomes in both groups.6  
                                                 
6 Examples of unmeasured time effects include advances in neonatology, diffusion of these advances, and 

changes in the level of air pollution.  The first two developments are key determinants in changes in 

birthweight-specific neonatal mortality (Anspach 1993; Baker 1996; Cutler and Meara 2000), and the latter 

has been shown to influence this outcome as well as the incidence of low birthweight (Joyce, Grossman, 

and Goldman 1989; Chay and Greenstone 1999). 
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The DD methodology assumes that unobserved effects are the same for the two 
groups.  Hence the change in a health outcome (for example, the fraction of light births) 
in the treatment group before and after the introduction of NHI minus the corresponding 
change for the control group provides an estimate of the impact of the legislation on this 
outcome.  This methodology has been widely used in a variety of different contexts.7 

The simple difference- in-differences estimator can be expressed as: 

),()( NHI Before
Control

NHIAfter 
Control

NHI Before
Treatment

NHIAfter 
Treatment

NHI HHHH −−−=∆    (1) 

where NHI∆  represents the effect of NHI, and H is a health outcome for the 
treatment and control groups before and after NHI, as indicated by the subscripts and 
superscripts, respectively.  In the case of birthweight and other birth outcomes, the 
before period pertains to birth occurring prior to March 1995.  Given the typical 
nine-month lag between conception and birth, the after period pertains to births occurring 
after December 1995.  For example, one might use data for several years before and 
after these two dates.  Within-group differences in H before and after the introduction of 

NHI [ ])HH(,)HH( NHI Before
Control

NHIAfter 
Control

NHI Before
Treatment

NHIAfter 
Treatment −−  control for time- invariant effects 

that are unique to each group.  The difference-in-differences given by equation (1) 
controls for time-varying effects that are common to both groups.  The identifying 
assumption of the DD estimator is that time-varying factors affect both groups equally.     

The difference- in-differences estimator can be expressed within a regression 
framework. This allows one to net out the effects of other factors that may affect health 
outcomes, may be correlated with membership in the treatment or control group, and may 
change over time at different rates for the two groups.  In situations in which only the 
first two factors are relevant, one obtains more efficient DD estimates (estimates with 
smaller standard errors) in a multiple regression context than the estimates given by 
equation (1).  Suppose that data on births occurring between January 1992 and 
December 1994 and between January 1996 and December 1998 in the treatment and 
control groups are pooled, the following regression is estimated:    

,*3210 ijttjijtijttijttijt ffZTreatNHITreatNHIH εβαααα +++++++=  (2) 

where i indexes births in households, j indexes cites/counties in Taiwan, and t 
indexes years. The dependent variable (Hijt) in this equation is the health outcome of an 
                                                 
7 For example, the difference-in-difference strategy has been used in Gruber (1994), Meyer (1995), 

Hamermesh and Trejo (2000) and Angrist and Krueger (2001). 
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infant born to a woman in household i residing in city or county j in year t. The 
independent variables are an indicator variable for the period after implementation of 
National Health Insurance (NHIt); an indicator variable for the treatment group (Treatijt); 
a vector of observable household characteristics (Zijt); county and year fixed effects (fj 
and ft, respectively), and a random error term (ε ijt). The effect of NHI in equation (2) can 
be expressed as  

   [ ] [ ] .0)( 312321 αααααα =−−−++=∆NHI      (3) 

The coefficient α3 on the interaction between NHIt and Treatijt measures the 
difference-in-differences defined in equation (1).  
 

B. NHI and the Neonatal Intensive Care 
 

  When mortality of low-weight infants is the outcome, the model will be 
modified to take account of the positive effects of NHI on the adoption and use of 
state-of-the-art medical technology.  This will enable us to explore a plausible 
mechanism via which the legislation may have affected the survival of these infants. Our 
specific hypothesis, which is similar to the one proposed and explored by Currie and 
Gruber (1997), is that NHI will have a larger impact on the survival prospects of 
low-weight treatment infants if their mothers live near to a hospital with a neonatal 
intensive care unit (NICU) and that this effect is larger in the period after NHI became 
effective for the treatment group. Put differently, both financial considerations and 
distance rationed neonatal intensive care services received by infants in the treatment 
group prior to NHI, but only distance rationed these services in the period after NHI.  

  Denote a measure of neonatal intensive care availability as Qijt; and let π ijt be 
the probability that a low-weight infant dies within the first month of life.  Then we can 
estimate the following logit equation 
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where other determinants are suppressed.  The difference in the effect of Qijt on 
mortality for the treatment group before and after the adoption of NHI relative to the 
control group is given by α7.   

 Note that the model specified by equation (4) in which a measure of the 
availability of neonatal intensive care in the mother’s area of residence interacts with the 
introduction of NHI incorporates an important correlate of the introduction and diffusion 
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of new technology.  Hence, not all of the impacts of technology are assumed to be 
captured by time effects.  The equation contains a natural measure of the impact of NHI: 
α3 + α7Qrt, where Qrt is the mean value of Q for the treatment group in the period after 
NHI.   
        

C. NHI and the Medical Care Market 
 

  The introduction of NHI may affect the nominal price of medical care and other 
components of the full price.  In turn, these developments may have different effects on 
the treatment and control groups.  To be specific, the increased demand for medical 
services by the treatment group after the introduction of NHI will cause the nominal price 
of medical care services to rise if the supply function slopes upwards.  This will cause 
the net price paid by the control group (the nominal price minus the amount paid by 
insurance) to rise at the same time as the net price paid by the treatment group falls.  
Under these circumstances, the DD estimates the sum of the increased utilization by the 
treatment group and the absolute value of the reduced utilization by the control group.  
Put differently, it may overestimate the increased utilization by the treatment group. 

 In Section II we pointed out conditions under which the nominal price would 
remain constant in the context of a competitive model of supply.  In other situations the 
nominal price will rise, and the quantity of services demanded by the control group will 
fall.  In situations in which the supply function is stable and upward sloping or in the 
short run perfectly inelastic, this will occur even if the government fixes the nominal 
price by fixing reimbursement rates.  In that situation, demand will be rationed by 
non-price mechanisms.  These could take the form of longer waiting times in providers’ 
offices and longer appointment delays. 

 If one allows for departures from the assumptions of the competitive model, 
other outcomes are possible.  For example, suppose physicians or hospitals have 
monopoly power and treat both insured and uninsured patients in the pre-NHI period.  
The reimbursement rate for the former group of patients is fixed by the insurer, but the 
provider’s uninsured patients have a downward sloping demand function.  Then the 
provider will charge a higher price to the uninsured patients (Feldstein 1993).  With 
NHI, the reimbursement rate is the same for all patients; the provider loses his or her 
monopoly power; and the optimal number of patients treated remains the same.  Of 
course, the increased demand by the previously uninsured patients still will generate 
upward pressure on the nominal price or reimbursement rate given an upward sloping 
market supply function.  If the reimbursement rate does not adjust, then the indirect cost 
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component of medical care generated by waiting and travel time and appointment delays 
will rise. 

 More complicated models contain different predictions.  McGuire (2000) 
outlines a model of imperfect competition in which providers may have incentives to 
raise output in response to a reduction in the regulated price.  The same effect could be 
observed in a model in which providers are in perfect competition but maximize utility 
instead of profits.  Chiang (1997) argues that this actually occurred in Taiwan after the 
introduction of NHI: physicians could no longer under-report their income when they 
filed tax returns because almost all of it is derived from the government.       

The real price of medical care in Taiwan (the medical care component of the 
Consumer Price Index divided by the CPI for all goods) rose at an average annual rate of 
1.4 percent per year between 1994 and 2000, while there was no trend in this price in the 
six years before NHI was enacted (Executive Yuan 2002) .  The stability in the earlier 
period and modest increase in the latter period reflects in part policies pursued by the 
government to increase the supply of hospitals and physicians since the early 1980s 
(Chiang 1997),  

 In summary, our study pertains to a country that adopted NHI following growth 
in resources in the health care sector.  The real price of medical care rose, although at a 
modest rate, in the post-NHI period.  The assumption that the downward shift in the 
supply function offset the upward shift in the demand function may not be unreasonable.  
If it is or if time costs increased, the DD is an overestimate in one sense because 
utilization by the control group falls due to NHI.  But in another sense the DD relative to 
the simple difference for the treatment group approximates the effect that would be 
observed if the full price of medical care remains the same.  That is, the price reduction 
experienced by the treatment group is smaller than the one that they would experience if 
the market continues to clear with no change in the nominal money price or in the time 
price.  While the DD may be larger than the simple difference, it is not necessarily 
larger than the DD that emerges when the full price paid by the previously insured 
remains the same.  

To spell out the preceding point in more detail, first consider a simple competitive 
model with a rising supply function and no time costs.  Suppose that the enactment of 
NHI reduces the net price of medical care for the treatment group from P0 (the nominal 
price in the period before enactment) to kP1, where k is the coinsurance rate (0 < k < 1) 
and where P1 > P0.  At the same time, the net price rises from kP0 to kP1 for the control 
group.  Given a linear demand function for medical care (M) with a net price coefficient 
of β  < 0, changes in M for the treatment and control groups are 
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∆Mr = β(kP1 - P0)       (5) 
∆Mc = βk(P1 - P0),       (6) 
where time effects are suppressed.  Hence the DD is 
∆Mr - ∆Mc = βP0(k - 1).      (7) 
Here the DD is the same as the one that would be observed in a model in which 

the nominal price remains the same (P1 = P0). 
 Now introduce a time cost of W per visit that differs by period and by group.  

Equation (11) becomes 
∆Mr - ∆Mc = βP0(k - 1) + β(∆Wr - ∆Wc).    (7’) 
Since the control group has higher income than the treatment group, a given 

change in waiting time causes a greater change in the time cost for the former.  On the 
other hand, the treatment group is likely to reside in areas with fewer physicians, making 
a greater change in waiting time more likely for them. Equations (7’) and (7) are the same 
if these two factors offset each other, so that time costs increase at the same rate for both 
groups.  In other situations (7) and (7’) are not the same, but it is not clear which is 
larger.   

The above analysis can be modified to allow the net price parameter (β) to differ 
between the treatment and control groups.  Suppose that the elasticity of medical care 
with respect to full price has the same constant value for both groups, and suppose that 
the control group has on average a higher time cost per visit than the treatment group 
because the former group has higher income.  Then a one percent change in the money 
price of a visit will represent a larger percentage change in the full price for the treatment 
group, and they will exhibit a larger elasticity in absolute value with respect to money 
price.  If Mc exceeds Mr and the money price is the same for both groups, a demand 
function that is linear in M, P, and W will exhibit this property even if β  is the same for 
both groups.  But since W typically is not observed, a more general case is one in which 
β  is larger for the treatment group.  Given this assumption and given no change in W 
due to NHI, the DD is less than the one given by equation (7).       

 Empirically, we will examine how the DD varies by education.  By comparing 
responses of treatment and control group members with the same education levels, we 
can be more confident that the groups have similar net price parameters in the demand 
function for medical care.   
 

D. NHI and the Labor Market 
 
The second aspect of the effect of NHI on behavior pertains to the labor market.  
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This aspect involves potential changes in the composition of the control and treatment 
groups in response to the introduction of NHI.  It is a fundamental issue because it raises 
the possibility that membership in a particular group or treatment status is endogenous.  
To be concrete, parents who anticipate a poor birth outcome or who have sick infants or 
children or parents with a propensity to avoid risk or engage in a variety of healthy 
behaviors are more likely to obtain health insurance.  Prior to the enactment of NHI, that 
was possible only if they were in the government sector.  After the enactment of NHI, 
the motive to enter the government sector for this reason no longer exists.  Consider two 
equations: one determining membership in the treatment group (the private sector) and 
one determining health outcomes of infants or children.  The model that has just been 
sketched out suggests that there is a time-varying unobservable that partially determines 
both the health outcome and membership in the treatment group. 

A key assumption of our methodology is that the composition of the treatment and 
control groups does not change during the sample period.  Incentives for these changes 
do exist.  For example, persons may have switched from the government sector to the 
industry sector after NHI because employment in the former sector no longer was 
required to obtain more generous health insurance.  To cite another example, women 
who married men employed in the government sector to obtain health insurance before 
NHI might choose to marry men employed in the industry sector or not to marry at all 
after NHI.  To cite a final example, government sector wives with indus try sector 
husbands might quit their jobs after NHI became effective. 

While the incentives just mentioned do exist, a variety of factors suggest that they 
will have small impacts on the composition of the treatment and control groups, 
especially the latter, in our sample period.  It is difficult to transfer from the industry or 
agricultural sectors to the government sector because government workers who are civil 
servants must pass very demanding examinations.  Government workers are better paid 
and enjoy more fringe benefits than industry workers and have little incentive to leave 
that sector.  Chou and Staiger (2001) report that turnover (both entry and exit) was very 
low in the government sector from 1980 through the 1997 and changed little during this 
period.8 In addition, Chou and Staiger (2001) find little systematic changes in such 
characteristics of households as husband’s and wife’s education and family income 
between 1992 and 1997 in government-employed households compared to 
                                                 
8 In the more recent period of 1992 through 2000, the entry rate ranged between 2.2 and 3.8 percent, while 

the exit rate ranged between 1.2 and 2.2 percent (Central Trust of China 2002).  Entry and exit rates were 

almost equal in the period before NHI, while the latter exceeded the former in the period after NHI. 



 22 

non-government-employed households. Chou and Staiger also find that women married 
to non-government employees were less likely to work in the post-NHI period, but this 
does not affect the composition of the treatment group.  Finally, women who were 
eligible for Government Employee Insurance prior to NHI because they worked in the 
public sector remain in the administrative records of the Central Trust of China even if 
they quit their jobs after the enactment of NHI.  This is because they are still eligible for 
old-age insurance through their previous employment.  

 It is possible that some women married government employees prior to 1995 to 
get health insurance.  Given, however, that these employees account for only about 10 
percent of all paid employees, the likelihood of finding a mate was small.  Moreover, 
Yelowitz (1998), Grogger and Bronars (2001), and Kaushal and Kaestner (2001) report 
very small effects of Medicaid expansions and welfare refo rm on marital status in the U.S  

Most of these factors pertain to the stability of the government sector.  Therefore, 
we have begun to investigate the government and private sector labor markets in more 
detail.  While turnover in the government sector was stable in the period covered by the 
application (1990-2000), private sector employment and the ratio of private sector to 
public sector rose over time.  This is not a new phenomenon.  It has been taking place 
since at least 1980, while NHI became effective in 1995 (Executive Yuan 2001).  It does 
suggest, however, changes in unmeasured characteristics of the treatment group over time.  
For example, given the growth of industries requiring computer-intensive skills (high 
tech industries), skill levels in the private sector may have risen over time in ways that 
are not fully captured by years of formal schooling completed (an observed variable in 
our analysis).  This unmeasured variable may be correlated with propensities to avoid 
risk or engage in healthy behaviors, or with unobserved health endowments of infants or 
children.   

One way to investigate the importance of compositional changes is to compare 
NHI effects estimated over shorter and longer periods of time.  For example, with the 
birth certificate data, we will estimate one model in which the period before NHI is 
October 1994 through February 1995 and the period after NHI is December 1995 through 
April 1996.  Then we will estimate a second model in which the before period is 
October 1994 through February 1995 and the after period is December 1995 through 
December 2000.  If compositional changes matter, the NHI effects that emerge from 
these two models should differ.  Of course, they could also differ because NHI has 
lagged impacts and therefore larger long-run impacts.  

We recognize that NHI effects estimated over different periods of time still can 
diverge because the correct lag structure is not known.  Therefore, we will pursue an 
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alternative strategy by allowing membership in the private sector (treatment status) to be 
endogenous and employing instrumental variables (IV) estimation.  The issue then 
becomes finding an instrument for treatment status.  We will employ the interactions 
between city or county of residence (Taiwan is divided into 25 cities or counties) and 
time dummies as instruments.  These are the instruments that Dow, Gonza lez, and 
Rosero-Bixby (2003) use in their study of the impact of health insurance on infant 
mortality in Costa Rica.  In our context we assume that they capture shifts in the 
demand for labor that are not correlated with time-varying unobserved variables that 
partially determine infant or child health outcomes and membership in the treatment 
group. Note that both TREAT and NHI*TREAT in equation (2) are endogenous.  Thus, 
at least two years of data in the period before NHI and two years of data in the period 
after NHI are required to implement this approach.  Given the well known problems 
with IV estimation (Bound, Jaeger, and Baker 1995; Staiger and Stock 1997; Stock and 
Yogo 2002), we view this strategy as an alternative to, rather than a substitute for, the 
more simple DD approach. 
 

E. Reporting Errors 
 

As described in Section III, we must address two developments in addition to NHI 
that occurred during our sample period.  Our strategy is to include dichotomous 
indicators for the reporting events described in Section III and interactions between those 
events and the treatment indicator in an expanded version of equation (2).9   

Consider this strategy in more detail with data for four periods: (1) January 
1991-June 1992 (before any changes), (2) July 1992-September 1994 (GI claimants must 
file under their infants identification numbers to receive neonatal care benefits), (3) 
October 1994-February 1995 (delivery institutions must report births to household 
registration offices), and (4) December1995-December 1999 (after NHI).  Given the 

                                                 
9 We note that a single reporting event that has the same impact on the treatment and control groups does 

not affect the DD estimate of the effect of NHI.  With reference to equation (2), the coefficient of NHI 

reflects both the pure trend and the reporting phenomenon.  It changes from the one that would be 

obtained in the absence of the reporting development, but the coefficient of the interaction term 

(NHI*TREAT) does not change. This is more likely if groups with poor birth outcomes such as farmers, 

low-income families, and women who do not give birth in hospitals are not included in the analysis.        
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typical nine-month lag between conception and births, those occurring between March 
and November 1995 are not considered.  Let G be a dichotomous indicator for the 
second period (G = 1 for July 1992-September 1994 and G = 0 otherwise) and R be a 
similar indicator for the third period (R =1 for October 1994-February 1995 and R = 0 
otherwise).  Then with subscripts and some regressors suppressed, equation (2) becomes 

 H = α0 + α1NHI + α2TREAT + α3TREAT*NHI + α4G + α5TREAT*G +α6R + 
α7TREAT*R.  (8) 

In this specification α3 gives the treatment-control differential in the post-NHI 
period minus the corresponding differential in the period from January 1990 through June 
1992.  With H equal to birthweight, we expect α5 to be negative because the 1992 event 
causes more reporting of poor birth outcomes by the control group.  Along the same 
lines, α7 should be positive.  If these two coefficients are approximately the same in 
absolute value, there is suggestive evidence that the full impact of the 1992 event was 
effective by the end of 1994 and that each reporting requirement had equal impacts on the 
groups affected.  In these circumstances, α3 is an unbiased estimate of the effect of NHI.  
Perhaps a more realistic scenario is one in which the October 1994 reporting requirement 
has lagged impacts because it affects many more births than the July 1992 requirement.  
Given this, part of the treatment-control differential in the post-NHI period reflects 
increased reporting of poor birth outcomes by the treatment group.  One way to adjust 
for this is to use α3 + α5 as the estimate of the NHI effect.  This assumes that the larger 
effect of reporting on the treatment group relative to the control group in 1996 or 1997 
equals the larger effect of reporting on the control group relative to the treatment group in 
1992 or 1993. 
 
VI. Empirical Results 
 

A. Difference- in-Differences Estimation 
 

Table 2 shows the difference- in-differences estimations.  We use the data after 
the policy which mandated delivery institutions report births directly to household 
registration offices (October 1994).  To investigate the importance of compositional 
changes, we compare the estimations over shorter and longer periods of time after NHI.  
To have comparable net price parameters in the demand function for medical care, we 
also run the regressions by education levels.  

Simple DDs show that NHI has no significant impact on infant health outcomes.  
For low-educated families, both simple DD and full regression analyses show that NHI 
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reduces the probabilities of adverse health outcomes; yet, coefficients are not statistically 
significant.  Coefficients of NHI*Treat of each health outcome are not significantly 
different between two study periods suggesting that the compositional changes do not 
occur after NHI in the low-educated group.  For high-educated families, simple DD 
suggests no significant effects of NHI on health outcomes.  Nonetheless, full regression 
analyses suggest that the low-birthweight births increases in the treatment group after the 
NHI.  As we mentioned in Section V, the introduction of NHI could lead to more 
low-birthweight births through a selection effect. Women who are informed to have 
defective fetus during the pregnancy might decide to deliver the baby once the expenses 
are covered under NHI.  Comparing the estimations of two study periods also suggests 
that compositional changes are not major concerns to affect our results.  
 

B. IV Estimation 
 

Since NHI effects estimated over different periods of time still can diverge 
because the correct lag structure is not known, we also employ the IV estimation to 
account for the endogeneity of treatment status.  The IV coefficients of TREAT*NHI in 
Table 3 are larger than the OLS coefficients in Table 2. Most of the TREAT*NHI 
coefficients are still not statistically significant.  The only significant result is on the 
postneonatal mortality for high-educated group.   

 
C. National Health Insurance and Neonatal Intensive Care 

 
Table 4 shows the results while taking account of the positive effects of NHI on 

the adoption and use of state-of-the art medical technology.   We do not have direct 
measures of the availability of neonatal intensive care.  Instead, we use the availability 
of pediatrician and obstetrician and the utilization of state-of-the-art technology as 
proxies.   

The coefficient of Treat*NHI*Q measures the difference in the effect of Q on 
health outcomes for the treatment group before and after the adoption of NHI relative to 
the control group. Our results suggest that the medical technology after the NHI has 
significantly negative impacts on neonatal mortality for treatment group of high 
education level but has no significant impact on the treatment group of low education 
level.  

Table 5 shows the estimates of the impact of NHI on health outcomes measured 
by α3 + α7Qrt. All the estimates are not statistically significant suggesting that the NHI 
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has no impact on the health outcomes of the treatment group regardless of the education 
levels.   
 

D. Reporting Errors 
 

Table 6 presents the results using the data from 1991 to 1999. We include 
dichotomous indicators for the reporting events described in Section V.  For neonatal 
mortality and infant mortality, the coefficients of TREAT*G are significantly negative for 
the whole sample and the high-educated group, which suggest that the 1992 event causes 
more reporting of poor birth outcomes by the control group. The coefficients of 
TREAT*R are not statis tically significant which suggests that the 1994 event has some 
lagged impacts.  

We also report the estimates α3 + α5 to measure the effects of NHI given the fact 
that the 1994 reporting requirement has lagged impacts. Overall, the results suggest that 
the NHI has no significant impacts on the health outcomes.  
 
VII. Conclusion 
 

The objective of this project is to estimate the impacts of the introduction of NHI 
in Taiwan in 1995 on the health of infants. To sort out the effects of NHI from 
unobserved trends, we employ a difference- in-differences estimation methodology.   This 
method also allows us to evaluate a plausible mechanism via which the legislation may 
have affected the survival of these infants.  Specifically, we include the interactions 
between technology availability and NHI in the DD regressions. To account for the 
potential compositional changes after the NHI, we use two different study periods where 
one covers shorter period and another covers longer period. We also use the interactions 
between city/county and time dummies as instruments to predict the choice of treatment 
status.  The rationale of our instruments is that they capture shift in the demand for labor.  
To address the possibility that the price parameter might differ between the treatment and 
control groups after the NHI, we compare responses of treatment and control group 
members with the same education level. Finally, we also address two reporting 
requirements in 1992 and 1994 by including dichotomous indicators for the reporting 
events. Overall, our results suggest that the NHI has no significant impact on the health 
outcomes of infants. 
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Figure 1: Trend of LBW by Treatment Status 
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Figure 2: Trend of Neonatal Mortality | LBW by Treatment Status 
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Figure 3: Trend of Infant Mortality | LBW by Treatment Status 
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Figure 4: Trend of Postneonatal Mortality | LBW & Survive at Least a Month by 
Treatment Status 
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Table 1 Summary Statistics of Explanatory Variables by Treatment Status
1991-1995/2 (before NHI), 1995/11-1999 (after NHI)
Treatment group Control group
Mean Std. dev. Mean Std. dev.

Parity
  1st child 0.3317 (0.4708) 0.3651 (0.4815) 
  2nd child 0.2944 (0.4558) 0.3165 (0.4651) 
  3rd child 0.1339 (0.3406) 0.0973 (0.2964) 
Mother's age
  Age 21-25 0.2594 (0.4383) 0.1227 (0.3281) 
  Age 26-30 0.4355 (0.4958) 0.4586 (0.4983) 
  Age 31-35 0.2136 (0.4098) 0.3307 (0.4705) 
  Age 36-40 0.0432 (0.2034) 0.0726 (0.2595) 
  Age 41-45 0.0036 (0.0601) 0.0064 (0.0798) 
  Age 46-50 0.0001 (0.0099) 0.0002 (0.0124) 
  Age >=51 0.0001 (0.0087) 0.0000 (0.0068) 
Father's age
  Age 21-25 0.0966 (0.2955) 0.0466 (0.2108) 
  Age 26-30 0.3845 (0.4865) 0.3074 (0.4614) 
  Age 31-35 0.3608 (0.4802) 0.4282 (0.4948) 
  Age 36-40 0.1219 (0.3272) 0.1752 (0.3802) 
  Age 41-45 0.0223 (0.1475) 0.0354 (0.1848) 
  Age 46-50 0.0033 (0.0574) 0.0049 (0.0698) 
  Age >=51 0.0007 (0.0261) 0.0014 (0.0369) 
Mother's education
  Junior high school 0.3521 (0.4776) 0.1331 (0.3397) 
  Senior high school 0.4355 (0.4958) 0.3502 (0.4770) 
  Junior college 0.0907 (0.2871) 0.2414 (0.4279) 
  College 0.0285 (0.1664) 0.2245 (0.4172) 
  Graduate school 0.0019 (0.0430) 0.0258 (0.1584) 
Father's education
  Junior high school 0.3329 (0.4712) 0.0667 (0.2495) 
  Senior high school 0.4170 (0.4931) 0.3141 (0.4641) 
  Junior college 0.1288 (0.3350) 0.2763 (0.4472) 
  College 0.0494 (0.2166) 0.2567 (0.4368) 
  Graduate school 0.0076 (0.0867) 0.0749 (0.2633) 
Birth place
   Hospital 0.8969 (0.3041) 0.9418 (0.2341) 
   Clinic 0.1013 (0.3017) 0.0569 (0.2317) 
Twin 0.0204 (0.1412) 0.0251 (0.1563) 

Sample size 1441244 284329  
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Table 2 Difference-in-Differences Regression
Before NHI: 1994/10 - 1995/2 Before NHI: 1994/10 - 1995/2
After NHI: 1995/12 - 1999/12 After NHI: 1995/12 - 1996/4
LBW Neonatal Infant Postneonatal LBW Neonatal Infant Postneonatal

Mortality Mortality Mortality Mortality Mortality Mortality

Simple DD
  NHI*Treat 0.002 -0.004 -0.001 0.003 0.002 0.002 -0.001 -0.003

(0.588) (0.390) (0.101) (0.431) (0.692) (0.144) (0.108) (0.432)
Full Regression
  NHI*Treat 0.006** -0.002 0.002 0.003 0.004 0.003 -0.000 -0.004

(2.336) (0.194) (0.130) (0.542) (1.281) (0.249) (0.016) (0.468)
  Treat -0.002 0.001 -0.001 -0.003 -0.002 0.006 0.006 0.000

(0.912) (0.134) (0.112) (0.411) (0.647) (0.561) (0.477) (0.046)
  NHI -0.003 0.016* 0.015 0.000 -0.004 0.013 0.016 0.003

(1.256) (1.670) (1.411) (0.005) (1.373) (1.214) (1.231) (0.416)
Sample Size 894132 50285 50285 48451 177253 8737 8737 8423

Simple DD
  NHI*Treat -0.001 -0.019 -0.023 -0.005 -0.002 -0.020 -0.034 -0.015

(0.180) (0.838) (0.892) (0.328) (0.236) (0.798) (1.187) (0.942)
Full Regression
  NHI*Treat -0.001 -0.016 -0.020 -0.004 -0.001 -0.021 -0.035 -0.015

(0.145) (0.722) (0.760) (0.270) (0.131) (0.865) (1.230) (0.926)
  Treat 0.006 0.012 0.020 0.009 0.007 0.021 0.029 0.008

(1.189) (0.555) (0.798) (0.603) (1.259) (0.977) (1.154) (0.607)
  NHI 0.003 0.033 0.044* 0.011 -0.000 0.038 0.056** 0.019

(0.466) (1.541) (1.715) (0.759) (0.067) (1.583) (1.986) (1.193)
Sample Size 384366 22989 22989 22139 84700 4520 4520 4365

Simple DD
  NHI*Treat 0.004 -0.002 -0.003 -0.001 0.004 0.009 0.003 -0.006

(1.300) (0.159) (0.191) (0.111) (1.088) (0.663) (0.204) (0.674)
Full Regression
  NHI*Treat 0.008*** 0.000 0.000 -0.000 0.005* 0.012 0.006 -0.006

(2.912) (0.012) (0.008) (0.015) (1.657) (0.833) (0.358) (0.681)
  Treat -0.006** -0.000 -0.001 -0.001 -0.005* 0.002 0.004 0.002

(2.148) (0.012) (0.058) (0.083) (1.921) (0.146) (0.251) (0.274)
  NHI -0.004 0.009 0.008 -0.001 -0.004 0.004 0.003 -0.000

(1.494) (0.844) (0.630) (0.156) (1.398) (0.314) (0.221) (0.056)
Sample Size 509766 27296 27296 26312 92553 4217 4217 4058
T-ratios are in parentheses.
Other variables in the full regression include birth order dummies, mother's age dummies, father's age dummies, 
mother's education dummies, father's education dummies, birth place dummies, twin dummy
year dummis and city/county dummies.

Whole Sample

Years of Schooling <= 11 Years

Years of Schooling >= 12 Years
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Table 3 Instrumental Variable Regression
Before NHI: 1994/10 - 1995/2
After NHI: 1995/12 - 1999/12
LBW Neonatal Infant Postneonatal

Mortality Mortality Mortality

  NHI*Treat -0.012 0.065 0.010 -0.056
(0.483) (1.015) (0.134) (1.431)

  Treat -0.034 -0.109 -0.061 0.047
(1.250) (1.635) (0.793) (1.165)

  NHI 0.012 -0.040 0.009 0.050
(0.576) (0.744) (0.139) (1.515)

Sample Size 894132 50285 50285 48451

  NHI*Treat 0.032 0.281 0.159 -0.127
(0.553) (1.632) (0.788) (1.194)

  Treat -0.039 -0.261 -0.179 0.088
(0.549) (1.527) (0.890) (0.835)

  NHI -0.028 -0.246 -0.125 0.126
(0.523) (1.518) (0.658) (1.262)

Sample Size 384366 22989 22989 22139

  NHI*Treat -0.009 -0.049 -0.114 -0.069*
(0.338) (0.809) (1.626) (1.902)

  Treat -0.046 -0.020 0.039 0.059
(1.433) (0.321) (0.544) (1.614)

  NHI 0.010 0.047 0.093* 0.050*
(0.472) (1.029) (1.781) (1.840)

Sample Size 509766 27296 27296 26312
T-ratios are in parentheses.
Other variables in the full regression include birth order dummies, mother's age dummies, father's age dummies, 
mother's education dummies, father's education dummies, birth place dummies, twin dummy
year dummis and city/county dummies.
Instrumental variables are interactions between city/county dummies and time dummies.

Whole Sample

Years of Schooling <= 11 Years

Years of Schooling >= 12 Years
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Table 4 NHI and Neonatal Intensive Technology
Q = # of Hosp. with Pediatrics Q = # of Hosp. with Obstetrics Q = Annual CT-Scan Utilization Q = Annual MRI Utilization Q = Number of Infant Bed
Neonatal Infant Postneonatal Neonatal Infant Postneonatal Neonatal Infant Postneonatal Neonatal Infant Postneonatal Neonatal Infant Postneonatal
MortalityMortalityMortality MortalityMortality Mortality Mortality Mortality Mortality Mortality MortalityMortality Mortality Mortality Mortality

Treat*NHI*Q -0.004 -0.003 0.001 -0.003 -0.003 -0.001 -0.002** -0.002** -0.000 -0.006* -0.006 -0.000 -0.001 -0.001 0.000
(1.481) (0.984) (0.460) (1.506) (1.636) (0.512) (2.311) (2.128) (0.361) (1.807) (1.311) (0.015) (1.150) (0.618) (0.870)

Treat*Q 0.005 0.003 -0.001 0.003 0.003 -0.000 0.001* 0.001 0.000 0.004 0.004 -0.000 0.001 0.000 -0.001
(1.567) (0.896) (1.132) (1.547) (1.174) (0.433) (1.730) (1.486) (0.145) (1.348) (0.879) (0.108) (1.134) (0.502) (1.418)

NHI*Q -0.001 0.000 0.001 -0.000 0.001 0.001* 0.000 0.000 0.000 0.001 0.001 0.000 -0.000 0.000 0.000
(0.583) (0.018) (0.845) (0.080) (0.879) (1.861) (1.034) (1.227) (0.582) (1.281) (1.121) (0.217) (0.574) (0.042) (1.010)

NHI*Treat 0.012 0.015 0.004 0.012 0.019 0.008 0.011 0.017 0.006 0.007 0.012 0.006 0.008 0.012 0.004
(1.121) (1.007) (0.446) (1.239) (1.284) (0.800) (1.150) (1.224) (0.739) (0.756) (0.914) (0.684) (0.830) (0.810) (0.439)

Treat -0.008 -0.008 0.000 -0.008 -0.009 -0.001 -0.004 -0.007 -0.003 -0.001 -0.003 -0.002 -0.004 -0.004 -0.000
(0.861) (0.558) (0.050) (0.835) (0.660) (0.166) (0.416) (0.490) (0.338) (0.093) (0.233) (0.293) (0.430) (0.296) (0.003)

NHI 0.012 0.008 -0.004 0.010 0.004 -0.006 0.008 0.005 -0.003 0.009 0.006 -0.003 0.011 0.007 -0.004
(1.256) (0.561) (0.489) (1.154) (0.332) (0.705) (0.949) (0.410) (0.375) (1.026) (0.481) (0.318) (1.251) (0.566) (0.449)

Sample size 29704 29704 28643 29704 29704 28643 29704 29704 28643 29704 29704 28643 29704 29704 28643
R-squared 0.005 0.006 0.003 0.005 0.006 0.003 0.005 0.006 0.003 0.005 0.006 0.003 0.005 0.005 0.003
T-ratios are in parentheses.
Other variables in the full regression include birth order dummies, mother's age dummies, father's age dummies, 
mother's education dummies, father's education dummies, birth place dummies, twin dummy, year dummis and city/county dummies.  
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Table 4-1 (Table 4 Continued) by Education Group
Q = # of Hosp. with Pediatrics Q = # of Hosp. with Obstetrics Q = Annual CT-Scan Utilization Q = Annual MRI Utilization Q = Number of Infant Bed
Neonatal Infant PostneonatalNeonatal Infant PostneonatalNeonatal Infant PostneonatalNeonatal Infant Postneonatal Neonatal Infant Postneonatal
Mortality MortalityMortality Mortality Mortality Mortality Mortality Mortality Mortality Mortality MortalityMortality MortalityMortality Mortality

Treat*NHI*Q 0.001 0.001 0.001 -0.000 -0.002 -0.001 0.000 0.000 -0.000 0.006 0.008 0.002 0.001 0.001 0.000
(0.139) (0.312) (0.326) (0.124) (0.555) (0.725) (0.270) (0.124) (0.120) (1.437) (1.334) (0.383) (0.900) (1.015) (0.332)

Treat*Q -0.000 -0.001 -0.001 0.000 0.001 0.001 -0.000 0.000 0.000 -0.006 -0.006 -0.001 -0.000 -0.000 0.000
(0.078) (0.301) (0.556) (0.006) (0.286) (0.644) (0.442) (0.020) (0.480) (1.519) (1.166) (0.127) (0.447) (0.388) (0.071)

NHI*Q 0.001 0.001 -0.001 0.001 0.001 0.000 0.000 -0.000 -0.000** -0.000 -0.002 -0.001*** -0.000 -0.001 -0.000*
(0.584) (0.218) (0.702) (0.599) (0.549) (0.092) (0.351) (0.261) (2.256) (0.033) (0.835) (2.657) (0.298) (0.885) (1.805)

NHI*Treat -0.007 -0.011 -0.004 -0.005 -0.004 0.001 -0.007 -0.010 -0.003 -0.009 -0.013 -0.004 -0.012 -0.015 -0.004
(0.329) (0.470) (0.490) (0.235) (0.170) (0.200) (0.358) (0.473) (0.431) (0.456) (0.620) (0.665) (0.572) (0.712) (0.564)

Treat 0.013 0.023 0.010** 0.012 0.020 0.008 0.014 0.021 0.008* 0.014 0.023 0.009** 0.014 0.023 0.009**
(0.697) (1.183) (2.122) (0.671) (1.025) (1.601) (0.782) (1.162) (1.802) (0.809) (1.266) (2.404) (0.792) (1.216) (2.009)

NHI 0.019 0.029 0.010** 0.019 0.027 0.008 0.021 0.032* 0.011** 0.023 0.033* 0.010** 0.024 0.035* 0.012**
(1.001) (1.449) (2.016) (0.962) (1.313) (1.580) (1.155) (1.655) (2.401) (1.241) (1.715) (2.442) (1.280) (1.781) (2.339)

Sample size 12770 12770 12302 12770 12770 12302 12770 12770 12302 12770 12770 12302 12770 12770 12302
R-squared 0.007 0.008 0.004 0.007 0.007 0.004 0.007 0.007 0.004 0.007 0.008 0.004 0.007 0.008 0.004

Treat*NHI*Q -0.010** -0.008 0.002 -0.007** -0.006 0.001 -0.003*** -0.003* 0.000 -0.013***-0.013* 0.000 -0.003** -0.001 0.001*
(2.261) (1.358) (0.895) (2.254) (1.473) (0.657) (2.952) (1.970) (0.365) (3.095) (1.903) (0.027) (2.157) (1.028) (1.688)

Treat*Q 0.009** 0.006 -0.003 0.006** 0.004 -0.002 0.003** 0.002 -0.000 0.011** 0.010 -0.001 0.002* 0.001 -0.001**
(2.012) (1.103) (1.226) (1.992) (1.134) (1.071) (2.364) (1.414) (0.525) (2.539) (1.439) (0.175) (1.828) (0.736) (2.081)

NHI*Q -0.001 0.000 0.001 -0.000 0.001 0.001* 0.000 0.000 0.000 0.001 0.001 0.000 -0.000 0.000 0.000
(0.854) (0.093) (1.102) (0.203) (1.035) (1.837) (1.002) (1.597) (0.919) (1.367) (1.546) (0.605) (0.452) (0.738) (1.570)

NHI*Treat 0.027** 0.025 -0.001 0.027** 0.026 -0.000 0.020* 0.022 0.002 0.013 0.016 0.004 0.019* 0.017 -0.002
(2.144) (1.362) (0.116) (2.251) (1.468) (0.010) (1.865) (1.360) (0.232) (1.196) (1.004) (0.359) (1.710) (1.004) (0.208)

Treat -0.022* -0.017 0.004 -0.022* -0.018 0.004 -0.013 -0.013 0.000 -0.007 -0.008 -0.001 -0.014 -0.009 0.005
(1.801) (0.992) (0.370) (1.852) (1.052) (0.320) (1.187) (0.778) (0.005) (0.628) (0.495) (0.119) (1.241) (0.561) (0.430)

NHI 0.008 0.001 -0.007 0.006 -0.002 -0.008 0.003 -0.002 -0.005 0.004 -0.001 -0.005 0.006 -0.000 -0.006
(0.759) (0.079) (0.677) (0.597) (0.135) (0.823) (0.350) (0.115) (0.542) (0.381) (0.052) (0.470) (0.592) (0.022) (0.644)

Sample size 16934 16934 16341 16934 16934 16341 16934 16934 16341 16934 16934 16341 16934 16934 16341
R-squared 0.008 0.008 0.005 0.008 0.008 0.005 0.008 0.008 0.005 0.008 0.008 0.005 0.008 0.008 0.005
T-ratios are in parentheses.
Other variables in the full regression include birth order dummies, mother's age dummies, father's age dummies, 
mother's education dummies, father's education dummies, birth place dummies, twin dummy, year dummis and city/county dummies.

Years of Schooling <= 11 Years

Years of Schooling >= 12 Years
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Table5 Effect of NHI
Q = # of Hosp. with Pediatrics Q = # of Hosp. with Obstetrics Q = Annual CT-Scan Utilization
Neonatal Infant PostneonatalNeonatal Infant Postneonatal Neonatal Infant Postneonatal
Mortality Mortality Mortality Mortality Mortality Mortality Mortality Mortality Mortality

Whole Sample
α3 + α7Qrt 0.003 0.009 0.006 0.004 0.009 0.006 0.001 0.006 0.005

(0.34) (0.64) (0.70) (0.39) (0.68) (0.70) (0.09) (0.45) (0.65)
Years of Schooling <= 11 Years
α3 + α7Qrt -0.006 -0.008 -0.002 -0.006 -0.008 -0.002 -0.005 -0.009 -0.003

(0.31) (0.41) (0.41) (0.32) (0.42) (0.40) (0.28) (0.43) (0.58)
Years of Schooling >= 12 Years
α3 + α7Qrt 0.006 0.009 0.003 0.007 0.009 0.003 0.000 0.004 0.004

(0.62) (0.58) (0.32) (0.63) (0.60) (0.31) (0.02) (0.26) (0.41)
Q = Annual MRI Utilization Q = Number of Infant Bed
Neonatal Infant PostneonatalNeonatal Infant Postneonatal
Mortality Mortality Mortality Mortality Mortality Mortality

Whole Sample
α3 + α7Qrt 0.000 0.006 0.006 0.002 0.008 0.007

(0.01) (0.42) (0.69) (0.19) (0.58) (0.78)
Years of Schooling <= 11 Years
α3 + α7Qrt -0.002 -0.005 -0.002 -0.006 -0.009 -0.003

(0.13) (0.23) (0.34) (0.31) (0.43) (0.49)
Years of Schooling >= 12 Years
α3 + α7Qrt -0.005 -0.001 0.004 0.002 0.007 0.005

-(0.43) -(0.05) (0.37) (0.23) (0.43) (0.49)
T-ratios are in parentheses.
Other variables in the full regression include birth order dummies, mother's age dummies, father's age dummies, 
mother's education dummies, father's education dummies, birth place dummies, twin dummy, year dummis and city/county dummies. 
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Table 6 Regression Results (1991-1995/2, 1995/11-1999)

Whole Sample Years of Schooling <= 11 Years of Schooling >=12
LBW Neonatal Infant Postneonatal LBW Neonatal Infant Postneonatal LBW Neonatal Infant Postneonatal

Mortality Mortality Mortality Mortality MortalityMortality Mortality Mortality Mortality
NHI*Treat 0.005*** 0.009** 0.009 -0.000 0.006*** 0.008 0.006 -0.002 0.003** 0.009 0.006 -0.001

(4.152) (2.062) (1.612) (0.151) (2.611) (0.921) (0.533) (0.336) (2.574) (1.586) (0.925) (0.227)
Treat -0.001 -0.009** -0.008* 0.001 0.000 -0.012 -0.005 0.007 -0.001 -0.008 -0.008 -0.000

(0.648) (2.302) (1.655) (0.425) (0.040) (1.513) (0.469) (1.279) (0.647) (1.577) (1.291) (0.086)
NHI -0.002 0.013*** 0.016*** 0.003 -0.004* 0.012 0.017 0.006 -0.000 0.017*** 0.007 0.002

(1.595) (2.632) (2.599) (0.772) (1.646) (1.228) (1.468) (0.784) (0.164) (2.604) (1.323) (0.431)
G -0.002 0.007 0.009 0.002 -0.002 0.003 0.012 0.009 -0.002 0.009 0.016** -0.001

(1.298) (1.360) (1.393) (0.498) (0.762) (0.300) (0.908) (1.130) (1.207) (1.419) (2.484) (0.322)
Treat*G 0.002 -0.014***-0.015** -0.002 0.003 -0.010 -0.017 -0.007 0.001 -0.016** -0.015** 0.000

(1.365) (2.738) (2.499) (0.451) (0.939) (0.954) (1.337) (0.959) (0.972) (2.558) (2.049) (0.009)
R 0.001 -0.012 -0.011 0.001 -0.002 -0.016 -0.017 -0.001 0.001 -0.010 0.001 0.000

(0.409) (1.601) (1.214) (0.176) (0.454) (1.007) (0.879) (0.105) (0.506) (1.167) (0.133) (0.022)
Treat*R -0.001 0.005 -0.000 -0.005 0.005 0.005 0.000 -0.005 -0.003 0.008 0.007 -0.002

(0.290) (0.642) (0.018) (0.956) (1.044) (0.303) (0.010) (0.400) (1.439) (0.880) (0.664) (0.299)

Sample size 1725573 89111 89111 86329 792916 43405 43405 42088 932657 45706 45706 44241
R-squared 0.097 0.006 0.006 0.002 0.082 0.007 0.007 0.003 0.110 0.007 0.001 0.002
Effect of NHI
  TREAT*NHI+TREAT*G 0.007 -0.005 -0.007 -0.002 0.009 -0.002 -0.011 -0.010 0.005 -0.007 -0.008 -0.001

(2.94) (0.55) (0.64) (0.34) (1.89) (0.10) (0.53) (0.74) (1.89) (0.68) (0.62) (0.11)
Standard errors are in parentheses.
Other variables include birth order dummies, mother's age dummies, father's age dummies, mother's education dummies, 
father's education dummies, birth place dummies, twin dummy, year dummis and city/county dummies.  


