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Abstract

I show that serious, yet common, parental health shocks in childhood have immediate and
lasting effects on mental health and human capital formation for children. Children who
experience a parental health shock are more likely to have therapy and take anti-depressant
medication following the shock. These children have lower test scores and school enrollment
rates. The effect occurs immediately following the shock and persists at least into early
adulthood. T find that the effect on test scores is no different for children in high- and low-
income families, but the families react differently to the shock; children from low-income
families are more likely to be prescribed anti-depressants following the shock, while children
from high-income families are more likely to have therapy. In addition, I find suggestive
evidence that children who take anti-depressants following a parental health shock have lower
educational attainments in early adulthood, while therapy doesn’t have harmful long-term

effects.
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1 Introduction

In the US, 2.9 million children live with a parent who have been diagnosed with cancer (Weaver
et al., 2010) and 5 % of American children have lost their mother or father (Owens, 2008). In an
average primary school class in Denmark, two to three children will experience a serious health
event affecting their mother or father, and one child will lose a parent before graduating high
school (own calculations). When a parent falls ill the entire family may be affected. It can
reduce the time the child spends with the parent (Morefield, 2010)), and it may alter the family’s
financial resources (Meyer and Mok, 2019; Dobkin et al.| 2018)E] Experiencing a parent passing
amplifies the risk of mental health problems (Appel et al., |2016 2013) and raises the child’s
level of stress, not only immediately after the shock, but also much later with an elevated level
of cortisol detectable 30 years after the parental loss (Nicolson, [2004).

I study the effect of serious parental illness and death during childhood (11.8 % and 4.8 % of
the sample), using administrative data for all children born in Denmark between 1972 and 1998.
More specifically, I examine the consequences of parental hospitalizations with the diagnoses
cancer (6.9 %) and acute cardiovascular disease (5.6 %) on the child’s mental health, measured
by use of therapy and anti-depressant consumption, and the child’s educational achievement,
measured by school test scores and post-compulsory school enrollment.

Using an event study method, I find an immediate and lasting negative response to a serious
parental health shock on measures related to the child’s mental health. One year after the
parental health shock, the use of therapy increases 2.4 percentage points compared to the years
before the shock. Anti-depressant consumption increases at a steeper rate compared to the
pre-period, and four years after a serious parental health shock the child has a 2.3 percentage
point higher probability of consuming anti—depressantsE]

Emotional distress can impact other outcomes such as educational achievements (Conti et al.,
2014), and increased levels of cortisol have been shown to impact test outcomes negatively (Heis-
sel et al., |2018} [Suor et al.l 2015). I therefore investigate whether there is an immediate impact
on the child’s test score and school enrollment, possibly caused by a decline in psychological
well-being. I exploit the randomness in the exact timing of a parental health shock within a

short period of time in a quasi-experimental design. Experiencing a parent’s hospitalization

In the Danish setting individuals are insured through the public system, household income is stable following
a serious non-fatal health shock (Fadlon and Nielsen, |2015; [Heinesen and Kolodziejczyk, [2013)).

2This corresponds to an increase of 300 %. In comparison |Rossin-Slater et al.| (2019) finds an increase of 21.4
percent on anti-depressant consumption two years after exposed to fatal school shootings in the US



with cancer or an acute cardiovascular disease shortly before an exam decreases the child’s test
score significantly by 9.8 percent of a standard deviation. In addition, the shock reduces school
enrollment significantly from one to five years after the ninth grade, resulting in an increased
probability of having compulsory education as the highest level of completed education five
years after having completed ninth gradeﬁ The results indicate that emotional distress impacts
the child’s school achievements, and that time before educational decision-making is a sensitive
period for later educational attainments.

I study whether some factors mitigate the negative effects. I find no evidence that the imme-
diate negative impact on test score varies between families with different incomes or nuclear and
divorced families. However, families react differently with regards to mental health treatment.
Children from low-income families are more likely to get anti-depressants following the shock,
whereas children from high-income families are slightly more likely to get therapy. Children
from divorced families are more likely to get therapy and anti-depressant medication following a
serious parental health shock compared to children in nuclear families. This suggests that family
structure can be a mitigating factor. The results indicate that children from different types of
families are affected in a similar way when looking at school test scores. What seems to differ
across families is the behavioral response to the shock.

To investigate how a serious health shock to the mother or father affects the child in the
long term, I use a sibling fixed effects design. I utilize variation between biological siblings who
experience a parental illness at the same point in time, but at different ages. I find that shocks
in early childhood have a larger negative effect on later outcomes compared to shocks in later
childhood. On average, every additional year with a healthy parent decreases the probability
of having therapy and taking anti-depressants during childhood and early adulthood by 0.1-
0.4 percentage points per year and increases the grade point average (GPA) by 1.6 percent of a
standard deviation. The results are consistent with the predictions from the The Skill Formation
Model (cf. \(Cunha and Heckman (2007))). One potential explanation is that parental investments
yield a higher return in early childhood compared to later childhood.

Mental health problems during childhood can be damaging for the child’s human capital
formation, even more than physical health problems during childhood (Lundborg et al., [2014;
Currie, 2009; |Currie and Stabile, [2006). I investigate whether use of therapy or anti-depressant

medication following the serious parental health shock can mitigate the negative long-term ef-

3Ninth grade is the last year of compulsory education in Denmark



fects. I exploit differences in prescription rates between doctors as an instrument for the child’s
use of treatment. The results suggest that children who are prescribed anti-depressant medica-
tion following a parental health shock have lower educational attainments in early adulthood,
indicating harmful effects of anti-depressant use during childhood as a response to a serious
parental health shock. Using therapy following the parental health shock does not seem to have
the same harmful effects on educational attainments.

A growing body of empirical literature, mostly in a developing country setting, estimates the
effect of parental health shocks. Only a few papers focus on non-fatal parental health shocks and
find negative or no effect of poor self-reported health measures on the child’s educational attain-
ments (Luca and Bloom, 2018} |Le and Nguyen, 2017} |[Bratti and Mendola, 2014)). Rellstab et al.
(2020) study the effect of experiencing a parent’s health shock on adult children’s employment
and wages and find no effect using data from the Netherlands. Studies focusing on parental
death conclude, in line with this paper, that an adverse health event can have negative conse-
quences for the child’s educational attainments (Luca and Bloom, [2018; Kailaheimo-Lonngvist
and Erola), |2016; [Senne, 2014} |Cas et al., [2014; |Gimenez et al., 2013; |Chen et al.| [2009} |Ainsworth
et al., 2005; Gertler et al., 2004) as well as adult earnings (Adda et al., 2011; Fronstin et al.,
2001). Norén| (2020) find negative effects of a parental death on adult children’s income and
employment using Swedish data. However, the effect already exist in the years leading up to
the time of death, possibly caused by parental illness and the children needing to care for their
parents. Norén! (2020)), however, do not find any employment or income effects from experiencing
a parent suffering from a stroke.

I contribute to the literature in three ways: First, I complement the studies of parental deaths
with non-fatal health shocks, which are more commonly experienced. Focusing entirely on death
may underestimate the effect, as most deaths are caused by disease and the negative effects may
coincide with the occurrence of the illness, thus before death. More children may experience a
non-fatal parental health shock in the future as medical advances improve survival rates (OECD),
2018) and as parents tend to be older (OECD Family Databasel 2018) and health shocks are
age dependent. Second, I study how the negative effects progress, by separating the effect of
a parental health shock into an immediate and permanent effect. Only few studies make this
division (Cas et al., 2014; |Senne, 2014; Gimenez et al., 2013)). The underlying mechanisms may
differ, thus, dividing the effect into an immediate and permanent effect is important for potential

policy implications. Lastly, to the best of my knowledge, I am the first to quantify the effect



of a serious parental health shock on the child’s mental health while accounting non-random
selection into a health shock.

The remainder of the paper is organized as follows: Section 2 describes relevant background
information and the data set. Section 3 presents the research designs. Section 4 presents the

results and robustness checks. Finally, the paper is concluded in section 5.

2 Background

2.1 Institutional setting

Health care system: Health care is universal in Denmark and the universal public health
insurance covers most costs related to illness. Following a non-fatal health shock the workplace is
required to pay wages for at least four weeks of illness, and family income remains stable (Fadlon
and Nielsen) 2015; [Heinesen and Kolodziejczyk, [2013). If an illness is prolonged, sickness benefits
are paid by the state and income is insured through the public sector. In the case of death,
the widow is not entitled to income compensation, and the household income is thereby affected

(Fadlon and Nielsen) 2015]).

School system: Compulsory education lasts nine years (first to ninth grade). Children usually
start first grade in the calendar year they turn seven, and, thereby, finish ninth grade the year
they turn 16E] During the period of this analysis, ninth grade exams were not compulsory,
and the children did not need to pass the exams to proceed in the educational system. After
finishing ninth grade, children can choose to attend an optional tenth grade, enroll in senior
secondary education or leave school and take up unskilled labor. Before enrollment in tenth
grade or senior secondary schooling the child needs to apply around 6 months before. Almost
half of the children graduating from ninth grade choose to do tenth grade, and around 8 percent

leave the education system after finishing ninth grade.

Support to children of ill parents: When a patient is seriously ill, it is recommended
that the health care workers always identify whether the patient has children. If that is the
case, the health care worker should provide the patient with relevant information about how

to talk to their children about illness and provide the parents and children with information

4Around 10 percent of children start the year they turn eight and consequently finish ninth grade the year
they turn 17.



about support systems (Sundhedsstyrelsen), 2012)E| However, a report by The Danish Nurse
Organization (Dansk Sygeplejerad) indicates that only half of the surveyed health care workers
comply with the recommendations, and deviations from the guidelines are primarily caused by
lack of knowledge and time (Dansk Sygeplejerad, 2018)).

The child can get support within the public sector: Close relatives of the seriously ill or de-
ceased, can, with a referral from their General Practitioner (GP) access subsidized psychological
treatment (Retsinformation), [1992)). The GP acts as a gatekeeper; to get a referral, the patient
must be in a crisis triggered by the adverse health event (Psykologer i Danmark, 2018)E| In Den-
mark it is recommended that anti-depressants for children be managed by a psychiatristm To be
prescribed anti-depressant medication, the child needs a GP referral to a psychiatrist; therefore
the GP affects the child’s probability of being prescribed and consequently taking the drug.
Options outside the public system also exist. A report from one of the leading organizations
providing free support to children of ill or deceased parents, Bagrn, Unge og Sorg, states that
they supported 1,000 children in 2018, which is a small fraction of the children who experienced
a serious parental health shock or parental death in that year. The report from Bgrn, Unge og
Sorg also states that 5 out of 10 children consult their GP for support before reaching out to
the organization (Bgrn, Unge og Sorg, 2018). Hence, the GP may have a great deal of influence

on the type of treatment the child receives following a serious parental health eventﬁ

2.2 Data

The data set contains unique identifiers for children born in Denmark between 1972 and 2015.

I link data on the children to their ill parent’s hospital records and potential death records

5These recommendations were made in 2012 by the Danish Health Authority. The children in the analysis ex-
perienced a serious parental health shock between 1980 and 2015, hence in most cases before the recommendations
were made.

5The GP learns how to diagnose and treat patients with mental disorders as part of their training. With further
education, the GP can provide therapy to his patients through the public health system. Around 85 percent of
GPs provide therapy to their patients. The reasons for therapeutic consultations are primarily related to stress
and depression, but also illness of a close family member and grief (Region Sjelland} |2014; Region Midtjylland,
2012)).

792 percent of the children who are taking anti-depressants in the dataset get prescribed the drug by a
psychiatric. In Denmark anti-depressants to children can be used to treat depression, OCD and anxiety. The
use of anti-depressants are however not the preferred medication for treatment of OCD (Retsinformation) 2013]).
The medical guidelines state that anti-depressants for children are rarely necessary, and should be considered as
a supplement to psychotherapy (Retsinformation, |2013).

8The Danish Cancer Society (Kraftens Bekampelse) has support groups for children who are affected by cancer
in one way or the other, however these groups are located in the largest cities of Denmark, so are not available
for all children. In the period of analysis, many schools formed action plans for how to handle children who lose
a parent. In 1997 4% of schools had plans for how to help the child, by 2013, this number was increased to 93%.
However only 7% of schools use these plans in cases of serious illness (Kraeftens Bekeempelsel [2014). In the data
available, I observe whether the child receives support through the public system, but there is no data available
for Non-governmental Organisations (NGOs).



and merge the data on the child’s educational attainment, measured by exam results in the
ninth grade and school enrollment at different points in time. Furthermore, I add background
characteristics of the parents, e.g. education, income, age etc. I identify a parental health shock
as the first hospital admission with one of the two diagnoses - acute cardiovascular diseases
or cancer. | focus on these two diagnoses because of their high incidence in Denmark and in
other developed countries (Flachs et all |[2015). For a small sub sample of children born in later
cohorts, I have test scores before the ninth grade, measured between sixth and eighth grades.
I add variables related to the child’s mental health, measured by the child having had therapy
under the public health system or had at least one prescription for anti-depressants filled. See

Appendix for a detailed description of the outcome variables.

Table 1: Summary Statistics

Cancer Cardiovascular Disease Death

No shock Health Shock  Father Mother Father Mother Father  Mother

Outcomes

Math score 0.007 -0.068 0.006 0.033 -0.198 -0.247 -0.246 -0.214
Missing math score 0.014 0.016 0.014 0.014 0.019 0.020 0.024 0.023
GPA 0.005 -0.046 0.035 0.058 -0.177 -0.231 -0.215 -0.191
Not enrolled in school 0.070 0.079 0.073 0.071 0.088 0.092 0.101 0.093
Ninth grade as highest completed education 0.732 0.744 0.724  0.719 0.770 0.786 0.793 0.788
Anti-depressants, childhood 0.035 0.042 0.041 0.040 0.042 0.049 0.059 0.050
Anti-depressants, adulthood 0.088 0.101 0.098 0.096 0.107 0.116 0.128 0.124
Therapy, childhood 0.066 0.091 0.096 0.090 0.090 0.099 0.145 0.146
Therapy, adulthood 0.103 0.126 0.127 0.126 0.129 0.132 0.159 0.166

Child characteristics

Male 0.509 0.511 0.508 0.508 0.514 0.515 0.507 0.510
First born 0.556 0.507 0.503 0.508  0.496 0.517 0.535 0.523
Siblings 0.812 0.770 0.768 0.774  0.765 0.753 0.693  0.702
Number of siblings 2.225 2.165 2.161 2.124 2.212 2.154 2.053 2.044
Non-Danish ethnic background 0.045 0.043 0.038 0.024 0.066 0.047 0.045 0.028

Family characteristics

Income Father 170.6 169.7 172.7 176.5 161.5 166.3 143.0 170.5

Income Mother 148.2 148.6 152.0 149.8 146.5 145.9 152.0 136.2
Father compulsory school 0.245 0.272 0.252 0.224 0.332 0.319 0.375 0.313
Father college education 0.207 0.203 0.229  0.241 0.158 0.150 0.146 0.174
Mother compulsory school 0.303 0.329 0.298 0.276  0.381 0.423 0.428 0.423
Mother college education 0.241 0.240 0.269 0.288  0.192 0.170 0.188 0.196
Mother’s age at child’s birth 27.3 28.9 29.2 29.5 28.5 28.2 28.4 29.4
Father’s age at child’s birth 29.9 32.2 33.3 31.9 32.8 30.9 33.0 31.9
Observations 1,252,781 167,737 42,276 57,662 54,074 26,203 46,983 22,308
Share 11.8% 3.0% 4.1% 3.8% 1.8% 3.3% 1.6%

6.9% 5.6% 4.8%

Notes: Bold text indicates that the difference is significant at the five percent level or less. The codes used for
the health shocks can be found in Appendix Table Parent’s income is measured in the first five years of
the child’s life and is measured in DKK 1000s in 2010 prices. Anti-depressants and therapy during childhood is
measured as use between ages 14 and 18 and use during adulthood is measured between ages 20 and 25. Not
enrolled in school is measured two years after completing ninth grade. Ninth grade as highest completed education
is measured 5 years after finishing ninth grade. For the columns father and mother, cancer, cardiovascular disease
and death, each variable is tested with a t¢-test against families who do not experience this specific shock. There
are 2,608 (1,500) children who experience that their father (mother) gets both cancer and an acute cardiovascular
disease, while 13,360 (11,482) of the children who experience that their father (mother) gets cancer, also lose their
father (mother). The same is true for 6,560 (2,329) of the children who experience that their father (mother) gets
diagnosed with an acute cardiovascular disease and 6,607 children experience that both their mother and father
get ill during their first 20 years of life and 1,527 lose both parents.



Table [1| shows descriptive statistics for the full sample of children and the sample of children
who experience a parent’s health shock between ages 0 and 20. The table is divided according to
the type of parental health shock; cancer, cardiovascular disease or death, of either the mother
or the father. The bottom of the table shows the number and share of children who experience
the different health shocks. Roughly 12 percent of the children experience either a mother or
father being hospitalized with an acute cardiovascular disease or cancer during their first 20 years
of life. Four percent of children experience that their mother has cancer and the same share
experience their father has an acute cardiovascular disease. Almost 5 percent of the children lose
a parent during childhood. Most cases of death are a result of disease; 40 percent of maternal
deaths are caused by cancer, 10 percent are caused by cardiovascular diseases, cf. appendix
The same tendency is apparent in the case of the fathers.

From Table [I] it is apparent that there exists a socio-economic gradient in the occurrence
of the different types of health shocks. Cardiovascular diseases and death are most frequent
in families with low incomes and short education, and the children achieve test score around
20 percent of a standard deviation lower than the average. Families who experience cancer,
on average, have higher incomes and are more likely to have a college degree, and children
have above average test scoresﬂ Comparing families who experience a specific type of health
shock with families that don’t will most likely overestimate the effect in cases of cardiovascular
disease and death and underestimate the effect in cases of cancer, because of the correlation with
background characteristics. To circumvent selection bias, I restrict the sample in the analyses
to children who all experience a parental health shock, but at different points in time.

Children who experience a parental health shock have a higher probability of getting therapy
in a given year compared to children who do not experience a parental health shock, and the
difference between the two groups of children seems to become slightly larger in the later years,
cf. Figure [l| panel (a). Figure [1| panel (b) shows the share of children using therapy at a given
age. The figure shows that the use of therapy becomes more common in later childhood and
early adulthood. The tendencies are the same with regard to anti-depressants, see Figure
panels (¢) and (d). There exists a selection into treatment of mental health problems, Appendix
Table [§ columns (1) and (2), show that girls, children of parent’s with a short education and a
low income are more likely to use therapy and take anti-depressants following a serious parental

health shock.

9For some of the most common types of cancer in the dataset; breast, prostate and melanoma (cf. appendix
A.1a]), the occurrence is higher in high income groups (Dalton et al., 2008).
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Figure 1: Use of therapy and anti-depressants
Notes: Panels (a) and (c) show the share of children, between ages 14 and 18 for each year having therapy and
taking anti-depressants. See Appendix Figures and for Figures (a) and (c) presented by the different
health shocks. Panels (b) and (d) show the use of therapy and anti-depressants by the child’s age. Data before
2000 are not shown because there were too few treated individuals.

3 Research design

In this section I describe the methods used in the analysis. To study the dynamics of the effect,
I divide the analysis into two: An immediate reaction and the long-term effect of the parental
health shock, and consequently, I use different methods. To estimate the immediate response 1
use an event study method and a quasi-experimental design. I use the event study to estimate
the effect on outcomes related to the child’s mental health, as the data is high frequent. In most
cases | only observe the child’s school test scores once. Therefore, to measure the effect on test
scores, I use a quasi-experiential method instead. In order to estimate the effect of a parental
health shock in the long-term, I use a Sibling Fixed Effects approach, to account for non-random

timing of the shock.



3.1 Short-term effect
3.1.1 Event study design

I study the effect of a serious parental health shock on the child’s mental health, using an event
study approach. I estimate how the use of therapy and anti-depressant medication evolve over
time relative to the adverse parental health event. The analysis is performed for the group of
children who have experienced a parent’s health shock between the ages 14 and 18 and who were

born between 1984 and 1998. To estimate the effect, I use the following equation:

-9 5
Yo =+ 0+ X B+ Y 0 UWrie=7)+ Y 6 1rie = 7) +uar (1)
T=—4 7=0

Y;- is use of therapy or anti-depressant medication at the relative time period r. - is a
calendar year fixed effect and §; is individual fixed effects. Xj;; is a vector of control variables
related to the child and the family. r is relative time to the adverse parental health event
measured in years and u; is an idiosyncratic error term. The coefficients of interest, J,, describe
how use of therapy or anti-depressants in a specific relative time period compare to the pre-
period. In the main specification I consider a time period of five years before and after the
parental health shock.

For this approach to give causal estimates, the parallel trend assumption needs to be met.
Furthermore, conditional on the individual fixed effects, the included control variables, and
conditional on experiencing a serious parental health shock within the observation window, the
exact timing of the parental health shock must be uncorrelated with the outcome variable. There
should be no anticipation of the parental health shock, and hence, there should be no pre-trend

in the outcome variable.

3.1.2 Quasi-experimental design

To study the effect of a parental health shock on the child’s test scores and school enrollment,
I use a quasi-experimental design. I use this method because test scores are only observed once
for the majority of children, and in the case of both test scores and school enrollment, there are
specific dates where the outcome variable is determined. To estimate the effect, I exploit that
the exact timing of a serious parental health event may be as good as random within a short

period of time. Effectively, I compare children experiencing the parental health shock shortly

10



before a cut-off, e.g. the school exam or application deadline for senior secondary schooling,
to children who experience the shock shortly after the cut-off. While the test scores or school
enrollment will be affected by the parental health shock if the shock happens before the cut-off,

the outcome will be unaffected if it happens afterwardsﬂ I estimate the following equation:

Y = Bo+ p1-pre; + Xi -0 + uy (2)

Y, is the outcome of interest. X; is a vector of control variables, including e.g., family income,
child gender and birth order, and w; is an idiosyncratic error term. pre; is a dummy variable
indicating whether the child has experienced the parental health shock before the cut-off. In
the case of test scores, I use the date of the ninth grade written math exam as a cut-off, and
for school enrollment I use the date of the application deadlineﬂ The regression is estimated
on the sub sample of children experiencing the parental health shock within the interval of time
between one year prior to and one year after the relevant cut-off.

Causality relies on the assumption that the exact timing of the parental health shock is
uncorrelated with unobserved characteristics. The identifying assumption cannot be tested.
Instead, I investigate whether the two groups of children who experience the shock before and
after the cut-off are similar in observable characteristics. If the two groups of children are
similar, the assumption seems more plausible. In a limited sub sample of children, I can compare
test-scores before either group of children experience the health shock. In the results section,
I show that there are no differences in the children’s test scores before the shock happens.
Further, I regress all control variables on the variable pre, indicating whether the parental
health shock occurs before the exam. Appendix Table shows the result. The joint F-test is
not significantly different from zero, indicating that family characteristics do not jointly predict
whether the parental health shock occurs before or after the exam, conditional on experiencing
the shock within the window of time. These tests indicate that the identifying assumption

seems likely to hold, and that the estimation results from regression equation (1) offer a causal

10 An exception is in the case of death, where the parent can be ill before dying, and the child can be affected
by the illness. Furthermore, in some cases of illness, the family could anticipate the hospitalization and the child
could be affected sometime before the hospitalization. This will bias the results towards zero.

The application deadline to senior secondary school and tenth grade is 1 March. Using 1 March as a cut-off
between the treatment and the control groups will most likely underestimate the true effect, as part of the control
group (who experience a parental health shock between the application deadline and the time of registration,
which is 1 October) will be partly treated before the outcome is measured. Even though this group have applied
for senior secondary school entrance or tenth grade, they could choose not to attend.

11



interpretation of the immediate effect of experiencing a parental health shock.

3.2 Long-term effect

The goal of the long-term analysis is to determine whether the effect of a parental health shock
differs across different parts of childhood. The challenge in estimating this effect is not only
selection into the shock, but also the selection in the timing of the shock. To circumvent these

challenges, I employ a Sibling Fixed Effect estimation.

3.2.1 Sibling fixed effects

I exploit variation between biological siblings who experience the shock at the same point in
time but at different ages by using a fixed effects design. Biological siblings have presumably
been brought up in a similar environment. Comparing biological siblings will account for family
characteristics that are time invariant, as well as factors that are correlated with the timing of

the shock. I estimate the following equations:

N

Yij =B+ B Ilageij =n) + Xij - 6+ fj +ui ®)
n=2

Yij = Bo+ P1 - ageij + Xij - 0 + fi + wij @

Y;; is the outcome measure of interest for child ¢ in family j. Xj; is a vector of sibling
specific control variables (gender, birth parity and birth cohort). f; captures observed and
unobserved characteristics that are family-specific and constant between siblings. The variable
age;i; indicates the child’s age at the time of the parental health shock. Equation (3) includes
age non-parametrically and equation (4) includes age linearly. While equation (3) doesn’t rely
on parameter assumptions, equation (4) provides more statistical power. In equation (3) age
one is the omitted reference category.

I estimate the regressions conditional on at least two children in the family experiencing the
parental health shock before the outcome is measured or at age 16. Unbiased estimates rely on
the assumption that in the absence of the shock, there would be no difference in the outcome

variable when controlling for child specific characteristics and birth order.
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4 Results

In this section I present the results on the immediate and long-term effects of experiencing a
serious parental health shock. First, I present the results from the short-term analysis regarding
mental health, followed by the immediate effect on the child’s test scores and school enrollment.
I investigate whether the effects on mental health outcomes and test scores differ depending
on family characteristics. Then, I present the results of the long-term effect of a parental
health shock during childhood. Finally, I study whether the long-term negative impact of a
parental health shock can be mitigated by treatment of mental health problems. Unless otherwise
mentioned, I use the joint health shock, i.e., a mother or father hospitalized with either cancer

or acute cardiovascular disease, in the analysis.

4.1 The short-term effect
4.1.1 Mental health

Figure [2| shows the estimated coefficients on the child’s use of therapy and anti-depressant
medication from equation (1). The graphs show that children are more likely to get therapy and
take anti-depressant medication following a serious parental health shock compared to before
the shock, indicating that the children have more mental health problems following the health
shock. The effects are not only immediate, but persist for at least 5 years following the shock.
Panel (a) shows a jump in the use of therapy at the time of the shock. One year after a serious
parental health shock the child is 2.4 percentage points more likely to be having therapy than
before the shock. This jump may be caused by the institutional setting explained in section [2.1]
that the children are more likely to be eligible for therapy in the public system following a serious
parental health shock. The children is eligible for subsidized therapy if the GP assesses that the
child is in a state of crisis triggered by the adverse event. The graph shows that the children
take up opportunities to have therapy but also suggests that there is an immediate negative
effect on the child’s mental health from a serious parental health shock. The effect on therapy is
persistent, as the effect is still significant 5 years after the parental hospitalization. The use of
anti-depressants increases more rapidly following the shock; four years after the parental health
shock, the use of anti-depressants has increased by 2 percentage points compared to before the
parental health shock. The same pattern is evident when looking at other types of psychotropic

drugs, such as anti-psychotics, anti-anxiety, sleeping medication and sedatives see Appendix
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Table [A.5 2]

The uptake of therapy and anti-depressants is greater for the group of children who lose a
parent. One year after a parent’s death, the child is 8 percentage points more likely to be in
therapy than before the shock. Interestingly, the uptake of therapy disappears 3 years after
the parent’s death, while the uptake of therapy for children who experience a serious parental
shock persists at least 5 years following the shock. The result is, however, primarily (but not
entirely) driven by children who experience a serious parental health shock and later lose their
parent (results available upon request). In the case of anti-depressant consumption, the effect
is 1 percentage point higher at each relative time for children who experience a parent dying
compared to a serious parental health shock, and it persists at least 5 years following the parental
health shockH Figure [2| panels (¢) and (d) show the effect by child gender. Girls respond more
to the parental health shock in their use of therapy and anti-depressants compared to boys. It
is, however, not apparent whether experiencing a parent’s health shock has different effects on
childhood mental health, or whether the take up of treatment is different for boys and girls.

In most cases we do not observe evidence of a pre-trend, so that, conditional on the control
variable and of experience the shock within the given time window, there is no anticipation
effect. Only in the case of parental death do we observe a pre-trend in the case of use of therapy
(panel (a)). One explanation is that the children are already affected by the parental health
shock, as most parental deaths are caused by a serious illness.

To ensure that the results are not driven by the large year and age trends shown in Figure[],
I assign a random placebo shock to children born in the same birth cohorts, but who experience
a shock later during early adulthood. This analysis cannot reproduce the results from Figure
2l The results from Figure [2] are robust to removing the individual fixed effects. Running the

regression for each age, gives the same result (results available upon request).

12The opposite pattern is, however, seen in the case of psychostimulant drugs used to treat ADHD. The children
are around 0.2 percentage points less likely to be prescribed ADHD medication following the parental health shock,
compared to before. One explanation is adverse drug to drug interaction between ADHD medication and anti-
depressants. Of the three most used psychostimulant drugs in children aged 0-17 in Denmark (Methylphenidate,
Atomoxetin, Lisdexamfetamin) all have either potential problematic or problematic combinations with one or
more antidepressant medications (e.g. Sertraline, Paroxetine, Venlafaxine, Isocarboxazid, Moclobemide) (Sund-
hedsdatastyrelsen), 2020; [laegemiddelstyrelsen,, |2020))

BTLooking at other types of psychotropic drugs in the case of losing a parent, the same effect is seen as in the
case of a parental health shock (results available upon request).
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Figure 2: Impact of a severe parental health shock on child use of therapy and anti-depressants
Notes: The graphs show the point estimates from regression (1), showing the use of therapy and anti-depressant
medication in relative time compared to a serious parental health shock. All specifications include calendar year
controls and individual fixed effects. Standard errors are clustered at the individual level. Regression results are

presented in Tables and [A4]
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4.1.2 Test scores and school enrollment

In this section I investigate whether there exists an immediate impact on the child’s academic
outcomes, measured by test scores and school enrollment. I use a quasi-experimental approach.
Effectively, I compare children who experience the parental health shock shortly before the
outcome is determined, with children who experience the shock shortly after. Figure (3| panel (a)
shows test scores in sixth to eighth grades and the ninth grade exam score, for a small group
of children for whom test scores in earlier grades exist. I separate the children into two groups,
children who experienced the shock within one year before the ninth grade exam (indicated
with a dot) and those who experienced the shock within one year after the ninth grade exam
(indicated with a “x”). The figure shows no difference in school performance between the two
groups before the shock occurs, indicating that the timing of the adverse parental health event
is uncorrelated with prior school performance. The figure reveals an immediate negative impact
of the parental health shock on the child’s school achievements at the exam, as the group of
children who have experienced the shock score 15 percent of a standard deviation lower than
children who haven’t experienced the shock yet. Panel (b) shows the same pattern for a larger
group of children. This graph shows the written math scores in ninth grade for children who
experience the shock before and after the time of the exam. Comparing children who experience
the shock the year they turn 16 (the year most children take the ninth grade exam) where one
group of children experience the shock before and the other after, shows a decrease in test scores
of around 13 percent of a standard deviation for the group of children who experience the shock
before the exam.

Table [2 reports the estimated effect of experiencing a serious parental health shock before
the written math exam, from equation (2), in the larger sample of children. Children who
experience the shock one year before the exam achieve a test score that is 9.8 percent of a
standard deviation lower in math, compared to children who experience the shock after the
exam. This confirms the result from Figure |3| panels (a) and (b)@ As the effect appears
immediately following the shock, fewer parental investments or family financial resources are
not likely to be the driving mechanism, as the effect of these mechanisms would presumably

need time to accumulate. Instead, a plausible mechanism may be declining child well-being,

14See also Appendix Table panels (1) and (2) for the effect separated on cancer and cardiovascular disease.
The effect is similar, however slightly larger, in the case of cardiovascular disease compared to cancer. Using a
sibling or an individual fixed effect estimation gives very similar results, see Appendix The results are also
similar for the written Danish exam score.
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Figure 3: Impact of a serious parental health shock on test scores and school enrollment
Notes: Panel (a) shows test scores for children experiencing a parental health shock prior to (indicated with a
dot) or after the ninth grade exam (indicated with a "x") and 95 percent confidence intervals. The pre-exam
group, experience the parental health shock between the eighth grade test and ninth grade exam. Around 2500
children are included in the graph. Panel (b) shows written math exam scores for children who experienced the
shock before and after the time of the exam; 73,700 children are included in the graph. Panel (c¢) shows the share
of children not enrolled in school depending on whether they experienced the parental health shock before or after
the time of the application deadline. Panel (d) shows estimates of the effect of experiencing a parental health
shock prior to the application deadline compared to after on the probability of not being enrolled in school one

to five years after ninth grade.
causing the child to perform worse at the exam. Children who lose a parent have increased
cortisol responses to a stressful task (Luecken, 2000), and the level of stress can have negative
impacts on a child’s academic achievements (Heissel et al., 2018). This mechanism is supported
by the results from section

Children who experience a parental death shortly before the exam is 21 percent of a standard

deviation lower compared to losing a parent after the exam. Boys are more sensitive to an adverse

parental health event with regards to test scores in the short term, while the opposite was true in

17



the case of variables related to the child’s mental health. In the case of health shocks, children
seem most affected by a health shock to a parent of the same gender: The differences are,
however, not statistically significant.

The results from Table [2l may be a conservative estimate of the true effect for three reasons:
1) T only observe the children who attend the exam. Children who experience the parental health
shock before the ninth grade exam are also less likely to attend the exam (results not shown)
and children who attend the exam despite the parental health shock differ systematically from
the children who do not attend the exam. Using the limited sample of children for whom I have
test scores in the sixth to eighth grades shows that children who experience the shock before
the exam and who are absent at the exam are more likely to achieve lower test scores before the
adverse parental health shock happens compared to children who attend the exam despite the
adverse conditions. 2) In cases of less acute illness, the parent may wait to inform the children
about the health shock until after the exam, in which case part of the treatment group may not
be affected by the shock yet. 3) Some health shocks could, to some extend, be anticipated, or
begin before a hospital admission (when the shock is registered in this analysis), if that is the
case, part of the control group may already be affected by the health shock.

Table 2: Immediate response of a serious parental health shock on math exam scores

Health Shock Death
Father or Mother Father Mother Father or Mother Father Mother
Math Score -0.098*** -0.089*** -0.114%*** -0.209*** -0.202*** -0.225**
(0.025) (0.032) (0.034) (0.060) (0.075) (0.087)
Observations 10472 5791 5138 1666 1012 726
Boy -0.132%*** -0.145*** -0.121%** -0.372%** -0.263** -0.411%**
(0.034) (0.044) (0.047) (0.086) (0.113) (0.119)
Observations 5277 2908 2557 809 492 346
Girl -0.053 -0.016 -0.099** -0.039 -0.106 -0.054
(0.037) (0.047) (0.050) (0.087) (0.103) (0.133)
Observations 5195 2883 2581 857 520 380

Notes: *** p<0.01, ** p<0.05, * p<0.1. The table shows the estimate for the variable pre, indicating whether
the child has experienced the health shock prior to the ninth grade math exam, estimated under the condition
that the child has experienced the parental health shock within one year prior to or after the ninth grade written
exam. Math score is standardized with mean zero and standard deviation one. Control variables: child’s gender,
child’s age at the time of the parental health shock, mother’s and fathers’s income groups, mother’s and father’s
highest level of completed education, mother’s and father’s age at the time of the child’s birth, ethnic background,
indicator variable for whether the child have siblings and if the child is the first born and birth cohort dummies.
Robust standard errors in parentheses.

Panel (c¢) in Figure [3| shows that children who experience a parent’s health shock prior to
the application deadline to tenth grade and senior secondary schooling during ninth grade have
a higher probability of not being enrolled in school one year following ninth grade compared

to children who experience the shock after the application deadline. Panel (d) summarizes the
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results from equation (2) for school enrollment one to five years after finishing ninth grade.
Experiencing the parental health shock before the time of the application deadline increases the
probability of not being enrolled in school by 2.3 percentage points the year of finishing ninth
grade, and this effect persists at least five years after finishing ninth grade. Consequently, four
to five years after the ninth grade, children who experience the shock before the application
deadline have a 6.5 percentage point (18 percent) increased probability of having compulsory
education (ninth grade) as their highest level of completed education. The results indicate that
time before educational decision-making is important for long-term educational attainments,
and the immediate effect of a parental health shock can transfer into long-term consequences.

See the regression results in Appendix Table 1]

4.1.3 Mitigating factors: Family characteristics and structure

I investigate whether the effects found differ across family income and for children who live in
nuclear or divorced families. The first column of Table[3]shows the immediate effect on test scores
and the interaction with family income and family structure. Looking at the immediate impact
on the child’s ninth grade math score, there are no significant differences between children from
high- and low-income families nor between the effect on test scores for children in nuclear and
divorced families. However when looking at the type of treatment the children receive following
a serious parental health shock, it appears that children from families with low incomes are
more likely to be prescribed anti-depressant treatment following the shock, while children from
high-income families are slightly more likely to have therapy, this difference is, however, not
statisticaly significantly. This pattern is also seen in the event graph in Figure [2{ panels (e) and
(f). While the immediate negative effect on test score are no different for children in nuclear and
divorced families, the children in nuclear families are less likely to be prescribed anti-depressants
and to have therapy, this suggests that living with both parents at the time of the health shock
can be a mitigating factor in the short term. Living with both parents at the time of the shock
may create a more stable environment for the child.

These results indicate that children from different types of families are affected in a similar
way when looking at test scores. What seems to differ across families is the behavioral response

to the parental health shock in the way the child is treated for their emotional problems.

15The effect on highest completed education is estimated for children who are not enrolled in school. Estimating
the effect for all children in the sample (unconditional on school enrollment) produces similar but smaller results.
Using the time of registration of educational enrollment (1 October) instead of the time of application as a cut-off,
produces similar results (results not shown).
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Table 3: Short-term heterogeneous treatment effects

Test score Anti-depressants Therapy
(1) (2) 3)

Treatment -0.096*** 0.022%** 0.017***
(0.031) (0.002) (0.003)

Treatment # high income -0.020 -0.010*** 0.002
(0.037) (0.002) (0.003)
Treatment -0.118*** 0.030*** 0.022***
(0.036) (0.003) (0.003)

Treatment # nuclear family -0.038 -0.092*** -0.006*
(0.039) (0.003) (0.003)

N 10450 20012 19943

Notes: *** p<0.01, ** p<0.05, * p<0.1. See notes to Table [2| for standard errors and
control variables. Income is based on the mother’s income in the first five years of the
child’s life. Low income is defined as having a mother in the lowest income quartile. High
income is defined as having a mother in the highest income quartile. A nuclear family is
defined as the biological parents and the child live together at the time of the parental
health shock. Use of anti-depressants and therapy in the short-term analysis is measured
three years after the shock.

4.2 Long-term effects

To assess how the child’s age at the time of a serious parental health shock affects the child’s
mental health, GPA and school enrollment, I use a sibling fixed effect design. The results from

the analysis are presented in this section.

5 10 5 10
Age at parental heaith shock Age at parental health shock

(a) Anti-depressants during early adulthood (b) GPA ninth grade

Figure 4: Age at parental health shock and anti-depressant consumption in early adulthood and
GPA in ninth grade

Notes: The figure shows estimates from a non-parametric estimation of the effect of experiencing a serious
parental health shock at each age relative to a parental health shock at age one. Control variables: Child gender,
an indicator variable for first born child, birth cohort and family fixed effects. Anti-depressants during early
adulthood is measured as having at least one prescription for anti-depressants filled between ages 20 and 25.
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4.2.1 Mental health

First, I investigate how the age at the time of the parental health shock affects the mental
health of the child during childhood and early adulthood. Figure 4| panel (a) shows the results
of the non-parametric estimation. The graph shows that the older the child is at the time of
the parental health shock, the lower is the probability of taking anti-depressants during early
adulthood. Table [4] panel A shows the results of equation (4) with age included linearly in the
regression, the results with age-dummies can be found in Appendix Table What stands out
from the table is that the child’s mental health, measured by having at least one prescription
filled for anti-depressants or having therapy during childhood and early adulthood, is negatively
affected following the parental health shock, and shocks in early childhood have a larger negative
impact on the child’s mental health compared to shocks in the later childhood.

Postponing the parental health shock by one year reduces the child’s probability of having
therapy by 0.1 percentage points during childhood and 0.2 percentage points in early adulthood.
Experiencing the parental health shock one year later during childhood also decreases the prob-
ability of being prescribed anti-depressant medication by 0.2 percentage points during childhood
and 0.4 percentage points in early adulthood per year. In the case of a parent’s death, the effect
on the probability of having therapy during childhood, switches sign. Losing a parent later
during childhood seems to increase the probability of having therapy compared to experiencing
a parental health earlier during childhood. This effect may be explained by the large immediate
response, as seen in Figure [2[ panel (a). The effect on the child’s mental health does not differ
depending on child gender or whether it is the mother or the father who is affected by a health

shock (Results not shown).

4.2.2 School achievements

Table [] panel B shows the results with regards to the child’s GPA and school enrollment.
The estimates from the non-parametric estimation are also depicted in Figure {4| panel (b).
Experiencing the parental health shock one year later during childhood increases the child’s
GPA by 1.6 percent of a standard deviation, on average. This result indicates that the parental
health shock has negative long-term effects on the child’s human capital formation. Experiencing
the shock one year later also reduces the probability of not being enrolled in school two years
after ninth grade by 0.3 percentage points. From Appendix Table it appears that shocks

during later childhood that are driving the effect on school enrollment. This could indicate
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Table 4: Linear estimates of age at parental health shock on the child’s mental health and
educational achievements

Parental Health Shock Parental Death

Childhood Adulthood Childhood Adulthood
1 &) () 4)
Panel A: Mental health

Anti-depressants -0.002*** -0.004*** -0.002 -0.008***
(0.001) (0.001) (0.001) (0.002)
Mean of dep.var. 0.036 0.110 0.044 0.134
Therapy -0.001** -0.002*** 0.003** -0.002
(0.001) (0.001) (0.001) (0.001)
Mean of dep.var. 0.064 0.083 0.118 0.107
Observations 99276 99276 32393 32393
Panel B: Educational Achievements
GPA 0.016*** 0.012
(0.005) (0.009)
Mean of dep.var. -0.040 -0.204
No. of obs. 38546 12276
No school enrollment, two years after ninth grade  0.005*** 0.006**
(0.001) (0.002)
Mean of dep.var. 0.154 0.193
Observations 70890 25371

Notes: *** p<0.01, ** p<0.05, * p<0.1. Each column presents the results of linear estimates
of the effects of age at the parental health shock from equation (4). Mental health outcomes
in childhood correspond to atleast one occurrence of anti-depressants or therapy between
ages 14 and 18, and adulthood is measured between ages 20 and 25. GPA is measured in
ninth grade. School enrollment is measured two years after the child finish ninth grade.
Control variables: Child gender, an indicator variable for first born child, birth cohort and
family fixed effects. Standard errors are clustered at the family level.

that time around educational decision-making is sensitive for later educational attainments, as
also found in the short-term analysis. Separating the effects on the specific health shocks, child
gender or on shocks to the mother’s or father’s health does not change the results (results not

shown).

4.3 Mitigating factor: Mental health

In this section, I investigate whether the effect of the shock can be mitigated by treating mental
health problems following the parental health shock. Mental health problems during childhood
may be damaging for development, as they may result in the child to utilizing less of their full
potential (Currie and Stabile, 2006). In section I found that experiencing a serious parental
health shock earlier during childhood decreased the child’s school achievements. One potential
mechanism for the decline in test scores and enrollment could be worse mental health. In this
section I investigate whether some of the negative long-term consequences of a parental health
shock, the part that could be caused by declining mental health, can be mitigated through

therapeutic or medical treatment for mental health problems.
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In order to answer this question, I exploit variations in GPs’ behavior as a source of exter-
nal variation, as use therapy and anti-depressant medications aren’t randomly assigned in the
population. I exploit that some GPs are more likely to refer the child to a therapist and some
GPs are more likely to refer the child to a psychiatrist to be prescribed anti-depressants. For
each GP, I calculate the share of child patients that is prescribed therapy or antidepressants
within a year period, and exclude the focal child from the calculations. The share of children
receiving treatment is used as an instrument for the child’s own probability of receiving therapy
or anti-depressants. The instruments are based on all children, but the instruments are only
used for children who all experience a parent’s health shock. A more detailed description of the
method and check of first stage, exclusion restriction and monotonicity of the instruments can
be found in Appendix This part of the analysis is explorative and should be interpreted
with caution. The results found in the analysis are large in magnitude and have large standard
errors. For that reason I will not interpret the point estimates as the causal effects, but rather
consider the results as an indicator of the sign of the effect.

Table [5| columns (1) and (2) show the results using OLS, columns (3) and (4) show the
reduced form estimation, and columns (5) and (6) show the results using 2SLS with the two
instruments. The results from the reduced form and 2SLS estimation show suggestive evidence
that being prescribed anti-depressants following a parental health shock increases the probability
of having compulsory school as the highest level of completed education for the marginal child
taking anti-depressant medication. The effect is seen five years following ninth grade and at
age 25. Professional psychiatric therapy does not seem to have the same impact on educational
attainment. The results from the OLS estimation suggest that use of therapy and anti-depressant
medication following the serious parental health shock both have harmful long-term effects on the
child’s educational attainment. The differences between the OLS and 2SLS estimates indicate
that treatment is indeed endogenous and an IV approach should be preferred compared to
OLS. One mechanism for this result could be a medical explanation. Medical research suggests
that anti-depressant medication, which has transitory effects in adults, could have permanent
effects on children, as it could alter the development of the maturing childhood brain (Andersen
and Navalta, 2004). In Appendix I show that the result is robust to several different
specifications.

The children in this analysis have experienced a serious parental health shock, and may take

anti-depressant medication or have therapy as a response to this traumatic event. The cause of
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Table 5: The effect of having therapy or taking anti-depressant medication on the probability
of having compulsory education as highest educational attainment five years after ninth grade
and at age 25

OLS Reduced Form 2SLS
5 years after 9th grade Age 25 5 years after 9th grade Age 25 5 years after 9th grade Age 25

(1) 2 3) 4) ®) (6)

Therapy 0.053*** 0.041** -0.286* -0.170
(0.013) (0.017) (0.171) (0.287)
Anti-depressants 0.164*** 0.225*** 0.772* 1.613**
(0.021) (0.031) (0.398) (0.763)
GP Therapy share -0.283 0.091
(0.204) (0.317)
GP Anti-depressant share 0.471* 0.843**
(0.241) (0.369)
Observations 25,285 16,536 25,285 16,536 25,285 16,536
First Stage F-statistics 23.55 10.23

Notes: *** p<0.01, ** p<0.05, * p<0.1. The IV estimate is estimated with linear Two Stage Least Squares, with
GP ratio of patients using therapy or anti-depressants as an instrument for the child’s own treatment one year
after the parental health shock (for compulsory school five years after ninth grade), and one to five years after the
shock (for compulsory school at age 25). The regression is conditioned on experiencing the parental health shock
at ages 14 to 18. Control variables: the gender of the child, mother’s and father’s income groups, mother’s and
father’s highest completed education, mother’s and father’s age at the time of the child’s birth, ethnic background,
indicator variable for whether the child have siblings and if the child is the first born, birth cohort fixed effects
and municipality fixed effects. Standard errors are clustered at the GP level and is shown in parentheses.

the mental health problems may, in this case, be external rather than internal, for this specific
group of children. The results from this analysis may, for that reason, not apply to a broader
group of children. Children in different circumstances may benefit from medical treatment of
childhood depression. Only treatment in the public health system is observed in the data. Other
types of treatment exists, for example, support groups or therapy supplied by NGOs. The use of
anti-depressants could be correlated with the absence of other types of treatment that I cannot
account for in the analysis. The result could, for that reason, also be a signal of an omission of

other types of treatment that are not therapy supplied by the public health system.

5 Conclusion

In this paper, I investigate the short- and long-term effects of serious, but common, parental
health shocks during childhood, using Danish administrative data. Experiencing a serious
parental health shock has an immediate negative impact on the child’s mental health, mea-
sured by increased use of therapy and anti-depressant medication, and on school test scores
and school enrollment. The immediate effect on the child’s academic attainments indicate that
emotional distress can have important immediate but also long-term implications, as time be-

fore making decisions about future education may be a sensitive period for later educational
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attainments. Looking at differences between children from families with high and low incomes,
the results suggest that, while the immediate effect on test scores is the same for the two groups
of children, the families may react differently. Children from low income families are more
likely to be prescribed anti-depressant medication, while children from high income families are
slightly more likely to have therapy following a serious parental health shock. Looking at the
long-term implications of anti-depressant medication and therapy using a general practitioner
instrument design suggests that use of anti-depressant medication following a serious parental
health shock could have negative long-term effects on educational attainment, while the effect
of therapy seems to be positive but insignificant. These results suggest that the behavioral
differences between families to the child’s emotional reaction can have unintended consequences

for inequality.
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A Appendix

A.1 Outcome variables

The sample in the different analyses differs due to data constraints. For example, ninth grade
exam test scores are available in the younger cohorts; those graduating between 2002 and 2015.
Highest level of competed education is best measured at later ages, thus, is only available for the
older cohorts. Table [6] provides an overview of the sample for the different outcome variables.
In the following I describe the construction of the different outcome measures. In the dataset
used in the analysis, I exclude children who are not in the administrative data at age 18. This
can be caused by death or emigration. I exclude children of parents who weren’t between 18

and 50 years of age at the time of childbirth. I link several administrative data sets.

Test scores: 1 construct standardized test scores by school year in the written exams in math
and Danish, and an average scores over mandatory ninth grade exams (GPA). Within each
school year, the written exams are performed at the exact same time nationwide. The students
get the same assignment and an external teacher marks the exams. I use the test scores in the
written exams to measure the short-term effect, as I observe whether the parental health shock
happens before or after the exam. The dates of the written exams are published annually by
the Ministry of Education. I exclude children who attend the make-up exam. Very few children
(453) take the make-up exam (e.g. available, if the child is sick at the ordinary exam).

To investigate the long-term effect, I use the child’s GPA since an average is less volatile than
a single score, and may for that reason, give a more accurate picture of the child’s abilities. Some
of the test scores included in the GPA are marked by the child’s own teachers. The teachers
may know about the parental health shock, which may influence the score they give. I exclude
children who do not attend the exam the year they turn 16 or 17: 99 percent of the children
attend the exam during this age interval. During the period examined in this study, ninth grade
exams were not mandatory and a child did not need to attend the ninth grade exam to enter
senior secondary education.

Thus, the ninth grade exams have little influence on the child’s later life, test scores and
GPAs are good proxies for later life outcomes (Borghans et al., 2016). A problem occurs if
the family or child manipulate the timing of the shock relative to the exam. Looking at the

distribution of observations around the exam cut-off, shows no clear jump around the cut-off,
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suggesting that the parents cannot impact the timing of the shock (figure not shown). For a
few birth cohorts, I also observe test scores from the National Tests, which is a standardized
test performed in the second to eight grades. As the data is only available for a small number

of birth cohorts.

School enrollment and highest completed level of education: School enrollment is
measured at 1 October. To enroll in the optional tenth grade or senior secondary education, the
child has to apply by 1 March of the same year. Up until 1991 the application deadline was 15
March. I will not take account of this. In the analysis I measure the child’s school enrollment
and highest level of completed education the year they graduate ninth grade (year 1) up until 5

years after ninth grade.

Anti-depressants consumption: I measure whether the child’s has had at least of prescrip-
tion filled for anti-depressants and other prescription drugs in the years around the parental
health shock (-/+ 1 to 5 years), during childhood (ages 14 to 18) and early adulthood (ages
20 to 25). I observe filled prescriptions in the period from 1996 to 2016. Anti-depressants are
defined as medications with the ATC-code NOGA.

Psychological therapy: Psychological therapy is defined as a session with a psychologist in
the public health sector or therapeutic conversations with a GP. I measure the effect around the
parental health shock (-/+ 1 to 5 years), during childhood (ages 14 to 18) and early adulthood
(ages 20 to 25). The child could get support by a NGO, which is not be observed in the data.
Psychological treatment is defined as doctor visits with the codes 63 and the following codes

804003, 804021-804027, 804050, 804063, 804106, 804116, 80600, 806101

Table 6: Overview of the outcome variables

Outcome Years available age at measurement Birth cohorts used
Test Scores 6nd-8th grade 2010-2016 13-15 1995-1998
9th grade exam scores, math, Danish and GPA 2002-2014 16-17 1986-1998
School enrollment 1981-2015 16-21 1972-1995
Highest education achieved 1981-2015 16-21 1972-1995
Highest education achieved 1981-2015 25 1972-1989
Prescription drugs during childhood 1995-2015 14-18 1984-1998
Prescription drugs during early adulthood 1995-2015 20-25 1975-1996
Psychological treatment during childhood 1995-2015 14-18 1984-1998
Psychological treatment as an adult 1995-2015 20-25 1975-1996
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A.2 Instrumental variable approach

The use of anti-depressants and therapy are increasingly common among children, and the
prevalence is higher for children who experience a serious parental health event, cf. Figure
I estimate whether psychological therapy and anti-depressant medication as a response to
a parent’s health shock have long-term effects for the child, using an Instrumental Variable
approach. The perfect experiment is a setting where children are randomly assigned to therapy,
anti-depressants or nothing following a serious parental health shock.

I exploit differences between GPs’ practice styles as a source of external variation. I create
two distinct instruments; one specifies the share of patients who received therapy, and one
specifies the share with filled anti-depressants prescriptions. The instruments are calculated for
each GP, for patients in a given age range and year range. The calculation of the instrument
includes all children, except the child herself, assuming that the GP treats the sub-sample of
children who experience a parent’s health shock, similar to the full sample of children. I perform
the analysis for children who experience a parent’s health shock between the ages 14 and 18 and
who were born in the birth cohorts 1980 to 1998. Getting therapy or taking anti-depressant
medication may be less endogenous in this sample of children, as the parental health shock is
an external factor that impacts the child’s mental health and, hence, probability of treatment.

Figure[5 panels (a) and (c) show the distribution of the instruments. The figures substantiate
the variation I use in the analysis; while the 10th percentile GP gave therapy (prescribed anti-
depressants) to less than 0.4 (0.2) percent of children, the 90th percentile GP gave treatment
to 4.2 (3.6) percent of child patients. The types of treatment investigated are low frequency,
which introduces some uncertainty to the estimation and the results should be interpreted with
caution. However, there does seem to be variation in the use of therapy and anti-depressants
that correlates with GP behavior, cf. Figure |5 panel (b) and (d).

I estimate the following equations using linear Two Stage Least Squares.

5t'her(zpy T+ ay - 5qnti—depressants

Therapy;; = o + o - 0 j

+ X - B+ uyj
Anti — depressantij =+ 5;herapy + 9 - 5}1ntifdepressants + X’ij B+ Ui
Yi=p0+ 51 Thg"a\pyij + 8o - Anti — mssantsij + Xi-a+u;

Therapy;; and Anti — depressant;; indicate whether child i has therapy or takes anti-
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Figure 5: Instrument variation and first stage relationship
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Notes: Panels (a) and (c) show the distribution of the two instruments. The instruments are the share of children
in a given age and year range having therapy or consuming anti-depressants for a particular GP, leaving the focal
child out of the calculation. Year is divided into four intervals: 1995-2000, 2001-2005, 2006-2010, 2011-2015.
Therapy can be either therapy with a psychologist, or therapeutic conversations with the GP. Anti-depressant
use is measured as at least one filled prescription one year after the parental health shock. The top one percent
of the distribution of the instrument is excluded in panels (b) and (d).

depressants following a parental health shock, and has GP j at the time as the shock. 5§hemp Y

is the share of children between ages 14 and 18 in a given year range (1995-2000, 2001-2005,
2006-2010, 2011-2015) having therapy and doctor j as their GP. §@nti—depressants s the share of
GP j’s patients taking anti-depressants. T@yi and Anti — mssantsi are the predicted
use of therapy and anti-depressants from the first-stage equations. Y; is the outcome variable
of interest, X; is a vector of family and child-specific control variables. In addition, I include
municipality fixed effects to control for area specific differences.

The analysis provides meaningful results if the following conditions hold:
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Relevant Instrument: The GP’s practice style must affect the child’s probability of treat-
ment. Figure [5| panels (b) and (d) show a graphical representation of the first stage conditions
and Table [7] reports the first stage estimates for three different specifications. The figure and
table show that increasing the GP’s share of children having therapy and taking anti-depressants
increases the child’s own probability of receiving treatment following the parental health shock.
The estimates are fairly consistent while adding more controls, highly significant, and the F-test
of exogeneity has a value above the critical level of 10 (Stock et al., [2002). The first stage
estimates for the use of therapy are above one, indicating that children experiencing a parent’s
health shock are more likely to get this treatment compared to the average child. In case of
anti-depressants, the estimates are close to, but below one. The two instruments are correlated,
but the share of children taking anti-depressants is not a good instrument for the use of therapy
and vice versa.

Table 7: First Stage Regression

(1) (2) (3)

Psychological Therapy

Share of children having therapy 1.459*** 1.506*** 1.425***
(0.130)  (0.135)  (0.138)

Share of children taking AD 0.187 0.238* 0.198
(0.130)  (0.138)  (0.142)

Anti-depressants

Share of children having therapy 0.169** 0.079 0.100
(0.084)  (0.087)  (0.093)

Share of children taking AD 0.944**  0.821***  (.825"**
(0.107)  (0.109)  (0.115)
F-test of exogeneity 45.83 36.17 32.27
Observations 24,159 24,159 24,098
Family controls No Yes Yes
Municipality Fixed effects No No Yes

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors are clustered at the GP-level.
The instruments are calculated as the share of children in a given age range taking
anti-depressants (AD) or having therapy, leaving the focal child out of the calculation.
Therapy can be either therapy with a psychologist, or therapeutic conversations with
the GP. Anti-depressant use is measured as at least one filled prescription one year
after the parental health shock. The sample is children from the birth cohorts 1981-
1996 who experienced a parental health shock between ages 14 and 18. The top one
percent of the distribution of the instruments are excluded. The F-statistics is the
Craigh-Donald Wald F-statistics.

Exclusion Restriction: The GP’s practice style should only affect the child’s outcome, Y;,
through the pathway given in the first stage equations and difference in practice style should be

supply side driven, rather than driven by the demand. As a test of the Exclusion Restriction, I
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Table 8: Correlation between anti-depressant use, use

of therapy, the instruments and family

characteristics
Instrument
AD Therapy GP therapy share GP AD share
@ (2) 3) 4)
Male -0.069*** -0.129%%* -0.000 -0.000
(0.004) (0.005) (0.000) (0.000)
Mother, second income quartile -0.005 -0.006 0.000 -0.000
(0.005) (0.007) (0.000) (0.000)
Mother, third income quartile -0.008 -0.003 0.000 -0.000
(0.005) (0.007) (0.000) (0.000)
Mother, fourth income quartile -0.015%** -0.016** 0.000 0.000
(0.005) (0.007) (0.000) (0.000)
Father, second income quartile -0.004 -0.001 -0.000 0.000
(0.005) (0.007) (0.000) (0.000)
Father, third income quartile -0.011%* -0.013** -0.000 0.000
(0.005) (0.006) (0.000) (0.000)
Father, fourth income quartile -0.017*** -0.011%* 0.000 0.000
(0.005) (0.007) (0.000) (0.000)
Mother, compulsory school 0.027%** 0.018%** -0.000 0.000
(0.004) (0.006) (0.000) (0.000)
Mother, college education -0.002 0.005 -0.000 -0.000
(0.005) (0.007) (0.000) (0.000)
Father, compulsory school 0.019%** 0.012%* -0.000 -0.000
(0.005) (0.006) (0.000) (0.000)
Father, college education 0.008 -0.004 0.000 0.000
(0.005) (0.007) (0.000) (0.000)
Non-Danish ethnic background -0.048*** -0.081%** -0.001** -0.002***
(0.008) (0.011) (0.000) (0.000)
Mother’s age at child’s birth -0.001 -0.001* 0.000 0.000
(0.001) (0.001) (0.000) (0.000)
Father’s age at child’s birth 0.000 0.001 -0.000*** -0.000%**
(0.000) (0.001) (0.000) (0.000)
First born -0.004 0.002 -0.000 0.000
(0.005) (0.006) (0.000) (0.000)
Siblings -0.023*** -0.036*** -0.000 -0.000
(0.006) (0.007) (0.000) (0.000)
Constant 0.125%** 0.215%** 0.009*** 0.006%**
(0.017) (0.022) (0.001) (0.001)
Observations 25,402 25,402 25,402 25,402
R-squared 0.061 0.052 0.292 0.308

Notes: *** p<0.01, ** p<0.05, * p<0.1. The regression also includes dummies for
the child’s birth year. These variables are excluded in the table.

regress the instruments as a dependent variable on family and child characteristics, the results are
shown in Table |8 columns (3) and (4). The results suggest that family and child characteristics
do not jointly explain the variation in the instruments. Thus GPs seem to be quasi-randomly
assigned between childrenE

Monotonicity: The last assumption implies that a child who would get treatment from a
GP with a low prescription rate would also receive treatment from a GP with a high prescription
rate. The monotonic increase in treatment probability with the instrument shown in Figure [

panels (b) and (d), provides some support for the Monotonicity Condition (Doyle Jr} 2007)).

A.2.1 Robustness check

There are several threats to the identification in the IV analysis. First, the families could choose
a GP based on the probability of receiving treatment. This would threaten the identification,

as the results could be subject to a selection bias. To circumvent selection, I use the child’s GP

10One variable is, however, strongly significant; Children from families with a non-ethic Danish background are
less likely to have a GP who refers children to therapy or prescribes anti-depressant medication. Excluding this
group of children does not change the results.
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at the time of the parental health, to limit the time to change GP based on prescription rates.
Using the child’s GP one year before the parental health shock, produce similar but less precise
results, cf. Table [9] column (2) and (3).

As a check of the selection into treatment, I chose an outcome variable that is determined
before the parental health shock. Table |§| column (1) shows the result with GPA in ninth grade
as an outcome variable. The estimation is performed for the group of children who experience
the parental health shock after the exam, so the shock should not impact the GPA scores. The
results show no significant effect, and the parameter values have the opposite signs compared to
the main results. This indicates that there is no selection into treatment, based on predetermined
variables[]

While I do control for municipality fixed effects, the municipalities in Denmark are large
and there exists large variation within each municipality. Some of the effect found could, for
that reason, be area specific effects that the municipality fixed effects do not properly account
for. To circumvent this threat, I construct GP specific variables to account for neighborhood
characteristics that summarize patient characteristics. I create four variables: The mean of the
mothers’ and fathers’ incomes, and the shares of the mothers and fathers that have a college
degree. Adding these four variables to the estimation does not change the results, see Table
9] columns (4) and (5). This gives some comfort that the differences between the doctors are
not demand driven, but driven by differences in practice styles between the doctors. Using one
endogenous variable and one instrument at a time and controling for the other type of treatment,
does not change the results. Using an IV probit model produces the same quantitative results.

Results are not shown.

"The 2SLS estimation on therapy and anti-depressants for this specific subgroup of children gives the same
results as in the main analysis. Results not shown.
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Table 9: Instrumental variable estimation - Robustness checks

GP before shock  GP patient controls

GPA 45 years Age 25 45 years Age 25

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

Therapy -0.378  -0.212 -0.162  -0.257 -0.118
(0.515) (0.202) (0.325) (0.171) (0.286)

Anti-depressants  1.254 0.772** 1.064 0.776* 1.623**
(1.204) (0.372) (0.796) (0.396) (0.759)

Observations 16,546 21,061 14,109 25285 16,536
F-Statistics ~ 13.17  23.03 7.71 23.55 10.25

Notes: *** p<0.01, ** p<0.05, * p<0.1. Standard errors are clustered at the GP-level.
The instruments are calculated as the share of children in a given age range taking anti-
depressants (AD) or having therapy, leaving the focal child out of the calculation. Therapy
can be either therapy with a psychologist, or therapeutic conversations with the GP. Anti-
depressant use is measured as at least one filled prescription one year after the parental
health shock. The sample is children from the birth cohorts 1981-1996 who experienced a
parental health shock between ages 14 and 18. The top one percent of the distribution of
the instruments are excluded. The F-statistics is the Craigh-Donald Wald F-statistics.

A.3 Figures and tables

Table A.1: Codes used for health shocks

ICD 8 ICD 10

Cancer 140-99, 200-209 C, D00-D09
Prostate 185-187 C60-C65

Cervix & ovary 180-184 C53-C56

Lung 161-162 C32-C34

Colon 153 C18

Stomach 140-151 C00-C16

Skin & bones 170, 172, 173 C40-C44

Cardiovascular Diseases 410-414, 430-438 120-125, 160-169
Heart 410-414 120-125

Brain 430-438 160-169
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Table A.2: F-test, Short-term analysis. Do family characteristics predict whether the parental
health shock happens before or after the ninth grade math exam?

Health shock  Mother Father

(1) (2) (6)
Male 0.003 0.001 0.002
(0.010) (0.014) (0.013)
Mother, second income quartile -0.003 0.020 -0.025
(0.015) (0.021) (0.020)
Mother, third income quartile -0.013 0.002 -0.037*
(0.015) (0.021) (0.019)
Mother, fourth income quartile 0.017 0.024 0.007
(0.015) (0.021) (0.020)
Father, second income quartile -0.035%* -0.030  -0.045**
(0.014) (0.021) (0.019)
Father, third income quartile -0.029** -0.032 -0.027
(0.014) (0.021) (0.019)
Father, fourth income quartile -0.027* -0.019 -0.033*
(0.015) (0.021) (0.019)
Mother compulsory school 0.001 -0.010 0.013
(0.012) (0.017) (0.016)
Mother college education 0.004 -0.002 0.009
(0.013) (0.018) (0.018)
Father compulsory school -0.005 0.004 -0.024
(0.012) (0.018) (0.016)
Farther college education 0.012 0.004 0.014
(0.014) (0.020) (0.019)
Non-Danish ethic background 0.017 0.047 0.003
(0.025) (0.043) (0.030)
Mother’s age at child’s birth -0.002 -0.001 -0.001
(0.001) (0.002) (0.002)
Father’s age at child’s birth 0.001 0.001 -0.000
(0.001) (0.002) (0.001)
First born 0.007 0.012 0.001
(0.012) (0.017) (0.016)
Siblings -0.002 0.012 -0.023
(0.015) (0.021) (0.020)
Constant 0.546%** 0.488***  (0.601***
(0.046) (0.066) (0.061)
Observations 10,641 5,302 5,932
R-squared 0.002 0.002 0.003
F-test 1.108 0.550 1.293
Prob > F 0.341 0.921 0.191

Notes: *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses



Table A.3: Event study use of therapy

Health Shock Boys Girls Death
(1) (2) (3) (4)
-4 0.000 0.002 -0.001 -0.003
(0.001) (0.002) (0.002) (0.003)
-3 -0.001 0.000 -0.003  -0.007**
(0.001) (0.001) (0.002) (0.003)
-2 -0.000 -0.000 -0.001  -0.006**
(0.001) (0.002) (0.002) (0.003)
0 0.013*** 0.007*** 0.020***  0.080***
(0.002) (0.002) (0.003) (0.004)
1 0.024*** 0.015%**  0.033*** 0.071***
(0.002) (0.002) (0.004) (0.004)
2 0.023*** 0.015%**  0.031***  (0.022%**
(0.002) (0.003) (0.004) (0.005)
3 0.018*** 0.016***  0.020%*** 0.007
(0.003) (0.003) (0.005) (0.006)
4 0.020*** 0.016***  0.023***  -0.000
(0.003) (0.003) (0.006) (0.006)
5 0.017*** 0.012***  0.022***  -0.006
(0.004) (0.004) (0.006) (0.007)
Constant -0.004 -0.002 -0.006 -0.010
(0.005) (0.006) (0.009) (0.010)
Observations 219,912 112,475 107,437 95,195
Number of individuals 19,992 10,225 9,767 8,655
R-squared 0.018 0.010 0.027 0.040

Notes:*** p<0.01, ** p<0.05, * p<0.1. Control Variables: Calendar year dummies
and individual fixed effects. Standard errors are clustered at the individual level.
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Table A.4: Event study use of anti-depressants

Health Shock Boys Girls Death
(1) (2) (3) (4)
-4 -0.001 -0.001 -0.001 -0.001
(0.001) (0.001) (0.002) (0.002)
-3 -0.001 -0.000 -0.002 -0.000
(0.001) (0.001) (0.002) (0.002)
-2 -0.001 0.001 -0.002 -0.001
(0.001) (0.001) (0.002) (0.002)
0 0.001 0.001 0.000 0.003
(0.001) (0.002) (0.002) (0.003)
1 0.005*** 0.005***  0.006*%*  0.012%**
(0.002) (0.002) (0.003) (0.003)
2 0.011*** 0.009***  0.013*** (0.019%**
(0.002) (0.002) (0.003) (0.003)
3 0.017*** 0.013***  0.022***  (0.028***
(0.002) (0.002) (0.004) (0.004)
4 0.023*** 0.016***  0.029*** (0.033***
(0.003) (0.003) (0.004) (0.005)
5 0.027*** 0.018*** (0.035*** (0.037***
(0.003) (0.003) (0.005) (0.005)
Constant 0.001 0.002 0.000 -0.001
(0.004) (0.005) (0.007) (0.007)
Observations 219,912 112,475 107,437 95,195
Number of individuals 19,992 10,225 9,767 8,655
R-squared 0.026 0.013 0.039 0.037

Notes:*** p<0.01, ** p<0.05, * p<0.1. Control Variables: Calendar year dummies
and individual fixed effects. Standard errors are clustered at the individual level.
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Table A.5: Event study use of psychotropic drugs, severe parental health shock

Antipsychotics Anxiolytics Hypnotics and sedatives Psychostimulants

(1) (2) (3) 4)

-4 -0.000 -0.000 -0.000%* -0.000
(0.000) (0.000) (0.000) (0.000)
-3 -0.001** -0.001*** -0.000 0.000
(0.000) (0.000) (0.000) (0.000)
-2 -0.000 -0.000 -0.000 0.000
(0.000) (0.000) (0.000) (0.000)
0 0.000 0.001 0.001** -0.001*
(0.000) (0.001) (0.000) (0.000)
1 0.001 0.0027*** 0.0027*** -0.001
(0.001) (0.001) (0.001) (0.001)
2 0.0027*** 0.003*** 0.003*** -0.001**
(0.001) (0.001) (0.001) (0.001)
3 0.003*** 0.004*** 0.005%*** -0.002**
(0.001) (0.001) (0.001) (0.001)
4 0.003%** 0.005%** 0.005%** -0.002*
(0.001) (0.001) (0.001) (0.001)
5 0.004** 0.006%** 0.005%** -0.002*
(0.001) (0.001) (0.001) (0.001)
Constant -0.001 -0.000 0.000 0.001
(0.001) (0.001) (0.001) (0.001)
Observations 219,912 219,912 219,912 219,912
Number of individuals 19,992 19,992 19,992 19,992
R-squared 0.007 0.002 0.004 0.003

Notes:*** p<0.01, ** p<0.05, * p<0.1. Control Variables: Calendar year dummies and individual fixed effects.
Standard errors are clustered at the individual level. The following ATC codes are used: Antipsychotics: NO5A,
Anxiolytics: N05B, Hypnotics and sedatives: NO5C, Psychostimulants, agents used for ADHD and nootropics:
NO6B.

Table A.6: Immediate effect of a serious parental health shock on exam scores, Robustness check

Father ~ Mother Danish score siblings fixed effects Individual fixed effects

(1) 2 ®3) (4) (5)
Joint health shock -0.0770%** -0.119%* -0.0954***
(0.0238) (0.0542) (0.0192)

Observations 10,463 3,273 10,950
Cardiovascular Diseases -0.095"* -0.199***

(0.044)  (0.064)
Observations 3125 1447
Cancer -0.075*  -0.075*

(0.045)  (0.040)
Observations 2804 3768
Number of family 1,654
Number of individuals 3,603

Notes: *** p<0.01, ** p<0.05, * p<0.1. The table shows the estimate for the variable pre, indicating whether
the child has experienced the health shock prior to the ninth grade math exam, estimated under the condition
that the child has experienced the parental health shock within one year prior to or after the ninth grade written
exam. Math score is standardized with mean zero and standard deviation one. Control variables: child’s gender,
child’s age at the time of the parental health shock, mother’s and fathers’s income groups, mother’s and father’s
highest level of completed education, mother’s and father’s age at the time of the child’s birth, ethnic background,
indicator variable for whether the child have siblings and if the child is the first born and birth cohort dummies.
Robust standard errors in parentheses.
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(b) Causes of death

Figure A.1: Type of cancer and cause of death, by mother and father
Notes: See Appendix Table for the diagnosis codes. The figure shows the distribution

of parents cancer types for all children experiencing a parent getting cancer between the
ages of 0 and 20.
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Figure A.2: Anti-depressant consumption and use of therapy across years by the specific parental

health shock
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Table A.7: Immediate effect of a serious parental health shock on school enrollment and highest
educational attainment

Year 1 Year 2 Year 3 Year 4 Year 5
Not enrolled in school 0.029***  0.033***  0.049*** 0.059***  (0.029***
(0.007)  (0.008)  (0.009) (0.011)  (0.011)

Mean of dep.var. 8.5 15.5 18.0 42.6 60.4
Observations 14,198 14,198 14,198 14,198 14,198
Ninth grade as highest completed education 0 0 0 0.056™**  0.065***
() () () (0.016)  (0.015)

Mean of dep.var. 100 99.9 98.6 47.3 36.1

Observations 1171 2172 2531 5723 6937

Notes: *** p<0.01, ** p<0.05, * p<0.1. Estimated using a linear probability model. The table shows the estimate
for the variable pre, indicating whether the child has experienced the health shock prior to the application deadline
for senior secondary schooling, which occurs in ninth grade, estimated under the condition that the child has
experienced the parental health shock within one year prior to or after the application deadline. The effect on
ninth grade as highest level of completed education is estimated conditional on no school enrollment, cannot be
estimated in the first years after finishing ninth grade, as all children have compulsory school as their highest level
of completed education at that time. Control variables: the gender of the child, the child’s age at the time of
the parental health shock, mother’s and father’s income groups, mother’s and father’s highest level of completed
education, mother’s and father’s age at the time of the child’s birth, ethnic background, indicator variable for
whether the child have siblings and if the child is the first born and birth cohort dummies. Robust standard
errors in parentheses.
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Table A.8: Long-term effect, age dummies

GPA No school enrollment

Health Shock Death Health Shock  Death

Age 1 0.000 0.000 0.000 0.000

() () () ()

Age 2 0.070 -0.036 0.003 0.001
(0.057) (0.108) (0.018) (0.042)

Age 3 0.053 0.007 0.037** 0.021
(0.051) (0.096) (0.017) (0.039)

Age 4 0.082 0.061 0.021 0.039
(0.052) (0.107) (0.016) (0.037)

Age 5 0.080 0.026 0.049*** 0.025
(0.055) (0.102) (0.017) (0.037)

Age 6 0.108* 0.097 0.029* -0.004
(0.057) (0.107) (0.017) (0.038)

Age 7 0.188*** 0.083 0.040** 0.046
(0.059) (0.110) (0.017) (0.038)

Age 8 0.153** 0.100 0.037** 0.055
(0.061) (0.115) (0.018) (0.038)

Age 9 0.160** 0.164 0.045** 0.082**
(0.063) (0.118) (0.018) (0.039)

Age 10 0.166** 0.135 0.057*** 0.061
(0.065) (0.120) (0.019) (0.040)

Age 11 0.222%** 0.106 0.042** 0.058
(0.069) (0.126) (0.019) (0.041)

Age 12 0.224*** 0.055 0.078*** 0.072*
(0.072) (0.130) (0.020) (0.042)

Age 13 0.208*** 0.192 0.066*** 0.073*
(0.076) (0.137) (0.021) (0.043)

Age 14 0.265*** 0.222 0.082*** 0.084*
(0.080) (0.144) (0.022) (0.045)

Age 15 0.249*** 0.140 0.069*** 0.083*
(0.084) (0.147) (0.023) (0.046)

Age 16 0.276*** 0.194 0.072%** 0.103**
(0.094) (0.168) (0.024) (0.048)
Constant -0.148** -0.216* 0.095*** 0.110***
(0.060) (0.114) (0.017) (0.039)

Observations 38546 12276 70890 25371

Notes: *** p<0.01, ** p<0.05, * p<0.1 The standard errors are clustered at the family level. A sibling fixed effect
estimation is used. The child is included in the analysis if at least two children in the family have experienced the
parental health shock prior to the ninth grade exam. The effect is measured relative to a shock at age 1. Control
variables: Child gender and an indicator variable for first born child.
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