ISSN 2042-2695

CENTRE for ECONOMIC
PERTFORMANICE

CEP Discussion Paper No 1175
November 2012

The Enduring Impact of Childhood Experience on Mental
Health: Evidence Using Instrumented Co-Twin Data

Rachel Berner Shalem, Francesca Cornaglia
and Jan-Emmanuel De Neve

THe LONDON SCHOOL E-5-R-C
or ECONOMICS anp ECONOMIC
POLITICAL SCIENCE MY ARCH
COUNCIL




Abstract

The question of whether there is a lasting effect of childhood experience on mental health has eluded
causal measurement. We draw upon identical twin data and econometric instrumentation to provide
an unbiased answer. We find that 55% of a one standard deviation change in mental health due to
idiosyncratic experience at age 9 will still be present three years later. Extending the analysis, we find
such persistence to vary with age at impact, gender, and mental health sub-categories. This
investigation allows us to get a grasp on the degree to which childhood events influence health and
socio-economic outcomes by way of their lagged effect on subsequent mental health. A better
understanding of the evolution of mental health also helps identifying when mental health issues can
be most effectively treated.
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Introduction

Mental health is of critical importance to individual well-being, social cohesion, and
economic life (1-3) and research has found effects of childhood mental health on physical health
and longevity (4-9) as well as education and labour market outcomes (9-10). The mechanism
through which mental health impacts later life events, however, remains elusive. Genetic
endowments provide some explanatory power for differences in mental health (11-16) but the
impact of early environmental experience on later mental health and, in turn, life events has so
far eluded causal measurement. Although survey studies have previously shown evidence for an
association between childhood experience and adult mental health (17-22), in this study we draw
upon identical twins data and econometric instrumentation techniques to provide an unbiased
answer to this important question. Evidence for the persistence of mental health experience
would bolster the case for treatment approaches and early intervention in the case of childhood
experience. If no unbiased evidence can be obtained then the focus should be on preventing

negative shocks to mental health instead of their treatment.

In order to better understand the idea of mental health continuity, we illustrate with an
example of physical health. Consider four different physical conditions, each of them
characterized by a different level of continuity over a period if no treatment were provided: (a) A
cold generally goes away within a week whether treated or not: its continuity is zero. (b) A
permanent physical impairment such as an amputation has a continuity of one. (c) Degenerative
diseases will get worse over time, that is their continuity will be larger than one. (d) A multiple
fracture may never completely heal, showing continuity smaller than one, but larger than zero. In
this paper we try to understand to which of these four groups idiosyncratic childhood experience

belongs and measure its effect on later mental health.



Using the Twins’ Early Development Study—a large-scale UK twin pairs data set (23)—
we study the persistence of child mental health by performing a comparison of identical twins in
order to account for genetic confounding and shared experience. Throughout the analysis we
consider a well-known mental health scale—the Strength and Difficulties Questionnaire or SDQ
(24-25)—and also evaluate its five specific components: emotional symptoms, conduct disorder,
hyperactivity, peer relationship problems, and prosocial behaviour (the SDQ questionnaire and
descriptive statistics are provided in figures S1-S2 and tables S1-S3 in the Supplements
Appendix). We also take advantage of the availability of a child self-report, a parent report, and a
teacher report that evaluate child mental health independently. This unique feature of the data
allows us to instrument the analysis, reduce measurement error bias and further limit endogeneity
concerns (for methodological proofs see Methods and the Supplements Appendix). For the
instrumented co-twin analysis we focus in on a three year timeframe—with study subjects aging
from nine to twelve years—for which we have access to all three independent reports on child
mental health. To gain a broader sense of mental health continuity we extend our study to as

early as 4 years of age though with less measurement accuracy.
Methods
Participants

The Twins’ Early Development Study (or TEDS) is a longitudinal study of twins from
early childhood through adolescence. TEDS originally enrolled about 15,000 twin pairs born in
the UK between 1994 and 1996 to allow for the multivariate investigation of language, cognition
and behaviour problems. For a detailed overview of the TEDS cohort and its selection criteria

please see the most recent review by Oliver and Plomin (23).



Measures

Child mental health was assessed using the screening instrument called the Strengths and

Difficulties Questionnaire (SDQ). The SDQ is a well-validated 25-item questionnaire (24-25).

Items are scored not true', 'somewhat true', or 'certainly true' and used to construct five subscales
of five items each (emotional problems, conduct problems, hyperactivity-inattention, peer
problems, and prosocial behaviour). The subscales are also added up to produce a total SDQ
score for each informant (See Table S1 in the Supplements Appendix for full item list). The
twins' parent (mostly the mother) filled in an SDQ questionnaire starting at age 4, the teacher
starting at age 7 and the child filled in a self-reported SDQ questionnaire starting at age 9. Table
S3 in the Supplements Appendix summarizes the SDQ averages for our TEDS sample, and
compares them with the UK population SDQ averages. The table shows that the TEDS sample is
characterized by slightly lower mental health problems (and slightly more prosocial behaviour)
than the general population. Figure S2 in the Supplements Appendix also shows that the mean
SDQ levels reported by different informants are very different. While the average level of total
SDQ according to the parents is 6.5, the average level according to the teachers is 4.7, and as
high as 10.7 according to the child self-report measure. The discrepancy between informants is a
well-known issue in the psychological literature (see Reyes and Kazdin (26) for a review). The
main method the literature uses to investigate these discrepancies is to analyse the correlations
between different life factors and the SDQ reports of each informant in different data sets. The
differences between the correlations teach us something about the nature of the informant, and
possibly about the bias in his/her report. For example, Collishaw et al. (27) conduct this analysis
with the SDQ measure that we use. In their paper, the authors use the 1999 British Child and
Adolescent Mental Health Survey (n = 4,525, ages 11-15 years), where teachers, parents and

children completed the SDQ. They show that teachers' reports are more correlated with the child



being male, with the existence of learning difficulties, and with the social economic status of the
child's family and neighbourhood. The authors' interpretation of these results is that the teacher is
biased by what is considered a risk group (males, poor families), and by the child's behaviour in
the class (how well s/he learns). The parent's report is more correlated with the child's poor
general health, child's neurodevelopmental disorders and with family variables like the
caretaker's distress (usually the reporting parent) and the family's socio-economic status. The
authors’ interpretation for this is that the parent is biased by other problems that the child has,
and also by his/her own mental condition. Since the caretaker’s mental condition is also
correlated with the socio-economic well-being of the family, it is likely to be correlated with
those variables as well. Overall, the literature on this is not conclusive about the reasons why
these discrepancies occur, and which of the informants is more reliable. Figure S2 in the
Supplements Appendix shows the distribution of total SDQ and of three specific disorders
(conduct disorder, emotional disorder, and hyperactivity) at the age of 9. For each scale we show
the distribution of the reports of all three informants (parent, teacher, and child self report). In
line with the averages reported in table S2 in the Supplements Appendix, the histograms show
that teachers generally report lower levels of mental distress compared to parents, and that
children report higher levels of mental distress. The same is true for all three disorders and for
the total scale. As the histograms suggest, the reports are very different from each other. We
conclude that using a measure of mental health based on any single informant would introduce
measurement error that might significantly alter the results (see Griliches (28)). Furthermore, we
treat the reports as each being a function of a true component and an error component, where the
true component is identical for all the reporters. For simplicity, and as it is commonly done in the

literature, we assume an additive function. Each reporter thus describes a different aspect of the



child's mental health, and therefore it is harder to assume a mutual component of all the reporters
even though the reporters are answering exactly the same questions. It could be that the child
behaves differently at home than at school, therefore the reports are different. It may also be the
case that the inner personality structure of the child is stable even if she expresses it differently in
each environment. Assuming this, the SDQ was initially designed for both teachers and parents.
It therefore asks about a wide range of behaviours where some are typical at home and some at
school, so that the total score of each report should give the true level of mental distress. We
assume that each report contains the true component of the child's mental state. The deviance
from this true component is an error term (a formal analysis is presented in the Supplements
Appendix). In order to estimate the size of a possible measurement error we look at the
correlations between the reports of different informants of same twin's mental health status.
Assuming each informant's report has a true and an error component, if the true component is
large for all informants then we would expect a high correlation between the reports. Table S3 in
the Supplements Appendix shows the correlation matrix between the reports on the twins’ SDQ
by all three informants (parent, teacher and child self report). In the table, each cell is the

correlation between the different mental health variables, where MHj; is the mental health

variable of twin j as reported by informant r = {p, t, c}, where p, t and c denote parent, teacher
and child respectively. The highest between-informants correlation is 0.34 (parent - child self
report). This can be interpreted as a measurement error that is 66 per cent of the variation of
these variables (see Ashenfelter and Krueger (29)). The correlation matrix also provides
information about the existence of an informant-systemic measurement error. Such a

measurement error will lead to a higher correlation between MH9Y; and MH9Y%, than between

MH9Y; and MH9; or between MH9Y, and MH9S,;. Similarly, such positive correlation will lead



to a higher correlation between MH9Y; and MH95; than between MH9Y; and MH9Y, or between

MH9Y; and MH95;, because the same informant's reports contain a common measurement-error
component that reports by different informants do not contain. In the presence of classical
measurement error these correlations would have been identical. The correlations between the
different SDQ reports are consistent with the hypothesis of positively correlated measurement
error in the same-person’s reports. Given that the psychological literature is not conclusive about
who is the best informant, we have made use of all three informants, and used statistical methods
in order to minimize the measurement error. In the next sections we outline the main features of

our conceptual framework.

Statistical Analysis

The methodological approaches used in this analysis attempt to deal with the biases
introduced by the aforementioned measurement error problem and also by omitted variables,
including genetic confounders. We start with a simple setup to assess the persistence of mental
health,

Mleli =a -+ ﬂMHgll + )/Xl + MAL + Uq;
MHlZzl' = +ﬁMH921 +]/Xl +‘LlAl +u2l'

Where MH12,;, MH12,; is our measure of mental health (SDQ) at age 12, and MH9,;, MH9,; is
the observed SDQ at age 9 for the first and second twin of the i-th pair respectively. X; are the
observed variables that vary by family, but not between twins. Among these are gender, parental
qualification and age of the mother when the first child was born. 4; are the unobservable
variables that vary by family, e.g. the family and general environment where the twins were
raised, and in case of monozygotic (identical) twins, also all genetic factors. Dizygotic twins on

the other hand only share half of the genetic factors. u,;, u,; are the unobservable individual



components. We assume identical equations for the two twins. Our main interest is estimating [,
but the OLS estimator may be biased mainly because of two reasons. First, omitted variables:
both the family level unobservables, A;, and the idiosyncratic unobservables, u;; are likely to be
correlated with mental health at age 9 and at age 12. Second, measurement error: the complexity

of identifying mental health disorders might make the measurement error of MH9j; larger, and

the use of within-family data may make this problem worse (see for instance Griliches (28)).
Measurement error is also expected in the dependent variable. These issues have been
extensively addressed in the economic literature on the returns to schooling also using twin data

(28-29). For a more recent critical review, please see Sandewall et al. (30).

The size of the omitted variable bias introduced in a least-squares estimation is given by

COU(A{,MH‘)ﬁ)

Var(io) (mathematical proof is given in Supplements Appendix). It is

plimPoLs = Bors + K

plausible that the omitted variables, for example 4;, are correlated with the mental health
condition at age 9, MH9j;. In such a case, then Cov(A;, MH9j;) # 0 and the OLS estimator
would be biased. To minimize the bias we would ideally exploit an exogenous shock to mental
health at age 9 for MH9;;. Obtaining an exogenous variable by generating a mental health shock
in an experimental setting is not feasible and is uncommon to obtain in a natural experiment
setting. We therefore make the following assumption to identify a proxy for an exogenous
mental health shock. Mental health, as any other health problem, is an outcome of the interaction
between external factors and internal factors. In the case of a cold for example, the external
factor is the density of germs in the air around the person. The internal factor is the quality of the
person's immune system. In the case of mental illness the external factor is personal experiences,
e.g. exposure to violence or degradation. The internal factor is the personal susceptibility to

developing a mental disorder. This assumption is well established in the psychological literature



on mental health, and it is a key concept in modern genetics studies. See, for instance, the
concept of genotype-environment (GxE) correlation in Plomin and Asbury (31) and Caspi and
Moffitt (32). This assumption leads us to two considerations: (1) The susceptibility to develop a
mental health problem (the internal factor) is embedded in the individual's genetics. Obviously,
the interaction with the individual's experiences starts at birth, or even before that (33), but the
primary location of susceptibility resides in the genes. (2) The source of any difference between
two identical twins must therefore come from their experiences, the external factor. Accepting
this assumption means therefore that including a twin fixed effect in the regression allows us to
control for the internal factor (for identical twins it is 100% of the genes, whereas for non-
identical twins the shared part is 50% of the genes) and all experiences the twins have in
common. This shared experience is represented by A;. The remaining difference in mental health
after including fixed effects derives from the experience that the twins do not have in common.
We refer to this idiosyncratic experience as a shock (not necessarily an exogenous one).
Formally, the specification with twin fixed effects (FE) is: MH12;; = PMH9;; + a; + u;;. Fixed
effects eliminate the unobserved term, A; and the common components in u;;. FE are
asymptotically identical to the first differences (FD) method, which is conducted taking the
difference between the two parts of equation: MH12,; — MH12,; = B(MH9,; — MH9,;) +

Uq; — Uy;. We are using FE rather the FD for efficiency reasons. It could be objected that since
the difference in mental health between the twins might stem from experiences back in the
womb, or in early childhood, part of the difference in mental health is no more treatable at age 9.
We therefore control for some idiosyncratic early experiences. As an example of very early
experiences we consider the twins' birth order, as it is associated with APGAR scores at young

ages (34). We control for birth order in all our regressions, but its inclusion among the regressors



has a minor effect on our results. In addition, it is possible that spillover effects take place
between twins. This will downward bias our FE results since the mental health of one twin is
likely to worsen the mental health of the other twin three years later. The results we find are

therefore likely to be a lower bound.

Besides omitted variable bias, the estimated coefficient may also be biased due to
measurement error. Measurement error (ME) may be a particularly serious issue in our context
because of the complexity to identify and correctly report mental states. As shown in Figure S2
in the Supplements Appendix, different informants (parent, teacher and child) provide very
different reports on the child's mental health. The psychological literature does not provide clear-
cut evidence on which of the informants is more reliable. We therefore use all three reports
available in the dataset (parent, teacher and child self report) to minimize the bias. Here we
present our empirical framework. In the classical ME model, measured mental health (MH) is

related to “true” MH by MH9}; = MH9/["®+v]; , where MH9{[*¢ is the “true” MH of twin j in
family i, and MH9j; is the measured MH of twin j as reported by informant r = {p, t, c} where
p, t and ¢ denote parent, teacher and child, respectively. And vj; are measurement errors that are
uncorrelated with MH 9}{ "€, If we assume no other bias is in place (no omitted variable bias) the

probability limit of the estimate is (mathematical proof is given in Supplements Appendix):

. A Var(vj;) Var(MH9true)
plim ﬁOLsz,BOLs[ Var(Mng] ,BOLS[ - Var(MH9T) ]

where By, is the least square coefficient if MH were precisely measured, Var(v};) is the
presumed variance of the measurement error, Var(M H 9]2) is the variance of the measured MH

at age 9 and Var(M H 9]’:[ ”e) is the variance of the true MH at age 9. In the previous section we

made the case of using FE to deal with the omitted variable problem. By introducing FE,

10



however, we may inflate the ME problem. Intuitively, while v}; is purely random ME, and

therefore its variance is the same in the population level analysis (OLS) and in the within family
analysis (FE), the variance of MH between twins is much smaller than the variance in the

population, and therefore the variance of MH9]; does change when going from OLS to FE. In

particular, in FE the nominator of the above equation doesn't change while the denominator is

smaller, hence a bigger bias (28). Formally, the probability limit of the within-family estimate is:

var(vj;) _ 1

plim Bre=Prg |1 ] where Srg is the FE coefficient if MH were precisely

Var(MH97i) 1-pMmHo

T

measured, and pyyo 1s the ratio family to total variance components in MH9}; (the variance of

J

MH9 between two twins inside the family over the variance of all the twins in the sample). In
order to minimize the measurement error, we take advantage of the richness of our twin data

(three MH reports for each twin) and perform 2SLS, using two reports as instrumental variable

for the third one: MH12 ; = B(MH 9;.;) +a,+u; where (MH 9’];) are the predicted values from the
regression: MH9'} = oy + o, MH 9"} + 0,MH9'; + a, + ¢, . We will use one of the following three

specifications: r; = t,1, =p,13 =corry =p, 1, =t, 13 =corry =, 1, =p,13 =t, on the
basis of the robustness of the first stage (largest F statistic in the first stage). So far we discussed
classical ME. However, this may not be the only type of ME we encounter in our data. The
psychological literature suggests that teachers' and parents' responses tend to be biased by the
child's learning disabilities and by the child's social class (27). It is therefore plausible to expect
that teachers' report to be correlated between them and similar for the parents' reports. Moreover,
it is also likely that when parents report the mental health of both their twins, they will provide
correlated reports. The correlation matrix (see table S3 in the Supplements Appendix) was in line

with such an informant-systemic error. We therefore need to account for the presence of an

11



informant-systemic error. We consider a ME model given by MH9},=MH 9}{ “etv] +vj; where
MH9;"¢ is the true MH of twin j in family i, MH9]; is the measured MH status of twin j in

family i as reported by informant r,,., v is the systemic error of informant r, and v}; is the

tc 2
random measurement error component. Both v;” and vj; are assumed to be uncorrelated with
MH 9]’:[ “€. A way to deal with this type of non-classical measurement error is to control for the

informant, for instance by differencing two reports of the same informant (e.g. reports on the
SDQ of two different twins). Using twin fixed effects does this by eliminating the systemic error
component. This is the same strategy we use to deal with the omitted variable bias problem.
Another type of non-classical measurement error is the one that is caused by regression towards
the mean. Mean reversion takes place when observations who are close to the ends of the
distribution can not move away from the mean but only towards it (bounded scales). Mean
reversion takes also place when the same variable is observed in two different points in time. If
some observations got a score lower (higher) than the mean when first observed, then they have
a higher probability to score a higher (lower) value in the second observation. In general, the
second observation will be closer to the mean. This will bias our results since this misperception
of the true values is affecting more the observations as we move closer to the ends of the
distribution. Therefore the coefficient of the regression will be downward biased. For this reason
we expect our results to represent the lower bound of the effect. So far we have assumed that our
explanatory variable, mental health status at age 9 (MH9) may be measured with error. For the
same reasons, it is also plausible to expect that our dependent variable, mental health status at
age 12 (MH12) is measured with error. Generally a dependent variable measured with error (but
not correlated with the explanatory variable) does not lead to biased estimates. This is, however,

not the case here. The measurement error in MH12 is given by MH12J; = MH12{7"¢ + e] — e];

12



where MH12["¢ is the true mental health status (MH) at age 12 of twin j of family i, MH12J; is

the measured MH status at age 12 of twin j of family i as reported by informant r,,., e; is the

e
systemic error of informant r of family i, and ej; is random measurement error. By using FE we
control for the informant systemic error. We are therefore left with thé€random error, ej;. To
illustrate the bias we expect because of measurement error in MH12, we estimate OLS including
the measurement error in both the dependent variable and the explanatory variable (MH12j; =
MH12"¢ + ef; and MH9}; = MH9[]"® + v}}). The probability limit is given by (mathematical
proof given in Supplements Appendix):

Var(MH9"")
Var(MH9',)

.\ Cov(MHO9'“,e,)+ Cov(v),,e",)

ji o ji?

Var(MH9',)

plim ﬁOLS = ﬁOLS

From this equation we see that the estimator is biased if Cov(MH9! ¢, e!) # 0, and/or if
q Jji ji

Cov(v};, e];

ji> €j;) # 0 . In our case both covariances are plausibly different from zero. In order to

minimize this measurement error bias, we should minimize both covariances -

Cov(MH9;[¢, ef;) and Cov(v};, e;). To do this we choose the dependent variable that has the
minimum correlation with the independent variables. Recall that the reduced form we are
running is MH12;=y,+y; MH 9;2 +y,MH 9;3 +a;+vj; (Where 1, and 73 are any two of the three
informants). Therefore, the dependent variable would be MH 12;.1 (where r; is the third

informant). This is also better (in terms of minimizing correlation with the independent

variables) than taking any combination between the three reports at 12 (e.g. their average).
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Results

Table 1 reports on the main results. When controlling for twin common traits, including
their genetic endowment, we find that 55% of a one standard deviation change in mental health
(total SDQ) at age 9 will still be present three years later. When we investigate the SDQ
components separately we observe that 64%, 57%, and 63% of a one standard deviation change
at age 9 in, respectively, conduct disorder, emotional disorder, and hyperactivity will still be
present three years later. We do not interpret the coefficients on peer problems and prosocial
behaviour as being unbiased because the analysis is only weakly instrumented (35). The
enduring effect of childhood experience on mental health varies by gender. Conduct disorder due
to idiosyncratic experience in girls has an enduring effect on later mental health that is double the
size as compared to boys. Conduct disorder induced by, for example, a traumatic event would
appear to hardly fade in girls over the period of nine to twelve years. The opposite is the case for
anxiety and depression where the lasting effects linger more greatly for boys as compared to
girls. No material gender-specific differences are obtained for the other subcomponents of the
SDQ mental health index. When comparing the results for identical versus non-identical twin
pairs we find the effect sizes considerably and consistently higher for non-identical twins (see
Table S4 in Supplements Appendix). This upward bias is due to the genetic variation that is
unaccounted for in non-identical twin pairs. These comparative statistics imply that genetic
variation plays an important role in the development of mental health and that it is imperative to
disentangle genetic influences from environmental influences when studying the effect of
childhood experience on later mental health. When applying econometric instrumentation to
account for measurement error we observe consistent increases in the size of the effects that are
similar across identical and non-identical twins (Table S4 in Supplements Appendix). This is the

result of accounting for the role of ex ante mental health in shaping childhood experience.
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When extending the analysis to include mental health at ages four and seven we find a
significant degree of continuity over the considered period of four to twelve years old. This
evolution over time is shown in Figure 1 and holds for the SDQ mental health index,
hyperactivity and prosocial behaviour, and to a lesser extent for anxiety and depression.
Generally, the coefficients become smaller over time indicating a gradually diminishing effect of
an earlier idiosyncratic experience on mental health as the child ages (also see Table S5 in
Supplements Appendix). Though mental health issues due to experience seem to fade over time
a significant residual effect remains. Figure 1 also reveals that the size of the enduring effect of
experience on mental health varies by the childhood age at impact. We find that, in general, the
older the child is the higher is the continuity of a shock to mental health. For example,
considering the overall SDQ mental health score, we observe that the continuity effect between
age 4 and 7 is less than the continuity effect between age 7 and 9 which, in turn, is less than the
continuity effect between age 9 and 12 (also see Table S5 in Supplements Appendix). A similar
pattern is observed for the mental health categories that make up the total SDQ mental health
index. This result appears to indicate that child mental health becomes more absorbent over time

with experience having an increasingly enduring effect.

Discussion

The results reported here show that there is lasting impact of idiosyncratic experience on
mental health in childhood and that its effect diminishes over time. About half of the effect of a
personal experience on mental health at age 9 still remains at age 12. Though this report makes
an intuitive point it is, to our knowledge, the first unbiased estimate of the enduring effect of

childhood experience on mental health. As such, it contributes to the study of mental health and
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human capital accumulation in a number of ways. First, our investigation into the continuity of
child mental health allows us to get a grasp on the degree to which childhood events may
influence later health and socio-economic outcomes by way of their lagged effect on subsequent
mental health. Second, we address statistical identification problems not previously dealt with in
the mental health literature that allow us to present unbiased results. The important role of
genetic variation in mental health (11-16), as well as other unobservable traits such as quality of
nutrition in the womb (33), is accounted for using identical twin data. Having multiple
independent reports allows us to instrument the analysis to address potential reverse causality
(the effect that mental health issues may have on childhood experience) and further reduce
measurement error. Third, when considering mental health across gender we observe significant
differences in terms of conduct and emotional disorders. Finally, the continuity of mental health
and the observed gender differences raise the issue of treatment and its effectiveness.
Understanding the evolution of mental health helps identifying when mental health issues can be

most effectively treated.
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Table 1. An instrumented co-twin analysis of the effect of experience at age 9 on mental health
age 12

Entire MZ
sample MZ Boys MZ Girls
€)) @) (€))
Total SDQ 0.552 ** 0.598 ** 0.501 **
SE  (0.102) (0.163) (0.124)
N 1350 562 788
first stage F-statistic 353 17.6 17.9
Conduct disorder 0.635 ** 0.404 ** 0.933 **
SE  (0.135) (0.164) (0.243)
N 1330 550 780
first stage F-statistic 253 18.7 8.7
Anxiety and depression 0.567 ** 0.712 ** 0476 **
SE  (0.129) (0.179) (0.175)
N 1344 560 784
first stage F-statistic 29.2 12.4 17.1
Hyperactivity 0.626 ** 0.668 ** 0.586 **
SE  (0.100) (0.154) (0.126)
N 1328 550 778
first stage F-statistic 38.6 19.1 20.3
Peer problems 0.505 ** 0.848 ** 0.207
SE  (0.205) 0.411) (0.182)
N 1340 554 786
first stage F-statistic 8.0 3.1 4.9
Prosocial behaviour 0.345 0.186 0.747
SE  (0.218) (0.226) (0.544)
N 1342 562 780
first stage F-statistic 6.9 6.5 14

Note: Shown are standardized coefficients for the persistence of differences in mental health
between identical or monozygotic (MZ) twins (due to idiosyncratic experience). Mental health is
measured by the Strengths and Difficulties Questionnaire (SDQ), and its sub-indices, and is
evaluated by the parents. The child self-report and teacher report are used to instrument the
analysis and reduce measurement error. Coefficients are also reported for the sample split by
gender. All regressions control for birth order. Robust SEs are in parenthesis. One star represents
90% significance and two stars represent 95% significance. The number of observations and the
first stage F-statistic are reported underneath the SEs.
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Fig. 1. The effect of experience at ages 4, 7, and 9 on later mental health.

Total SDQ Anxiety and depression
1 * *  J 1 » * *
0.8 0.8
2 =
E 0.6 E 0.6 S
5 = f 5 = .
. - 3 )
0.2 . PY 0.2 2 3 *
* ° *
0 0
4 7 Age 9 12 4 7 Age 9 12
Conduct disorder Peer problems
1 * * * 1 * * *
0.8 0.8
> 2
goe 20s
5 7 2 5
O 04 O 04
] ul 3 3
*
02 3 ¢ 02 . 3
. - . 7 :
0 ¢ 0 *
4 7 Age 9 12 4 7 Age 9 12
Hyperactivity Prosocial behavior
1 * * * 1 * * *
0.8 0.8
= 2
'S 0.6 'S 06
£ £ 3
T 3 c -
S 0.4 . h S 04 s
o 0. =) * M O 0. . M
* 3 M . = ¢
. | *
0.2 . 0.2 S 2
*
0 0
4 7 Age 9 12 4 7 Age 9 12

Note: Shown is the persistence of differences in mental health between identical twins (due to
idiosyncratic experience). Mental health is measured by the Strengths and Difficulties
Questionnaire (SDQ), and its sub-indices, and is evaluated by the parents.

21



Supplements Appendix:

The Enduring Impact of Childhood Experience on Mental Health: Evidence Using Instrumented
Co-Twin Data

Rachel Berner Shalem, Francesca Cornaglia, Jan-Emmanuel De Neve

Figures S1-S2
Tables S1-S5
Mathematical proofs

22



Figure S1. The distribution of total SDQ (parent report) at age 9 and at 12 in the TEDS sample.
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Figure S2. SDQ distributions by informant at age 9.
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Note: The histograms show the distribution of Total SDQ (top row) and of three specific
disorders: conduct disorder (second row), emotional disorder (third row), and hyperactivity
(bottom row). All graphs refer to age 9. For each mental health measure we show the distribution
of the reports for all three informants: parent SDQ on the left, teacher SDQ in the middle and
child self report in the right column.
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Table S1. The Strengths and Difficulties Questionnaire.

Somewhat Certainly

Emotional Symptoms Scale Not True True True
Often complains of headaches, stomach-aches or sickness 0 1 2
Many worries, often seems worried 0 1 2
Often unhappy, down-hearted or tearful 0 1 2
Nervous or clingy in new situations, easily loses confidence 0 1 2
Many fears, easily scared 0 1 2

Somewhat Certainly

Conduct disorder Not True

True True
Often has temper tantrums or hot tempers 0 1 2
Often fights with other children or bullies them 0 1 2
Generally obedient, usually does what adults request 0 1 2
Often lies or cheats 0 1 2
Steals from home, school or elsewhere 0 1 2

Somewhat Certainly

Hyperactivity Not True True True
Restless, overactive, cannot stay still for long 0 1 2
Constantly fidgeting or squirming 0 1 2
Easily distracted, concentration wanders 0 1 2
Thinks things out before acting 0 1 2
Sees tasks through to the end, good attention span 0 1 2

Somewhat Certainly

Peer problems Not True True True
Rather solitary, tends to play alone 0 1 2
Has at least one good friend 0 1 2
Generally liked by other children 0 1 2
Picked on or bullied by other children 0 1 2
Gets on better with adults than with other children 0 1 2

S hat Certainl
Prosocial behaviour Not True omewha erialy

True True
Considerate of other people’s feelings 0 1 2
Shares readily with other children 0 1 2
Helpful if someone is hurt, upset or feeling ill 0 1 2
Kind to younger children 0 1 2
Often volunteers to help others 0 1 2

Note: Summing the scores from all the scales except the prosocial scale generates the SDQ score.
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Table S2. Mean SDQ score for TEDS Sample and UK population.

TEDS Populatio  signi TEDS Populatio  signi TEDS TEDS  signi
age 9 age 5-10 . age 12 age 11- . age 12 age 12
panel Scale )] @) 3) @ 5) 6 N ® &)
Parent SDQ N=3596 N=5855 N=3596 N=4443 N=1617 N=1979
Total 6.7 (4.8) 8.6 (5.7) = 63 (48) 82 (5.8) ** 70 49) 5.7 45) e
Emotional Disorder 1.6 (1.8) 1.9 (2.0) ** 1.6 (1.8) 19 (2.0) *=* 1.5 (1.7) 1.7 (1.9) **
A Conduct Disorder 1.2 (1.3) 1.6 (1.7) 1.2 (1.4) 1.5 (1.7) 1.3 1.4) 1.1 (1.3)
Hyperactivity 30 23) 3.6 (2.7) 25 (2.1) 32 (2.6) =** 3.1 2.3) 2.0 (1.8) **
Peer Problems 09 (1.4) 14 (1.7) = 1.0 (1.4) 1.5 (1.7) 1.1 (1.6) 0.8 (1.3) **
Prosocial Behaviour 8.3 (1.7) 8.6 (1.6) ** 8.6 (1.6) 8.6 (1.6) 83 (1.7) 89 (14) **
Teacher SDQ N=3596 N=4801 N=2481 N=3407 N=1084  N=1397
Total 50 4.6) 6.7 (5.9 ** 4.6 47) 63 (6.1) ** 55 (5.1) 3.8 (4.2) =
Emotional Disorder 1.3 (1.8) 1.5 (1.9) ** 1.1 (1.7) 1.3 (1.9) ** .1 (1.7 1.1 (1.7)
B Conduct Disorder 0.5 (1.1) 09 (1.6) ** 04 (1.1) 09 (1.7) *=* 0.6 (1.3) 0.3 (9  **
Hyperactivity 24 (24) 30 (2.8) ** 20 23) 26 (2.7) ** 26 27) 1.5 (1.9
Peer Problems 0.8 (1.4) 14 (1.8) *=* 1.1 (1.6) 14 (1.8) ** 1.3 (1.7) 1.0 (1.5) **
Prosocial Behaviour 7.6 (2.2) 7.3 (2.4) ** 8.0 (200 7.1 (24) = 74 (2.1) 84 (1.8) **
Self-report SDQ N=3596 N=3552 N=4228 N=1597 N=1955
Total 10.9 (5.8) N/A 85 (5.2) 103 (5.2) *=* 9.0 (54) 8.0 (5.1) **
Emotional Disorder 3.2 (2.3) N/A 2.1 2.0) 2.8 (2.1) == 1.8 (1.9) 2.3 (2.1) =
C Conduct Disorder 2.1 (1.8) N/A 1.8 (1.6) 2.2 (1.7) ** 20 (1.7) 1.6 (1.5)
Hyperactivity 3.8 (2.3) N/A 34 (23) 3.8 (22) ** 3.8 24) 3.0 (2.1)
Peer Problems 1.8 (1.7) N/A 1.2 (1.5) 1.5 (1.4) 1.4 (1.6) 1.1 (1.4) ==
Prosocial Behaviour 7.9 (1.8) N/A 7.3 (1.9) 8.0 (1.7) ** 6.7 (19) 7.8 (1.7) **

Note: Columns (1) and (4) refer to the TEDS data, age 9 and 12 respectively. Columns (2) and
(5) refer to the UK population, age 9 and 12 respectively (Source: National Survey of Child and
Adolescent Mental Health (1999) in http://www.sdqinfo.org/norms/UKNorm3.pdf). Columns (7)
and (8) refer to the TEDS data, age 12, boys and girls’ subsamples respectively. Columns (3), (6)
and (9) show whether the means of the two prior columns (7) and (8) are significantly different
from each other. Two stars indicate 95% significance level. Panel A, B and C are the child's
SDQ level as reported by the parent, teacher, and child self-report. Each panel shows the total
SDQ level, four disorder specific scales and the prosocial behaviour scale. Standard deviation is
in parenthesis.
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Table S3. Pearson correlation matrix of SDQ scores for identical twins.

parenton teacheron Isttwin- parenton teacheron 2sttwin -
1st twin Isttwin  self report  2st twin 2st twin  self report

(MH9” ;) (MHY9';) (MH9‘,) (MH9",) (MH9';) (MHY9‘;)

parent on 1st twin (MH9" ;) 1.000

teacher on 1Ist twin (MH9' ;) 0.302 1.000

Lst twin - self report (MH9“ ;) 0.341 0.234 1.000

parent on 2st twin (MH9” ;) 0.773 0.290 0.238 1.000

teacher on 2st twin (MH9',) 0.205 0.595 0.155 0.231 1.000

2st twin - self report (MH9“ ;) 0.240 0.115 0.463 0.329 0.104 1.000
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Table S4. The effect of experience at age 9 on mental health at age 12 using different model
specifications

OLS FE 2SLS FE + 2SLS
(€] 2 3) @
Panel A - Non Identical Twins
Total SDQ 0.693 **  0.599 ** 0.881 ** 0.724
SE  (0.021) (0.031) (0.036) (0.051)
N 2246 2246 2246 2246
first stage F-statistic - - 3822 194.5
Conduct disorder 0.586 **  0.556 ** 0.782 0.777  **
SE  (0.024) (0.039) (0.045) (0.067)
N 2234 2234 2234 2234
first stage F-statistic - - 197.2 91.4
Anxiety and depression 0.535  * 0.484 ** 0.791 ** 0.656  **
SE  (0.024) (0.037) (0.055) (0.082)
N 2240 2240 2240 2240
first stage F-statistic - - 140.8 59.5
Hyperactivity 0.676 **  0.682 ** 0.909 #* 0.820 **
SE  (0.018) (0.024) (0.032) (0.039)
N 2226 2226 2226 2226
first stage F-statistic - - 376.1 241.7
Peer problems 0515 ** 0.468  ** 0.811 ** 0.723  **
SE  (0.027) (0.035) (0.051) (0.074)
N 2224 2224 2224 2224
first stage F-statistic - - 178.8 90.1
Prosocial behaviour 0.523  ** 0.530 ** 0.751 ** 0.742  **
SE  (0.021) (0.031) (0.048) (0.067)
N 2252 2252 2252 2252
first stage F-statistic - 196.9 722
OLS FE 2SLS FE + 2SLS
@ 2) 3) @
Panel B - Identical Twins
Total SDQ 0.631 ** 0391 ** 0.855 0552 **
SE  (0.025) (0.044) (0.042) (0.102)
N 1350 1350 1350 1350
first stage F-statistic - - 214.6 353
Conduct disorder 0532 #* 0314 ** 0.850 #* 0.635 **
SE  (0.030) (0.057) (0.076) (0.135)
N 1330 1330 1330 1330
first stage F-statistic - - 73.6 25.3
Anxiety and depression 0.502  ** 0.371 ** 0.767 ** 0.567 **
SE  (0.028) (0.047) (0.063) (0.129)
N 1344 1344 1344 1344
first stage F-statistic - - 104.8 29.2
Hyperactivity 0.629 ** 0394 ** 0.930 ** 0.626 **
SE  (0.022) (0.049) (0.042) (0.100)
N 1328 1328 1328 1328
first stage F-statistic - - 219.7 38.6
Peer problems 0477 #* 0205 ** 0.854  ** 0.505  **
SE  (0.044) (0.053) (0.085) (0.205)
N 1340 1340 1340 1340
first stage F-statistic - - 78.1 8.0
Prosocial behaviour 0.531 *%* 0.410 ** 0.817 ** 0.345
SE  (0.029) (0.067) (0.076) (0.218)
N 1342 1342 1342 1342
first stage F-statistic - 86.0 6.9

Identification problems taken care of:

Family OVB (for MZ twins, including genes) v
ME in explanatory variable

ME in dependent variable

Controlling birth order v v

ANENEN
ANENENEN
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Note: This table shows the standardized regression coefficients for the SDQ measures at age 9
and their effect on lagged SDQ measures (age 12). Panel A and B show results for non-identical
and identical twins, respectively. All regressions control for birth order. Robust SEs are in
parenthesis. Two stars indicate 95% significance. Number of observations are reported

underneath the SE and first stage F-statistic is reported for the instrumented models in columns
(3) and (4).
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Table S5. Effects of experience on mental health between ages 4, 7, 9 and 12 in identical twin
data.

Identical Twins 9to 12 7to12 41012 7t09 4t09 4to07
@ 2) (€)) “@ 5) 6)
Total SDQ 0.415 **  0.191 ** 0.176 ** (0373 =% (159 ** 0.247 **
SE  (0.050) (0.055) (0.048) (0.049) (0.047) (0.061)
N 926 926 926 926 926 926
Conduct disorder 0.334 ** (0220 ** 0.049 0.383 **  0.034 0.074
SE  (0.069) (0.059) (0.033) (0.062) (0.041) (0.050)
N 906 906 906 906 906 906
Anxiety and depression 0.457 **  0.193 ** 0.084 * 0.368 **  0.059 0.097 *
SE  (0.052) (0.050) (0.047) (0.047) (0.053) (0.056)
N 920 920 920 920 920 920
Hyperactivity 0.398 **  0.260 ** 0.140 ** 0380 ** 0217 ** 0.280 **
SE  (0.052) (0.043) (0.036) (0.046) (0.045) (0.052)
N 902 902 902 902 902 902
Peer problems 0.188 ** 0.123 * 0.079 0.251 **  0.014 0.172 **
SE  (0.083) (0.064) (0.072) (0.048) (0.068) (0.085)
N 922 922 922 922 922 922
Prosocial behaviour 0.408 **  (0.254 ** 0.090 ** 0389 ** 0.160 ** 0.211 **
SE  (0.077) (0.058) (0.044) (0.068) (0.042) (0.047)
N 920 920 920 920 920 920

Note: Each column reports the standardized regression coefficients of the persistence of
experience on mental health between different age intervals. Figure 1 is a visual representation of
these results. Note that these results are obtained using within identical twin variation but are not
instrumented because access to all three independent reports on child mental health is only
available between ages 9 and 12.

30



Mathematical proofs.

1. Probability limit of the estimate when omitted variables are present (controls are taken

off of the model to simplify the demonstration of the effect of the omitted variables):

s Cov[MH9;,MH12;]  Cov[MH9;, (a + BMHY; + pA; + ;)]

li -
plim fows = Var(MH9;;) Var(MH9;;)
_ Cov (MH9j;, &) + Cov(MH9;;, BMHY;;) + Cov(MH9, uA;) + Cov(MH9j;, u;;)
Var(MH9;;) B
_ BVar(MH9;;) + uCov(MH9;;, A;) N Cov(4;;, MH9;))
N Var(MH9;;) ~ PR Var(MHY))

2. Probability limit of the estimate in case of measurement error in the

explanatory, MH9;;=M H9;;+vj; (controls and unobservable variables are taken off to simplify

the demonstration of the effect of measurement error):

. Cov[MH9};, MH12;]  Cov[MH9;

jis jis ((X+BMH911 +uﬂ)]

plim fows = Var(MH9Y) Var(MH9Y,)
_ Cov [MH9JrL, (a + BMHY}; — Bvj; + )]
B Var(MH9},)
Cov(MH " a) + Cov(MH 9 BMH9 l-) + Cov (MH9JrL,( ﬁvﬁ)) + Cov(MH9; U )

Var(MH9};)

B ﬁVar(MH ) — BCov(MHY;, v ) _ ,BVar(MH‘)jri) — BCov ((MH‘)r + vj; ) UU)
- Var(MH9Y,) - Var(MH9Y,) N

_ Bvar(MH9};) — BCov(MHY;, uf;) — BVar (vf)
B Var(MH9};)
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Assuming that the error term, v}; is uncorrelated with the true MH9:

,[?Var(MH‘)ﬁ-) - BCov(MH‘)ﬁ,vjri) - ,BVar(vjri) B Var(
Var(MH9},) - l Var(MH9},)
_ Var(MH9;)
lv r(MH9T;)

3. Probability limit of the estimate in case of measurement error in the explanatory

variable, MH9}; = MH9;; + vj;

;i » and a measurement error in the dependent variable,

MH127=MH12;;+e};

. Cov[MH9};, MH12;;]  Cov[MH9};, (a + BMH;; + w;;)]

lim L =
plim fows = Var(MH9Y,) Var(MH9Y,)

Cov[MH9]Tl, (a + BMH9}; — Bvj; + uj; )]

Var(MH9]l)

_ Bvar(MH9};) — BCov(MH9};, v
B Var(MH ﬂ)

)+ Cov(MH i ﬂ)

_,BVar(MH ) ﬁCov(MH i U ) [?Var( )+Cov(MH v € )+Cov( Vj;, € )_
B Var(MH9},) B

lVar(MH‘) ) Cov(MH9]l, )+Cov( i, ﬂ)
Var(MH9 ) Var(MH 9%)
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