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Research on the long-term effects of health in early life has predominantly relied on parametric methods to assess
differences between groups of children. However, this approach leaves a wealth of distributional information
untapped. The objective of this study was to assess distributional differences in earnings and mental health in
young adulthood between individuals who suffered a chronic illness in childhood compared to those who did not
using the non-parametric relative distributions framework. Using data from the Panel Study of Income Dynamics,
we find that young adults who suffered a chronic illness in childhood fare worse in terms of earnings and mental
health scores in adulthood, particularly for individuals reporting a childhood mental health/developmental
disorder. Covariate decompositions suggest that chronic conditions in childhood may indirectly affect later
outcomes through educational attainment: had the two groups had similar levels of educational attainment, the
proportion of individuals with a report of a chronic condition in childhood in the lower decile of the relative
earnings distribution would have been reduced by about 20 percentage points. Findings may inform policy aimed
at mitigating longer run effects of health conditions in childhood and may generate hypotheses to be explored in

parametric analyses.

1. Introduction

Childhood is a critical period for the accumulation of skills and the
development of stocks of health, both of which can be expected to have
lasting effects on later outcomes (Almond et al., 2018). The empirical
literature is robust in finding that, on average, children who suffer from
an illness which affects either their physical or mental/developmental
health, fare worse with regard to both short- and long-term health and
socioeconomic outcomes compared to those who do not (Andersen &
Gunes, 2018; Case et al., 2005; Currie et al., 2010; Currie & Stabile,
2006). However, the reliance on parametric methods to examine dif-
ferences between groups narrows the analytical focus to measures of the
location (e.g., mean) and variation around it, leaving important distri-
butional information untapped. This limits our ability to fully under-
stand the extent of the effect of health in early life. Distributional insight

can inform us as to where sub-groups of children may be concentrated
across distributions, which can ultimately inform policy interventions to
prevent conditions or mitigate their long-term effects.

This study investigates distributional differences in earnings and
mental health scores in young adulthood (ages 18 to 28) between in-
dividuals who suffered an illness in childhood (ages 0 to 17) and those
who did not. Specifically, non-parametric relative distribution methods
developed by Handcock and Morris (Handcock & Morris, 1998, 2006)
are used to characterize and quantify distributional differences. Our
study is focused on the US with data from the Child Development Sup-
plement and the Transition into Adulthood Supplement from the Panel
Survey of Income Dynamics.

The relative distributions framework has been predominantly used in
the income inequality literature (Contoyannis and Wildman, 2007;
Rudoler et al., 2015). Though there are some applications in the health
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inequalities literature (Bernhardt et al., 1995; Handcock & Morris, 1998;
Hermeto & Rangel, 2009; Kabudula et al., 2017), there are none to our
knowledge in the field of health in early life. The application of the
relative distributions’ framework represents a contribution to the field
of research on health in early life for several reasons. First, the method
examines distributional differences with greater detail than commonly
used parametric tools. Rather than focusing on differences at the mean,
differences across distributions of interest can be examined. By way of
illustration, the method allows for identification and quantification of
the density of a group of individuals who experienced an illness in
childhood (comparison group) relative to those individuals who did not
(reference group) at various points along a distribution of earnings in
adulthood, for example. Additionally, as the derived relative distribu-
tional difference is represented as a ratio, the method draws on basic
probability tools, which enhances ease of interpretation. Moreover, the
approach allows for decompositions, which can be used to identify the
contribution of individual characteristics to the overall distributional
differences. Finally, as it is also a descriptive tool, the relative distri-
bution method can support hypothesis generation by identifying vari-
ables that have an effect - both direct and indirect - in adulthood which
can then be further explored using parametric approaches.

An objective of this study was to examine comparatively long-term
effects of physical and mental health/developmental conditions in
childhood. Although there has been an increase in interest in childhood
mental/developmental health conditions, rarely have both physical and
mental/developmental health conditions been considered compara-
tively (Case et al., 2005). In addition, this study also aimed to investigate
the underlying pathways that mediate the relationship between health
conditions developed in childhood and outcomes in young adulthood.
The decomposition approach embedded in the relative distributions’
framework allowed us to unpack underlying pathways in a novel way.
This study focused on educational attainment as the primary pathway of
interest for its relationship with both health conditions in childhood (i.
e., inhibiting educational attainment due to time away from scholastic
activities) and outcomes in young adulthood (i.e., low educational
attainment is associated with lower earnings).

In what follows, we first present a theoretical and empirical back-
ground to motivate our research questions. We present an overview of
the key findings from the literature with respect to the legacy effects of
health conditions in childhood as well as a description of distributional
approaches. Following this, we describe the data and methodological
approach. We then present the main findings. We conclude with a dis-
cussion of the implications of the results as well as study limitations.

2. Background

It is well established in the empirical literature that health in child-
hood carries important legacy effects into adolescence and adulthood.
The skills formation framework developed by Heckman and Cunha
suggests that child development is a dynamic process with implications
over the life-course, where “skills beget skills™: if skills are developed
early in life, the production of subsequent skills will be more effective as
skills build on each other over time (Cunha & Heckman, 2007, 2008).
The model further suggests that disadvantage or illness occurring in
childhood will not only negatively impact the child contemporaneously
in period t, but will also affect the accumulation and productivity of the
skills in period t + 1. This is predominantly due to the child’s time away
from regular skill-building activities which ensues from a health
condition.

The characteristics of childhood chronic conditions align with the
notion of time away from regular skill-building activities. Chronic con-
ditions in childhood imply functional limitations on normal child ac-
tivities, often that last more than 12 months, and require medical or
specialized care (van der Lee et al., 2007). A chronic condition may be
physical (e.g., asthma, epilepsy) or mental/developmental (e.g., autism,
general anxiety disorder) in nature. The prevalence of childhood chronic
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conditions remains high and has been increasing over the last three
decades in the US. The US Centers for Disease Control and Prevention
report that about 40% of school-aged children and adolescents suffer
from a chronic condition, relating to conditions affecting a child’s
physical health and/or behavioural/learning problems (Centres for
Disease Control, 2021). In recent years, mental/developmental disor-
ders have been increasing as well. Mental health problems relate to
psychological and/or emotional well-being, such as general anxiety
disorder, while developmental problems relate to neurodevelopmental
disorders, such as attention deficit/hyperactivity disorder (ADHD) and
learning disabilities.

The empirical literature has examined the long-term effects of both
physical and mental/developmental chronic conditions on various later
outcomes (Andersen & Gunes, 2018; Case et al., 2005; Currie et al.,
2010; Currie & Stabile, 2006). In a seminal paper, Case and colleagues
examined the effect of childhood chronic conditions on educational
qualifications in early adulthood (O-level exams in the UK),
self-reported health, employment (full- and part-time) and socioeco-
nomic status (occupational role) (Case et al., 2005). Using the British
National Child Development Study, the authors found that a higher
number of total chronic conditions (physical, neurodevelopmental) in
childhood was associated with a lower probability of higher socioeco-
nomic outcomes and a lower probability of reporting good health in
adulthood. When examining specific conditions, results differed slightly.
Physical health conditions showed weaker long-term effects, whereas
mental/emotional health conditions showed long-term effects, regard-
less of the age at diagnosis.

Mental health conditions and developmental disorders have
increasingly been studied due to their increasing prevalence as noted
above. Currie and Stabile examined the effect of ADHD on short-run
outcomes in Canada and the US. The authors found that a one-point
increase in a clinically validated hyperactivity scale at ages 4 to 11
was negatively associated with academic performance at ages 12 to 15
in both contexts (Currie & Stabile, 2006). Currie and colleagues
confirmed that these negative effects persisted into later adulthood;
children with a report of ADHD at ages 4 to 8 or later in childhood were
less likely to be enrolled in grade 12 at age 17 and are more likely to be
on social assistance later in life (Currie et al., 2010). Considering mental
health more generally, Andersen and Gunes found that better
self-reported mental health at age 16 was associated with a higher
probability of college attendance, earnings and health in later adulthood
(Andersen & Gunes, 2018), while Fletcher found that reports of mental
health measured as depressive symptoms reduced labour force attach-
ments in young adulthood (Fletcher, 2014).

The empirical literature on the relationship between health in
childhood and outcomes in young adulthood continues to grapple with
the identification of underlying pathways. Within the “health selection”
perspective, which views health as a cause of later health and socio-
economic outcomes, there are two dominant classes of explanatory
pathways (S. Haas, 2008; S. A. Haas, 2006). The first suggests that health
conditions in early childhood exert a direct effect on future health and
socioeconomic outcomes in adulthood. This literature is akin to the fetal
origins hypothesis, which posits that conditions developed and shocks
experienced in early life will have a direct and lasting impact on future
skills and health, net of intermediary factors (Almond & Currie, 2011;
Barker, 1990). This pathway also relates to the idea of “latent effects”
proposed by social epidemiologists (Hertzman & Power, 2003; Kuh
et al., 2003). The second suggests an indirect pathway. This perspective
suggests that health conditions in childhood do affect intermediary
factors in youth, such as high school completion or educational attain-
ment, which in turn affect future health and economic outcomes.

This study focuses on educational attainment as an underlying
pathway. Educational attainment is related to both child health condi-
tions and outcomes in adulthood (i.e., earnings and mental health) (Ross
& Wu, 1995; Zajacova et al., 2015; Zajacova & Lawrence, 2018). As
alluded to above, child health conditions can influence outcomes in
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childhood and adolescence such as educational attainment. Both phys-
ical and mental/developmental health conditions imply time away from
regular activities, including scholastic activities. For mental/deve-
lopmental health conditions more specifically, resources may be more
limited in the school environment to support children with these con-
ditions thus significantly setting them back in comparison to their peers
(DuPaul et al., 2011; Sibley et al., 2016). Educational attainment also
influences job and occupational prospects, which subsequently in-
fluences earnings. Educational attainment has also been found to in-
fluence care seeking behaviours and health more generally. Educational
attainment is thus a natural starting point to consider in a decomposition
analysis.

3. Methods and measures
3.1. Data

We used data from the Child Development Supplement (CDS) and the
Transition into Adulthood Supplement (TAS) from the US Panel Survey
of Income Dynamics (PSID). Since 1968, the PSID has collected inter-
generational data on socioeconomic factors and the health of families
and individuals (Johnson et al., 2018). In 1997, the PSID launched the
CDS, where the purpose was to collect detailed age-specific information
on a cohort of children belonging to PSID families present in the survey
in 1997. The children were between the ages of 0-12 years (born be-
tween 1984 and 1997). The CDS covered three waves of data over 10
years at five-year intervals — 1997, 2002 and 2007. Children were fol-
lowed until the age of 17. In 2005, the PSID launched the TAS. The
purpose of the TAS was to investigate the transition period between
childhood and adulthood by collecting data from the children who aged
out of the CDS (>18 years). The addition of the TAS thus effectively
extended the original CDS cohort. Respondents were followed until the
age of 28, after which they could enter the PSID as adults. There were
seven waves of the TAS over twelve years, from 2005 to 2017, conducted
at 2-year intervals. Together, the CDS and the TAS allow us to follow a
cohort of children from early childhood into early adulthood.

For the purposes of this study, children who participated in at least
one wave of the CDS (1997, 2002, 2007) and one wave of the TAS
(2005-2017) were included. The period of childhood is defined as be-
tween the ages of 0-17, the ages covered in the CDS. The young adult-
hood period is between the ages of 18-28 years of age, the ages included
in the TAS. There were 3563 children in the original CDS (1997). After
excluding individuals who did not participate in at least one wave of
both the CDS and the TAS, the analytical sample consisted of 2942
individuals.

3.2. Measures

We investigate distributional differences for two outcomes in young
adulthood - earnings and mental health scores. We use annualized
earnings from the TAS, which is a derived measure of earnings from
wages and salaries from all jobs reported in a given year (i.e., up to five
jobs). All earnings are adjusted to 2017 dollars, most recent year of TAS
data. About 6% of the sample does not report any earnings ($0); thus,
the log of the earnings variable was applied after adding $1 to the zero
values. The highest reported value of earnings in this period (ages 18 to
28) is taken as an indicator of earnings in young adulthood. Much of the
research on intergenerational income finds that permanent income in
adulthood is determined when individuals are in their mid-forties
(Haider & Solon, 2006), although more recent research by Chetty and
colleagues (Chetty et al., 2014) suggests that income stabilizes when
individuals reach their mid-to late twenties and thus can be an accurate
reflection of their future earnings.

Mental health in young adulthood is measured using scores from the
K-6 Non-Specific Psychological Distress Scale (Kessler et al., 2002,
2003). This validated screening tool captures undiagnosed mental
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health conditions of respondents based on answers to six questions (e.g.,
how often they felt nervous in the past month). Each question can
receive a score from 0 to 4 points; points are then summed up to
maximum of 24 points. A higher score represents poorer mental health
and a score of 13 or higher indicates clinically significant nonspecific
distress. The average K-6 score over the young adulthood period is used
as an indicator of mental health status (ages 18 to 28).

Two groups of individuals are compared: those with a report of a
child chronic health condition and those without a report of a child
chronic health condition. The CDS consistently includes measures of
chronic health conditions in childhood across its three waves. Condi-
tions relate to both physical (e.g., asthma, diabetes, hypertension) and
mental/developmental chronic health conditions (e.g., hyperactivity/
ADHD, autism, learning disability). Of particular interest are chronic
conditions that carry a lasting effect and imply time away from regular
activities, so short-term infections, injuries and congenital disorders are
excluded. These exclusions also acknowledge that health in childhood is
distinct from health at birth. For each health condition of interest, an
indicator is created to denote that an individual experienced at least one
condition over the three waves of the childhood period as has been done
by others (Case et al., 2005).

Relative distributions between individuals with a report of a child
chronic health condition and those without a report of a child chronic
health condition are generated based on the presence of two child health
indicators. Specifically, results are presented for an indicator of at least
one mental/developmental health condition and an indicator of at least
one physical health condition. Said otherwise, one set of models will
compare those without a physical condition versus those with a physical
condition, and another set of models will compare those without a
mental/developmental health condition versus those with a mental/
developmental health condition. The indicator of at least one mental/
developmental condition includes autism, emotional disturbance,
learning disability and hyperactivity/ADHD. The indicator of at least
one physical health condition includes heart condition, diabetes, ane-
mia, asthma, epilepsy, orthopedic problems, allergies, and chronic ear
infections (at least three in last 12 months). Although the aforemen-
tioned conditions are parent-reported, they are based on having been
detected by a physician (i.e., “has a doctor or other health professional
ever detected diabetes?”) thus reducing some concerns around mea-
surement error. Finally, we note that although the CDS does include
other questions on child mood (i.e., anxiety and fearfulness), these are
strictly parent-reported and have not been confirmed by a physician. For
consistency across the conditions of interest, we focus on child health
conditions that have been reported in a similar manner.

Finally, a number of covariates were included in the decomposition
analyses. The primary focus in the analysis was on educational attain-
ment. Educational attainment is measured as the maximum years of
education achieved in young adulthood. As described above, educa-
tional attainment is emphasized in the extant literature as an important
pathway for future health and socioeconomic outcomes because cogni-
tive skills are developed and professional credentials are achieved, all of
which influence employment, earnings and health (Case et al., 2005;
Currie et al., 2010). Other covariates of interest include household in-
come in childhood. This inclusion builds on the empirical literature
finding that children from economically disadvantaged families report
poorer health and that this relationship increases over time (Case et al.,
2002; Currie & Stabile, 2003). Recognizing the greater importance of
permanent household income compared to annual household income
(Contoyannis & Li, 2011; Dahl & Lochner, 2008), average household
income during the childhood period is used. Birth weight is used to
represent baseline health and the intrauterine environment which can
impact future health (Almond & Currie, 2011; Oreopoulos et al., 2008).
Finally, maternal education is deemed to be an important marker of
household socioeconomic status for children. As mothers have tradi-
tionally been primary care givers for children, their higher education or
income is posited to influence child rearing practices and familial
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resource allocation, as stated by the “good mother hypothesis” (Dooley
et al., 2005; Hsin, 2012).

3.3. Empirical approach

The relative distributions (RD) framework described below draws on
Handcock and Morris’ description (Hou & Myles, 2008; Hout, 2012). Let
Yo be a random variable representing a given measurement for a pop-
ulation (e.g., income). The population that generated Y is deemed the
“reference group”. The cumulative distribution function (CDF) of Yy is
denoted by Fy(y) and the probability density function (PDF) by fy(y). In
addition, let Y represent another population deemed the “comparison
group”. It is assumed that Y has a CDF, F(y), and a density, f(y). For the
purposes of this study, the reference group is composed of children who
did not experience a chronic illness in childhood, whereas children who
did experience a chronic illness in childhood represent the comparison
group.

The relative distribution of Y to Yy is defined as the distribution of the
random variable, R:

R=Fy(Y) (€9)

R is obtained by transforming Y (comparison group) by the CDF of
Yo, Fo. It is continuous over the outcome space [0,1] and the realization
of R, r, is termed the relative data. This relative data thus captures the
difference in distributions, between the two groups. As a random vari-
able, r has both a CDF and a PDF. Of interest, the PDF of r can be ob-
tained as the derivative of G(r), g(r):

£(Qy(r))
8(r) _fo(Qo(r)) Osr=l @

The PDF of r can be interpreted as a density ratio between the two
groups. This can be seen more easily by expressing g(r) explicitly in
terms of the original measurement scale, y. Let the rth quantile of r be
denoted by the value, y; on the original measurement scale, so the y,
corresponding to r is Qg(r). The relative PDF is then,

_f0y)
fo(y,)

Although the relative density can be interpreted as a density ratio, it
is a proper PDF in that it integrates to 1 over the unit interval. Since the
tools in the RD framework boil down to CDF and PDF interpretations,
the RD framework provides results that are easily interpretable. Prac-
tically, the relative data can be interpreted as the percentile rank (po-
sition) of Y (comparison group) to Y, (reference group). Percentile ranks
are presented graphically. If the ratio between the two groups falls at the
horizontal reference line at the value of 1 on the y-axis, the two distri-
butions in the ratio are identical. This implies no differences between
groups at that point in the distribution. Where there are differences, this
can be seen on the graph as deviations above or below the line at the
value of 1. If the frequencies are denser above 1, then there are more
observations at this point in the distribution for the comparison group. If
the frequencies are denser below 1, there are more observations at this
point in the distribution for the reference group. If a uniform distribution
is observed (i.e., values concentrated at 1 on the horizontal line), then
there is no difference between the two groups.

Location and shape decompositions can also be performed in the RD
framework to examine if the concentration of one group at a particular
point of the distribution is driven by their location (mean, median) or
the broader dispersion of values in the upper and lower tails of the
distribution of interest. In the location decomposition, a counterfactual
distribution has the comparison group’s location (i.e., mean) and the
reference group’s shape. The counterfactual distribution is then
compared to the reference distribution, where the locations differ be-
tween groups. This allows for examination of the importance of the
mean values from the overall distributional difference. A uniform

8(r) yr=0o(r) 2 0. 3)
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distribution in the location decomposition would imply that no differ-
ences are explained by the mean. The shape decomposition takes the
residuals from the former counterfactual distribution and compares it to
the reference group’s distribution. If there are no shape differences, the
relative density will be uniform.

Covariate decompositions are conducted if it is suspected that the
covariate composition of one group may be contributing to overall
distributional differences. The method decomposes the relative distri-
bution into a component that represents the effect of changes in the
marginal distribution of the covariates (the composition effect from the
covariates), and a component that represents the residual changes (a
counterfactual assuming no covariate differences between groups). A
uniform distribution in the composition effect means that differences are
not explained by differences in the covariates between groups.
Following this, the residual effect analysis considers the hypothetical
case where the two covariate distributions are the same (covariate
adjustment), thus removing the differences in covariates. These analyses
are akin to the parametric covariate adjustments, by producing a
counterfactual distribution where both groups have the same covariate
composition with all else (shape and location) being distinct for each
group. The covariate decompositions are particularly useful to identify
pathway effects and moderating effects. For example, if there are no
residual effects observed, then a direct pathway effect is suggested,; if the
residual effects indicate that there are differences between groups, an
indirect pathway effect is suggested for the particular covariate being
analyzed.

The RD framework generates nonparametric, entropy-based sum-
mary statistics to provide measures of the distributional differences,
specifically the Kullback-Leibler measure of divergence. Such nonpara-
metric summary measures are akin to the R? in regression analyses.
These measures of entropy are indicated above the graphical displays for
the location and shape decompositions to illustrate how much each
decomposition is contributing to the overall distributional difference.
RD analyses were conducted in R using the “reldist” package developed
by Handcock and Morris (1998, 2006). The CDS-PSID weights from
1997 are used in analyses.

4. Results
4.1. Descriptive analyses

Table 1 presents descriptive statistics for the outcomes in young
adulthood and covariates of interest by reports of child chronic health
conditions. Individuals with a report of any of our health conditions of
interest consistently report lower mean earnings compared to those who
did not, except for the mean earnings for individuals with a physical
condition in childhood. These individuals also report poorer mental
health (i.e., higher mental health scores) in young adulthood by about
one point on the K6 scale. Also consistent with the literature, individuals
with a report of a mental/developmental health condition in childhood
are more likely to belong to families with lower household income (Case
et al., 2002; Currie & Stabile, 2003), with the exception of physical
health conditions.

For comparative purposes, results for both parametric and non-
parametric tests to assess differences between groups are reported in
Table 2. Similarly to parametric t-tests, non-parametric tests are useful
to indicate whether there are significant distributional differences.
However, these are global assessments and cannot provide greater
insight into the differences at particular points of a distribution, nor can
they quantify them. As such, non-parametric test results are a useful first
step towards a more fulsome distributional assessment.

The non-parametric tests employed are the Kolmogorov-Smirnov
test, the Mann-Whitney rank-sum test and the Epps-Singleton test
(Jones, 1997). The indicator of at least one mental/developmental
condition in childhood shows significant differences for earnings and
mental health in young adulthood for all tests. Having at least one
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Table 1
Descriptive statistics by childhood health conditions.

SSM - Population Health 23 (2023) 101451

Full sample Mental/develop. disorder

No Mental/develop. disorder Physical Condition No Physical Condition

Mean/Prop. SD Mean/Prop. SD

Mean/Prop. SD Mean/Prop. SD Mean/Prop. SD

Young adulthood

Earnings (log) 9.13 2.45 8.74 2.85 9.20 2.37 9.11 2.49 9.17 2.39
Earnings 23,343 21,883 20,772 20,760 23,810 22,053 23,419 22,390 23,224 21,087
Mental health (K6) 5.04 3.15 5.81 3.68 4.89 3.03 5.15 3.24 4.86 3.00
Controls

Mother education 13.09 2.15 12.94 2.08 13.11 2.16 13.16 2.16 12.97 2.13
Sex (male) 0.49 0.66 0.47 0.52 0.47

Age 24.05 2.53 24.06 2.51 24.05 2.53 24.00 2.56 24.14 2.48
Birth weight 7.27 1.45 7.29 1.55 7.26 1.43 7.28 1.48 7.25 1.41
Household income 79,745 88,375 71,676 71,982 81,221 90,990 82,220 89,065 75,920 87,199
Household income (log) 10.98 0.79 10.87 0.79 11.00 0.79 11.02 0.77 10.91 0.89
Education 13.47 1.94 12.76 1.80 13.60 1.94 13.47 1.94 13.47 1.93
N 2942 455 2487 1786 1156

Notes: Outcome variables in young adulthood and controls for decomposition analyses described by presence of child health conditions. All dollar values are adjusted
to 2017 values. Birth weight is measured in pounds (Ibs.). Education and age are measured in years. Descriptive statistics are unweighted. Prop. = proportion.

Table 2
Parametric and non-parametric tests.
Child Health Outcome T-test KS MW ES
Stat. p-value Sig. Stat. p-value sig. Stat. p-value sig. Stat. p-value sig.
Mental/dev. Health Earnings 3.635 0.000 0.093 0.003 i 3.371 0.001 e 12.613 0.013
Mental Health —5.728 0.000 0.135 0.000 Hrk —4.902 0.000 e 37.794 0.000 i
Physical Health Earnings 0.605 0.546 0.027 0.693 0.411 0.681 6.539 0.162
Mental Health —2.482 0.013 * 0.058 0.017 —1.947 0.052 7.553 0.109

p-value: * <0.05; ** <0.01; *** <0.001.

Notes: KS: Kolmogrov-Smirnov test; MW: Mann-Whitney test; ES: Epp-Singleton test. Statistics (from left to right): t-statistic, combined difference, z-statistic, W2 t-test.

physical health condition in childhood is only significantly associated
with poorer mental health scores in young adulthood for the
Kolmogorov-Smirnov test.

4.2. Relative distributions

In the following figures, the deciles of the reference group (i.e., in-
dividuals without a report of a chronic health condition in childhood)
are indicated on the lower x-axis, the size of the relative density on the y-
axis and logged earnings or mental health scores on the upper x-axis. A
mean additive shift is used to quantify the location and shape de-
compositions and the scale is the interquartile range (IQR) as it is less
sensitive to outliers. We used the RD framework default bandwidth
measure based on the RD generalized cross-validation method. The
method assumes common support: for pairs of groups compared, there
are corresponding observations in earnings and mental health scores.
The common support assumption ensures that the non-parametric
comparisons are consistent and avoids comparisons where no observa-
tions exist. For each ensemble of graphs below, the first graph represents
the overall distributional difference, the second graph represents the
location decomposition, and the third graph represents the shape
decomposition. The entropy scores are presented above each graph.

Graph A-1 of Fig. 1 shows that the earnings of young adults who
reported at least one mental/developmental disorder in childhood are
more concentrated in the lower deciles of the relative earnings distri-
bution compared to those who did not (>1.0). The earnings of young
adults who did not report a mental/developmental disorder in childhood
are more concentrated in the upper deciles (<1.0) of earnings in young
adulthood, though not dramatically as there is equality (1.0) in the ninth
decile. The effects of the location decomposition are not negligeable
(graph A-2). Acting on its own, the lower mean earnings of individuals
reporting at least one mental/developmental condition in childhood
leads to their greater concentration in the bottom deciles of the relative
earnings distribution (bottom three deciles) in young adulthood. In

addition to the impact of this location shift (lower mean earnings), there
is evidence of dispersion due to the shape. In graph A-3 of Fig. 1, even
without the lower mean earnings in adulthood for the individuals
reporting at least one mental/developmental disorder in childhood, the
dispersion of earnings for this group implies relatively more individuals
with earnings in the bottom earnings decile in early adulthood. This
implies that operating on its own, the dispersion would have increased
the proportion of earnings in the upper decile (higher earnings) for the
young adults with a report of at least one mental/developmental con-
dition in childhood. In sum, the lower earnings observed for young
adults with an indicator of at least one chronic mental/developmental
disorder in childhood are produced by both a lower mean as well as
dispersion of earnings concentrated in the lower earnings deciles, but
the latter to a lesser extent. The more dramatic effect of the difference in
mean earnings in adulthood is also confirmed by its measures of entropy,
which is well over 50% of the value of the overall entropy score. Graph
B-1 of Fig. 1 shows the distributional differences in earnings between
individuals who report at least one chronic physical health condition in
childhood compared to those who do not. Differences are relatively flat
across the distribution, and the shape and location decompositions show
little effect.

Fig. 2 presents the distributional differences in mental health scores
in young adulthood. Here, a higher score represents poorer mental
health, while a lower score represents better mental health. These
graphs are therefore reversed in comparison to the earnings graphs
presented in Fig. 1. In graph A-1 of Fig. 2, individuals with an indicator
of at least one chronic mental/developmental disorder in childhood
report poorer mental health (higher score) relative to those who do not
in early adulthood. Examining the mean (location) decomposition in
graph A-2 in Fig. 2, we see that the concentration of poor mental health
scores for individuals with a report of at least one chronic mental/
developmental health condition in childhood are still concentrated in
the top deciles (i.e., worse mental health outcomes) of mental health
scores in young adulthood, but that they are more spread out across the
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Panel A: At least 1 mental/de velopmental disorder in childhood
(A-1) entropy = 0.0385 (A-2) entropy = 0.0209 (A-3) entropy = 0.00819
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Fig. 1. Distributional differences in earnings (18-28 years old), mental/developmental disorder and physical health
Notes: The lower x-axis represents the deciles of the reference group (i.e., individuals without a report of a chronic health condition in childhood). The y-axis
represents the size of the relative density between the two groups. The upper x-axis represents logged earnings.

top deciles. When examining the shape decomposition in graph A-3 of
Fig. 2, the proportion of poor mental health scores in the top decile
decreases for individuals with a report of at least one mental/develop-
mental disorder in childhood. The measures of entropy indicate that
most of the overall distributional difference is due to dispersion (shape
decomposition): operating on its own, the dispersion of the distribution
would have led to more spread of the mental health scores of individuals
with a report of at least one mental/developmental disorder in child-
hood towards the bottom decile (i.e., tending towards better mental
health scores in young adulthood).

In graph B-1 of Fig. 2, individuals with a report of at least one
physical health condition in childhood are concentrated in the top
deciles of the mental health score distribution (i.e., poorer mental
health). Turning to the location and shape decompositions, the graphs
and the entropy scores indicate that much of the overall distributional
differences are due to dispersion in the shape of distributions of mental
health scores. Said otherwise, while the means of mental health scores in
young adulthood between those who did and did not experience a
physical chronic condition in childhood were not different, some in-
dividuals experienced mental health scores in adulthood that tended
towards better mental health (i.e., towards the bottom deciles), while
others experienced mental health scores in adulthood that tended

towards poorer mental health (i.e., towards the upper deciles).

4.3. Covariate decompositions

The decompositions for the distributional differences in earnings
using educational attainment are presented below. For brevity we only
present results for earnings. Decomposition analyses were also con-
ducted for mental health scores in adulthood; however, educational
attainment was not found to be a salient pathway linking childhood
health conditions to mental health scores in young adulthood. Said
otherwise, had the two groups had the same educational attainment, the
observed distributional differences in mental health scores would be
unchanged. Decomposition results for mental health scores are available
upon request.

In Fig. 3, graph A-1 shows the same results as graph A-1 in Fig. 1.
Graph A-2 of Fig. 3 reveals that the difference in educational composi-
tions between the groups was modest as the relative distribution is
relatively flat, though there are some differences at the very bottom and
at the very top of the distribution. The residual effect analysis presented
in graph A-3 of Fig. 3 adjusts for the differences in educational
composition. Here, the educational attainment of the comparison group
(individuals with a report of a mental/developmental disorder in
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Panel A: At least 1 mental/de velopmental disorder in childhood
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Fig. 2. Distributional differences in mental health scores (18-28 years old), mental/developmental disorder and physical health

Notes: The lower x-axis represents the deciles of the reference group (i.e.,

individuals without a report of a chronic health condition in childhood). The y-axis

represents the size of the relative density between the two groups. The upper x-axis represents the mental health scores.

childhood) is matched to the educational attainment of the reference
group (individuals without a report of a mental/developmental disorder
in childhood). Results show that educational attainment does matter in
the lower deciles as it reduces the proportion of individuals who expe-
rienced at least one mental/developmental disorder in childhood that
are found in the bottom of the earnings distribution in adulthood. Said
otherwise, had the comparison group (those with an illness) had the
same educational composition as the reference group (those without an
illness), their earnings distribution would have been shifted to the right,
towards the higher deciles of earnings in adulthood. This suggests that
educational attainment matters for earnings and that a health condition
in childhood may inhibit educational attainment.

Panel B of Fig. 3 reports the decomposition results for an indicator of
at least one physical health condition. There are stark differences from
the previous panel: years of education do not act as a mediator
(pathway) between physical health in childhood and earnings later in
life. Graph B-1 of Fig. 3 reproduces graph B-1 of Fig. 1, which reveals
that the differences in educational attainment were not important to
explain the differences in adulthood between the groups since the
relative distribution of having a physical condition is flat. The residual
analysis in graph B-3 of Fig. 3 indicates a graphical display very similar
to that shown in graph B-1 of Fig. 3.

4.4. Sensitivity analyses

A series of sensitivity analyses were conducted to assess the robust-
ness of the reported results. All are available upon request. First, two
alternative measures of income were investigated: total income (earn-
ings, assets, federal assistant programs) and residualized earnings. Re-
sults were similar to those produced for the measure of earnings used in
the main analyses. The second set of robustness checks involved con-
ducting the relative distributions exercise for additional childhood
health conditions separately (e.g., ADHD, asthma, diabetes, epilepsy),
an indicator of a limiting condition and two indicators of service use (e.
g., two or more hospitalizations in childhood excluding birth). Inter-
estingly, having had any one of the above listed chronic conditions in
childhood yields similar patterns to those observed for those having
reported a chronic physical health condition in childhood, while results
for having a limiting condition in childhood are similar to the reported
results for mental/developmental disorders. Similarly, much of the
overall distributional difference is driven by the lower mean (location
decomposition).

Finally, covariate decompositions were conducted for birth weight,
household permanent income in childhood and maternal education.
Only household permanent income in childhood showed a significant
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Panel A: At least 1 mental/developmental disorder in childhood, Education
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Fig. 3. Educational decomposition for earnings, mental/developmental disorder and physical condition
Notes: The lower x-axis represents the deciles of the reference group (i.e., individuals without a report of a chronic health condition in childhood). The y-axis
represents the size of the relative density between the two groups. The upper x-axis represents logged earnings.

decomposition effect for having a mental/developmental disorder in
childhood. In other words, had the two groups of individuals had the
same household permanent income in childhood, there would be fewer
individuals with a report of a mental/developmental disorder in child-
hood in the bottom decile of the relative earnings distribution in early
adulthood. This suggests that household income in childhood moderates
the effect of a child mental/developmental health condition on future
outcomes.

5. Discussion

The results show that young adults with a report of a health condi-
tion in childhood (physical, mental/developmental) fare worse in terms
of both earnings and mental health scores in young adulthood compared
to those who did not. This is particularly salient for individuals with a
report of a mental/developmental disorder in childhood. The earnings of
individuals who experienced a mental/developmental disorder in
childhood are overwhelmingly represented in the bottom deciles of the
relative earnings distribution and the top deciles for mental health
scores (i.e., worse mental health) distribution in adulthood. An exami-
nation of which parts of the relative distributions are driving the overall
difference was conducted with location and shape decompositions.

There is greater evidence that the location (mean) drives the overall
difference for the relative earnings distribution in adulthood between
the groups, whereas there is more dispersion at play in the case of the
mental health scores observed in adulthood. Finally, covariate de-
compositions suggest that chronic conditions in childhood may indi-
rectly affect later outcomes through educational attainment.

The finding that distributional differences are more salient for in-
dividuals with mental/developmental disorders in childhood builds on
the previous literature. Mental/developmental health conditions in
childhood consistently demonstrate negative and persistent effects on
numerous outcomes, such as early and later education, health and
earnings (Andersen & Gunes, 2018; Case et al., 2005; Contoyannis &
Dooley, 2010). The differential effects between mental/developmental
and physical health conditions are of particular interest and these
findings resonate with the extant literature that also examined child
health conditions comparatively (Andersen & Gunes, 2018; Case et al.,
2005; Currie et al., 2010).

These differing results may occur for several reasons. First, mental/
developmental health conditions may be more difficult to detect by
parents and guardians because the symptoms for particular conditions
are not always externalizing. Externalizing conditions include
externally-focused behavioural symptoms including aggression, conduct
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problems, hyperactivity, and attention problems, whereas internalizing
conditions relate to internally-focused symptoms including anxiety,
fear, sadness/depression, and somatic complaints (Achenbach et al.,
2016). The manifestation of certain developmental conditions may also
vary based on child sex. For example, evidence suggests that ADHD
manifests itself earlier and as hyperactivity in males, while it manifests
itself later and as inattention in females (Loyer Carbonneau et al., 2021).
Relatedly, the interpretation of symptoms and selected treatment for
these conditions may also vary by guardians, parents and teachers
(Coplan et al., 2011; Johnston & Burke, 2020). These characteristics can
make detection challenging for parents, guardians and teachers.

In addition, many health services are not publicly insured in the US,
even under remedial programs (e.g., Medicaid, Children’s Health In-
surance Program [CHIP]). Health services for these conditions are
covered through out-of-pocket payments or employment-based insur-
ance schemes, thus leading to potential inequities in access to care and
treatment plans. By extension, this may lead to increased use of emer-
gency department visits, and other suboptimal forms of care. Finally,
health services for mental/developmental health conditions may also
extend beyond the health care system into school and/or social work
services, thus implying costs in terms of time and resources for parents
and caregivers to navigate the broader care system (Ronis et al., 2017).
These barriers may contribute to a lack of early detection and adequate
care supports.

Location and shape decompositions shed light on the drivers of the
overall distributional differences. For earnings, decompositions indicate
that there is little dispersion towards the upper deciles of the earnings
distribution for individuals with a report of a mental health/develop-
mental condition in childhood. These results indicate that the earnings
potential for the aforementioned group plateaus around the mean. The
plateauing suggests that policy efforts should focus on ensuring that
individuals who report a mental/developmental condition in childhood
can reach their full educational and/or earnings potential in young
adulthood. The location and shape decompositions for the mental health
scores in adulthood show a different story. Rather than the distributional
differences being largely driven by the differences in the mean, it is
driven by the shape. The dispersion in the distribution of mental health
scores in young adulthood suggests that individuals with a report of a
health condition in childhood may see either an improvement or wors-
ening in their mental health in young adulthood.

Covariate decompositions support the examination of potential
pathway effects. The residual analyses in the covariate decompositions
show that had the two groups had the same educational composition as
the reference group (individuals without a chronic health condition in
childhood), the proportion of individuals with a report of a mental
health/developmental condition in childhood in the lower decile of the
earnings distribution would be reduced by about 20 percentage points
and spread across the distribution in the lower deciles. This suggests that
educational attainment matters for earnings (leads to an improvement in
earnings) and that illnesses in childhood may inhibit educational po-
tential. This finding builds on the literature which has emphasized ed-
ucation as an important pathway for future socioeconomic outcomes as
cognitive skills are developed and professional credentials are acquired,
all of which influence employment and earnings in later life (Hou &
Myles, 2008; Hout, 2012). In addition, the literature finds that child-
hood conditions do impact early as well as later educational attainment,
thus suggesting that childhood conditions might indirectly impact future
outcomes by imposing a limit on educational attainment (Case et al.,
2005; Contoyannis & Dooley, 2010).

Although not presented, our supplementary analyses find that
educational attainment does not represent a salient pathway between
child health conditions and mental health in adulthood. This somewhat
contrasts previous literature, but may be explained by a few reasons.
First, the measure of health in adulthood we examined may not
adequately capture mental health in adulthood. Relatedly, educational
attainment may be operating on another domain of health, such as
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physical health or health behaviors (Lundborg, 2013). In addition,
cognitive and non-cognitive scores developed in educational settings
may represent a more valid pathway to consider rather than the measure
of attainment (Arpin et al., 2023). Future research may consider other
measures of health in adulthood as well as measures of skills in
adolescence.

This study contributes to the empirical literature that seeks to
examine distributional differences (Basu et al., 2015; Siddiqi et al.,
2018). Until recently, distributional methods had been used predomi-
nantly in the income inequalities literature to complement the
commonly used Lorenz curves and Gini coefficient but offering greater
flexibility and imposing weaker assumptions (Handcock & Morris, 1998,
2006; Hao & Naiman, 2010). Through the application of the relative
distributions framework, this study also makes a conceptual contribu-
tion to what Siddiqi and colleagues call “distributional inequalities”
(Siddiqi et al., 2018). Siddiqi and colleagues suggest that it is necessary
to move beyond dichotomous conceptualizations and modeling tech-
niques when considering health inequalities; it is rather necessary to
consider a continuum of risk factors or social determinants of health that
influence population health and social inequalities (Rose, 2001; Siddiqi
et al., 2018).

Finally, this study is not without limitations. The CDS-TAS’s rich,
longitudinal data provide several advantages for our study. For instance,
detailed information on diagnosed child health conditions reduces
concerns regarding measurement error. In a similar vein, questions are
also asked during childhood, rendering data that are age specific. This is
an improvement on previous studies which have primarily relied on
retrospective accounts of health before the age of 16 (Andersen & Gunes,
2018; Case et al., 2005; Smith, 2009). However, the CDS-TAS lacks in-
formation on certain key variables such as immigration status, leading to
some concerns around omitted variable bias in our analyses. This in-
formation would be useful to provide a better understanding of care
seeking behaviors, for example (Akresh, 2009; Garcés et al., 2006).
Although there have been significant efforts to include immigrants in the
PSID and its supplements since 1997, the representativeness of the
immigrant population in the data only occurred after our study period of
interest (Johnson et al., 2018). Scholars analyzing the new PSID sup-
plements should include these data in future research.

The generalizability of the results due to attrition may raise some
concerns. This is warranted as attrition analyses show that healthier and
wealthier children tend to remain in the CDS-TAS for a longer period of
time (McGonagle et al., 2012; Sastry et al., 2021). This form of survi-
vorship bias can imply a downward bias in our results, meaning
underreporting of the true effect from health conditions developed in
childhood: health resilience and wealth effects reduce the probability of
poor health in childhood, while also positively influencing income and
mental health in young adulthood. As such the negative effect of a child
health condition that we observe may in fact be an attenuated effect due
to this omitted variable bias. Although the CDS weights adjust for the
attrition, further investigations and corrections for this attenuation may
remove this downward bias.

Methodologically, non-parametric methods have a superior perfor-
mance with larger samples relative to the size of the analytical sample of
the CDS-TAS. The small sample size also limited the ability to run age-
specific sub-analyses for individuals with a report of a physical and/or
mental/developmental health condition in childhood (e.g., <100).
Finally, RD analyses are descriptive and non-causal. Nevertheless, the
important insight into distributional differences rendered by this study
highlight hypotheses that merit further investigation in parametric
analyses.

6. Conclusion
This study examined differences in earnings and mental health scores

in young adulthood between individuals who reported a physical or
mental/developmental health condition in childhood compared to those
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who did not. Non-parametric relative distribution methods were applied
to assess distributional differences across the two groups. The results
suggest that differences in health in early life carry persistent effects into
early adulthood. Results reaffirm some findings in the existing literature
but offer more detail in terms of the extent of these differences across
distributions. These descriptive, non-parametric results are useful to
inform policy to mitigate the legacy effects of health conditions in
childhood and to generate hypotheses for subsequent parametric
analyses.
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