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Early-adolescent health problems, school performance, and upper-secondary

educational pathways – a counterfactual-based mediation analysis

Abstract

Early health problems predict lower educational attainment, but it remains unclear whether this is

due to health problems weakening school performance or due to other mechanisms operating above

and beyond school performance. We employed counterfactual-based mediation analysis on a

register-based sample of Finnish adolescents born in 1988-1993 (n=73,072) to longitudinally assess

the direct (unexplained by school performance, as measured by grade point average) and indirect

(pure mediation and mediated interaction via school performance) effects of early-adolescent

somatic and mental health problems on the non-completion of upper-secondary education and track

choice (vocational vs. general). Mental disorders were associated with the largest increases in both

non-completion and choosing the vocational track, but somatic conditions also showed small but

robust associations. Weakened school performance mediated up to one third of the differences in

non-completion and around half of the differences in track choice. When the same analyses were

conducted within sibships, the total effects of health problems on educational pathways were

weaker, but the contribution of school performance remained similar. In counterfactual simulations

that assigned everyone an above-median school performance—i.e., eradicating below-median

school performance—about 20-40 percent of the effects of mental disorders on educational

pathways remained. Our results suggest that while impaired school performance is an important

component in health-related selection to education, it does not fully explain the shorter and less

academically oriented educational careers of adolescents with health problems. These adolescents

may benefit from additional educational support regardless of their formal school performance.
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1 Introduction

The widely demonstrated salience of education for both individual life chances and society

at large makes a case for tackling obstacles in educational progression (McMahon and Oketch

2013). A report by the World Health Organization summarized that poor childhood health is

extensively associated with worse school performance and lower educational attainment in

developed countries (Suhrcke and de Paz Nieves 2011), and similar conclusions can be drawn from

other systematic reviews (Hale, Bevilacqua, and Viner 2015; Melkevik et al. 2016; Esch et al.

2014). Despite the relatively large amount of correlational evidence on health–schooling

relationships, the general view of the processes at work has remained blurred due to the

considerable data requirements involved in measuring both health and educational outcomes with

an adequately long follow-up.

A plausible—but so far rarely examined—factor contributing to the lower educational

attainment of those with early health problems is weakened school performance. Both physical and

mental health problems have predicted weaker performance in previous studies (Crump et al. 2013;

McLeod, Uemura, and Rohrman 2012; Eide, Showalter, and Goldhaber 2010), and prior grades and

test scores are a common component of admission criteria in upper-secondary and tertiary education

worldwide (OECD 2004, 17–20; 2018b, 2–3). Moreover, a more nuanced view of health-related

selection to education could be achieved by extending focus from vertical stratification in

educational outcomes, such as years of education or school completion and dropout (Mikkonen et

al. 2018; Sagatun et al. 2014; Haas and Fosse 2008), to horizontal stratification, i.e., track choice.

This study uses Finnish longitudinal register data that includes precise measurements of

healthcare use, school performance at the end of compulsory school, and upper-secondary degrees

for a nationally representative sample of 73,072 children to assess the role of school performance in

health-related selection to education. We examine whether adolescents experiencing somatic

conditions or mental disorders at ages 10–16 are more likely to not complete upper-secondary

education by age 23, and whether those completing an upper-secondary degree are more likely to
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choose the vocational track that prepares people to work in manual or lower non-manual jobs and is

academically less demanding than its alternative, the general track. The principal contribution of

our study is to employ g-computation for counterfactual-based mediation analysis to decompose the

total effects of health problems on upper-secondary education into three components: pure direct

effect unexplained by weakened school performance, pure indirect effect via weakened school

performance, and mediated interaction effect that identifies the possible differential effects of poor

school performance between adolescents with and without health problems. We estimate these

effects both in models adjusting for a large number of confounders and in sibling fixed-effects

models that adjust for all unobserved confounding shared within sibships. As a policy-relevant

illustration of the part unexplained by school performance, we further calculated controlled direct

effects that simulate a hypothetical intervention of providing everyone with above-median school

performance.

1.1 Background

Stunting of educational careers due to health problems is receiving increasing theoretical

and empirical attention (Layte and McCrory 2013). Most evidence on the association between

health problems and educational outcomes among young people relies on measures of self-rated

health or self-reported symptoms and health behaviors (Margot Jackson 2009; Huurre et al. 2006;

Lê, Diez Roux, and Morgenstern 2013; Brekke 2015). The smaller cluster of studies measuring the

effects of specific health conditions or larger groups of serious health conditions have typically

highlighted the particular significance of child and adolescent mental disorders as predictors of

weaker school performance, school dropout, or lower educational attainment in general (Breslau et

al. 2008; Mikkonen et al. 2018; Isohanni et al. 2001; Kessler et al. 1995; McLeod and Fettes 2007;

McLeod and Kaiser 2004). These associations have been the strongest in the case of rare, psychotic

disorders as well as conduct and attention-deficit disorders (Johnson et al. 1999; Fried et al. 2016;

Evensen et al. 2016; Isohanni et al. 2001; Goulding, Chien, and Compton 2010; Frissen et al. 2015),



5

whereas the impact of anxiety and depression on educational outcomes, independent of co-

occurring externalizing disorders, is more debated (Miech et al. 2002; Needham 2009; Melkevik et

al. 2016; Evensen et al. 2016; Fergusson and Woodward 2002; McLeod and Kaiser 2004; Fletcher

2010).

As for somatic health conditions, the associations seem to be more clearly confined to

specific conditions such as epilepsy, heart disease, type 1 diabetes, or leukemia and central nervous

system tumors, whereas adolescents experiencing other types of childhood cancers, asthma, or

inflammatory bowel disease have often shown similar long-term educational outcomes as their

peers without such health problems (Fletcher and Richards 2012; Persson et al. 2013; Mikkonen et

al. 2018; Singh et al. 2015; Champaloux and Young 2015; Ghaderi et al. 2016; Lancashire et al.

2010).

The mechanisms of health-related selection to education are still poorly understood. We

suggest that a theoretically important and policy-relevant distinction can be drawn between a

process where health problems impair one’s school performance, thus reducing the number of

available options, and a process where health problems shape one’s educational preferences

regardless of their effects on school performance. This distinction is reminiscent of the one

frequently made between primary and secondary effects of parental social class on educational

attainment, originally introduced by Boudon (1974) and adopted by sociologists examining social

stratification (Michelle Jackson et al. 2007; Erikson and Rudolphi 2010). Stated briefly, the idea is

that parental social class affects both children’s school performance (primary effect) and the

educational choices children make within the range enabled by their past performance (secondary

effect) (Michelle Jackson et al. 2007).

Along the same lines, we first argue that experiencing early-adolescent health problems

may exhibit a primary effect on educational attainment by reducing school performance, measured

by grade point average (GPA) in our application, and thus affecting actual opportunities for

pursuing further education (primary effect). Part of this could be due to impaired academic ability
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and functioning because previous research suggests poor early health to delay cognitive

development (Bhutta et al. 2002; Boardman et al. 2002) and increase school absenteeism (Needham

2009; Haas and Fosse 2008; Hale and Viner 2018). On the other hand, because GPA is also a

function of sustained effort, motivation, classroom behaviors, and teachers’ expectations (McLeod,

Uemura, and Rohrman 2012; Erikson and Rudolphi 2010), it can be seen to capture all activity that

is either officially or unofficially appreciated at schools. When encountering an adolescent with

emotional or behavioral disorders, teachers, parents and peers may come to reduce their

expectations and withdraw their intellectual and social support as a reaction to increased negative

interactions (Roeser, Eccles, and Strobel 1998). Such adolescents may eventually lower the

expectations they hold for their own school performance and become disengaged from their peers

and the school environment (McLeod and Fettes 2007; McLeod, Uemura, and Rohrman 2012;

Needham, Crosnoe, and Muller 2004). These expectations could gradually become independent of

individual teachers and current health status, as they are consolidated in the form of cumulative

school records (Entwisle and Hayduk 1988).

Previous studies have identified teacher biases in grading by comparing teacher-rated

grades with anonymously rated exam grades (Evensen 2019; Jæger and Møllegaard 2017). Evensen

(2019) discovered that adolescents with attention or conduct problems received systematically

lower teacher-rated grades than could have been expected based on their achievement in

anonymously rated exams. In addition to such “behavior penalties” in grading, we suggest an even

subtler process where the reductions in school performance among adolescents with health

problems could be interpreted in a particularly negative manner—by the adolescents themselves or

parents, teachers and school counselors advising them—and therefore lead to larger-than-expected

changes in subsequent educational pathways. In other words, not only the grading itself but also the

consequences of lower grades could vary between individuals with and without health problems.

Second, we posit that facing health problems during adolescence may reduce an

adolescent’s self-efficacy and experienced readiness to engage in further education, which could
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produce less far-reaching or academically demanding educational choices even when school

performance remains ostensibly intact (secondary effect). It seems plausible that reduced

expectations among teachers, parents, or the adolescents themselves could operate, to some extent,

independent of reductions in school performance because educational decisions can be seen as long-

term investments that involve cost-benefit evaluation and only partially reflect past academic

achievement (Michelle Jackson et al. 2007). Likewise, it has been suggested that experiencing

health problems may alter an adolescent’s future orientation and time-discounting practices such

that he or she assigns more weight to the maximization of short-term gains than to long-term

investments on human capital when making educational decisions (Haas, Glymour, and Berkman

2011). From an economic perspective, health problems reduce the expected utility of completing a

longer education because they lower an individual’s subjective life expectancy (Becker and

Mulligan 1997).

A handful of previous studies have examined school performance as a mediator of the

association between health problems and educational attainment. In one study, weakened academic

performance explained the majority of the effect of self-rated health on timely high school

graduation and around half of its effect on college attendance (Margot Jackson 2009). Another

study showed that the association between self-reported psychological health complaints and

entering tertiary education was fully accounted for by grade point average; for psychosomatic

complaints, GPA was of less importance (Låftman and Magnusson 2017), whereas in a Norwegian

study GPA covered more than two-thirds of the association between externalizing problems and

non-completion of upper-secondary school and, among girls, 41% of the association of internalizing

problems (Sagatun et al. 2014). McLeod et al. (2012) observed that the mutually adjusted

coefficients of depression, attention problems, delinquency, and substance use with highest degree

received were reduced by about half when controlling for high school GPA.

These investigations rely on self-reported health measures and none of them simultaneously

assesses the impact of somatic and mental health problems, although the significance of weakened
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school performance could vary according to the type of health problems. Despite being reliable and

predictive of “objective” health status (Idler and Benyamini 1997), self-rated health may be less

sensitive to changes in health status in early adolescence (Boardman 2006). Moreover, focus on a

single binary outcome may conceal decisive horizontal stratification in educational pathways, since

the same years of schooling in different study tracks may yield varying prospects for further

education, workplace autonomy, and income development (Gerber and Cheung 2008). Finally,

earlier analyses adopt the traditional mediation framework where health problems and school

performance are not allowed to interact with each other (VanderWeele 2013b). Thus, they have

been unable to examine the hypothesis that the consequences of lower grades could be more

negative for adolescents with health problems, although this could be an important reinforcing

component of the indirect pathway via weakened school performance.

1.2 Context and objectives

Finland provides an ideal setting for the study of health-related selection to education given

that education is free-of-charge at all levels and that acceptance to upper-secondary education is,

with few exceptions, determined by the combination of average grades at the end of compulsory

school and one’s preferred study program (Finnish National Agency for Education 2018a).

Virtually all Finnish children (>99.5%) receive a certificate from compulsory basic education,

which lasts nine years (with a voluntary tenth grade) and contains no tracking and only few optional

courses (OECD 2013). After compulsory education, adolescents may apply to upper-secondary

education, which lasts 2–4 years and divides into a general, academically oriented track and a

vocational track (i.e., vocational education and training that prepares adolescents to work in manual

or lower non-manual jobs). The two tracks are sometimes but rarely combined (Finnish National

Agency for Education 2018a). Although the Finnish education system contains no absolute dead

ends, only around 10% of students at universities providing academic higher education (master’s

degrees) have previously completed vocational upper-secondary education (Finnish National
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Agency for Education 2018b). A similar kind of division between general and vocational secondary

programs is commonplace across the OECD countries (OECD 2018a, 182).

Our study employs the counterfactual mediation framework (VanderWeele 2013b) to

conceptually separate the direct (unexplained by school performance) and indirect (via school

performance) effects of health problems on the likelihood of embarking on alternative upper-

secondary educational pathways. The indirect effect via weakened school performance may be

further divided into two parts (VanderWeele 2013b). In addition to the process where health

problems first weaken school performance and consequently affect educational pathways (pure

mediation), adolescents with health problems (or their parents and school counselors) could

interpret the same reductions in school performance more negatively than their peers would when

making educational choices (mediated interaction).

We focus on two upper-secondary educational outcomes: (1) completing some education

versus completing no education and (2) for those completing some education, the choice between

the general track and the vocational track. We hypothesize that encountering serious somatic

conditions or mental disorders during early adolescence is associated with a higher likelihood of

completing no upper-secondary education and, to a slightly smaller extent, a higher likelihood of

completing the academically less-demanding vocational track instead of the general track.

Furthermore, based on the small amount of available evidence, we hypothesize that both of these

associations are mainly, but not totally, explained by weakened school performance. Without a

useful reference point, we do not propose hypotheses on the relative importance of pure mediation

and mediated interaction, but we expect to find evidence for both types of indirect effects. Figure 1

summarizes our causal assumptions.

Table 1 depicts our target effects and their definitions (adopted from Wang and Arah 2015).

It should be noted that we refer to effects with their established names while being aware that our

observational data only warrants the estimation of associations. The total effect summarizes the

direct and indirect effects of health problems on education and consists of a pure direct effect, pure
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indirect effect and mediated interaction effect in the three-way decomposition. The pure direct

effect measures the effect of health problems on education through pathways other than school

performance (mediator is held fixed at the value it would naturally take under no exposure), while

the pure indirect effect measures the effect of health problems purely mediated by school

performance, not accounting for the possible interaction between them (differential exposure). In

both cases, the term “pure” refers to the fact that the effects have been dissociated from the

mediated interaction, which accounts for the reciprocal part where health problems cause lower

school performance and where the effect of weakened school performance is amplified by the

presence of health problems (differential effect). The pure indirect effect and mediated interaction

effect together form the indirect part of the total effect and can be used to calculate the proportion

mediated if the effects are positive (VanderWeele 2013b).

We supplement these analyses with a policy-relevant examination of whether providing a

certain level of school performance for all pupils would eradicate the direct effects of health

problems. This is done by estimating controlled direct effects in a hypothetical situation that fixes

school performance at different above-median levels for everyone. Based on the difference between

the total effect and the controlled direct effect, we calculate the proportion (of the total effect)

eliminated by this simulated hypothetical intervention (VanderWeele 2013a).

If we return to the above-mentioned theoretical distinction between primary and secondary

effects, the pure indirect effect and mediated interaction effect arguably capture the primary effect

due to weakened school performance, whereas the pure direct effect captures the secondary effect

operating above and beyond school performance. Controlled direct effects provide a further

evaluation of the secondary effects.
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2 Methods

2.1 Dataset

All Finnish residents are assigned a personal identification number, which allows the

individual-level linkage of information from different national registers. In this study, we had

access to a 20% random sample (permission TK-53-525-11) of children who were born between

1987 and 1993 and belonged to the Finnish household population at the end of year 2000

(n=77,452). Statistics Finland drew the original sample, conducted the individual-level linkage of

different data sources and delivered the data file in anonymized form.

Because we measured health problems at ages 10–16 and educational attainment at age 23,

we excluded persons who were not alive or did not reside in mainland Finland at ages 10–16 or at

age 23 (n=1,603). We measured parental socioeconomic factors at ages 10-14, and we also

excluded those persons not dwelling with at least one parent at these ages (n=1,540). Furthermore,

we excluded persons who had received treatment for intellectual disabilities (International

Statistical Classification of Diseases and Related Health Problems, 10th revision, ICD-10 codes

F70–F79) or pervasive developmental disorders (F84) by age 16 (n=963), since these adolescents

less often attend regular upper-secondary schools. Finally, because the availability of grade point

average—our measure of school performance at the end of basic schooling at age 16—was obtained

from applications to upper-secondary education, we excluded persons who had not applied to

upper-secondary education by age 20 (n=1,877, 2.4%, overall and n=873, 1.2%, following other

exclusions). Our final study sample comprised 73,072 persons when analyzing the likelihood of not

completing any upper-secondary education and 64,462 persons when analyzing the likelihood of

completing the vocational track instead of the general track among those who completed some

upper-secondary education by age 23.
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2.2 Key measures

As outcome measures, we identified upper-secondary non-completion (0=some upper-

secondary degree, 1=no education) and track choice at age 23 (0=general track or double degree,

1=vocational) using information from the Register of Degrees and Examinations maintained by

Statistics Finland.

We assessed health problems at ages 10–16 using data provided by the National Institute

for Health and Welfare on visits to inpatient and outpatient specialized care. Each record included a

primary ICD-10 code for diagnosis. Our main analyses were based on broad groups of somatic

conditions and mental disorders (see Supplementary Table 1 for precise definitions), defined as

having at least one visit with a related diagnosis at ages 10-16. The group of somatic conditions

effectively includes all types of conditions, such as asthma, epilepsy, type 1 diabetes, cancer, and

severe infections (injuries, pregnancy-related diagnoses, and undefined symptoms excluded). We

expect our use of a seven-year age span for the measurement of health problems to reduce both

systematic and random variation in their detection.

For somatic conditions, we also created two indicators that capture more severe health

problems: (1) having received inpatient or outpatient treatment for somatic health problems in four

or more years during ages 10–16 and (2) pediatric complex chronic conditions. The latter category

is based on a reviewed list of somatic conditions that are expected to last at least 12 months and

require specialty care and possibly hospitalization (Feudtner et al. 2014). Within mental disorders,

we chose two groups for further examination: depression or anxiety (internalizing) and attention

deficit hyperactive disorder or conduct disorder (externalizing). These groups were chosen because

they represent the most common types of mental disorders in early adolescence and because there

has been discussion on the independence of their effects. To account for comorbidity, we adjusted

for externalizing when estimating the effects of internalizing, and vice versa.

We measured school performance with grade point average (GPA), which is collected in

the Joint Application Register of the Finnish National Board of Education. GPA is the arithmetic
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mean of 11–13 theoretical subjects (graded from 4 to 10) on the compulsory school completion

certificate, and it either fully or mostly defines one’s chances of becoming accepted to the desired

upper-secondary school, depending on the field of choice (when applying to vocational education,

artistic and practical subjects are also considered). The final grading of pupils follows nationally

determined learning goals, but the grading is not based on standardized tests. While this could

introduce some school-level systematic variation in grading, it seems unlikely that such variation

would be systematically associated with health problems and thus bias our results. GPA is recorded

at the precision of 2 decimals and we treated it as a continuous variable.

2.3 Covariates

We controlled for a host of individual and family sociodemographic factors that could be

simultaneously associated with adolescent health problems (or receiving treatment for them), school

performance and educational pathways based on previous studies and theoretical considerations.

The prevalence of treatment for mental disorders has increased among Finnish adolescents

(Gyllenberg et al. 2018), and the popularity of the general and vocational tracks has varied over the

years; thus, we included birth year dummies in all statistical models. Furthermore, we controlled for

sex because not completing upper-secondary school is more common among men (Finnish National

Agency for Education 2018b), and boys and girls show different patterns of health problems in

adolescence especially with regard to mental health (Gyllenberg et al. 2018). We also adjusted for

mother tongue (Finnish / Swedish / other), country of birth (Finland / other), region of residence at

ages 10–14 (n=18), and urban–rural classification (7-point scale ranging from inner-urban to

sparsely populated rural areas), which may capture differences in access to healthcare and upper-

secondary education. Both poor adolescent health and low educational attainment are more

prevalent in socially disadvantaged families (Viner et al. 2012; Sirin 2005); adjustments for family

background included highest parental education (higher tertiary / lower tertiary / short-cycle tertiary

/ upper secondary / basic), five-year average household disposable income, most typical (mode)
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family type (two parents / single parent) during ages 10–14. We also adjusted for the number of

children under 18 living in the same household (sibship size). Finally, we adjusted for (continuous)

maternal age at birth because the children of very young mothers have shown worse psychosocial

and educational outcomes in previous studies (Fergusson and Woodward 1999).

2.4 Analytical procedure

To estimate the effects of interest, we used the parametric g-computation algorithm, the

utility of which has been recently demonstrated in causal mediation settings (Wang and Arah 2015).

G-computation can be considered a generalization of direct standardization and an approach to

impute missing potential outcomes in the spirit of the counterfactual mediation framework

(Westreich et al. 2015). As opposed to the traditional Baron and Kenny’s method for mediation, g-

computation avoids the issue of non-collapsibility, which hinders the comparison of coefficients

between nested non-linear models. Compared with the alternative weighting-based approaches,

parametric g-computation produces smaller standard errors and more stable estimates

(Vansteelandt, Bekaert, and Lange 2012), and it also differs from the popular Karlson–Holm–Breen

method by allowing for exposure–mediator interactions. Since detailed and accessible descriptions

of the method in both mediation and non-mediation settings can be found elsewhere (Snowden,

Rose, and Mortimer 2011; Wang and Arah 2015; Westreich et al. 2015), we provide only a brief

summary of our empirical application. The procedure was similar for each exposure–outcome pair

examined.

We first fitted an ordinary least squares model to estimate E(M | X, Z) for the continuous

mediator (grade point average) and a logistic regression model to estimate logit[E(Y | X, M, Z)] for

the binary outcome (non-completion / vocational track). For the continuous confounders maternal

age, income, and sibship size, we chose a linear, quadratic or cubic polynomial depending on the p-

value of the highest term (p<0.1) and, on similar grounds, decided to model the association between

the mediator and the outcome as a third-degree polynomial with exposure–mediator interaction.
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Using the parameters of the mediator model, we simulated two potential values of the

mediator by setting x=1 (exposure to health problem) and x=0 (no exposure) for every individual in

the sample. To reconstruct the original distribution of GPA, we added random variation from the

normal distribution with variance based on the residual variance of the mediator model. Next, we

simulated four potential outcomes (or their estimated probabilities) under x=1 and x=0 for

everyone, given the parameters of the outcome model and the two simulated values of the mediator.

For the purpose of calculating controlled direct effects, we further simulated potential outcomes

under x=1 and x=0 while fixing GPA for everyone at two above-median values of interest: 8.50 and

9.09 (i.e., the 75th and 90th percentile of the GPA distribution). Finally, using the population-

averaged values of the simulated potential outcomes, we calculated the relevant contrasts (risk

differences) as presented in Table 1. We repeated the whole procedure 1000 times by resampling

the original data to calculate bootstrapped 95% confidence intervals at the 2.5th and 97.5th

percentiles of the estimate distribution.

Because our data included all household members, we were also able to conduct the three-

way decomposition within sibships to adjust for all unobserved family-level confounding. Overall,

there were 35,892 persons with at least one sibling in our study sample. We used fixed-effects

linear probability models (adjusted for sex) because they allow for the extraction of sibship-level

intercepts in an uncomplicated manner. Given that linear probability models could produce

predicted probabilities that are smaller than 0 or larger than 1, we restricted the relatively few such

cases to have values of 0 and 1, respectively (Bijlsma et al. 2019). We included sibship-level

intercepts in the prediction, but the analytical procedure was otherwise similar to the one described

above. We conducted all analyses with R version 3.5.1.

3 Results

Table 2 presents the distribution of the study population, mean grade point averages, and

the distribution of different educational attainments at age 23 according to background factors.
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Completing no upper-secondary education by age 23 was more common among adolescents with

either somatic conditions or mental disorders, but the differences were larger with regard to mental

disorders. Completing the general track was also much rarer among those with early-adolescent

mental disorders, but differences in the proportion completing the vocational track were less

evident. This illuminates the idea that a more nuanced view of the consequences of poor early

health on education is achieved by focusing on the two choice situations separately.

Table 3 shows the decompositions of the effects of somatic conditions and mental disorders

on not completing upper-secondary education. Estimated through the g-computation procedure and

adjusted for all observed confounders, mental disorders were associated with a 19.2 percentage

point increase in the probability of not completing upper-secondary education, whereas somatic

conditions showed a much smaller 2.3 percentage point increase. In both cases, school performance

mediated less than a third (31% for mental disorders and 22% for somatic conditions) of the total

effects. The indirect part was mostly due to pure mediation (pure indirect effect) where the

reductions in school performance lead to expectedly large changes in the subsequent educational

pathways. However, for mental disorders there was also evidence of a small mediated interaction

effect where health problems were not only associated with GPA but also augmented the negative

association between GPA and non-completion. When we fixed GPA at the 75th and 90th percentile

of the distribution for everyone to calculate controlled direct effects, the effect of mental disorders

on non-completion was smaller but still evident, whereas the effect of somatic conditions virtually

vanished at the 90th percentile. Table 3 also includes the results of the three-way decomposition

conducted within sibships. The total effects of somatic conditions and mental disorders were around

a half of the original effects, but the proportions mediated by GPA were only slightly smaller

among siblings.

Table 4 presents similar decompositions with regard to choosing the vocational track

instead of the general track. Mental disorders increased the probability of the vocational track by

16.0 percentage points and somatic conditions by 3.0 percentage points. School performance
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mediated around half of these associations, a larger part than in the case of non-completion, and

there was no evidence of mediated interaction for either somatic conditions or mental disorders.

When GPA was fixed at the 90th percentile for everyone, mental disorders still increased the

likelihood of vocational education by 5.8 percentage points, but the association of somatic

conditions disappeared. Estimated within sibships, the total effects of health problems were up to

two thirds weaker; the contribution of GPA remained similar for mental disorders but became

slightly smaller for somatic conditions.

Table 5 presents the three-way decomposition for the more strictly defined health problem

indicators. Notably, when exposure was defined as having received inpatient or outpatient treatment

for somatic health problems in four or more years during ages 10–16, the effects were similar to the

ones shown for somatic conditions in the main analysis. For complex chronic conditions, the total

effects were roughly similar, but there was no evidence of an indirect effect via school performance.

When estimating the effects of internalizing (depression or anxiety) and externalizing (attention

deficit hyperactivity disorder or conduct disorder), we simultaneously included both types of

conditions in the model to assess their independent effects. Whereas the effects of internalizing

were comparable to the effects of the broader group of mental disorders, externalizing increased

both non-completion and choosing the vocational track by around 30 percentage points. Moreover,

externalizing showed slightly larger mediation proportions, and there was evidence of a small

negative mediated interaction.

As a sensitivity analysis, we re-estimated the results separately for girls and boys (not

shown). Somatic conditions increased non-completion by 3.1 (95% confidence interval: 2.5, 3.8)

percentage points among girls and 1.3 (0.5, 2.0) percentage points among boys, whereas the

probability of choosing the vocational track increased by 3.7 (2.5, 4.8) percentage points among

girls and 0.7 (-0.4, 1.8) percentage points among boys. Proportions mediated by GPA were also

slightly larger among girls. The effects of internalizing and mental disorders in general were similar

regardless of sex. However, externalizing disorders exhibited slightly larger total effects on girls
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than on boys with regard to both non-completion [33.6 (28.7, 38.0) vs. 27.3 (24.5, 30.6) percentage

points, respectively] and choosing the vocational track [38.5 (33.9, 43.9) vs. 27.0 (23.8, 30.8)

percentage points]. These differences were fully attributable to a stronger direct effect, unexplained

by GPA, among girls.

The results on track choice only pertain to young people who completed upper-

secondary education. Moreover, increases in the probability of completing the vocational

track might not only reflect deliberate educational choices but could also indicate failure to

complete the general track. To evaluate whether our results can be interpreted in terms of

actual decisions, we used data on the national application process that was available for

adolescents born in 1992-1993 (n=24,175). Supplementary Table 2 reports an analysis on the

association between health problems and choosing the vocational track as the first preference

in the joint application process. Although this analysis was independent of both enrollment

and completion, results on first preference were identical with the ones based on attained

education. Data on the application process also enabled us to assess the most critical

consequence of weakened school performance: failure to enter the preferred study program.

To estimate its contribution to the association between health problems and non-completion,

Supplementary Table 3 presents an analysis where failure to enter the preferred study

program (prevalence: 20.7%) substituted for GPA as the mediator. In the case of both

somatic conditions and mental disorders, it mediated around 10% of the total effect of health

problems on non-completion.

4 Discussion

Using a large register-based dataset, we show that early-adolescent health problems are

significant predictors of both non-completion and track choice in upper-secondary education and

that these associations are only partially explained by weakened school performance at the end of

compulsory education. We observe that while the weight of mental disorders in shaping both
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outcomes is especially noteworthy, even somatic conditions exhibit small but robust increases in the

likelihood of completing no upper-secondary education and choosing the less academically oriented

vocational track. At the same time, the results imply that weakened school performance accounts

for a smaller part of the differences in non-completion (one third at most) than in track choice

(around half) between adolescents with and without health problems. The same patterns can be

observed within sibships, albeit on a smaller scale. Furthermore, according to our simulated

hypothetical intervention, mental disorders might still be associated with educational pathways even

if all adolescents had excellent school performance.

Taking advantage of the fairly recently introduced three-way decomposition in mediation

analysis (VanderWeele 2013b), our study is the first to elucidate that the indirect association is

mostly due to pure mediation by school performance instead of mediated interaction. This supports

the interpretation that health problems first reduce school performance by a certain amount and

educational choices are then affected as much as could be expected for such a reduction in school

performance—no more, no less. Only for the association between mental disorders and non-

completion do we observe evidence of a small mediated interaction, possibly signaling a process

whereby teachers, parents, school counselors or the adolescents themselves interpret the same level

of school performance more negatively than their peers without a history of treatment for mental

disorders. Previous research has identified teacher biases in the grading of adolescents with

attention or conduct problems (Evensen 2019), but our results suggest a further “bias” where lower

grades increase educational non-completion more than could be expected among those experiencing

health problems. Such process could possibly be explained by stigmatization and increased negative

interactions in the school environment (McLeod and Kaiser 2004), but examining this question

would require more detailed data.

In our analysis, the indirect path via school performance accounted for less than a third of

the differences in non-completion, but previous studies addressing the same question have shown

mediation proportions of 50% or more in the US (Margot Jackson 2009) and Norway (Sagatun et al.
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2014). One study from Sweden, however, found GPA important in explaining the effects of

psychological health complaints, but not those of psychosomatic complaints (Låftman and

Magnusson 2017). Part of these differences could reflect our data on specialized care, capturing

more severe cases on average, whereas earlier studies have measured either self-rated health or self-

reported health complaints. Mediation proportions could also be underestimated in our analysis if a

higher GPA is an implicit sign of less severe problems within the broadly defined groups of health

problems. However, the fact that the mediation proportions were similar for the more strictly

defined exposures mitigated such concerns.

We are unaware of other studies that have examined the link stretching from health

problems to school performance and subsequently to track choice in a similar manner. One previous

study collapsed all degrees into a single ordinal outcome and controlled for GPA (McLeod,

Uemura, and Rohrman 2012), but this approach conceals horizontal stratification. Moreover,

considering that the strength of health selection may vary according to life stage (Kane et al. 2018),

treating education as an ordinal or continuous variable could also obscure health-related vertical

stratification. Overall, previous studies have only analyzed track choice when comparing the

predictive power of health problems for dropout between different educational tracks or levels

(Sagatun et al. 2014; Hjorth et al. 2016). Although one need not consider the general track a more

commendable alternative than the vocational track, the observed differences in track choice could

reflect structural, potentially modifiable obstacles that young people with health problems

encounter when navigating the education system.

Crucially, our supplementary analysis, which was based on school applications, aligned

with our main analyses that examined completed education. This supports the interpretation that

adolescents with health problems more often choose the vocational track, but it remains

unclear whether this is due to altered preferences, anticipatory effects (expecting not to be

able to enter the general track), or reduced educational expectations held by significant

others. Regardless of the origin of educational decisions, being able to execute them appears
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beneficial. In our further supplementary analysis, failure to enter the desired study

program—the immediate consequence of poor school performance—explained one tenth of

the association between health problems and non-completion. Despite indicating a smaller

indirect effect than the one shown for GPA, the fact that it is based on first-time applicants,

who have an opportunity to take an additional study year to raise their grades and whose

preferences may change, renders it noteworthy.

Different education systems pose a challenge to the generalizability of health selection

research (Suhrcke and de Paz Nieves 2011). The weight of our results is emphasized by the fact that

they are obtained in a universalistic education and welfare system, which could be expected to

bridge gaps in access to healthcare and education and thus reduce health-related selection to

education. Our study is in line with earlier research from the UK (Goodman, Joyce, and Smith

2011), the Netherlands (Uiters et al. 2014), Canada (Currie et al. 2010), and Norway (De Ridder et

al. 2013), demonstrating that early somatic health problems are on average rather weakly associated

with adult social outcomes. On the other hand, some specific somatic conditions are likely to show

stronger associations, as discovered by investigations from Finland (Mikkonen et al. 2018) and the

US (Champaloux and Young 2015) simultaneously measuring the effects of several specific

conditions. Overall, it is surprising that increased length (treatment in four or more years) or

severity (complex chronic conditions) of exposure does not strengthen the observed associations

between somatic health problems and educational outcomes compared with the broader category.

One plausible explanation is that children with more serious health conditions may more often

attend hospital schools or receive other kinds of special support, which promotes their schooling

and which we cannot observe with register data. Moreover, the average associations may contain

masked heterogeneity because for some adolescents a chronic illness might act as a reason to pursue

an academic degree that leads to a physically non-demanding white-collar profession (Teachman

2012). Finally, it should be noted that in the case of life-threatening health conditions, only those

individuals who survived until age 23 contributed to our results.
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Similar to most previous studies, we observe robust effects for mental disorders even when

the estimation is based on within-sibship variation (Fletcher 2010; Evensen et al. 2016). In line with

earlier research, we also show stronger effects for externalizing than internalizing disorders (Miech

et al. 2002; McLeod and Kaiser 2004). However, our observation that internalizing disorders are

negatively associated with educational outcomes regardless of co-occurring externalizing disorders

is in stark contrast to the study of Evensen et al. (2016) from Norway where the effects of

internalizing disappeared following adjustment for attention and conduct problems. Even so, our

study does not necessarily challenge their results because they measured mental disorders based on

self-reported symptom questionnaires, whereas we defined comorbidity based on a stricter measure

of having received diagnoses related to both internalizing and externalizing in specialized care.

Our study evaded the typical problems of survey studies related to recall bias, preferential

reporting, non-response, attrition, and large standard errors. Moreover, with register data we were

able to distinguish the temporal ordering of health problems and educational outcomes more

precisely than would have been possible with cross-sectional or retrospective data, and it also made

the identification of different types of health problems more objective than in previous mediation

studies. However, it is essential to note that we were only able to measure health problems that

received inpatient or outpatient care at least for a short while. While this enabled us to focus on

more severe health conditions than in most previous research, it also left out high-risk health

behaviors and other lifestyle-related factors (e.g. smoking, obesity, and physical activity) as well as

recurrent minor illnesses, which could prove important when evaluating the general contribution of

adolescent health to educational outcomes.

Especially in the case of mental disorders, the reliance on care records could also bias our

results if unobserved factors affect the likelihood of seeking or receiving treatment and some

untreated persons with mental disorders have been misclassified as not having mental disorders.

More specifically, this may have caused us to underestimate the total effect but is unlikely to have

biased our decomposition to direct and mediated effects. On the positive side, we were able to
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control for the most evident socioeconomic and regional correlates of treatment seeking, which is

likely to render any remaining biases small. Gaps in treatment are further narrowed by the fact that

pediatric specialized care is highly subsidized and provided by the public sector in Finland

(Ministry of Social Affairs and Health 2013). As another point of concern, weakened school

performance, an important indicator of child and adolescent functioning, could promote the

identification of emotional and behavioral disorders in the school environment. In such cases, the

indirect effects of mental disorders could be partially biased. However, Finnish pupils attend three

extensive health checks during compulsory education, which curtails the role of teachers or parents

in the detection of problems (Ministry of Social Affairs and Health 2013).

We did not have information on GPA for 1.2% of the study population. To evaluate the

impact of this exclusion, we reproduced the four total effects reported in Table 3 and Table 4 by

including those with a missing GPA (not shown). Although health problems were more common in

this group, the total effects became only 2-4 percent larger than in our principal study sample. Thus,

this exclusion criterion made our results only slightly more conservative.

The g-computation procedure produces stable and efficient estimates but relies on the

correct specification of both the mediator and the outcome model when using observational data. In

addition to our broad adjustment for exposure–outcome, exposure–mediator and mediator–exposure

confounders related to sociodemographic background, we were able to use sibling fixed-effects

models to further adjust for all unobserved factors shared within a family. These models also

partially account for cognitive and non-cognitive skills and other common, possibly genetic, factors

behind health and education (Boardman, Domingue, and Daw 2015; Duke and Macmillan 2016).

Nevertheless, our sibling comparison results should be interpreted with care because the reliance on

within-family variation in health problems could hamper their generalizability. Potential spillover

effects running from health problems to siblings’ educational outcomes could also render their

results too conservative. A further assumption with our three-way effect decomposition is the

absence of exposure-induced mediator–outcome confounders (VanderWeele 2013b), but we are
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unaware of any previous empirical evidence or theoretical consideration on confounders between

GPA and educational choices that are influenced by health problems.

The pathways that we describe in this study are best understood against long-term life

course processes. Health problems show strong path dependency in adolescence and young

adulthood (Kane et al. 2018), and it appears probable that the effects we observe for health

problems at age 10-16 are partially due to the persistence and perpetuation of these problems.

Correspondingly, although our study focused on health problems in early adolescence, some of

them may have emerged at an earlier age and affected early schooling in ways not captured by our

study. To analyze the contribution of early-adolescent health independent of earlier and later

selection processes, future studies would benefit from a dataset with longitudinal measurement of

both health problems and school functioning that begins at an early age and extends until the end of

upper-secondary education. Such data would also enable them to examine the potential reciprocity

of the associations between health problems and weak school performance.

Regardless of the exact timing of the processes at work, our results provide compelling

take-home messages for life-course research on health inequalities and social stratification.

Although failure to complete any upper-secondary education is likely to have the largest negative

impact on individual life chances, it is noteworthy that adolescents with health problems are also

more likely to choose the vocational track, which rarely leads to the highest-paying, more

autonomous professions. Such subtle health-related differences in early educational decisions are

more likely neglected than differences in non-completion and may contribute to socioeconomic

health disparities in the long-term (Palloni 2006). Moreover, although both poor adolescent health

and adverse educational outcomes are more prevalent in socially disadvantaged families (Sirin

2005; Viner et al. 2012), our results evince that health selection cannot be reduced to disadvantaged

social background alone.

Reminiscent of the theoretical distinction between primary and secondary effects of

parental social class on offspring education (Boudon 1974), our study separates the primary effect
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of health problems due to weakened school performance from the secondary effect of health

problems that operates above and beyond school performance. We show that health problems have

a non-negligible primary effect that is mainly due to a process where health-induced reductions in

GPA lead to differences in educational pathways that are as large as could be expected for such

reductions. This finding encourages future research and policy efforts to target factors that disturb

the schooling of adolescents with health problems to the extent that their formal school performance

is impaired. However, considering that GPA reflects not only academic aptitude but also sustained

effort and teacher–student interactions (McLeod, Uemura, and Rohrman 2012; Erikson and

Rudolphi 2010), interventions that only aim at promoting academic skills could prove inadequate in

reducing health-related selection. Previous research on adolescents with mental disorders

emphasizes the importance of negative expectations and social responses as explanations for

disrupted educational trajectories (McLeod and Fettes 2007).

Simultaneously, our investigation shows that a significant part of the associations cannot be

ascribed to reductions in school performance. This secondary effect, as we call it, ultimately

remains a black box in our analysis. However, its presence highlights that GPA cannot be

considered an all-encompassing predictor of sustained educational success among adolescents with

health problems, which can be seen as a deviation from the general path-dependency of human

capital formation (Kane et al. 2018). Post-compulsory education requires increasing independence

from young people, which can disclose underlying problems. On the other hand, it has been

suggested that health problems may reduce future orientation towards time-consuming investments,

such as higher education (Becker and Mulligan 1997; Haas, Glymour, and Berkman 2011). In our

analysis, the increases observed in vocational education could be interpreted as signals of such

processes at work, but this and other plausible mechanisms explaining the secondary effect require

further investigation. In any event, it seems that adolescents with health problems, especially mental

disorders, should be given special attention and support in their educational careers regardless of the

formal school performance they demonstrate.
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Table 1 Effects of interest and their counterfactual definitions as risk differences

EFFECT COUNTERFACTUAL
DEFINITION

DESCRIPTION

Total effect (TE) E[Y − Y ∗ ∗]
Overall effect of X on Y through all
pathways

Pure direct effect (PDE) E[Y ∗ − Y ∗ ∗]
Effect of X on Y through pathways other
than M

Pure indirect effect (PIE) E[Y − Y ∗]
Effect of X on Y due to X affecting M
and, subsequently, M affecting Y

Mediated interaction effect (MIE) E[Y − Y ∗ − Y ∗ + Y ∗ ∗]
Effect of X on Y due to both X causing M
and X interacting with M

Proportion mediated (PM)
E[PIE] + E[MIE]

E[TE]
Proportion of the total effect that is due
to an indirect pathway via M

Controlled direct effect (CDE) E[Y − Y ∗ ] Effect of X on Y when fixing M at a
specific value for the whole population

Proportion eliminated (PE)
E[TE]− E[CDE]

E[TE]
Proportion of the total effect that was
eliminated by fixing M

X = exposure, M = mediator, Y = outcome; x refers to the presence of health problems and x* to their absence; m
is a fixed mediator value
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Table 2 Frequency distribution, mean grade point average (GPA) and commonness of different

educational pathways by background factors for the study population (N=73,072)

Mean
GPA

Completed education at age 23 (%)
Covariate Classification % General Vocational None
Somatic condition at ages 10–16 No 59.9 7.67 52.3 36.9 10.7

Yes 35.5 7.59 48.1 38.5 13.4
Mental disorder at ages 10–16 No 93.7 7.67 52.2 37.5 10.4

Yes 6.3 7.18 27.9 39.2 32.9
Sex Male 50.8 7.37 42.6 44.3 13.1

Female 49.2 7.91 59.0 30.7 10.4
Urban-rural classificationa b Inner urban 19.3 7.80 59.9 26.2 14.0

Outer urban 29.9 7.66 53.6 34.1 12.3
Peri-urban 13.2 7.57 48.5 40.2 11.2
Local centers in rural areas 6.1 7.59 47.7 41.9 10.4
Rural areas close to urban 9.2 7.54 43.3 45.2 11.5
Rural heartland 14.5 7.56 44.7 45.7 9.6
Sparsely populated rural 7.8 7.56 42.0 47.4 10.7

Mother tongue Finnish 93.5 7.64 50.5 37.7 11.8
Swedish 4.8 7.73 55.9 36.7 7.4
Other 1.7 7.26 42.5 33.5 24.0

Born in Finland Yes 98.0 7.65 50.9 37.6 11.5
No 2.0 7.25 39.9 36.4 23.7

Highest parental educationb Higher tertiary 15.3 8.37 84.4 11.4 4.2
Lower tertiary 11.2 7.94 65.4 26.7 7.9
Lowest tertiary 25.9 7.74 56.2 35.5 8.3
Secondary 41.2 7.32 34.6 50.1 15.3
Basic 6.4 7.02 24.5 47.5 28.0

Family typeb Two parents 81.0 7.70 53.3 36.9 9.8
Mother only 16.6 7.37 39.6 40.2 20.2
Father only 2.4 7.29 36.9 42.6 20.5

Birth year 6 categories (not shown)
Region of residence 18 categories (not shown)
Maternal age Continuousd 28.6 0.14 29.4 28.0 27.3
Sibship size Continuous 2.9 -0.07 2.8 3.1 3.1
Household disposable incomec Continuous 16,807 0.26 18,576 15,185 14,385
Total 100.0 7.64 50.6 37.6 11.8

aBased on a nationwide geographical classification system by the Finnish Environment Institute SYKE
bMode at ages 10–14
cAverage annual income at ages 10–14: annual measures were converted to 2012 euros and divided by the number of
OECD (Organization for Economic Co-operation and Development) consumption units
dFor continuous variables mean values, correlations with GPA and mean values by education at age 23 are shown
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Table 3 Average effects (risk differences, RD, and their 95% confidence intervals, CI) of somatic

conditions and mental disorders at ages 10–16 on the likelihood of completing no upper-secondary

education by age 23, as mediated by grade point average (GPA)

Somatic conditions Mental disorders
 Effects RD Lower CI Upper CI RD Lower CI Upper CI
Adjusted effects (N=73,072)a

Total effect 0.023 0.017 0.029 0.192 0.177 0.208
Pure direct effect 0.018 0.012 0.024 0.134 0.118 0.149
Pure indirect effect 0.005 0.004 0.006 0.037 0.034 0.041
Mediated interaction effect 0.000 0.000 0.001 0.022 0.015 0.029
Proportion mediated 0.224 0.161 0.305 0.306 0.267 0.350

Controlled direct effect Ab 0.011 0.007 0.015 0.078 0.062 0.095
Proportion eliminated 0.532 0.327 0.706 0.592 0.507 0.673

Controlled direct effect Bc 0.005 0.001 0.009 0.040 0.024 0.057
Proportion eliminated 0.773 0.550 0.943 0.791 0.700 0.875

Sibling fixed-effects (N=35,892)d

Total effect 0.011 0.005 0.018 0.100 0.080 0.120
Pure direct effect 0.010 0.004 0.016 0.077 0.060 0.095
Pure indirect effect 0.001 0.000 0.002 0.009 0.007 0.012
Mediated interaction effect 0.000 0.000 0.001 0.013 0.009 0.018
Proportion mediated 0.096 -0.025 0.254   0.228 0.177 0.282

aAdjusted for sex, urban-rural classification, mother tongue, being foreign-born, parental education, family type, birth
year, region of residence, maternal age, sibship size, and household disposable income
bGPA fixed at the 75th percentile of the GPA distribution (8.50)
cGPA fixed at the 90th percentile of the GPA distribution (9.09)
dAdjusted for sex



40

Table 4 Average effects (risk differences, RD, and their 95% confidence intervals, CI) of somatic

conditions and mental disorders at ages 10–16 on the likelihood of completing the vocational track

instead of the general track among persons who complete upper-secondary education by age 23, as

mediated by grade point average (GPA)

Somatic conditions Mental disorders
 Effects RD Lower CI Upper CI RD Lower CI Upper CI
Adjusted effects (N=64,462)a

Total effect 0.030 0.020 0.040 0.160 0.143 0.176
Pure direct effect 0.014 0.005 0.023 0.077 0.064 0.092
Pure indirect effect 0.016 0.010 0.022 0.090 0.079 0.100
Mediated interaction effect 0.000 -0.001 0.000 -0.008 -0.011 -0.005
Proportion mediated 0.529 0.363 0.742 0.515 0.459 0.576

Controlled direct effect Ab 0.010 0.001 0.020 0.105 0.075 0.135
Proportion eliminated 0.649 0.324 0.952 0.341 0.193 0.505

Controlled direct effect Bc 0.003 -0.003 0.011 0.059 0.034 0.084
Proportion eliminated 0.881 0.612 1.120 0.633 0.476 0.783

Sibling fixed-effects (N=31,921)d

Total effect 0.009 0.001 0.018 0.065 0.042 0.087
Pure direct effect 0.007 -0.001 0.013 0.027 0.008 0.045
Pure indirect effect 0.003 -0.002 0.008 0.039 0.026 0.052
Mediated interaction effect 0.000 0.000 0.000 -0.001 -0.003 0.000
Proportion mediated 0.392 0.361 0.417 0.589 0.405 0.836

aAdjusted for sex, urban-rural classification, mother tongue, being foreign-born, parental education, family
type, birth year, region of residence, maternal age, sibship size, and household disposable income
bGPA fixed at the 75th percentile of the GPA distribution (8.50)
cGPA fixed at the 90th percentile of the GPA distribution (9.09)
dAdjusted for sex
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Table 5 Effects (risk differences, RD, and their 95% confidence intervals, CI) of alternative health

problem exposures at ages 10–16 on non-completion of upper-secondary education by age 23

(n=73,072) and the choice of vocational track instead of general track (n=64,462), as mediated by

grade point average. Prevalence of the health problem indicator in parentheses

Non-completion Vocational track

Health problems Effectsa RD Lower CI Upper CI RD
Lower

CI Upper CI
Somatic treatment during 4
or more years at ages 10–
16 (7.3%)

Total effect 0.027 0.016 0.039 0.033 0.013 0.053
Pure direct effect 0.022 0.011 0.033 0.013 -0.003 0.031
Pure indirect effect 0.005 0.003 0.007 0.021 0.010 0.032
Mediated interaction 0.000 0.000 0.001 -0.001 -0.003 0.000
Proportion mediated 0.198 0.099 0.331 0.691 0.321 1.208

Complex chronic condition
(2.9%)

Total effect 0.030 0.013 0.047 0.025 -0.004 0.055
Pure direct effect 0.030 0.012 0.047 0.025 0.000 0.050
Pure indirect effect 0.000 -0.003 0.004 0.000 -0.016 0.018
Mediated interaction 0.000 -0.001 0.001 0.000 -0.001 0.001
Proportion mediated - -

Internalizing: depression or
anxiety (2.5%)b

Total effect 0.195 0.175 0.215 0.137 0.111 0.165
Pure direct effect 0.151 0.133 0.169 0.077 0.054 0.098
Pure indirect effect 0.033 0.028 0.039 0.069 0.052 0.086
Mediated interaction 0.011 0.005 0.016 -0.009 -0.015 -0.005
Proportion mediated 0.225 0.187 0.265 0.439 0.344 0.551

Externalizing: attention
deficit hyperactivity disorder
or conduct disorder (1.5%)b

Total effect 0.289 0.261 0.319 0.315 0.281 0.350
Pure direct effect 0.196 0.163 0.233 0.167 0.121 0.213
Pure indirect effect 0.076 0.068 0.084 0.185 0.164 0.206
Mediated interaction 0.016 -0.005 0.035 -0.037 -0.062 -0.016
Proportion mediated 0.321 0.237 0.394 0.472 0.369 0.586

aAdjusted for sex, urban-rural classification, mother tongue, being foreign-born, highest parental education, family
type, birth year, region of residence, maternal age, sibship size, and household disposable income
bThe effects of internalizing and externalizing were mutually adjusted for each other
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Figure 1 Directed acyclic graph (DAG) depicting the causal assumptions. X, M and Y represent the

exposure, mediator and outcome, respectively. Health problems are assumed to moderate the

association between school performance and non-completion/vocational track (intersecting arrow).

The associations are assumed unconfounded conditional on Z, which represents a set of exposure–

outcome, exposure–mediator and mediator–outcome confounders (see Methods section for details)



Supplementary Table 1 Prevalence (%) of different types of health conditions within the broad

groups of somatic conditions and mental disorders

Health condition group ICD-10 code Prevalence
Somatic conditions 35.5

Infectious and parasitic diseases A00-B99 2.6
Neoplasms C00-D48 1.5
Diseases of the blood and blood-forming organs; immune system disorders D50-D89 0.5
Endocrine, nutritional and metabolic diseases E00-E90 3.1
Diseases of the nervous system G00-G99 2.8
Diseases of the eye and adnexa; diseases of the ear and mastoid process H00-H95 6.0
Diseases of the circulatory system I00-I99 0.9
Diseases of the respiratory system J00-J99 11.9
Diseases of the digestive system K00-K93 5.1
Diseases of the skin and subcutaneous tissue L00-L99 3.7
Diseases of the musculoskeletal system and connective tissue M00-M99 6.1
Diseases of the genitourinary system N00-N99 3.0
Congenital malformations, deformations and chromosomal abnormalities Q00-Q99 2.6

Mental disorders 6.3
Mental and behavioral disorders due to psychoactive substance use F10-F19 0.5
Schizophrenia, schizotypal and delusional disorders F20-F29 0.2
Mood disorders F30-F39 1.9
Neurotic, stress-related and somatoform disorders F40-F48 1.8
Behavioral syndromes associated with physiological disturbances and physical factors   F50-F59 0.7
Disorders of adult personality and behavior F60-F69 0.1
Disorders with onset usually occurring in childhood and adolescence; unspecified F90-F99 2.9

Internalizing 2.5
Depression F32-F33a 1.9
Anxiety F40-F42 0.9

Externalizing 1.5
Attention deficit and hyperactivity disorder / hyperkinetic disorder F90 0.5
Conduct disorder F91-F92 1.1

aExcluding codes F32.3 and F33.3 (depression with psychotic features)
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Supplementary Table 2 Average effects (risk differences, RD, and their 95% confidence intervals,

CI) of somatic conditions and mental disorders at ages 10–16 on the likelihood of listing the

vocational track (instead of the general track) as the first preference when participating for the first

time in the upper-secondary school application process, as mediated by grade point average;

persons born in 1992-1993 (n=24,175)

Somatic conditions Mental disorders
Effectsa RD Lower CI Upper CI RD Lower CI Upper CI
Total effect 0.026 0.013 0.038 0.154 0.132 0.175
Pure direct effect 0.011 0.001 0.020 0.065 0.045 0.084
Pure indirect effect 0.014 0.007 0.022 0.098 0.084 0.112
Mediated interaction effect 0.000 -0.001 0.000 -0.009 -0.015 -0.004
Proportion mediated 0.573 0.323 0.094 0.578 0.492 0.672
aAdjusted for sex, urban-rural classification, mother tongue, being foreign-born, highest parental
education, family type, birth year, region of residence, maternal age, sibship size, and household
disposable income
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Supplementary Table 3 Average effects (risk differences, RD, and their 95% confidence intervals,

CI) of somatic conditions and mental disorders at ages 10–16 on the likelihood of completing no

upper-secondary education by age 23, as mediated by failure to enter the preferred study program in

the upper-secondary school application process; persons born in 1992-1993 (n=24,175)

Somatic conditions Mental disorders
Effectsa RD Lower CI Upper CI RD Lower CI Upper CI
Total effect 0.019 0.012 0.027 0.166 0.146 0.186
Pure direct effect 0.018 0.010 0.025 0.150 0.130 0.170
Pure indirect effect 0.002 0.000 0.003 0.011 0.009 0.014
Mediated interaction effect 0.000 0.000 0.000 0.005 0.000 0.010
Proportion mediated 0.092 0.008 0.187 0.096 0.063 0.136
aAdjusted for sex, urban-rural classification, mother tongue, being foreign born, highest parental
education, family type, birth year, region of residence, maternal age, sibship size, and household
disposable income


