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Abstract

We aimed to estimate unbiased effects of mental health problems (MHPs) on school performance in first graders, with an
emphasis on rigorous adjustment for potential confounders. A population-based prospective cohort study was performed in
the area of Mainz-Bingen (Germany). In 2015, all preschoolers were approached, and the presence and type of MHP (exter-
nalising/internalising) and other physical chronic health conditions were identified by the preschool health examination and
study-specific questionnaires. At the end of the first grade, school performance (reading, writing, numeracy, and science) was
assessed by the class teacher and rated on a four-item scale ranging from — 8 to + 8. Of 3683 children approached, 2003 (54%)
were enrolled. School performance was available for 1462 children (51% boys, mean age 7.3 years). Of these, 41% had signs
of at least one MHP. Compared to children without indications of mental and physical chronic health conditions, children with
MHPs had lower school performance scores [adjusted mean difference —0.98, 95% CI (- 1.35; —0.61); P <0.001]. Regarding
the type of MHP, externalising MHPs were associated with poor school performance [adjusted mean difference — 1.44, 95%
CI (—1.83; —1.05); P <0.001], while internalising MHPs were not. Children with hyperactivity inattention problems were
most affected [adjusted mean difference — 1.96, 95% CI (—2.36; — 1.56); P <0.001]. Externalising MHPs and in particular
hyperactivity inattention problems may already affect school performance in early primary school. Identification of children
with externalising MHPs prior to school entry may help to prevent impaired academic achievement in affected children.

Keywords Externalising problems - Attention-deficit hyperactivity disorder - Academic achievement - School health -
Community paediatrics - Children

Introduction

Mental health problems (MHPs) in children and adoles-
cents are common and of growing concern for education
and health policies. In 2003, the WHO recommended a
Global Child and Adolescent Mental Health Action Plan
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friendships, classroom learning, and leisure time activities
[4].

The impact of MHPs on school performance and aca-
demic achievement is crucial, because this may contribute
to the link between health during childhood, educational
attainment, and socio-economic status in adulthood [5]. In
2011, Suhrcke and de Paz Nieves were the first to propose
a theoretical framework for the relationship between MHPs
and physical chronic health conditions (PCHCs) as well as
health-related behaviours and educational outcomes [6].
They reviewed the available evidence and concluded that
MHPs such as depression, anxiety disorders, and attention-
deficit hyperactivity disorder (ADHD) may have negative
effects on school performance, educational attainment, with-
drawal from school, and enrolment in college or university.

However, most studies were from the US, thereby intro-
ducing some geographical bias, and used cross-sectional
study designs, which avoided causal reasoning. Moreover,
some of the adverse educational and psychosocial outcomes
may be explained by the presence of confounding social,
familial, and individual factors; in addition, the quality and
level of health care use as well as the extent and effective-
ness of special educational support have not been sufficiently
investigated in these studies.

To address some of the shortcomings of previous studies,
we established the ikidS project (ich komme in die Schule
[German]; I am starting school) and aimed at estimating the
effects of various chronic health conditions on educational
outcomes in a longitudinal study design [7, 8]. The primary
objective of the present study was to evaluate the association
between MHPs with and without PCHC and early school
performance. Furthermore, we aimed to investigate the rela-
tionships between subclasses of MHPs (e.g., internalising
and externalising MHPs) and early school performance.

Methods
The ikidS cohort

ikidS is an ongoing representative population-based closed
cohort study with a prospective design [7]. The sampling
strategy, design aspects, and results for representativeness
of the cohort have been described elsewhere [8]. Briefly,
the cohort was established within the city limits of Mainz
(i.e., the capital of the German Federal State of Rhineland-
Palatinate) and the surrounding rural district of Mainz-Bin-
gen. All the parents of children who had their mandatory
statutory preschool health examination (PHE) between 1st
September 2014, and 31st August 2015 were approached
(N=3683) and parents of 2003 children (54% of the popu-
lation) finally agreed to participate. Comparisons with the
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underlying study population confirmed the representative-
ness of the cohort [8].

For the present analysis, 541 out of 2003 children were
excluded due to the following reasons: (1) parents withdrew
their consent after study enrolment (n=109) or (2) migrated
out of the study area (n=10), (3) children ultimately did
not enter school in September 2015 (n=50), (4) were later
assigned to a special needs school (n=16), or (5) had no
results for 1st grade school performance (n=356). Reasons
for missing performance results were refusal of schools to
take part in the performance assessment (eight schools con-
cerning n =122 children) or individual refusal of teachers to
fill in the performance questionnaire (n =234).

Data were collected at four time points: at the PHE dur-
ing the last preschool year [T0, mean age 5.89 years, stand-
ard deviation (SD) 0.36], 6 weeks before school entry (71,
mean age 6.34 years, SD 0.33), 3 months after school entry
(T2, mean age 6.74 years, SD 0.34), and at the end of 1st
grade (73, mean age 7.26 years, SD 0.33). Written informed
parental consent was obtained, and the research protocol was
approved by the local ethics committee, the regional school
authority, and the state representative for data protection. A
flow chart of study procedures and participating children is
given in the Online Resource (Figure S1).

Definition and assessment of mental health
problems

The identification of children with MHPs was based on their
PHE data (70) as well as parental and teacher responses
to additional study-specific questionnaires administered
prior to school entry (7'1) or during first grade (72-73). The
threshold for being classified as having a MHP was set low; a
child had to fulfil the criteria below at least at one out of four
time points (70-73). We chose this rule so that the children
not meeting these criteria were more likely to be truly MHP-
free, thereby creating a reliable MHP-free reference group.

The PHE comprised an official parental questionnaire,
a thorough medical history, a physical health examina-
tion, and several screening tests concerning visual and
hearing impairments as well as pre-academic skills. With
parental consent, individual PHE data were provided by
the regional Public Health Department. The questionnaire
as well as the public health physician himself/herself dur-
ing the examination asked for previous or current doctors’
diagnoses of MHPs and parental observations of behav-
ioural or emotional impairments. The following doctors’
diagnoses were considered in the PHE: autism spectrum
disorder, tic disorder, ADHD, anxiety disorder, major
depressive disorder, adjustment disorder, and psychosis.
The following parental observations of behavioural/emo-
tional impairments were considered: hyperactive behav-
iour/restlessness, inattentive behaviour, aggressiveness,
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conduct problem, rejectionist attitude, lack of distance,
emotional problem, and peer problem. The presence of
the above-mentioned diagnoses and impairments was later
repeatedly assessed using similar questionnaire items in
the additional study-specific questionnaires at 71, 72, and
T3 (Table 1).

In addition to these questionnaire items, symptoms,
consequences, and treatments for MHPs and other chronic
health conditions were assessed by German parent (admin-
istered at T'l, T2 and 73) and teacher (administered only
at T3) versions of the Strengths and Difficulties Question-
naire (SDQ) [9-11] and a German parent version (admin-
istered at 71 and 73) of the Children with Special Health
Care Needs (CSHCN) Screener [12].

The SDQ is a 25-item 5-scale parent- or teacher-reported
instrument covering 4 aspects of behaviour (i.e., conduct
problems, hyperactivity inattention (HI), peer problems, and
prosocial behaviour) and one aspect of emotional problems.
Based on the four problem subscales (i.e., conduct problems,
HI, peer problems, and emotional problems), a total diffi-
culties score was calculated, and German reference values
were applied to identify abnormal results for the total scale
and all subscales [11]. Based on the parent and teacher ver-
sions, children with a total difficulties score > 17 or abnor-
mal results for any problem subscale were defined as having
an indication of an MHP (Table 1).

The CSHCN Screener is a 14-item parent-reported instru-
ment covering 5 aspects of special health care: (1) a need for

Table 1 Definitions and frequencies of mental health problems within the study sample (N=1462)

Mental health problem Time of assessment/instrument

Definition/rule Frequency

Mental health problem, overall
specific questionnaire

T1, T2, T3: SDQ, parent version

T3: SDQ, teacher version
T1, T3: CSHCN Screener

Internalising mental health problem
specific questionnaire

T1, T2, T3: SDQ, parent version
T3: SDQ, teacher version

Externalising mental health problem
specific questionnaire

T1, T2, T3: SDQ, parent version

T3: SDQ, teacher version

Conduct problem
questionnaire

T1, T3: SDQ, parent version

Hyperactivity inattention problem 70: PHE questionnaire

T1, T2, T3: SDQ, parent version
T3: SDQ, teacher version

T0: PHE questionnaire 71, 72, T3: study-

T0: PHE questionnaire 71, 72, 73: study-

T0: PHE questionnaire 71, 72, 73: study-

70: PHE questionnaire 71, 72: study-specific

Indication of one of the listed doctors’ diag-
noses or impairments®

Total difficulties score > 17 OR at least one
abnormal problem subscale®

601 (41.1%)

At least one abnormal problem subscale®
CSHCN aspect 5 affirmed

Indication of one of the listed doctors’ diag-
noses or impairments?

359 (24.6%)

Emotional problems subscale >5 OR
Peer problems subscale > 5
Emotional problems subscale >6 OR
Peer problems subscale > 5

Indication of one of the listed doctors’ diag- 391 (26.7%)

noses or impairments®

Hyperactivity inattention subscale >7
Conduct problems subscale > 5

Hyperactivity inattention subscale >7

Indication of one of the listed doctors’ diag- 126 (8.6%)
noses or impairments’

Conduct problems subscale > 5

Indication of one of the listed doctors’ diag- 326 (22.3%)

noses or impairments®
Hyperactivity inattention subscale >7
Hyperactivity inattention subscale >7

CSHCN Children with Special Health Care Needs, PHE Preschool Health Examination, SDQ Strength and Difficulties Questionnaire

*Diagnoses: autism spectrum disorder, tic disorder, ADHD, anxiety disorder, major depressive disorder, adjustment disorder, and psychosis;
impairments: hyperactive behaviour/restlessness, inattentive behaviour, aggressiveness, conduct problem, rejectionist attitude, lack of distance,

emotional problem, and peer problem

"Emotional problems/hyperactivity inattention/conduct problems/peer problems

“Emotional problems/hyperactivity inattention/peer problems

dList of doctors’ diagnoses and impairments for internalising mental health condition: anxiety disorder, major depressive disorder, adjustment

disorder, psychosis, emotional problem, or peer problem

List of doctors’ diagnoses and impairments for externalising mental health condition: ADHD, hyperactive behaviour/restlessness, inattentive
behaviour, aggressiveness, conduct disorder, rejectionist attitude, or a lack of distance

fList of doctors’ diagnoses and impairments for conduct problems: aggressiveness, conduct disorder, rejectionist attitude, and lack of distance

gList of doctors’ diagnoses and impairments for hyperactivity/inattention problems: ADHD, hyperactive behaviour/restlessness, and inattentive

behaviour
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prescription medication, (2) a need for social or educational
support, (3) functional limitations, (4) a need for physical,
occupational, or speech therapy, and (5) the presence of and
treatment for an MHP. Each aspect has one key question
with one or two additional questions which assess whether
the condition is due to a medical or other health condition
and whether the duration or expected duration of the condi-
tion is 12 months or longer. For the identification of children
with an indication of an MHP, only aspect five (the presence
of and treatment for an MHP; i.e., CSHCN profile type five)
was considered (Table 1).

Based on the above instruments, children were catego-
rised as having (1) at least one indication of an MHP, (2)
an internalising MHP (i.e., diagnosis or symptoms of anxi-
ety disorder, major depressive disorder, adjustment disor-
der, psychosis, emotional problems, or peer problems), or
(3) an externalising MHP (i.e., a diagnosis or symptoms
of ADHD, hyperactive behaviour/restlessness, inattentive
behaviour, aggressiveness, conduct disorder, rejectionist
attitude, or a lack of distance). Externalising MHPs were
further divided into conduct problems (i.e., diagnosis or
symptoms of aggressiveness, conduct disorder, rejectionist
attitude, and lack of distance) and HI problems (i.e., diagno-
sis or symptoms of ADHD, hyperactive behaviour/restless-
ness, and inattentive behaviour). Children could have both,
internalising and externalising MHPs as well as both types
of externalising MHPs. A detailed description of how MHP
groups were defined is given in Table 1.

Definition and assessment of physical chronic
health conditions

A detailed description of how PCHC was defined and opera-
tionalised is published elsewhere [8]. In short, PHE data and
study-specific questionnaires were evaluated for the presence
(“ever”, “during the last 12 months” or “currently”) of one
of the following doctors’ diagnoses or health conditions:
anaemia, asthma, atopic dermatitis, diabetes mellitus, dwarf-
ism, epilepsy, heart defect, hay fever, hearing impairment,
hypothyroidism, low birthweight, overweight/obesity, pre-
mature birth, excessive daytime sleepiness, habitual snoring,
speech and language disorders, tumour/cancer, underweight,
and visual impairment. For these diagnoses and conditions,
associations with educational outcomes have been demon-
strated in previous studies [6, 13-29]. In addition, we con-
sidered the following four aspects of the CSHCN Screener
as indicators of a PCHC: (1) a need for prescription medica-
tion; (2) a need for social or educational support; (3) func-
tional limitations; and (4) a need for physical, occupational,
or speech therapy.

Children were categorised as having a PCHC only, if (1)
they were reported to have one of the above diagnoses or
conditions, (2) they had one of the four aspects covered by
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the CSHCN, and (3) at the same time they did not fulfil
criteria of an MHP. Hence, children could have either an
MHP (with or without a PCHC) or a PCHC only (without
an MHP). We chose this rule so that the children not fulfill-
ing these criteria were more likely to be truly PCHC-free
and could form a more reliable PCHC-free reference group.

Educational outcome

School performance as the outcome was defined and opera-
tionalised in accordance with the German National Educa-
tional Panel Study [30]. At the end of the first grade, teachers
were asked to rate the child’s abilities in reading, writing,
numeracy, science, and in social competencies in compari-
son to their peers of the same age. Responses were given
on a 5-point rating scale, ranging from “much lower than
average” and “lower than average” to “on average”, “higher
than average” and “much higher than average”. Arbitrary
numerical scores were assigned to each response category
(i.e., —2,—1,0, +1 and + 2, respectively).

For the present study, we only considered reading, writ-
ing, numeracy, and science, because impaired social com-
petencies may be part of an MHP and including ratings of
social competencies into the composite outcome variable
would, therefore, introduce bias. Scores of the above four
abilities were summed to obtain a combined school per-
formance score ranging from — 8 to + 8, with 0 indicating
average performance. A preliminary psychometric validation
of the score revealed good to very good internal consist-
ency (Cronbach’s «=0.88) and a perfect normal distribution
(mean=0.86, SD =3.45, median =0, minimum = — 8, maxi-
mum = 8, skewness =—0.04). A histogram of the percent
distribution is presented in the Online Resource (Figure S2).

Statistical analysis

Demographic and clinical characteristics were described
by appropriate statistical parameters (e.g., numbers and fre-
quencies for categorical variables and mean and SD for nor-
mally distributed variables). All descriptive statistics were
presented for complete cases.

For the primary analysis, the associations between indi-
cations of MHP as a health status and the combined school
performance score were investigated. For this health status,
a categorical variable with three categories was constructed:
(1) MHP (with or without PCHC), (2) PCHC only (and no
MHP), and (3) none of both. A linear mixed-effects regres-
sion analysis with the combined school performance score
as the dependent variable, health status as well as potential
confounders as independent variables, and a random effect
for school class membership was performed. Potential con-
founders have been identified in previous analyses [8] and
included gender, younger than 6 years old at school entry
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(yes/no), older than 7 years at school entry (yes/no), socio-
economic status, migrant background, single-parent family,
multiple births (e.g., twins, triplets, etc.), breastfeeding,
household smoking, indoor activities (e.g., painting, tinker-
ing, reading books, etc.), outdoor activities, nutrition, time
in last establishment before school entry, early musical edu-
cation, television in child’s bedroom, school location, and a
chronic health condition in the family. Results are given as
crude and adjusted effect estimates (betas) with 95% confi-
dence intervals and P values.

For the secondary analysis, we investigated the relation-
ship between the presence of an externalising MHP (yes/no)
or internalising MHP (yes/no; model 2) as well as conduct
problems (yes/no) or HI problems (yes/no; model 3), and the
combined school performance score. The reference group
for the primary and secondary analyses was the group of
children with no indications of a chronic health condition,
neither a PCHC nor a MHP.

As HI problems turned out to be exceptionally important
for school performance and because of the increased use of
the SDQ as a screening instrument in the context of PHE
or later during primary school [9, 31, 32], we additionally
investigated the relationship between the HI subscale of the
teacher version of the SDQ and the combined school perfor-
mance score in a post hoc analysis. For this analysis, the HI
subscale score was investigated as a continuous explanatory
variable, because the relationship was highly linear.

All regression analyses were based on imputed data sets
as outlined previously [8]. First, missing values within the
SDQ were imputed as recommended [33]. Second, missing
values within the CSHCN Screener and confounding vari-
ables were imputed 10 times using chained equations with
100 iterations [34]. For each imputed variable, an individual
set of variables was used as predictor variables. Missing
values within the combined school performance score were
only imputed if one or two items of the score were miss-
ing. In this case, the available items were used as predictor
variables for the multiple imputation procedure. The statisti-
cal analysis was performed using the software packages R
(version 3.4.1), nlme (version 3.1-131), and mice (version
2.30) [35].

Results

Of 2003 cohort members, 1462 children fulfilled the inclu-
sion criteria and were enrolled into the present study. Com-
pared to the underlying population and the cohort, the study
sample was representative concerning important demo-
graphic and clinical parameters [8].

Of 1462 children, 601 children (41%) showed at least
one indication of an MHP, 274 children (19%) had indi-
cations of a PCHC only, and 384 children (26%) had

indications of neither an MHP nor a PCHC (i.e., reference
group). The status of MHP/PCHC was partly unknown
in 203 children (14%), in most cases due to missing data
concerning the CSHCN Screener.

Of 601 children with at least one indication of an MHP,
195 were categorised with only internalising MHPs, 227
with only externalising MHPs, and 164 had both, internal-
ising as well as externalising MHPs. Fifteen children with
MHPs could not be assigned to internalising or externalis-
ing MHPs. Among the children with externalising MHPs,
265 showed only HI problems, 65 were reported to have
only conduct problem, and 61 had indications of both
types of externalising MHPs.

On a descriptive basis, children with at least one indi-
cation of an MHP differed from the total study sample
in terms of gender distribution, socio-economic status,
migrant background, family form (single-parent family),
household smoking, early musical education, and media
use (TV in children’s bedroom; Table 2).

In an unadjusted analysis, children with MHPs per-
formed poorer at the end of first grade compared to chil-
dren of the reference group [crude mean difference —1.26,
95% CI (— 1.67, —0.85); P<0.001], while children with
PCHC only showed no decrease in school performance
[crude mean difference 0.06, 95% CI (—0.43, 0.54);
P=0.824].

In the adjusted analysis, children with MHPs still had
lower school performance scores [adjusted mean difference
—0.98, 95% CI (—1.35, —0.61); P<0.001] compared to
children with neither MHP nor PCHC, while PCHC only
was again not related to school performance [adjusted mean
difference 0.13, 95% CI (- 0.30, 0.57); P=0.543] (Table 3,
model 1). The effect estimates of all the confounders of
model 1 are shown in the Online Resource (Table S1).

Regarding both types of MHPs, externalising MHPs
were more strongly related to the school performance score
[adjusted mean difference — 1.44, 95% CI (- 1.83, — 1.05);
P <0.001] than internalising MHPs [adjusted mean dif-
ference —0.12, 95% CI (- 0.50, 0.27); P=0.550; Table 3,
model 2].

Regarding externalising MHPs, children with HI prob-
lems had the lowest school performance scores (adjusted
mean difference — 1.96, 95% CI (- 2.36, — 1.56); P <0.001]
while children with conduct problems performed slightly
better in comparison to children with neither an MHP nor a
PCHC [adjusted mean difference 0.76, 95% CI (0.21, 1.31);
P=0.007; Table 3, model 3].

In a post hoc analysis, we found a clear negative and lin-
ear relationship between the teacher-reported HI subscale
score of the SDQ and the school performance score showing
a strong dose—effect gradient [adjusted mean difference per
HI subscale score point —0.48, 95% CI (—0.54, —0.42);
P <0.001].
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Table 2 Characteristics of the study sample and subgroups

Characteristic Study sample Children with Children with physical Children without health
mental health chronic health conditions  problems (reference
problems only group)

N 1462 601 274 384

Child

Male, N (%) 751 (51.4%) 350 (58.2%) 133 (48.5%) 168 (43.8%)
Age at assessment of school performance, mean 7.26 (0.3) 7.27 (0.4) 7.24 (0,3) 7.24 (0,3)
(SD)
Migrant background, N (%) 303 (21.8%) 122 (21.7%) 46 (17.6%) 50 (13.3%)
Time in last establishment before school entry
Up to 1 year, N (%) 540 (37.1%) 236 (39.5%) 97 (35.4%) 120 (31.3%)
2-3 years, N (%) 598 (41.0%) 247 (41.3%) 104 (38.0%) 171 (44.5%)
4 years and more, N (%) 319 (21.9%) 115 (19.2%) 73 (26.6%) 93 (24.2%)
Family
Single-parent family, N (%) 134 (9.4%) 76 (13.0%) 16 (5.9%) 24 (6.3%)
Multiples, N (%) 50 (3.4%) 18 (3.0%) 20 (7.3%) 4 (1.0%)

Socio-economic status index, median [Q1; Q3] 14.3[10.9; 17.2]
Breastfeeding
Not at all, N (%)

Up to 6 months, N (%)

231 (16.5%)
574 (41.0%)

More than 6 months, N (%) 596 (42.5%)
Nutrition

Conventional 568 (51.4%)

Mixed 333 (30.1%)

Organic 204 (18.5%)

Smoking in household

Never, N (%) 1293 (91.2%)

Seldom, N (%) 94 (6.6%)
Often, N (%) 31 (2.2%)

Chronic health condition in the family (yes), 226 (19.3%)
N (%)

Leisure time activities
Indoor activities, hours per week, mean (SD)  9.07 (3.7)
Outdoor activities, hours per week, mean 10.72 (4.9)
(SD)

Early musical education, N (%) 558 (47.7%)
TV in child’s bedroom, N (%) 122 (10.4%)

School location
Rural, N (%)
Urban, N (%)

School performance score (reading, writing,
numeracy, science), mean (SD)

783 (53.6%)
679 (46.4%)
0.81 (3.46)

13.19.9; 15.2]

14.8 [11.8; 17.3]

15.2[11.6; 17.7]

102 (17.9%) 36 (13.7%) 48 (12.7%)
238 (41.8%) 104 (39.7%) 152 (40.3%)
229 (40.2%) 122 (46.6%) 177 (46.9%)
249 (53.1%) 139 (52.9%) 179 (48.9%)
145 (30.9%) 72 (27.4%) 112 (30.6%)
75 (16.0%) 52 (19.8%) 75 (20.5%)
509 (87.9%) 260 (96.7%) 364 (96.0%)
50 (8.6%) 6 (2.2%) 14 (3.7%)
20 (3.5%) 3(1.1%) 1 (0.3%)
113 (22.5%) 54 (19.7%) 57 (14.8%)
8.77 3.7) 9.22 (3.6) 9.32 (3.6)
10.18 (4.8) 10.64 (4.5) 11.46 (5.1)
223 (44.3%) 139 (50.9%) 194 (50.5%)
55 (11.0%) 35 (13.1%) 26 (6.8%)

349 (58.1%)
252 (41.9%)
0.04 (3.52)

143 (52.2%)
131 (47.8%)
2.04 (3.33)

205 (53.4%)
179 (46.6%)
1.88 (2.98)

Q quartile, SD standard deviation

Discussion

In the present study, indications of at least one MHP at
school entry or during first grade with or without indica-
tions of a concomitant PCHC were independently associated
with lower school performance at the end of first grade. The
association remained after carefully adjusting for a series
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of potential confounders. Moreover, the observed effect
was stronger in children who had indications of externalis-
ing MHP, which in turn was mainly driven by the group of
children with HI problems. To our knowledge, this is the
first large European study on this topic in first graders; this
study assessed the presence of MHPs via a set of different
sources and instruments, used a prospective, longitudinal
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Table 3 The effects of health problems on school performance—school performance score ranged from —8 (much lower than average) to 8
(much higher than average)—as assessed by multivariable linear regression analysis (N = 1462)

Regression model Health problem N Effect estimate p° (95% P value
confidence interval)
M1: mental health problems, overall Mental health problems (with or without physical 601 —-0.98 (—1.35,-0.61) <0.001
chronic health conditions)
Physical chronic health conditions only 274 0.13 (-0.30, 0.57) 0.543
None 384 Reference
M2: internalising and externalising Internalising mental health problems (yes vs. no) 359 —0.12 (- 0.50, 0.27) 0.550
mental health problems Externalising mental health problems (yes vs. no) 391 —1.44 (- 1.83, - 1.05) <0.001
M3: conduct problems and hyperactivity Conduct problems (yes vs. no) 126 0.76 (0.21, 1.31) 0.007
inattention problems Hyperactivity inattention problems (yes vs. no) 326 —1.96 (—2.36, — 1.56) <0.001

#Due to missing values in the original dataset, the numbers of health categories do not sum up to 1462. As specified in the statistical methods
section, missing values were later imputed by multiple imputation methods, so that even missing values have initially occurred, the results of the
regression models base on the whole study sample of 1462 children

PEffect estimates were pooled after imputing missing values by chained equations multiple times. Effect estimates are adjusted p-coefficients of
linear regression analysis and represent the change in school performance score associated with the respective health problem in comparison
to children without chronic health conditions and adjusted for the following confounders: gender, age at school entry, socio-economic status,
migrant background, single-parent family, multiple births, breastfeeding, smoking in house hold, indoor activities, outdoor activities, nutrition,
time in last establishment before school entry, early musical education, television in child’s bedroom, school location, and chronic health condi-

tion in the family

study design, investigated school performance very early on
in the school career, and adjusted for a series of potential
confounders. The results may now be used to further develop
school entry procedures and school support services aimed
at ameliorating the potentially negative effects of MHPs
with or without a concomitant PCHC on future educational
outcomes.

Our results are in line with previous studies in children
and adolescents using parent reports of symptoms [36] and
doctors’ diagnoses of MHPs [37], as well as indications of
MHPs identified by screening instruments [38—40]. Chil-
dren using special health care services for behavioural and/
or emotional problems (i.e., CSHCN profile type 5) expe-
rienced a greater diversity of poor school outcomes and
showed the poorest academic achievement results in vari-
ous school subjects compared to children with other special
health care needs [36]. In another study [37], ADHD, autism
spectrum disorder and seizure disorder were more strongly
related to English language and maths performance com-
pared to asthma, cardiovascular disorders, or diabetes.

We found academic impairments in children with indica-
tions of externalising MHPs but not in children with inter-
nalising MHPs. In this regard, results of previous studies
have been heterogeneous, probably due to the varying opera-
tionalisation of conditions and outcomes. However, from a
theoretical framework of internalising/externalising behav-
iour, better academic outcome for internalising behaviour
is not unexpected. The psychopathological nature of inter-
nalising behaviour such as anxiety is prone to drive pupils
investing more time for homework to avoid situations that
may boost anxiety in the school setting (i.e., being exposed

to critique). In one study [40], internalising and externalising
problems at 6-8 years of age reduced the chance for receiv-
ing a high school diploma, with a slightly weaker effect
of internalising problems. In another study, symptoms of
hyperactivity/inattention and conduct disorders were associ-
ated with several educational outcomes, whereas symptoms
of oppositional defiant disorder and anxiety/depression were
not related [41]. According to a systematic review on the
reciprocal association between mental disorders and a nega-
tive school experience, mood and anxiety disorders seemed
to have less effect on school dropout compared to disruptive
behaviour disorders [17]. The impact of externalising disor-
ders was even stronger when the disorder occurred early in
life. On the other hand, internalising disorders were reported
to develop rather as a consequence of school failure and
not as a primary cause [17, 42]. In summary of the present
results and the body of evidence, externalising MHPs may
be more important than other conditions in term of school
performance and academic achievement, at least for early
school grades.

Within the group of externalising problems, HI problems
showed the strongest association with school performance.
In our study, the effect of HI problems was much stronger
compared to the effect of conduct problems. In fact, chil-
dren with indications of conduct problems had higher school
performance scores compared to children without MHPs,
even after adjusting for several confounders. This particular
aspect does not fit with our expectations and may be driven
by short-term benefits of dominant behaviour in a social
context. It should be a topic of long-term follow-up assess-
ments as academic impairments may be expected later in
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school career. Except for the last observation, our results
are largely in line with the growing body of evidence in this
field coming from large longitudinal studies [41, 43] and
systematic reviews [15, 44, 45]. Children who are apparently
exceptionally inattentive, hyperactive, and/or impulsive, but
have not yet been diagnosed as having ADHD, showed lower
reading and mathematics achievement scores in the first two
school grades [43]. In a meta-analysis of six longitudinal
data sets, however, school entry attention skills (together
with math and reading skills) but not socio-emotional
behaviours including externalising and internalising prob-
lems were predictors of later academic performance [46].
Using spline-regression models, the authors were not able
to find consistent evidence of effects of problem behaviours
on later achievement. As attention may be impaired as a
consequence or as a part of the comorbidity of externalising
MHPs, controlling for this factor in the analysis may have
led to over-adjustment and underestimation of the effect of
externalising MHPs on school performance. Nevertheless,
all health conditions that aggravate attention skills to a suf-
ficient extend and for a longer period of time will have an
impact on school performance and academic achievement,
given the extraordinary role of attention skills for learning
activities and academic endeavours [46]. This is particularly
true for ADHD and HI problems, which explains the strong
effect on school performance seen in the present study.

We found indications of at least one MHP in 41% of the
study sample, and 22% of the sample presented with HI
problems. This is much higher compared to international
data (i.e. 16%; [47]) and a current national health survey,
which found that 20% of the German paediatric population
was affected by psychopathological problems and/or psy-
chosocial impairments [48]. The main reason for this dif-
ference relates to the various operationalisations of MHPs.
Although the SDQ was used in the national survey and in
the present study to identify children with MHPs, a series
of additional—mainly PHE-based—indicators were used
in ikidS. These indicators partly comprised non-validated
items within the parental questionnaire of the statutory PHE.
Although it has been used for years by health authorities
in Rhineland-Palatinate, the PHE questionnaire has not yet
been extensively validated. Despite concerns regarding the
validity of these items, we decided to use this information
for group classification with the ultimate goal of creating a
considerably healthy and disease-free comparison group for
regression analysis. This has vice versa led to an enlarged
MHP group including children who probably did not suf-
fer from a clinically relevant condition. This approach has
potentially diluted the strength of the associations reported.
In this regard, the presented effects of MHPs on school per-
formance more likely reflect the lower boundaries of the
true effects.

@ Springer

The relative importance of MHPs (with or without
PCHC) in comparison to PCHCs alone was also under-
scored by the present study. MHPs (with or without
PCHC) remained a significant predictor of school per-
formance after adjusting for potential confounders, while
the presence of PCHC alone (and in absence of an MHP)
was not related to school performance in our study. Thus,
already in first grade, MHPs (with or without PCHC) may
play a crucial role for early educational achievement. How-
ever, the effect size of the PCHC only group should be
interpreted with caution, as children with both types of
health conditions (MHP and PCHC) were assigned to the
MHP group (see Strengths and Limitations for a further
discussion).

In summary, our results suggest the need to already
identify children with relevant MHPs in preschool and
treat them appropriately to prevent MHP-related impaired
academic achievement. In a post hoc analysis, we found
in particular HI problems related to the school perfor-
mance. This is in accordance with another study show-
ing that MHP screens administered in the first grade were
strong predictors of lower achievement test scores 3 years
later [39]. Hence, large-scale school-based screening and
intervention programmes for MHPs may be helpful to
prevent individual long-term negative consequences and
reduce the public health burden of MHPs [42]. For exam-
ple, Skills for Life, one of the largest school-based mental
health programmes in the world, was evaluated in 2015 in
Chile [47]. In 1637 primary schools, all first- and third-
grade students were screened with validated teacher- and
parent-completed measures of psychosocial functioning.
16.4% of students were identified as being at risk and were
referred to a standardised 10-session preventive interven-
tion in second grade. Relationships were found between
the number of sessions attended and improvements in
behavioural and academic outcomes; effect sizes of the
intervention were small and ranged from 0.08 to 0.16
[47]. These results are in line with a study evaluating a
similar school-based intervention, showing small to non-
significant effects of the intervention on teacher-reported
classroom and learning problems [49]. According to the
classic screening criteria by the WHO, there should be
a suitable test or examination for screening, an accepted
treatment for patients identified, and facilities for diag-
nosis and treatment available [50]. In the Skills for Life
programme, 1007 students were referred to specialists, and
784 (78%) were reported by their parents to have engaged
in regular treatment with them [47]. It is crucial for the
effectiveness of screening programmes that the majority
of those screened positive consequently undergo further
diagnostic evaluation and/or immediate effective treat-
ment. Considering the shortage of paediatric psychiatrists
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in some countries, the usefulness of such programmes
remains questionable to date.

Strengths and limitations

The major strengths and limitations of the ikidS project have
been extensively discussed elsewhere [8]. Strengths of the
project included (1) a large population-based and representa-
tive sample; (2) the application of a causal model for the
relationship between chronic health conditions and educa-
tion [6], which led to a comprehensive adjustment for poten-
tial family and leisure time-related confounders; and (3) the
usage of state-of-the-art techniques for imputing missing
values in longitudinal studies [51]. These strengths enabled
us to present largely unbiased estimates of the association
between MHPs and school performance in the first graders.
Limitations comprised the reliance on PHE data and parent
reports instead of psychiatric diagnostic procedures, the use
of teacher assessments for school performance instead of
objective academic testing, and the lack of a non-responder
analysis.

Early school performance was assessed using an instru-
ment proposed by the German National Educational Panel
Study [30]. However, extensive validation data are not
available and the predictive relevance of the instrument
score concerning long-term educational outcomes remains
unclear. In general, teacher ratings may be subjective to
their occupational experience, their attitude towards a
child, and the mean level of competencies within the whole
class. Notwithstanding these concerns, the use of teacher
ratings is justified by past studies that have found relation-
ships between biological risks and similar teacher ratings
[52, 53]. Moreover, teacher ratings are upmost important
“real-life” indicators of school success that directly influ-
ence the educational career of children in Germany (e.g.,
the transition to secondary school). To address some of the
above limitations we performed a preliminary psychometric
evaluation and accounted for the individual subjective rating
in the analysis by adding a random intercept for teacher/class
in the regression models.

The presence of an MHP was evaluated by reviewing
records of the PHE and analysing responses from parents
to questionnaires. In the parental PHE questionnaire, the
presence of MHPs was partly evaluated with a life-time per-
spective, i.e., items asked for “ever” having had a specific
diagnosis, condition, or problem. Due to this sensitive opera-
tionalisation, the group of children with MHP was large and
the reference group of healthy children without indications
of any health problems comprised only 26% of the study
sample. In this regard, the study sample may be not fully rep-
resentative, as parents of healthy children may have refused
study participation more often compared to parents of chil-
dren with health conditions. The reason for this sensitive

operationalisation is to use these data for nationwide health
monitoring and individual risk assessment by the public
health authorities. Moreover, the ability of these items to
predict impaired academic achievement in an individual
child has not yet been investigated. Hence, we refrain from
recommending these items for individual risk assessment
unless comprehensive validation data are available.

At last, one additional limitation should be mentioned.
The effects of MHP were not traditionally adjusted for the
effects of a concomitant PCHC because this adjustment
demands a causal independency between MHP and PCHC.
However, MHP can be the causal consequence of a PCHC in
some children [54-56], while in other children, MHP occurs
independently of the PCHC. In the first case, MHP is a medi-
ator on the causal pathway between PCHC and educational
outcomes. In the second case, PCHC is a confounder of the
association between MHP and educational outcomes. Based
on our study, we cannot disentangle the role of PCHC as
either a cause of MHP or a confounder of the association
between MHP and educational outcomes. Thus, a simple
adjustment for PCHC would lead to over-adjustment and,
consequently, underestimation of the MHP effects. In con-
trast, not adjusting for PCHC would lead to underestimation
of MHP effects, too, because children with MHP are com-
pared with a reference group consisting of healthy children
and children with PCHC (the latter may decrease the group’s
mean school performance). In conclusion of this major con-
sideration, we developed the present analysis, where we (1)
combined children who only had MHP and children with
both PCHC and MHP into a single group and (2) excluded
children with PCHC from the reference group. However, the
presented results of the MHP group are in effect a mixture of
both, MHP-only effects and MHP plus PCHC effects (irre-
spective of which occurred first). In the latter case, the nega-
tive effects on school performance might arise mainly from
the PCHC and not from the comorbid MHP. The inability to
disentangle the MHP from the PCHC effects is a limitation
of the present study; however, we believe that this goal can
never be achieved in observational studies, where a causal
relationship cannot be reliably distinguished from a statisti-
cal association in a single child.

Conclusions

The presence of externalising MHPs (with or without a con-
comitant PCHC) and especially HI problems at school entry
and during the first grade already may have negative effects
on school performance at the end of the first grade. Consid-
ering the strong impact of HI problems on later academic
achievement, early detection (and adequate treatment) may
help to prevent school and academic failure. Regarding the
WHO Mental Health Action Plan 2013-2020, school-based
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detection and intervention programmes with a focus on HI
problems should be launched and evaluated, now. Screen-
ing with appropriate instruments in preschool or during the
first grade may be considered, carefully weighing risks and
benefits of mental health screening. Future research activi-
ties should address the identification of those children with
MHPs who are particularly at risk for performing worse
at school and whether these children may benefit from
early targeted medical, educational, and/or social support
interventions.
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