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ABSTRACT

Objectives To investigate the potential value of combining
information from electronic health records from Dutch
general practitioners (GPs) and preventive youth healthcare
professionals (PYHPs) in predicting child mental health
problems (MHPs).

Design Population-based retrospective cohort study.
Setting General practice, children who were registered
with 76 general practice centres from the Leiden
University Medical Centre (LUMC) primary care academic
network Extramural LUMC Academic Network in the
Leiden area, the Netherlands. For the included children

we obtained data regarding a child’s healthy development
from preventive youth healthcare.

Participants 48 256 children aged 0-19 years old who
were registered with participating GPs between 2007 and
2017 and who also had data available from PYHPs from
the period 2010-2015. Children with MHPs before 2007
were excluded (n=3415).

Primary outcome First MHPs based on GP data.

Results In 51% of the children who had MHPs according to
GPs, PYPHs also had concerns for MHPs. In 31% of the children
who had no MHPs according to GPs, PYHPs had recorded
concerns for MHPs. Combining their information did not result
in better performing prediction models than the models based
on GP data alone (c-statistics ranging from 0.62 to 0.64).
Important determinants of identification of MHPs by PYHPs 1
year later were concerns from PHYPs about MHPs, borderline
or increased problem scores on mental health screening

tools, life events, family history of MHPs and an extra visit to
preventive youth healthcare.

Conclusions Although the use of combined information from
PYHPs and GPs did not improve prediction of MHPs compared
with the use of GP data alone, this study showed the feasibility
of analysing a combined dataset from different healthcare
providers what has the potential to inform future studies aimed
at improving child MHP identification.

INTRODUCTION
Worldwide, on average, one in five adults
experienced a mental health problem
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Strengths and limitations of this study

» Large, population and real life-based cohort study
with children aged 0—19 years old.

» Linked information from electronic health records
from different providers, namely Dutch general
practice and preventive youth healthcare.

» Many determinants of child mental health problems
described in the literature could be operationalised
from the routine healthcare data sources, in particu-
lar from preventive youth healthcare data.

» Real-life data from daily practice causing substantial
missing data for several determinants.

» No free-text data available from the electronic
health records.

(MHP) within the previous 12 months.' With
the majority of MHPs originating in child-
hood and adolescence, early identification of
child MHPs is important to be able to provide
adequate treatment strategies and enable
prevention of adverse outcomes later in
life.” Over the past years, the use of informa-
tion from electronic health records (EHRs)
for research, proactive care interventions and
healthcare innovations has become increas-
ingly popular. These often very large datasets
contain an abundance of detailed informa-
tion on individual members of diverse patient
populations and provide opportunities for all
kinds of research, including the development
of prediction models that can be used in daily
clinical care to identify high-risk individuals
and subpopulations.® © When integrated in
daily routine, such prediction models might
also be able to support professionals in the
timely recognition of child MHPs in an effi-
cient manner.
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Recently, several studies have investigated possibilities
to predict child MHPs with data from EHRs extracted
from British and Dutch general practices, respectively, in
order to improve MHP recognition.®? In the latter study,
information regarding known social determinants for
child MHPs (eg, regarding the child’s family and environ-
ment) was not available since it is not a standard part of
extractable data from primary care EHRs.” ' Combining
information gathered by different healthcare profes-
sionals might lead to more complete information. In this
way, MHP recognition might be facilitated by including
social determinants, that in previous research have
appeared to be important predictors for child MHPs."
So, the EHRs extracted from Dutch preventive youth
healthcare (PYH) might be a useful additional source
of information regarding social determinants for child
MHPs in general, as well as for prediction purposes. PYH
paediatricians and nurses (preventive youth healthcare
professionals, PYHPs) are, together with general prac-
titioners (GPs), the key professionals in (preventive)
primary healthcare for Dutch children.” In general
all children aged 0-19 years visit PYHPs during stan-
dardised, regularly scheduled, free of charge check-ups
that are aimed to monitor all aspects of a child’s healthy
development, including social determinants.'” During a
visit, a child’s history is taken and physical examinations
are performed. In addition, validated MHP screening
instruments such as the Strengths and Difficulties Ques-
tionnaire (SDQ) and short indicative questionnaire for
psychosocial problems among adolescents (KIVPA) are
filled in during the screening visits, and nurses or doctors
working in PYH will report concerns for MHPs."* PYHPs
can refer children to general practice, secondary care or
other paramedical professionals in case of problems.

GPs on the other hand, are the gatekeepers of the
Dutch healthcare system. They provide primary health-
care to children and related family members that are
enlisted with their practice centres, free of charge, usually
reacting on what patients present and care is usually
related to acute and chronic diseases. In case of more
severe problems, children will be referred to secondary
(mental) healthcare. With their own specific knowledge
and tasks within the Dutch healthcare system, PYHPs and
GPs each register different information on children and
their families."

The aim of this retrospective population-based cohort
study was to investigate the potential value of combining
and analysing the information from EHRs from both
general practice and PYH to improve the identification of
children with MHPs in daily practice.

METHODS

Study design, setting and population

To improve the identification of children with MHPs we
aimed to predict first recorded MHPs based on general
practice data. We, therefore, created a population-based
cohort including children aged 0-19 years who were

enlisted with 76 practice centres (107 GPs) that were
affiliated with the Extramural LUMC Academic Network
of the Leiden University Medical Centre (LUMC), the
Netherlands. The participating practices were located in
Leiden and surroundings. All patients aged 0-19 years on
31 December 2016 and registered with participating GP
centres between 1 January 2007 and 1 January 2017 for at
least 1 year were part of our cohort.

The GP data consisted of demographics, consultation
dates, symptoms and diagnoses coded according to the
WHO/ World Organization of Family Doctors (WONCA)
accredited International Classification of Primary Care
(ICPC), prescribed medication coded according to
the Anatomical Therapeutic Chemical (ATC) classifi-
cation, laboratory test results, as well as descriptive or
coded information from referrals and correspondence
with other healthcare professionals.” '*!° Patients were
excluded in case a MHP was recorded before 1 January
2007 (n=3415).

We used data from two different sources, namely EHR
data extracted from GP centres and from PYH centres.
The nature and quality of the data are previously
described in more detail by Koning and colleagues.’ '°
For the included children we obtained anonymously
extracted data from PYH centres that were part of
the Regional Public Health Service Hollands Midden.
All PYH electronic healthcare data from the period
2010-2015 and all available summary data from a prior
electronic registration system from 2005 to 2010 for
children born between 1994 and 2012 were available.
The coded data were linked with the assistance of a
trusted third party (TTP).'” The TTP deidentified the
general practice EHR data of every child. In order to
link the patient data from general practice with the data
from PYH, the TTP provided both the Dutch citizen
service number and the pseudo patient number from
the children to the PYH organisation. The PYH organi-
sation extracted all available data for these children and
also deidentified their routine healthcare data with the
same pseudo patient numbers. In this way, we received
anonymous patient data from PYH and general prac-
tice for approximately 50 000 children, which we could
combine on the individual patient level with the pseudo
patient number.

Outcome

Our outcome was a first recorded child MHP based
on GP data, and was defined when at least one of the
following was present: a recorded MHP, a referral
to child mental healthcare and/or a mental health
medication prescription between 1 January 2007 and
1 January 2017 (online supplemental table 1). We
defined a recorded MHP when ICPC codes from the P
(psychological) chapter or ICPC code T06 (‘anorexia
nervosa/bulimia’) were present, including both
mental health symptoms as well as hypothesised and
confirmed disorders. Related mental health medica-
tion prescriptions were defined as prescriptions coded
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with ATC codes NO5A, NO5B, NO5C, NO6A, NO6BA02,
NO06BA04, NO6BA09, NO7BA or NO7BB which includes
all relevant psychiatric medication (such as antidepres-
sants and medication for attention deficit hyperactivity
disorder). Referrals to child mental healthcare were
defined as referrals to a psychologist, psychiatry or
psychotherapy.’

Determinants

Potential determinants were related to the child
(eg, gender, developmental characteristics, somatic
complaints and comorbidities), the family (eg, parental
education, parental divorce and MHPs occurring with
other family members), healthcare in general (eg,
number of visits or prescriptions) and determinants
related to possible MHPs registered in PYH (online
supplemental tables 2 and 3). PYHPs register results of
validated MHP screening tools such as the SDQ), but they
can also record their concerns for MHPs. Concerns for
MHPs were defined when either abnormal psychosocial
functioning in the child was reported (eg, problems in
making contact with others or hyperactive behaviour)
during the check-up, and/or when the child received
extra healthcare regarding mental health (within PYH
or within curative care).

Determinants were selected a priori based on litera-
ture regarding determinants for MHPs and an expert
panel.'” '* Regarding the GP data, every first occur-
rence of a determinant was taken into account as GPs
see patients on an irregular, patient-determined basis.
We assumed that in case a determinant was not regis-
tered, it was not present as GP data are a problem-based
registry.19

PYHPs see children regularly during standard visits in
which specific items are checked and recorded. During
the first 4 years of life, around 15 PYH visits are sched-
uled. Subsequently, in both primary (children age 4-11
years) and secondary school years, (children age 12-19
years), children are generally seen twice."” Regarding
PYH determinants that should have been registered
by PYHPs, we assumed that in case of missingness the
determinants were normal.'” Since some determinants
can change over time, we included either the first (eg,
for bullying or school problems) or last (eg, for over-
weight) registered value at the moment of prediction.
For the other determinants, we included the first known
registered value (online supplemental table 3). Due
to sparseness of the data, we clustered closely related
determinants.'’

As determinants for MHPs may vary across childhood
and adolescence, we investigated models for the age
groups primary school-aged children (age 4-11 years)
and secondary school-aged children (age 12-19 years)
separately. The same set of determinants was examined
in the different age groups, however we required the
prevalence of a determinant to be >1% per age group
with regard to the clinical usefulness of the determinant.

Statistical analyses

Descriptive statistics, including percentages of missing
data for determinants registered by PYHPs, were
carried out with SPSS (V.25). We also looked at the
overlap between concerns for MHPs in PYH and MHPs
based on GP data. To obtain the I-year risk of a first
recorded MHP, we developed a multilevel logistic
regression model per age group. First, the data were
split according to the children’s age; age 4 years, age
5 years and so on. For every age, (time point 0 (T0))
the status of all determinants was updated and the
outcome was assessed 1 year later (time point 1 (T1)).
We obtained a prediction model per age group by
combining the data from the different ages and fitting
a logistic regression model including a cluster effect
on the patient level with R (V.3.5.3). This to adjust for
using different age years of one patient.”

We investigated several models for MHPs in three
steps for both age groups: (1) determinants based on
GP data, (2) determinants based on GP data and PYH
results of validated MHP screening tools and PYHPs’
concerns for MHPs, (3) determinants based on all avail-
able GP and PYH data (online supplemental table 3).
In daily clinical practice, one can imagine that it would
be more efficient to share only the minimum amount
of relevant information between GP and PYH. By step-
wise adding information from PYH in step 2 and 3, we
would be able to see the additional value of combining
only a small selection of PYH data in relation to all
available PYH data. In step 2, we only added data from
PYH that represented their findings regarding the
mental health development of the child. In step 3,
all other data from the PYH regarding the child and
parents were added. The PYH determinants in step 2
(a PYH concern for MHPs and/or deviant results for
MHP screening tools), were chosen because we hypoth-
esised they would be important determinants for child
MHPs based on GP data. As not for all children data
from both GP and PYH were available, we also explored
models with complete cases, that is, with the patients
that had no missing data for the PYH determinants. For
all models with outcome first MHP, we excluded chil-
dren with recorded MHP before TO.

The ability of the model to distinguish between chil-
dren who are recognised with a first MHP and those
who are not (discrimination), was assessed using the
c-statistic.’’ The in-sample calibration of the model
was assessed by the calibration plot of actual proba-
bilities vs predicted probabilities. The models were
internally validated using bootstrap resampling (500
bootstrap samples) and estimating shrinkage factors.
Brier scores were calculated to assess the average
prediction error.”

Patients and public involvement
Due to the nature of the data, patients and public were
not directly involved in this study.
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RESULTS

Our cohort of GP data consisted of 70 000 children. From
48 256 children (68.9% of those included), data regis-
tered in PYH could be individually linked by our TTP.
The median follow-up time of children in the GP data was
6.4 years, in the PYH data 3.6 years. Of the children aged
4-11 years, 48.8% was male and 3.0% had an increased
SDQ score (table 1). Of the children aged 12-19 years,
46.7% was male and 3.9% had an increased SDQ score.
Over half of the determinants supposed to be registered
in PYH had more than 50% missing data(table 1, online
supplemental table 4).

Prevalence of (concerns for) MHPs

We were able to include data registered at PYH centres for
the period 2005-2015, while GP data were available for
the period 2007-2016. In the period 2007-2015, 15 823
of 48 256 (32.7%) included children had a first recorded
MHP based on GP data and 18 092 of 48 256 (37.5%)
children had first recorded concerns for MHP based on
PYH data (table 2). In the 15 823 children with MHP
according to GPs, 8079 (51%) children had concerns for
MHPs according to PYHPs. In 10 013 of 32 433 (30.9%)
children in whom the GP did not have a recorded MHP
in that period, PYH had registered concerns for MHPs
in the same period. In 7744 of 30 164 (25.7%) children
in whom PYH did not have concerns for MHPs, GPs had
recorded MHPs.

Prediction of a first MHP

Determinants of a first recorded MHP 1 year later based
on GP data in the school-aged children were similar in
all models (table 3). In the GP data, determinants of a
first recorded MHP were somatic complaints, life events
and the healthcare use related variables more than two
GP visits, one or more medication prescript, one or more
laboratory test and one or more referral to or contact
with other healthcare professional all measured in the
previous year. Low socioeconomic status in children aged
12-19 years, developmental problems and a recorded
chronic disease in children aged 4-11 years, were only
related to MHP in step 1 when not including data regis-
tered in PYH. Male gender was related to an increased
likelihood of a recorded MHP compared with female
gender in children aged 4-11 years and a lower likeli-
hood in children aged 12-19 years in all models.

PYH determinants (steps 2 and 3) that were associated
with an increased risk of first recorded MHPs based on
GP data 1 year later in both age groups were concerns
for MHP according to PYHPs, elevated problem scores on
MHP screening instrument SDQ), extra healthcare visit
in PYH, life events and family history of MHP. Protective
PYH determinants registered in PYH in both age groups
were non-Western ethnicity of one or both parents, child
low secondary school level and high technology use
(eg, on average over 2 hours of daily screen use, online
supplemental table 2). Incontinence, sleeping problems
and school problems were positively associated with a

first recorded MHP 1 year later only in age group 4-11
years, while prenatal risk factors such as substance abuse
by mother during pregnancy and young parenthood,
were associated with a decreased risk of MHPs in this age
group.

In age group 12-19 years, an increased problem score
on MHP screening instrument KIVPA was positively asso-
ciated with a first recorded MHP. In this age group, a rela-
tively higher or lower secondary school level of the child
and being under treatment outside PYH were negatively
associated with a first recorded MHP. All other determi-
nants were not found to be associated with a first recorded
MHP.

The prediction of a first MHP 1 year later based on
combined data from GPs and (partly) PYH did not result
in better performing prediction models than the models
based on GP data only, c-statistics ranged between 0.62
and 0.64. Internal validation was good (online supple-
mental figures 1 and 2).

Complete-case analysis

Complete-case analyses, analyses with patients who had
no missing data regarding determinants registered in
PYH, were only possible for the models investigating
SDQ, KIVPA and concerns for MHPs registered during
PYH visits (step 2). These models did not perform better
than models with all available data. We could not carry
out complete case analyses for the models incorporating
all determinants registered at PYH centres (step 3), since
too many patients had missing data.

DISCUSSION

Main findings

This population-based cohort study investigated the
added value of combining data registered at PYH centres
with general practice data for the identification of child
MHPs as recorded by GPs. Combining information from
PYH and GP centres to predict MHPs based on GP data,
did not result in better performing prediction models
than the models based on analysis of GP data alone.
Determinants derived from PYH registries for the predic-
tion of a first MHP 1 year later were contextual determi-
nants, concerns for MHPs as registered by PYHPs and
elevated scores on MHP screening tools. Furthermore,
our study showed that in 51% of the children who had a
recorded MHP according to GPs between 2007 and 2015,
concerns for MHP were also registered by PYHPs in the
same period. In nearly a third of the children who had no
MHPs according to GPs, PYHPs had recorded concerns
for MHPs in the same period. In 25% of the children in
whom PYHPs did not register concerns for MHPs, GPs
had recorded MHPs in the same period.

Strengths and limitations

We used a large population-based sample of 70 000
children. For the vast majority of these children, we
were able to link data registered in PYH centres at an
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Table 1 Baseline characteristics

Children age 1-3 years Children age 4-11 years Children age 12-19 years
N=12,196 N=32 081 N=18 829

GP characteristics % (n) Missings % (n) % (n) Missings % (n) % (n) Missings % (n)

Male gender 51.0 (6221) NA 48.8 (15656) NA 46.7 (8788) NA

Low Socioeconomic 4.2 (510) NA 3.4 (1079) NA 3.4 (644) NA

status

Congenital anomaly 11.0 (1339) NA 12.2 (3908) NA 15.2 (2854) NA

Neoplasms 2.4 (297) NA 5.6 (1797) NA 7.4 (1397) NA

Chronic disease* 48.8 (5950) NA 46.5 (14912) NA 41.7 (7845) NA

Somatic complaintst 25.2 (3078) NA 39.9 (12793) NA 53.0 (9986) NA

Life event 0.4 (51) NA 1.0 (313) NA 2.0 (373) NA

>2 Visits 91.3 (11133) NA 87.5 (28065) NA 87.6 (16489) NA

>1 Medication prescript 78.5 (9569) NA 71.2 (22848( NA 71.9 (13539) NA

>1 Laboratory test 14.6 (1782) NA 241 (7742) NA 36.4 (6848) NA

>1 Referral/ 70.1 (8544) NA 68.0 (21817) NA 69.4 (13062) NA

correspondence other

healthcare prof-

PYH characteristics
CMHP 4.9 (592) 39.5 (4812) 22.4 (7197) 11.6 (3707) 42.9 (8078) 9.7 (1820)
Ethnicity 8.5 (1036) 54.2 (6613) 7.8 (2498) 60.2 (19303) 3.1 (588) 86.5 (16288)
Developmental 4.2 (516) 41.4 (5055) 4.5 (1439) 21.9 (7018) 1.6 (292) 22.3 (4191)
problems
Incontinence NA NA 3.3 (1071) 23.3 (7490) 3.2 (600) 16.4 (3097)
School problem 0.3 (31) 98.2 911982) 3.0 (966) 61.4 (19692) 8.5 (1599) 27.5(5182)
Secondary school NA NA 3.9 (1241) 96.1 (30833) 16.6 (3129) 43.5 (8192)
level low
Secondary school NA NA 0.0 (0) 73.9 (23718) 9.4 (1763) 43.5 (8192)
level high
Secondary school NA NA 0.0 (6) 73.9 (23718) 0.1 (27) 43.5 (8192)
level other
High technology use  NA NA 4.8 (1547) 88.8 (28493) 15.4 (2892) 69.7 (13132)
SDQ border area 0.5 (59) 96.8 (11801) 5.7 (1821) 32.3 (10361) 5.6 (1049) 35.2 (6626)
SDQ increased 0.4 (43) 96.8 (11801) 3.0 (966) 32.3 (10361) 3.9 (736) 35.2 (6626)
KIVPA NA NA 0.0 (1) 100.0 (32079) 7.6 (1424) 46.1 (8680)
Under treatment NA NA 5.1 (1622) 94.9 (30459) 10.9 (2048) 89.1 (16781)
Extra PYH healthcare 32.6 (3977) NA 40.3 (12920) NA 23.3 (4379) NA
visit
Life events 3.6 (441) 74.2 (9049) 12.8 (4116) 39.4 (12626) 17.3 (3262) 22.7 (4277)
Family history of MHP 3.8 (463) 59.0 (7200) 4.6 (1467) 31.2 (10006) 2.1 (394) 24.4 (4590)
Prenatal risk factors ~ 31.1 (3794) 44.9 (5478) 13.7 (4383) 47.2 (15153) 2.7 (501) 77.2 (14527)

Determinants from general practice that are displayed in online supplemental table 4 because of no significant results in the analyses or a prevalence of <1%:
perinatal morbidity, disabilities, difficult temperament, somatic complaints+chronic disease.

Determinants from PYH that are displayed in online supplemental table 4 because of no significant results in the analyses or a prevalence <1%: premature, neonatal
problems, non-spontaneous birth, sleeping problems, eating problems, overweight, underweight, bullying/being bullied, low self-confidence/resilience, self-harm,
member hobby/music club, insufficient physical exercise, substance use, energy drink consumption, poorly experience health, total referral in past year, chronic
iliness parent, risk factor parents, non-traditional family composition, negative balance, little confidence in parenting skills, environmental stressors.

*Chronic disease when present one or more of the following: asthma, eczema, psoriasis, inflammatory bowel disease, epilepsy, diabetes mellitus, cystic fibrosis,
rheumatoid arthritis.

TSomatic complaint when present one or more of the following: tension headache, migraine, abdominal pain, constipation, tiredness, musculoskeletal symptoms,
dizziness, nausea, hyperventilation syndrome, palpitations, fainting.

CMHP, concern for mental health problem according to preventive youth healthcare; GP, general practice; IBS, irritable bowel syndrome; KIVPA, short indicative
questionnaire for psychosocial problems among adolescents; MHP, mental health problem; NA, not applicable, for example, when determinant is not applicable for
a specific age (eg, member of hobby/music club in children age 1-3 yearS), or in case no missing (eg, for extra PYH healthcare visit yes/no); PYH, preventive youth
healthcare; SDQ, Strengths and Difficulties Questionnaire.

individual level. To our knowledge, this is the first study  for identification of child MHPs in primary care in the
that investigated the combination of routine healthcare = Netherlands. As GPs and PYHPs have different positions
data from different healthcare providers as the basis  and complementing roles,"” linkage of EHR data from
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Table 2 Overlap in MHP according to GPs and preventive youth healthcare professionals’ concerns for between 2007 and

2015
Preventive youth healthcare concerns for MHPs 2007-2015
Yes (%) No (%) Total (%)
MHP 2007-2015 Yes 8079 (51.0) 7744 (48.9) 15 823 (100)
No 10 013 (30.9) 22 420 (69.1) 32 433 (100)
Total 18 092 (37.5) 30 164 (62.5) 48 256 (100)

GPs, general practitioners; MHP, mental health problem.

both sources provides a potentially valuable source of
information regarding child development and health.
Worldwide, linking EHR data from different sources is
becoming increasingly popular. The Scandinavian coun-
tries are well equipped for linking information from
different, mostly medical, sources.?® 24 Experiences with
linking data from different sources, for example, from
the UK, are being published,” ** although results of
studies using linked data from different domains are still
sparse.

We aimed to incorporate all available information
regarding known risk factors for child MHPs and
explored whether information exchange would result
in better prediction models based on routine health-
care data that could be used in daily practice to improve
MHP identification in an efficient manner. By using this
population-based cohort, our study gives a more compa-
rable reflection of the whole population than studies that
actively recruit patients, studies in which it is known that
minority populations (either ethnic or socioeconomically
defined) are represented less.”’

Although data registered in PYH was available in nearly
70% of the children we originally included, over half
of the determinants presumed to be registered in PYH
showed more than 50% missing data and the prevalence
of determinants like family history of MHPs was lower
than expected from literature.” The electronic system
used by PYHPs to record findings from clinical care is
technically built in such a manner that important infor-
mation from previous consultations remains present in
the system, for example, birth weight and prematurity.
However, in the extracted data for this research, this was
not always the case, resulting in substantial missing of
data from potential determinants.'® By design, we could
not actively ask patients about specific risk factors. As
missingness was likely to be missing not at random, we
chose to not use multiple imputation techniques.” We
did however, use normal values in case there should be a
values present, as abnormal values will be noted by PYHPs.
In addition, our aim was to explore which specific infor-
mation from PYH could be useful to exchange with GPs
to enhance MHP identification. Imputing data missing
from our extracted data, eventually potentially used to
share with GPs for clinical practice purposes, seemed not
justifiable too.

Comparison with previous research

Combining information from PYH and GP centres did not
show an added value in our study. However, as expected
from literature, MHP screening tools and concerns for
MHPs appeared to be determinants usable to recognise
MHPs."” The quality of our data and not having infor-
mation available regarding important determinants of
MHPs, such as academic achievement might be reasons
for the lack of added value we found from adding PYH
data in our analyses. In a prospective cohort study in
which parents of Dutch children aged 11 years filled out
questionnaires, a prediction model for adolescent MHP
was derived which showed good discriminatory power
(c-statistic 0.75)."! Apart from similar predictors gender,
family history of psychopathology, and life events such as
parental divorce and moving house, this study also found
math achievement at school and maternal educational
level to be predictors."' These predictors were not, or not
well reported in our study.

Contrary to previous research, known risk factors for
child MHPs high technology use, prenatal risk factors
such as substance abuse during pregnancy and non-
Western ethnicity were found to be protective for MHPs
in this study. One important reason is probably the high
amount of missing values for these variables (60%-88%).
We conducted additional analyses to see whether our
findings could be explained by effects of other factors. It
seems that children with a higher technology use, prenatal
risk factors and non-Western ethnicity were more likely
to have a higher socioeconomic status, which possibly
explains the protective effect of these determinants. For
example, our study cohort included the beginning period
of technology use, a time during which technology use
was more often seen in higher educated people, who in
general have a lower risk of developing MHPs.

In addition, we have chosen to predict a first recorded
MHP 1 year later. This time interval of a l-year predic-
tion might be of influence. The question might be for
which time interval it is possible to predict MHP with
sufficient accuracy based on routine healthcare data. A
recent case—control study with British GP data predicting
a first episode of depression in adolescents showed a
better performance (c-statistics approximately 0.71).°
However, this study had a cross-sectional design and also
included symptoms of depression such as low mood and
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Table 3 Continued

Step 3

Step 2

Step 1*

Age 12-19 years

Age 4-11 years

Age 4-11 years Age 12-19 years

Age 12-19 years

Age 4-11 years

105 371 person years, no of 75 106 person years, no of

events 6236
Coef OR

75 106 person years, no
of events 3664

Coef OR

105 371 person years, no

of events 6236

Coef

98 754 person years, no of

events 5947

Coef

171 577 person years, no of

events 8204

Coef

events 3664

Coef

95 % CI

OR

95% ClI 95 % CI

95% ClI

OR

95% Cl

OR

95% ClI

OR

GP covariates

0.60 to 1.05

0.80

-0.17
0.95
0.63
0.05

0.67 to 0.83

-0.26 0.74

0.97
0.63
0.06

Prenatal risk factors

0.98
0.64
0.05

0.99
0.63
0.06

0.99
0.63
0.05

0.99
0.62

=500

Shrinkage factor B

C-statistic corrected

0.05

Brier

Determinants from general practice that are not displayed in the table because of no significant results in the analyses: perinatal morbidity, disabilities, difficult temperament, somatic complaints+chronic disease. Determinants from PYH that are

not displayed in the table because of no significant results in the analyses: premature, neonatal problems, non-spontaneous birth, sleeping, eating, overweight, underweight, bullying/being bullied, low self-confidence/resilience, self-harm, member

hobby/music club, insufficient physical exercise, substance use, energy drink consumption, poorly experience health, total referral in past year, chronic iliness parent, risk factor parents, non-traditional family. composition, negative balance, little

confidence in parenting skills, environmental stressors.

*“The first two columns age 4-11 years and age 12-19 years are regarding the full population of 70 000 children and are shown for comparison as they were published before, data regarding the remaining columns are calculated with the children

with both PYH and GP data.

Coef, coefficient; GP, general practitioner; KIVPA, short indicative questionnaire for psychosocial problems among adolescents; MHP, mental health problem; PYH, preventive youth healthcare; SDQ, Strengths and difficulties questionnaire; SES,

socioeconomic status.

anxiety as possible predictors. In our study, MHP symp-
toms with specific ICPC codes such as ‘feeling depressed’
were included as outcome, as according to our expert
panel GPs are more cautious to label children with an
actual mental health disorder ICPC code.’ Moreover, we
aimed to improve the early recognition of child MHP
and the inclusion of MHP symptoms as outcome might
enable early identification. Furthermore, previous studies
investigating the diagnostic properties of screening tools
have shown that screening tools have added value in the
(longer-term) identification of child MHP, but are not
able to identify all children correctly.””!

Implications

Our study showed that several determinants registered in
PYH, for example, increased problem scores on routinely
used MH screening tools and registered concerns for
MHPs, were identified as risk factors for MHPs. Although
this information did not substantially improve the predic-
tion models, it could still be useful information for GPs in
daily practice. Especially as our study reported that nearly
a third of the children for whom concerns for MHP were
registered by PYHPs, had no registered MHPs in the GP
data. The purpose of combining data from both profes-
sions was to explore the benefits of information exchange
between PYHPs and GPs. From qualitative research it
is known that Dutch GP’s currently in general have no
structural interactions with PYHPs other than occasional
referral letters and that both professionals feel the need
of better information exchange.”® The standard exchange
of for example the results of MHP screening instruments
might therefore be useful for GPs. Future studies should
investigate whether this type of information is indeed
what GPs need and the practical implications of structural
information exchange.

FUTURE STUDIES

This study used among others coded information
regarding symptoms and diagnoses from general prac-
tice. Due to privacy reasons, in this case we had no access
to free text notes in which GPs and PYHPs would describe
the subjective patient’s story and symptoms. These notes
could typically contain important information regarding
social determinants for MHPs, such as functioning at
school, family environment and life events.'” Machine
learning techniques and in particular natural language
processing techniques have shown promising results with
EHR data including free text.”” We recommend future
studies to apply these techniques and also to investigate
what the views of clinical professionals are regarding the
use of the often called ‘black box’ models developed with
these techniques in daily practice.

In addition, this study explored the development of
prediction models for MHP recognition based on GP
data, to support clinical MHP recognition. By doing so, we
only predicted problems that were recognised by GPs, not
the problems that were not recognised. More adequately
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performing models based on EHR data might be devel-
oped making use of linkage with other domains like
secondary care, thus enriching data to improve confirma-
tion of diagnoses. Once this has been achieved, it should
be investigated whether the resulting algorithms indeed
improve recognition of MHPs in children that currently
remain unrecognised by healthcare professionals.

CONCLUSION

This population-based cohort study investigated the
added value of combining information from Dutch
PYHPs and GPs in the identification of children with
MHPs. Although the use of combined information did
not improve prediction of MHPs compared with the
use of GP data alone, this study showed the feasibility of
analysing a combined dataset from different healthcare
providers what has the potential to inform future studies
aimed at improving child MHP identification.
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