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Background: Despite being common and having long lasting effects, mental health problems in children

are often under-recognised and under-treated. Improving early identification is important in order to pro-

vide adequate, timely treatment. We aimed to develop prediction models for the one-year risk of a first

recorded mental health problem in children attending primary care.

Methods: We carried out a population-based cohort study based on readily available routine healthcare

data anonymously extracted from electronic medical records of 76 general practice centers in the Leiden

area, the Netherlands. We included all patients aged 1–19 years on 31 December 2016 without prior

mental health problems. Multilevel logistic regression analyses were used to predict the one-year risk

of a first recorded mental health problem. Potential predictors were characteristics related to the child,

family and healthcare use. Model performance was assessed by examining measures of discrimination

and calibration.

Findings: Data from 70,000 children were available. A mental health problem was recorded in 27•7% of

patients during the period 2007–2017. Age independent predictors were somatic complaints, more than

two GP visits in the previous year, one or more laboratory test and one or more referral/contact with

other healthcare professional in the previous year. Other predictors and their effects differed between

age groups. Model performance was moderate (c-statistic 0.62–0.63), while model calibration was good.

Interpretation: This study is a first promising step towards developing prediction models for identifying

children at risk of a first mental health problem to support primary care practice by using routine health-

care data. Data enrichment from other available sources regarding e.g. school performance and family

history could improve model performance. Further research is needed to externally validate our models

and to establish whether we are able to improve under-recognition of mental health problems.

© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license.

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Child mental health problems are relatively common and al-

hough children are regularly seen in primary care, their men-

al health problems often remain under-recognised. Currently no
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Predictor variables and their effects differed partially between

re-school, primary school, and secondary school aged children.

odel performance was moderate, identifying the presence of a

rst (internalizing) mental health problem correctly in approxi-

ately two third of the children. The identified predictors can

elp mental problem recognition in primary care and mental
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health risk assessment, especially when multiple predictors are

present.

Implications of all the available evidence

This research is a first promising step in developing a prediction

model for the one-year risk of a first child mental health problem

that can be used in primary care clinical practice as it is based

on readily available routine healthcare data. Further research is

needed to improve current identification strategies in order to pro-

vide children adequate, timely prevention and treatment if needed

and prevent adverse outcomes.

1. Introduction

Mental health problems in children are relatively common, with

estimated prevalences ranging from 10 to 20% worldwide [1]. Men-

tal health problems are generally characterised by some combina-

tion of abnormal thoughts, emotions, behaviour and relationships

with others, and they can range from problems with mild to se-

vere impairment. Half of all lifetime mental health problems occur

by the age of 14 years and 75% by the age of 24 years [2]. Most

children visit primary care professionals, usually general practition-

ers (GPs) or paediatricians, at least once a year despite different

healthcare systems across the world [3–5]. Although children are

regularly seen in primary care, mental health problems often re-

main under-recognised, with nearly half of the children with men-

tal health problems not being recognised as such [1,6–9]. Early

identification of mental health problems in children is important

as they often have a negative effect on children’s everyday func-

tioning and wellbeing. It is also known that they have long lasting

effects, resulting in for instance a higher risk of impairment due

to a DSM-diagnosis later in life and poorer performances at school

and/or on the job market [10,11]. Adequate treatment has fortu-

nately proven to be effective and alleviate these long lasting effects

[3].

In order to provide adequate and timely treatment for children,

identification of mental health problems has to be improved. Risk

prediction models based on a number of patient and disease char-

acteristics available in medical registrations are an integral part of

current clinical practice in primary care [12,13] and might provide

an efficient solution to improve early mental health problem recog-

nition. Prediction models for anxiety and depression in adolescents

[14] and adults [15,16] in primary care have been developed and

have shown good discriminative properties, with only the study on

depression in adolescents solely based on readily available routine

healthcare data. To our knowledge, models based on readily avail-

able routine healthcare data that help identifying mental health

problems in children and adolescents in primary care are not avail-

able yet. Such a model estimating the probability of a child hav-

ing a mental health problem in the next year might help profes-

sionals to better recognise problems in daily practice, thereby im-

proving timely recognition. Specific mental health problems have

a higher incidence at different ages, which means that risk factors

for mental health problems may vary across childhood and ado-

lescence [17,18]. During childhood and adolescence, children might

also experience events that alter their prognosis for a first men-

tal health problem from that time onwards. The aim of our cur-

rent study is therefore to develop a prediction model for the one-

year risk of a first recorded mental health problem in general and

internalizing problems (i.e. depression, anxiety or somatization)

in particular in children and adolescents presenting in primary

care; taking into account age and time-varying factors. We devel-

oped different risk prediction models for children in different age

groups.
. Methods

.1. Study design and setting

We performed a population-based cohort study among primary

are patients aged 1–19 years who were registered with 76 prac-

ice centers (107 GPs) that were affiliated with the ELAN primary

are network (Extramural Leiden Academic Network) of the Leiden

niversity Medical Centre (LUMC), the Netherlands. The participat-

ng practices are located in the greater Leiden area and are repre-

entative for Dutch primary care.

In general, all residents of the Netherlands, including children,

re registered with a GP in his/her neighborhood. Primary care is

ree of charge for children and no private primary healthcare sys-

em exists in the Netherlands. Dutch children visit their GP on

verage once a year. All children registered with participating GP

ractice centers were included in our study regardless of whether

hey have visited the GP during our study. The GP is the gatekeeper

f the Dutch healthcare system and to enter secondary care, a re-

erral from the GP is needed.

Our data consisted of the routine healthcare data anonymously

xtracted from the electronic medical records (EMRs) from the

articipating practices [19]. Available patient data included demo-

raphics, consultation dates, symptoms and diagnoses coded ac-

ording to the WHO International Classification of Primary Care

ICPC), prescribed medication coded according to the Anatomical

herapeutic Chemical (ATC) classification, laboratory test results,

nd descriptive or coded information of referrals and correspon-

ence with other healthcare professionals e.g. profession/specialty

f the other professional and date of referral and correspondence

20,21].

.2. Study population

All patients aged 1–19 years on 31 December 2016 and regis-

ered with participating practices between 1 January 2007 and 1

anuary 2017 were part of our cohort. We excluded patients who

ad missing data on gender (n = 11), registration date with prac-

ice (n = 961), patients with a negative follow up (n = 852), or a

issing postal code (n = 1274). Patients who had a recorded mental

ealth problem before 1 January 2007 (n = 3415), or with an un-

ated mental health problem diagnosis (n = 7) were also excluded.

For each patient we determined an entry date to the cohort,

hich was the earliest of either date of registration with the prac-

ice plus one year or the beginning of the study period (1 Jan-

ary 2007). Patients were censored at the date of their first men-

al health problem, death, deregistration with a practice in the co-

ort, last upload of EMR data, or the study end date (31 December

016).

.3. Outcomes

Our main outcome was a first recorded child mental health

roblem based on the presence of at least one of the follow-

ng: a recorded mental health problem, a referral to child men-

al healthcare and/or a mental health medication prescription be-

ween 1 January 2007 and 1 January 2017 (Supplement Table 1).

e defined a recorded mental health problem when ICPC codes

rom the P (psychological) chapter or ICPC code T06 (‘anorexia ner-

osa/bulimia’) were present, including both mental health symp-

oms as well as hypothesised and confirmed disorders. Related

ental health medication prescriptions were defined as prescrip-

ions coded with ATC codes N05A, N05B, N05C, N06A, N06BA02,

06BA04, N06BA09, N07BA, or N07BB. Referrals to child mental

ealthcare were defined as referrals to a psychologist, psychiatry,

r psychotherapy. We also investigated model development for first
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ecorded internalizing mental health problems specifically, consist-

ng of the most common registered internalizing mental health

roblems depression, anxiety, and somatisation symptom and dis-

rder ICPC codes an medication ATC codes (Supplement Table 1).

.4. Predictor variables

As predictor variables we included characteristics related to the

hild (e.g. gender, age, somatic complaints and co-morbidities), so-

ial context (e.g. family history of mental health problems and

arental divorce recorded in the child’s EMR) and healthcare use

e.g. number of visits, referrals, and laboratory tests). As it is likely

hat interactions exists between the variables somatic complaints

nd chronic disease, we investigated this in all models. The pre-

ictor variables were identified based on a systematic review we

onducted regarding predictors for identified mental health prob-

ems in primary care [22], current guidelines including risk factors

or mental health problems and an expert panel consisting of au-

hors NK and MC, two GPs, a preventive youth health physician, a

aediatrician, a pharmacist, and two researchers from the Nether-

ands Centre for Youth health [18]. We operationalised the predic-

or variables according to the available data from the EMRs based

n ICPC coded diagnoses, ATC coded prescriptions, and count vari-

bles (Supplement Table 2). Prior to the data analysis, the count

ariables were dichotomised according to expert opinion into more

han two visits, one or more prescription(s), one or more labora-

ory test(s), and one or more referral(s)/correspondence with other

ealthcare professionals.

Every first occurrence of a predictor was taken into account.

s predictor variables for mental health problems may vary across

hildhood and adolescence, we investigated models for the fol-

owing age groups separately: pre-school aged children (aged 1–3

ears), primary school aged children (aged 4–11 years), and sec-

ndary school aged children (aged 12–19 years) [9,23].

The same set of predictor variables was examined in the differ-

nt age groups, however we required the prevalence of a predictor

o be >1% per age group with regard to the clinical usefulness of

he predictor. Continuous variables are presented as mean (SD) or

s median (IQR) when appropriate. Categorical variables are pre-

ented as counts (%).

.5. Model development

Statistical analyses were carried out with the programs SPSS

version 23) and R (version 3.5.1). To obtain the one-year risk of

first recorded mental health problem, we developed a multilevel

ogistic regression model per age group; pre-school aged children,

rimary school aged children, and secondary school aged children.

irstly, the data were split according to the children’s age; age 4

ears, age 5 years and so on. For every age the status of all pre-

ictor variables was updated at the same time at that specific age.

e obtained a prediction model per age group by combining the

ata from those years (e.g. age 4–11 years) and fitting a logistic re-

ression model including a cluster effect on the patient level. This

o adjust for using different age years of one patient, for instance

t age 4 years and age 5 years [24].

.6. Model performance and internal validation

Model performance was evaluated by determining measures of

iscrimination and calibration. Discrimination, the ability of the

odel to distinguish between children who are diagnosed with a

rst mental health problem and those who are not, was assessed

sing the c-statistic.
The in-sample calibration of the model was assessed by the cal-

bration plot of actual probabilities versus predicted probabilities.

he models were internally validated using bootstrap resampling

500 bootstrap samples) and estimating a shrinkage factor. Brier

cores were calculated to assess the average prediction error [25].

The Ethics Committee of the Leiden University Medical Centre

ssued a waiver of consent (G16.018).

.7. Role of the funding source

This study was supported by ZonMW, the Netherlands, Orga-

ization for Health Research and Development (grant 839110012).

onMw did not have any role in study design, the collection, anal-

sis, and interpretation of data, the writing of the report and the

ecision to submit the paper for publication.

. Results

.1. Baseline characteristics and prevalence of mental health problems

Our cohort consisted of 70,000 children with a median age of

0.0 years (IQR 10 years) and 35,595 (50.9%) were male (Table 1).

he median follow up was 6.4 years. In 19,420/70,000 (27.7%) pa-

ients a mental health diagnosis was recorded in the electronic

edical record (Table 2). An internalizing problem was recorded in

501 (5.0%) patients. A first mental health problem was recorded

n 3.2–4.4% of children aged 1–3 years, in 4.7–6.7% of children aged

–11 years, and in 3.8–6.4% of children aged 12–19 years. Most

ecorded MHPs (55%) were based on the presence of 1 of the 3

ollowing criteria: a recorded ICPC code (81%), ATC code (9%) or

referral for a MHP (10%; Table 3). A first recorded internalizing

ental health problem was recorded in 0.5–0.7% of children aged

–11 years and in 1.0–3.7% of children aged 12–19 years. In ado-

escents aged 17 years and older, first internalizing mental health

roblems counted for over half of the first general mental health

roblems.

.2. Prediction of a first mental health problem diagnosis

Predictors for a first recorded mental health problem one year

ater in all age groups were somatic complaints, and the health-

are use related variables more than two GP visits in the previous

ear, one or more laboratory test and one or more referral/contact

ith other healthcare professional in the previous year (Table 4).

oys aged 1–3 years (OR 1.60, 95%CI 1.43–1.77) and boys aged 4–

1 years (OR 1.65, 95%CI 1.61–1.70) were more likely to have a first

ecorded mental health problem than girls, while boys aged 12–19

ears were less likely to have a first recorded mental health prob-

em than girls (OR 0.82, 95%CI 0.75–0.89). Chronic disease was only

ositively associated with a first recorded mental health problem

n children aged 4–11 years. The co-occurrence of somatic com-

laints and chronic disease was not associated with a first record

ental health problem one year later.

Lower neighborhood socioeconomic status was positively asso-

iated with a first recorded mental health problem one year later

n children age 1–3 and 12–19 years. A difficult temperament,

uch as excessive crying or feeding problems (OR 1.27, 95%CI 1.07–

.48) was associated with mental health problems in pre-school

ged children but not in school-aged children. Prior developmental

roblems such as growth delay and speech disorders were related

o a first recorded mental health problem in children aged 1–11

ears, but not in the eldest age group. Life events were only asso-

iated to a first recorded mental health problem in children aged

2–19 years (OR 1.79, 95%CI 1.58–1.99) as they were not reported

requently enough to be included in our analyses for the younger

ge groups.
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Table 1

Baseline characteristics study population.

Characteristics

Children age 1–3 years

N = 27,831% (n)

Children age 4–11 years

N = 44,622% (n)

Children age 12–19 years

N = 22,629% (n)

Male gender 51.3 (14,276) 49.7 (22,178) 47.0 (10,628)

Low socioeconomic status 5.0 (1396) 4.4 (1975) 4.2 (957)

Perinatal morbidity 5.6 (1550) 2.2 (995) 0.3 (69)

Congenital anomaly 10.5 (2928) 12.4 (5519) 14.6 (3307)

Disabilities 0.9 (240) 0.9 (430) 0.9 (195)

Neoplasms 2.0 (558) 4.7 (2086) 6.8 (1534)

Chronic disease∗ 39.9 (11,098) 38.8 (17,302 38.8 (8770)

Somatic complaints∗∗ 20.3 (5650) 33.5 (14,953) 49.8 (11,280)

Tension headache∗∗∗ 0.2 (59) 3.7 (1632) 9.3 (2096)

Migraine∗∗∗ 0.0 (3) 0.4 (164) 2.4 (536)

Abdominal pain∗∗∗ 3.3 (917) 12.9 (5759) 17.5 (3953)

Constipation∗∗∗ 12.0 (3335) 13.9 (6186) 11. 2 (2532)

Tiredness∗∗∗ 1.3 (353) 4.9 (2193) 13.7 (3096)

Other somatic complaints∗∗∗ 6.5 (1804) 11.2 (4991) 27.5 (6216)

Life event 0.4 (109) 0.8 (376) 1.9 (421)

Academic problem 0.0 (1) 0.1 (62) 0.4 (82)

Developmental problem 3.5 (964) 7.1 (3161) 3.7 (839)

Difficult temperament 9.7 (2711) 3.6 (1600) 0.1 (21)

>2 Visits 85.5 (23,789) 82.9 (37,002) 84.4 (19,101)

≥1 Medication prescript 72.4 (20,144) 68.5 (30,562) 69.6 (15,784)

≥1 Laboratory test 12.4 (3457) 23.2 (10,362) 35.5 (8044)

≥1 Referral/correspondence other healthcare prof. 64.8 (18,036) 64.9 (28,942) 66.4 (15,017)

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

rheumatoid arthritis.
∗∗ Somatic complaint when present one or more of the following: tension headache, migraine, abdominal pain, constipation, tiredness, irritable bowel syndrome

IBS, musculoskeletal symptoms, dizziness, nausea, hyperventilation syndrome, palpitations, fainting.
∗∗∗ Separate somatic complaints do not add up to the total amount of somatic complaints as a child can have multiple somatic complaints.

Table 2

First recorded (Internalizing) MHPs per age.

Child age (years) Nr of children without previous MHP Children with first recorded MHP % (n) Children with first recorded Internalizing MHP % (n)

1 6193 3.1 (191) 0.7 (41)

2 22,935 3.9 (903) 0.6 (129)

3 23,065 4.4 (1020) 0.5 (114)

4 23,006 4.7 (1070) 0.5 (122)

5 22,878 5.9 (1348) 0.5 (125)

6 22,209 6.0 (1322) 0.5 (122)

7 21,700 6.7 (1464) 0.8 (183)

8 21,054 6.1 (1278) 0.9 (189)

9 20,530 5.8 (1190) 1.0 (203)

10 20,180 4.9 (995) 1.1 (213)

11 20,020 4.6 (912) 1.0 (197)

12 19,861 3.8 (757) 1.0 (206)

13 17,770 4.1 (720) 1.1 (190)

14 15,611 4.8 (750) 1.6 (242)

15 13,425 4.8 (647) 1.7 (229)

16 11,200 5.3 (591) 2.3 (254)

17 9033 6.4 (575) 3.6 (322)

18 6898 6.1 (421) 3.7 (252)

19 4956 5.4 (266) 3.4 (168)

MHP = mental health problem.

Table 3

Characteristics of first recorded MHP.

MHP based on the presence of Percentage of children with first recorded MHP (n = 19,420)

1 criteria: either ICPC code or ATC code or referral 55

2 of the following 3 criteria: ICPC code or ATC code or referral 30

All 3 criteria: ICPC code, ATC code and referral 15
∗MHP based on 1 of 3 criteria present: Percentage of children

Only ICPC code present 81

Only ATC code present 9

Only referral to psychologist, psychiatry or psychotherapy present 10

MHP = mental health problem.
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One or more medication prescript was only associated with

first recorded mental health problem in the school aged chil-

ren. Academic problems and disabilities were not recorded often

nough to be included in the analyses for all age groups. In addi-

ion, family (mental) health problems were not registered with a

pecific ICPC code and could therefore not be included in our anal-

ses.

.3. Prediction of a first internalizing mental health problem

iagnosis

Among boys aged 12–19 years, internalizing mental health

roblems were relatively less often found (OR 0.59, 95%CI 0.48–

.69) compared to girls aged 12–19 years (Table 5), whereas boys

ged 4–11 years had an increased risk of a first recorded internal-

zing mental health problem one year later (OR 1.60 95% CI 1.56–

.64). The healthcare use related variables showed various asso-

iations with a first recorded mental health problems. The vari-

bles more than two visits in the previous year and one or more

eferral/contact with other healthcare professional in the previous

ear were only associated with a first internalizing mental health

roblem one year later in the school-aged children. One or more

edication prescript in the previous year increased the risk of hav-

ng a first recorded internalizing mental health problem in all age

roups. One or more laboratory test in the previous year only re-

ulted in more first recorded internalizing mental health problems

n children aged 12–19 years old.

Somatic complaints, chronic disease and congenital anomaly

ere related to a recorded internalizing mental health problem

mong the school-aged children. A lower socio-economic status

nd the co-occurrence of somatic complaints and chronic disease

ere negatively associated with a first recorded internalizing men-

al health problem in children aged 4–11 years. A difficult tempera-

ent or perinatal morbidity were not associated with internalizing

ental health problems in all age groups. Life events were associ-

ted with a first recorded mental health problem in children aged

2–19 years (OR 1.59, 95%CI 1.27–1.91) and were not included in

he analyses in the younger age groups due to a low prevalence

n our data. Again, academic problems and disabilities were not

ecorded often enough to be included in the analyses for all age

roups.

.4. Model performance

Internal validation for the models for a first recorded men-

al health problem showed shrinkage factors of 0.97–0.99. The

odel’s discriminatory accuracy for the general mental health

roblem models was moderate with corrected c-statistics of 0.62–

.63 (Table 4). The Brier scores were 0.04–0.05, indicating good

ccuracy of probabilistic predictions. Most children had predicted

robabilities of a first recorded mental health problem ≤8% with a

ood calibration (Fig. 1AC). A minority of the children had higher

redicted probabilities, which were overestimated.

The shrinkage factor for the model of a first recorded internal-

zing mental health problem in age group 1–3 years was with 0.81

ower than in the two older age groups 0.96 (age 4–11 years), and

.98 (age 12–19 years). The corrected c-statistics of the models for

first recorded internalizing mental health problem were 0.64 (age

–3 years and age 4–11 years), and 0.68 (age 12–19 years), (see

able 4). The Brier scores were low. Most children aged 1–11 years

ad a predicted probability ≤1% with good calibration (Fig. 1D–F).

hildren age 12–19 years mostly had a predicted probability ≤4%

ith good calibration.
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. Discussion

In this population-based cohort study among primary care pa-

ients we investigated the possibilities to predict the one year

isk of a first recorded general mental health problem and a first

ecorded internalizing mental health problem in children aged 1–3

ears, 4–11 years, and 12–19 years based on readily available rou-

ine healthcare data. Predictors in all ages were the presence of

omatic complaints, more than two GP visits in the previous year,

ne or more laboratory test and one or more referral/contact with

ther healthcare professional in the previous year. The occurrence

f other potential predictors differed between age groups, advocat-

ng for the development of partially different models for different

ge groups. The models’ discriminatory accuracy was moderate.

A recent case-control study with UK routine healthcare data in-

estigating a prediction model for depression in males and females

ged 15–19 years found a similar performance compared to our

odel [14]. Similar patient characteristics like somatic complaints

ppeared to be predictive in that study [14]. The models in the

K study also contained a more extensive set of predictors includ-

ng mental health problem symptoms and family-related and social

redictors. Healthcare use related variables were not investigated,

hich were important predictors in our study. Information on aca-

emic problems and family mental health problems were not well

eported in our study and could unfortunately not be included in

ur analyses. Investigating the value of additional information on

or instance school performance and family history might improve

ur models [14].

Age-dependent predictors we found were in line with the liter-

ture. Boys had a higher risk of a first mental health diagnosis in

re-school and primary school-aged children than girls, probably

ue to the higher prevalences of externalizing mental health prob-

ems (e.g. Attention Deficit and Hyperactivity Disorder) in boys.

n adolescence, girls had a higher risk than boys due to a higher

ccurrence of internalizing mental health problems in girls as is

hown in other studies [17]. A history of developmental and tem-

erament problems added to the prediction of a first recorded

ental health problem, but only in younger children. At a younger

ge, developmental problems, such as growth delay and speech

isorders, and difficulties in temperament, such as excessive cry-

ng or feeding problems are most prevalent and have been found

o be related to mental health disorders at a later age, e.g. atten-

ion deficit [26,27]. In primary school-aged children a difficult tem-

erament was not associated with internalizing problems, confirm-

ng the association between difficult temperament and externaliz-

ng mental health problems [26,27]. In adolescence, the registered

ife-events seemed to play a more prominent role in the identifica-

ion of a first (internalizing)mental health problem, but they were

ot often enough recorded in our data to be included in the anal-

ses in the younger age groups.

The combination of somatic complaints and chronic disease di-

gnoses decreased the likelihood of a recorded mental health prob-

em in high school-aged children and was not significantly asso-

iated in the younger age groups. A possible explanation for this

ight be that physicians relate occurring problems to physical and

ot mental health issues.

The healthcare use related variables more than two GP visits in

he previous year, one or more laboratory test and one or more

eferral/contact with other healthcare professional in the previous

ear were all associated with a first recorded mental health prob-

em one year later. One or more medication prescriptions was only

ssociated with a first record mental health problem one year later

n the school-aged children. GPs might want to exclude a somatic

ause for instance by consulting another healthcare professional or

erforming laboratory tests before relating problems to a mental

ealth issue. An example for instance is tiredness, which can be
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Fig. 1. Calibration plots for predicting the 1-year risk of a first recorded general mental health problem (A, B, C) and internalizing mental health problem (D, E, F). In each

plot, the actual observation and predicted probabilities were drawn on the y- and x-axes respectively. The 45-degree dotted line depicts complete agreement between the

actual and predicted probabilities.
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aused by a somatic problem, but can also be a symptom of a

ental health issue. It is common practice to perform laboratory

ests to rule out a somatic cause before considering other possi-

le causes. In addition, it might be that the visits, laboratory tests,

ontact/referral with other healthcare professionals and medication

rescriptions are explained in the context of a co-occurring chronic

isease or other somatic complaints. It would be interesting to as-

ess the electronic medical records of children who are diagnosed

ith mental health problems in detail, including the complete free

ext, to see the course of symptoms, visits, medication prescrip-

ions, referrals and performed laboratory tests to gain more insight

n the actual process of diagnosing mental health problems in pri-

ary care.

Our study included over 70,000 children in primary care, allow-

ng us to investigate a substantial number of potential predictors.

he data consisted of readily available routine healthcare data re-

ecting daily practice in ‘average’ primary care. This makes the re-

ults potentially more suitable for implementation in practice com-

ared to models requiring (additional) questionnaire information

15,16]. The key advantage of our approach is that it takes into ac-

ount the time-varying effects of predictor variables, which to our

nowledge has not been done in previous research.

A limitation of using routine healthcare data is that possibly

seful information might be missing. When the patient consults

is GP, the patient presents his symptoms in a specific manner

o the GP. The GP then records the information in the medical
ecord and codes this information. The information is not consis-

ently recorded by GPs. A possible effect of this information bias

ight be an underestimation of the association between the out-

ome and for the patient less troublesome or less notable symp-

oms. This information recording process might also be an expla-

ation for the low presence of school problems, life events, and

amily mental health problems in our data, variables that have

hown to be important risk factors for child mental health prob-

ems [14,18], but that will not always be recorded in the EMR of

he children. On the other hand, overestimation of the association

etween outcome and predictors might occur when GPs already

uspect mental health problems. For this study, we only had coded

nformation available, we did not have full access to free text notes

f the history of a patient for privacy reasons. However, we did

ave information about the presence of some often used words in

he free text of the patient’s history, such as ‘divorce’ or ‘school

roblem’. It is likely that information regarding school problems or

ife events such as a divorce, if they are registered, are recorded in

he free text of the patients record.

It turned out that these words were not often recorded in the

ree text of the child’s medical record and were not of influence on

ur predictions.

The extent to which the definitions used for our outcomes cor-

esponded to an officially classified mental health disorder needs

o be further investigated. For the definition of (internalizing)

ental health problems, we included both mental health prob-
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lem symptoms and recorded disorders, as according to our expert

panel, GPs are cautious of labeling a child with an actual men-

tal health disorder ICPC code. Our models intended to support

the early identification of children at risk for mental health prob-

lems. It is known that almost half of the children with a mental

problem are not being recognised as such in primary care [1,6–

9]. Early identification and if needed treatment has shown to im-

prove long-term prognosis. The inclusion of symptoms of mental

health problems as outcome in our prediction model might there-

fore enable the early prevention of adverse outcomes. Research

comparing our model estimations with screening tools for child

mental health problems or official diagnosis from secondary men-

tal healthcare is needed to investigate whether our models im-

prove primary care identification rates. In addition, the used def-

inition for internalizing mental health problems does not include

all children with mental health problems according to the DSM 5

classification and referrals to psychology/psychiatry could not be

included in this outcome definition. Our aim was to explore the

usefulness of the data in the development of a prediction model

for the most commonly registered internalizing mental health

problems.

Our data give a fair representation of Dutch primary healthcare.

As this research is performed in Dutch primary care, external vali-

dation is needed to investigate model performance in other popu-

lations with possible other healthcare systems.

Our developed predictions models estimating the one-year risk

of a first recorded (internalizing) mental health problems in pri-

mary care showed a moderate performance. At this moment we

are of the opinion that the models are not good enough yet to

be applied in daily clinical practice. The next steps would in-

volve investigating model performance when additional informa-

tion is included about predictors which from literature are known

to be important predictors for child mental health problems such

as school performance, life events and family mental health prob-

lems. These predictors were not well recorded in the EMR data

of the GPs. This information could be added by linking registry

data from other sources, for instance from preventive youth health-

care. In addition, more research is needed to investigate whether

our models improve primary care identification rates and whether

our models are identifying the right children, i.e. children who

have an actual mental health problem. This can be done for in-

stance by comparing our model estimations with screening tools

for child mental health problems or official diagnosis from sec-

ondary mental healthcare. The healthcare use related variables in

general were important predictors for a first recorded child men-

tal health problem one year later. Research about the actual di-

agnostic process of mental health problems could give more in-

sight in the course of symptoms, referrals, laboratory tests and

prescriptions. Furthermore external validation, a key element in

the development of a prediction model for use in daily clinical

practice, is needed to validate the prediction model with external

data [28].

In conclusion, our models estimating the one-year risk of a

first recorded (internalizing) mental health problem identified in

around two thirds of the children correctly whether a first mental

health problem was present or not. Especially when multiple pre-

dictors are present, the identified predictors can aid mental health

problem recognition in primary care. Further research is needed

to investigate whether additional information e.g. regarding school

performance and family history can improve the performance of

the developed models and whether the models also aid mental

health problem recognition in the children that are currently not

being recognised with a mental health problem by their GP. Also,

external validation is needed to investigate the generalizability of

our findings.
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