
Supplement figure 1 Calibration plots for models predicting mental health problems (MHPs) 

for model with general practice determinants and part of the preventive youth healthcare 

determinants (step 2) 

 

1a Children age 4-11 years     1b Children age 12-19 years 

        

 

Supplement figure 2 Calibration plots for models predicting mental health problems (MHPs) 

for models with general practice determinants and all preventive youth healthcare determinants 

(step 3) 

2a Children age 4-11 years       2b Children age 12-19 years 

        

Calibration plots for de models with only general practice determinants (step 1) were published previously and showed 

similar results(1). 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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Supplement table 1 Outcome definition 

MHP based on the presence of ≥1 of the following: Description 

MHP ICPC code P01 Feeling anxious P02 Acute stress reaction  P03 Feeling depressed  

P04Feeling/behaving irritable  P05 Senility, feeling/behaving old P06 Sleep 

disturbance P07 Sexual desire reduced  P08 Sexual fulfilment reduced P09 Sexual 

preference concern P10 Stammering/stuttering/tic P11 Eating problem in child P12 

Bedwetting/enuresis P13 Encopresis/bowel training problem P15 Chronic alcohol 

abuse P16 Acute alcohol abuse P17 Tobacco abuse P18 Medication abuse P19 Drug 

abuse P20 Memory disturbance  P21 P22 Child behaviour symptom P23 Adolescent 

behaviour symptom P24 Specific learning problem P25 Phase of life problem adult 

P27 Fear of mental disorder P28 Limited function  P29 Psychological symptom other 

P71 Organic psychosis other  P72 Schizophrenia  P73 Affective psychosis P74 

Anxiety disorder/anxiety state P75 Somatization disorder P76 Depressive disorder P77 

Suicide/suicide attempt P78 Neurasthenia/surmenage P79 Phobia/compulsive disorder 

P80 Personality disorder P81 Hyperkinetic disorder P82 post-traumatic stress disorder 

P85 Mental retardation P86 Anorexia nervosa/bulimia P98 Psychosis NOS/other P99 

Psychological disorders, other  T06 Anorexia/bulimia  

MHP ATC Code N05A Antipsychotic drugs, N05B Anxiolytic drugs, N05C Hypnotics and sedative 

drugs, N06A Antidepressant drugs, N06BA02 dexamfetamine, N06BA04 

methylphenidate N06BA09 atomoxetine N07BA drugs used in nicotine dependence or 

N07BB drugs used in alcohol dependence  

MHP Referral to psychologist, psychiatry or 

psychotherapy 

'eerste-lijnspsychologie' 'EERSTE-LIJNSPSYCHOLOGIE', 'GGZ-instelling', 

'psychiatrie''PSYCHIATRIE' 'psychologische zorg' 'PSYCHOLOGISCHE ZORG' 

'psychotherapie' 'PSYCHOTHERAPIE', 'ELP' 'ELP eerste-lijnspsyc' 'ggz' 'GGZ' 'PSL' 

'PSL psychologische z' 'PSL Psycholoog' 'PST' 'PST' 'PSY' 'PSY psychiatrie' 'PSY’ 
‘Psychiatrie' 'PTH' 'PTH psychotherapie' 

MHP = mental health problem, ICPC = International Classification of Primary Care, ATC = Anatomical Therapeutic 

Chemical, a medication classification (2, 3) 

 

Supplement table 2: Definition of determinants based on general practice data 

Variable Definition 

Age Age in years based on birth year 

Gender Recorded as in EMR: male or female 

Medical conditions  

  Congenital anomaly  ICPC A90 Congenital anomaly OS/multiple,  B78 Hereditary haemolytic anaemia, B79 Congenital 

anomaly Blood/lymph other, D81 Congenital anomaly digestive system, F81 Congenital anomaly eye 

other, H80 Congenital anomaly of ear, K73 Congenital anomaly cardiovascular, L82 Congenital anomaly 

musculoskeletal, N85 Congenital anomaly neurological, R89 Congenital anomaly respiratory, S81 

Haemangioma/lymphangioma, S82 Naevus/mole, S83 Congenital skin anomaly other, T78 Thyroglossal 

duct/cyst, T80 Congenital anomaly endocrine/metabolic, U85 Congenital anomaly urinary tract, W76 

Congenital anomaly complicate pregnancy, X83 Congenital anomaly genital female, Y82 Hypospadias, 

Y84 Congenital genital anomaly male other 

  Disabilities ICPC A28 Limited function/disability NOS; The remaining ICPC codes refer to the limited 

function/disability codes of the corresponding chapters B28, D28, F28, H28, K28, L28, N28, P28, R28, 

D28, T28, U28, X28, Y28, Z28,  

  Chronic Disease ≥1 of the following: Asthma, Eczema, Psoriasis, Crohn, Inflammatory bowel disease IBD, Epilepsy, 

Diabetes Mellitus DM, Cystic Fibrosis CF,  Rheumatoid Arthritis RA 

 

Astma ICPC R96 ATC R03, Eczema/psoriasis ICPC S91 Psoriasis, IBD ICPC D94, S86 Dermatitis 

seborrhoeic S87 Dermatitis/atopic eczema S88 Dermatitis contact/allergic ATC D07 Dermatological 

corticosteroids, Epilepsy ICPC N88 ATC N03 anti-epileptics, DM ICPC T89 T90 ATC A10 drugs used in 

diabetes, CF T99.10, RA L88 

  Neoplasms ICPC B75 Benign/unspecified neoplasm blood, D78 Neoplasm digest. benign/uncertain, F74 Neoplasm of 

eye/adnexa, H75 Neoplasm of ear, K72 Neoplasm cardiovascular, L71 Malignant neoplasm 

musculoskeletal N75 Benign neoplasm nervous system N76 Neoplasm nervous system unspec, R86 

Benign neoplasm respiratory, S78 Lipoma, S79 Neoplasm skin/benign/unspecified, S80 Solar 

keratosis/sunburn, T72 Benign neoplasm thyroid, T73 Neoplasm endocrine oth/unspecified, U78 Benign 

neoplasm urinary tract, U79 Neoplasm urinary tract NOS, W73 Benign/unspec. Neoplasm/pregnancy, X78 

Fibromyoma uterus, X79 Benign neoplasm breast female, X80 benign neoplasm female genital, X81 

genital neoplasm oth/unspecified Y79 Benign/unspec. Neoplasm gen. male, Y85 Benign prostatic 

hypertrophy, A79 Malignancy NOS, B72 Hodgkin’s disease/lymphoma, B73 Leukaemia, B74 Malignant 

neoplasm blood other, B75 Benign/unspecified neoplasm blood, D74 Malignant neoplasm stomach, D75 

Malignant neoplasm colon/rectum, D76 Malignant neoplasm pancreas, D77 Malignant neoplasm digest 

other/NOS, N74 Malignant neoplasm nervous system, R84 Malignant neoplasm bronchus/lunch, R85 

Malignant neoplasm respiratory, other, S77 Malignant neoplasm skin, T71 Malignant neoplasm thyroid, 

U75 Malignant neoplasm of kidney, U76 Malignant neoplasm of bladder, U77 Malignant neoplasm 

urinary other, W72 Malignant neoplasm relate to pregnancy, X75 Malignant neoplasm cervix, X76 

Malignant neoplasm breast female, X77 Malignant neoplasm genital other female, Y77 Malignant 
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neoplasm prostate, Y78 Malignant neoplasm male genital other 

Prematurity/other perinatal morbidity ICPC A93 Premature newborn, A94 Perinatal morbidity other 

Lower socioeconomic status Postcode marked as lower socioeconomic area: 0-20th percentile of Socioeconomic status (SES) score(4) 

Life events in past year ICPC Z15 Loss/death of partner problem, Z22 Illness problem parent/family, Z23 Loss/death parent/family 

problem, Z25 Assault/harmful event problem 

Academic problems ICPC Z07 Education problem  

Difficult temperament ICPC A14 Infantile colics, A15 Excessive crying infant, A16 Irritable Infant, T04 Feeding problem of 

infant/child   

Developmental problem ICPC T10 Growth delay, N19 Speech disorder  

Chronic somatic disorder parent No specific ICPC code, partly part of ‘life event’ with ICPC code Z22 Illness problem parent/family 

Somatic complaints  ≥1 of the following: Tension headache, Migraine, Abdominal pain, Constipation, Tiredness, Irritable 
bowel syndrome IBS, Musculoskeletal symptoms, Dizziness, Nausea, Hyperventilation syndrome, 

Palpitations, Fainting. 

Tension headache ICPC N01 Headache N02 Tension headache, Migraine ICPC N89 ATC N02C, 

Abdominal pain ICPC D01 Abdominal pain/cramps general D06 Abdominal pain localized other, 

Constipation ICPC D12, ATC 06 Drugs for constipation, Tiredness ICPC A04 Weakness/tiredness 

general. IBS ICPC D93, IBS ATC A03A Drugs for functional gastrointestinal disorders A03F Propulsives, 

Musculoskeletal symptoms ICPC symptom/complaint of: L01 Neck L02 Back L03 Lower back L08 L20 

Joint, Dizziness ICPC H82 Vertiginous syndrome N17 Vertigo/dizziness, Nausea ICPC D09 Nausea, 

Hyperventilation syndrome ICPC R98 Hyperventilation syndrome ICPC R86, Palpitations ICPC K04 

palpitations K05 irregular heartbeat other, Fainting ICPC A06 Fainting/syncope  

Healthcare use  

Number of primary care visits in past 

year 

Count per year 

 Number of laboratory tests in past year Count per year 

Number of medication prescripts in past 

year 

Count per year 

 Number of referrals/correspondence 

with other healthcare professionals 

(non-mental health) 

Count per year 

MHP = mental health problem, ICPC = International Classification of Primary Care, ATC = Anatomical, Therapeutic 

Chemical, a medication classification(2, 3) 
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Supplement table 3: Definition of determinants based on preventive youth healthcare data 

Determinant Definitiona Timing: first or last 

recorded measurement 

≤T0 

Concerns for MHPs ->1 referral to a mental health specialist with indication mental health 

->1 consultation with a mental health specialist with indication mental 

health 

- Extra healthcare use in PYH between standard visits with indication 

mental health 

->1 intervention for mental health: -Triple P level 3 or higher and tip 

sheets (fears in children, stealing, dealing with fear or depression)(5) 

-Atypical mental health functioning (single examination in PYH) 

->1 abnormal specific mental health functioning recorded 

First 

Premature Pregnancy duration <37 weeks or 259 days First 

Ethnicity Immigrant/refugee  

Country of birth of ≥1 parent is other than the Netherlands or West-
Europe (e.g. Suriname Dutch Antilles, Turkey, Morocco, Eastern 

Europe, other non-Western countries)  

First 

Non spontaneous birth Cesarean section, vaginal birth with forceps or vacuum extraction First 

Delay in development General developmental delay and/or speech and language delay at age 7 

years and older 

First 

Incontinence for urine and 

defecation 

Incontinent for urine and defecation at age 4 years and older Last 

Excessive crying Excessive crying, more than a short phase First 

Sleeping 

problems 

Sleeping problems Last 

Eating Problem Eating Problem Last 

Overweight BMI classified as overweight or obese according to international age and 

gender specific standards(6, 7) 

T0 

Underweight BMI classified as underweight according to international age and gender 

specific standards(6, 7) 

T0  

Negative weight perception Negative perception of own weight (too light or too heavy)  T0 

School problem Any reported problems in school e.g. dyslexia, difficulty focusing, 

motivation problems, absence or declining school performance 

First  

  

Secondary school 

education level 

 

Secondary school education level divided into 3 categories according to 

the Dutch school system: 

-low: VMBO or lower 

-middle: HAVO (reference category) 

-high: VWO  

-Other: in case of special education/no education;  

HAVO is reference category. When combined education levels were 

recorded, the lowest level was chosen, e.g. HAVO for HAVO/VWO 

Last 

Bullying/being bullied Bullying or being bullied First 

Bad relationship with at 

least one parent 

Bad relationship with at least one parent Last 

Low self-confidence/ 

resilience 

Low self-confidence/ resilience 

 

Last 

Self-harm Auto mutilation or suicidal thoughts First 

Female genital mutilation Female genital mutilation First 

Unemployment or financial 

distress of the child 

Unemployment or financial distress of the child Last 

Member of hobby of music 

club 

Member of a hobby or music  club Last 

Insufficient physical 

exercise 

Less than one hour of exercise a day and/or not enough physical exercise 

according to the EMOVOb questionnaire: cycling or walking to school or 

an internship less than 1 day a week  

Last 

Substance use Alcohol use: at least once a week an alcoholic consumption Last 

Drugs use: using or ever used hard drugs or soft drugs  Last 

Smoking: smoking or ever smoked  Last 

Water pipe use, at least once a week Last 

Substance abuse/addiction  

(sum of the use of alcohol, drugs, smoking, waterpipe) and additional 

element 

Last 

Excessive Energy drink 

consumption  

Energy drink abuse/addiction, consumes more than 1 energy drink a day Last 

High technology use 

 

Gaming: more than 3 days a week  Last 

Social media use more than 3 days a week Last 

Screen use on average daily over 2 hours of television or computer use  Last 

SD border areac 

 

SDQ total score between normal and increased limits (border area) 

-total score 3 years: 9-11 

Last 
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-total score 4-7 years: 11-14 

-total score 8-14 years: 11-13 

-total score 15-19 years: 13-15 

SDQ increasedc Increased SDQ total score 

-total score 3 years: 12-40 

-total score 4-7 years: 15-40 

-total score 8-14 years: 14-40 

-total score 15-19 years:16-40 

Last 

KIVPAd Increased KIVPA score ≥6 is an indication for consultation with PYHP. 
Maximum is 25 points 

Last 

Under treatment Already perceiving any form of treatment  Last  

Medical referral  Medical referral  until T0 

Paramedical referral  Referral to speech therapist, dietician of physical therapist until T0 

Other referral  All referrals except medical or paramedical referrals, e.g. parenting 

support, home counseling, program for overweight children 

until T0 

Total referral  Sum of all above referrals  

Extra healthcare visit Extra healthcare visit in preventive youth healthcare on top of standard 

visits, excluding visits for MHP and vaccinations 

Until T0 

Life events Looked after children (children whom are (temporarily) in a foster 

family, living in an 

institution only when parents cannot take care of the child or custody by 

other person than family member 

First 

Conflicts within household/hostile  

atmosphere 

First 

Death of parent(s), sibling or other significant person. First 

Victim of violence/abuse First 

Divorce parent(s) or abandonment by parent First 

Adoption First 

Immigrant/refugee  First 

Mental health in family 

history 

Parents with any mental health problem First 

Siblings with any mental health problem First 

Chronic Illness parent Parent with chronic illness  First 

Risk factors parents Parent victim of abuse in youth Last 

Start of parenting support program “Stevig ouderschap”, which helps 
parent(s) with a difficult start, for example due to the medical history of 

the parent or child, personal problems, insufficient supportive 

environment     

Last 

Little support from social network parents Last 

Unemployment or financial distress parents Last 

Both parents with low level of completed education according to the 

International Standard Classification of Education(8): no, primary or 

lower secondary education  

Last 

Prenatal risk factors Substance abuse (smoking, alcohol or drugs) of the mother during 

pregnancy 

First 

Young parenthood: 1 or more parent <20 years old at birth First 

Complications during pregnancy (IVF/ICSI, blood loss in 1st or 2nd 

trimester, 

hypertension, diabetes) 

First 

Medication use during pregnancy (all 

prescribed oral medication to mother during 

pregnancy) 

First 

Non-traditional family 

composition 

All non-two parent family compositions, e.g. co-parent family 

composition, steph-parent family composition 

Last 

Negative balance Based on the model of Bakker(9) which combines different protective 

factors and risk 

factors for a child's healthy development on micro- meso- and macro 

level 

Last 

Parental concerns Parents are concerned about their child on any aspect Last 

Little confidence parenting 

skills, non-optimal 

parenting skills 

Little confidence in parenting skills and/or parents with problems with 

parenting according to triple P multilevel program with level 3 or higher 

First 

Environmental stressors Long hospital admittance child Last 

Long hospital admittance sibling Last 

Expansion in the family by sister, brother or step-parent, step-brother or 

step-sister 

Last 

Move/migration Last 

Conflict outside of household Last 
aAll definitions of the determinants are binary (yes/no), information regarding developmental delay, incontinence, school 

problems including bullying, substance use, mental health problem (MHP) screening tools Strengths and difficulties 

questionnaire (SDQ) and short indicative questionnaire for psychosocial problems among adolescents (KIVPA), life events, 
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family MHPs and parental educational level was available from the period 2005-2015, information regarding the other 

predictors was available from the period 2010-2015. bEMOVO = a digital questionnaire of Dutch preventive youth 

healthcare (PYH) to monitor the health and well-being of second and fourth graders of secondary school(10). cStrengths and 

difficulties questionnaire (SDQ) = short screening questionnaire to screen for MHP in children 2-17 years old(11). dKIVPA 

= a short indicative questionnaire for psychosocial problems among adolescents(12). 
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Supplement table 4: Additional baseline characteristics  

 Children age 1-3 years  

N= 12,196 27831 

Children age 4-11 years  

N=  32,081 

Children age 12-19 years  

N= 18,829 

GP Characteristics % (n) Missings % (n) % (n) Missings % (n) % (n) Missings % (n) 

Perinatal morbidity 6.4 (785) NA 2.9 (923) NA 0.3 (62) NA 

Disabilities 0.9 (109) NA 1.2 (383) NA 1.0 (181) NA 

Somatic complaints**  25.2 (3078) NA 39.9 (12793) NA 53.0 (9986) NA 

  Tension headache*** 0.3 (33) NA 4.2 (1354) NA 9.8 (1847) NA 

  Migraine*** 0.0 (3) NA 0.4 (129) NA 2.4 (460) NA 

  Abdominal pain*** 4.0 (487) NA 15.5 (4961) NA 19.1 (3589) NA 

  Constipation*** 14.8 (1805) NA 17.1 (5501) NA 12.3 (2316) NA 

  Tiredness*** 1.6 (192) NA 5.9 (1877) NA 14.5 (2723) NA 

  Other somatic complaints*** 8.6 (1051) NA 13.5 (4317) NA 29.2 (5503) NA 

Academic problem 0.0 (1) NA 0.2 (51) NA 0.4 (68) NA 

Developmental problem 4.5 (545) NA 8.8 (2817) NA 4.1 (776) NA 

Difficult temperament 12.2 (1483) NA 4.8 (1546) NA 0.1 (19) NA 

       

PYH characteristics       

Premature 5.4 (654) 23.2 (2825) 3.5 (1117) 48.9 (15682) 1.4 (256) 79.7 (15010) 

Neonatal problems 7.4 (903) 43.0 (5241) 3.7 (1191) 26.4 (8465) 1.3 (251) 23.8 (4478) 

Non-spontaneous birth 18.7 (2281) 42.5 (5179) 12.7 (4071) 58.5 (18766) 4.4 (833) 82.8 (15598) 

Excessive crying 0.3 (31) 98.1 (11969) 0.4 (119) 98.5 (31606) 0.1 (10) 99.9 (18806) 

Sleeping problems 0.7 (82) 99.3 (12114) 1.0 (334) 64.5 (20679) 5.3 (1006) 29.6 (5566) 

Eating problem 0.0 (0) 100 (12196) 0.7 (240) 59.5 (19101) 1.5 (274) 25.9 (4868) 

Overweight 5.7 (693) 13.5 (1646) 9.7 (3110) 19.9 (6381) 14.9 (2810) 13.0 (2456) 

Underweight 15.3 (1867) 13.5 (1646) 13.1 (4199) 19.9 (6381) 9.0 (1690) 13.0 (2456) 

Negative weight perception 0.0 (0) 100 (12196) NA NA 3.7 (706) 96.3 (18123) 

Bullying/being bullied 0.3 (31) 93.9 (11457) 1.2 (377) 53.9 (17277) 5.2 (984) 23.6 (4448) 

Bad relationship with ≥1 parent NA NA NA NA 0.9 (167) 99.1 (18662) 

Low self-confidence/resilience 0.3 (34) 98.2 (11980) 0.9 (297) 63.6 (20398) 1.5 (290) 30.8 (5793) 

Self-harm NA NA 0.0 (0) 100.0 (32081) 1.1 (209) 98.9 (18620) 

Female genital mutilation 0.1 (15) 95.9 (11697) 0.0 (14) 97.5 (31287) 0.0 (1) 99.7 (18766) 

Unemployment/financial distress 

of the child 

0.0 (6) 95.6 (11664) 0.1 (30) 93.8 (30106) 0.1 (19) 95.3 (17940) 

Member of hobby/music club NA NA 99.6 (31937) 0.0 (0) 96.6 (18180) 0.0 (0) 

Insufficient physical exercise NA NA 0.7 (210) 89.0 (28544) 5.4 (1008) 68.8 (12958) 

Substance use NA NA 0.1 (20) 60.9 (19522) 8.9 (1685) 18.7 (3527) 

Energy drink consumption NA NA 0.0 (0) 100.0 (32081) 1.7 (316) 98.3 (18513) 

Poorly experienced health NA NA 0.0 (0) 99.9 (32058) 2.3 (426) 97.6 (18378) 

Total referral in past year 13.9 (1700) NA 10.2 (3273) NA 2.1 (392) NA 

Chronic illness parent 3.7 (453) 59.9 (7301) 4.6 (1464) 62.2 (19949) 1.9 (359) 81.7 (15377) 

Risk factor parents 9.1 (1112) 39.1 (4766) 12.7 (4066) 15.1 (4858) 12.5 (2356) 28.6 (5384) 

Non-traditional family 

composition 

3.2 (396) 42.5 (5188) 5.7 (1824) 38.1 (12219) 9.0 (1702) 47.3 (8911) 

Negative balance 4.3 (519) 32.3 (3934) 2.3 (738) 60.6 (19433) 0.1 (23) 99.0 (18829)  

Parental concerns about child NA NA NA NA 0.2 (30) 99.8 (18799)  

Little confidence in parenting 

skills 

0.4 (51) 64.0 (7811) 1.4 (465) 40.0 (12484) 1.1 (202) 29.2 (5498) 

Environmental stressors 6.3 (763) 88.3 (10769) 10.8 (3464) 77.0 (24702) 6.6 (1235) 82.0 (15441) 

Additional baseline characteristics: determinants without significant results in the analyses, or determinants with a 

prevalence < 1%.  

*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.  

GP = general practice, NA= not applicable, e.g. when determinant is not applicable for a specific age (e.g. member of 

hobby/music club in children age 1-3 year), or in case no missing (e.g. for extra PYH healthcare visit yes/no),  PYH = 

preventive youth healthcare. 
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