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Neurodevelopment measures in first years of life (0-3 years)
Motor milestones: At the clinical visit at 1 week of age, the parents received a registration form based on The Denver Development Index1 and World Health Organization milestones registration2. The parents registered dates of achievement for 13 predefined milestones. From a PCA analysis on milestones ratings, PC1 and PC2 explained 37% and 16% of the variance, respectively. PC1 was primarily driven by the late gross motor milestones ratings (crawling, walking, and standing) and PC2 by the early milestones ratings (smile, laugh, head lift, chest lift and sit with support)3. We titled PC2 the early milestones PC and PC1 the late milestones PC.

[bookmark: __UnoMark__1395_128149648][bookmark: __UnoMark__1546_128149648][bookmark: __UnoMark__1702_128149648][bookmark: __UnoMark__1867_128149648][bookmark: __UnoMark__2049_128149648][bookmark: __UnoMark__2861_128149648][bookmark: __UnoMark__3166_128149648][bookmark: ZOTERO_BREF_rht2CgqwK5p8]Language at 1 and 2 years: Parents filled the Danish version of The MacArthur Bates Communicative Developmental Inventory, a validated tool to assess lexical development by a standardized parent reporting system4. The count of active words at 1 and 2 years of age were used in this study, termed as word production. We also use data on the number of words in the longest pronounced sentence at 2 years. 

Cognition at 2.5 years: Cognitive development was assessed at the scheduled clinical visit at 2.5 years of age with the composite score of the third edition of the Bayley Scales of Infant and Toddler Development. The cognitive scale assesses play skills, information processing, memory and habituation skills, and reasoning abilities5. 

Behavioral and emotional problems at 2.5 years: We used the Test Observation Form for Ages 2 ̶ 18 (TOF), part of the Achenbach System of Empirically Based Assessment (ASEBA)6, a standardized objective rating form. The scoring was based on video recordings of Bayley Test and was scored by a research assistant who was not part of the cognitive evaluation. A selection of 14 study participants were also assessed by a psychologist with specialty in children and adolescents (JRMJ) demonstrating an intraclass correlation coefficient of 0.95. If video quality was insufficient the child was not scored on the TOF. The rating scale contains 125 items that describe children's behaviour, affect, and test-taking style during the Bayley test session. Examiners rate the child’s behaviour using a 4-point scale: 0 = no occurrence; 1 = very slight or ambiguous occurrence; 2 = definite occurrence with mild to moderate intensity/frequency; 3 = definite occurrence with severe intensity and high frequency. Validation analysis for the Danish version of the TOF is described in the eMethods section of supplementary.

General development at 3 years: Parents were asked to fill out The Ages and Stages Questionnaire (ASQ-3)7, The questions are divided into 5 different areas: Communication, problem solving, social-personal skills, gross and fine motor development. Each item was scored 10 for yes, 5 for sometimes, 0 for not yet. 

Psychopathological assessments at age 10
Categorical psychopathology: ADHD and autism 
Categorical psychopathology was assessed with the semi-structured clinical diagnostic interview Kiddie-Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime Version (K-SADS-PL)8. Inter-rater reliability on present symptoms was 88.5 %, 95% CI (92.6-93.0)9. Diagnoses were assigned according to the International Classification of Disorders 10th Revision (ICD-10)10. In the current cohort, ICD-10 diagnostic codes of ADHD include DF90.0, DF90.8, and DF98.8, and of autism DF84.0, DF84.5, and DF84.8. ADHD diagnoses were separated in combined presentation, ICD-10 diagnostic codes DF90.0 and DF90.8 and inattention presentation, DF98.8C. Children that received both an ADHD and autism diagnosis were included under each label.  

Dimensional psychopathology: ADHD and autistic traits
ADHD traits were assessed with the ADHD-RS completed by a parent. This scale is a 26-item questionnaire, where items 1-9 constitute the attention subscale, items 10-18 the hyperactivity/impulsivity subscale, and items 19-26 the oppositional behaviour subscale11. We used the score from 1-18 as the total score. The oppositional behaviour subscale was not used in this study. 
Autism traits were assessed with SRS-2, which is a 65-item rating scale for assessing social deficits, restricted interests and repetitive behaviours. Each item is rated on a scale of 0 (never true), 1 (sometimes true), 2 (often true) and 3 (always true)12. We used the total score in this study. 

Polygenic Risk Scores 
To calculate PRSs for ADHD and ASD, we utilized summary statistics from publicly accessible GWAS meta-analyses datasets. These included 38,691 individuals diagnosed with ADHD and 186,843 controls for the ADHD PRS13, and 18,381 ASD cases and 27,969 controls for the ASD PRS14. We employed the PRS-CS software package15. This tool uses a high-dimensional Bayesian regression model to regularize single-nucleotide polymorphism (SNP) effects via a continuous shrinkage prior. The input for PRS-CS included a linkage disequilibrium reference panel based on European samples from the 1000 Genomes Project, containing 1,120,697 autosomal SNPs, as well as imputed genotypes available from the COPSAC2010 cohort. We updated the effect sizes for each SNP using PLINK software16, and the aggregated SNP effects, i.e., the PRS, were scaled to generate the final score used in the analyses.

Demographic and perinatal factors
Information regarding demographic and perinatal characteristics was obtained at the first visits to the COPSAC research unit. Demographic factors included sex, maternal age at birth, highest maternal and paternal education (university, tradesman certificate, elementary school), household income at the trimester before birth, parents separated at any time up to age 10, and parity. Perinatal factors included gestational diabetes, pre-eclampsia, maternal smoking during pregnancy, gestational age, and delivery (caesarean section/vaginal birth). 

Results
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eTable 1: Results from logistic regression analysis between early life neurodevelopment measures and ADHD diagnosis at age 10. Abbreviations: OR: Odds Ratio. CI: Confidence Interval, N: sample size, PC: Principal Component, ASQ: Ages and Stages Questionnaire, TOF: Test Observation Form (Behavioral and emotional problems), Bayley Score (Cognitive functioning). 

[image: ]eTable 2: Results from linear regression analyses between early life neurodevelopment measures and ADHD traits (ADHD-RS) at age 10. Abbreviations: CI: Confidence Interval, N: sample size, PC: Principal Component, ASQ: Ages and Stages Questionnaire. TOF: Test Observation Form (Behavioural and emotional problems), Bayley Score (Cognitive functioning).


[image: ]eTable 3: Results from logistic regression analysis between early life neurodevelopment measures and autism diagnosis at age 10. Abbreviations: OR: Odds Ratio. CI: Confidence Interval, N: sample size, PC: Principal Component, ASQ: Ages and Stages Questionnaire, TOF: Test Observation Form (Behavioural and emotional problems), Bayley Score (Cognitive functioning).

[image: ] eTable 4: Results from linear regression analyses between early life neurodevelopment measures and autistic traits (SRS-2) at age 10. Abbreviations: CI: Confidence Interval, N: sample size, PC: Principal Component, ASQ: Ages and Stages Questionnaire. TOF: Test Observation Form (Behavioral and emotional problems), Bayley Score (Cognitive functioning).
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eTable 5: Associations between ADHD-PRS, neurodevelopment measures, ADHD traits (ADHD-RS) and ADHD diagnosis at age 10. Abbreviations: OR: Odds Ratio. CI: Confidence Interval, N: sample size, PC: Principal Component, ASQ: Ages and Stages Questionnaire, TOF: Test Observation Form (Behavioural and emotional problems), Bayley Score (Cognitive functioning).
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eTable 6: Associations between ASD-PRS, neurodevelopment measures, autistic traits (SRS-2) and autism diagnosis at age 10. Abbreviations: OR: Odds Ratio. CI: Confidence Interval, N: sample size, PC: Principal Component, ASQ: Ages and Stages Questionnaire, TOF: Test Observation Form (Behavioural and emotional problems), Bayley Score (Cognitive functioning).
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eFigure 1: Results from logistic regression analysis between neurodevelopmental measures across quartiles going from low (left) to high score (right) and their associations to ADHD diagnosis. Adjusted for confounders. A) word production at 2 years. B) length of longest sentence at 2 years. C) total gestures at 1 year. D) PC2 milestones. E) Bayley Score (Cognitive functioning). F) TOF: Test Observation Form (Behavioural and emotional problems). 














eMethods 

TOF validation. This questionnaire is composed of four empirically based subscales reflecting problems regarding withdrawn/depressed, language/thought problems, anxious, oppositional and attentional problems, two DSM oriented scales reflecting inattention and impulsivity-hyperactivity traits, two general broad scales reflecting internalizing and externalizing dimensions, and a total problems score6,17.

To test the psychometric properties of the Danish translation we applied a Cronbach alpha coefficient18 to measure all items internal consistency. Cronbach alpha >0.70 are considered as optimal consistency19. Results of the Cronbach alpha analysis on all items showed a coefficient of 0.96.
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NEURODEVELOPMENT

OR [95%CI] P-VALUE N OR [95%CI] P-VALUE N

Early milestones (PC2) 0.76[0.60;0.95]

0.016

531 0.73 [0.57;0.93]

0.013

518

Late milestones (PC1) 1.002 [0.87;1.14] 0.972 531 1.02 [0.88;1.17] 0.796 518

Word production 1 year (per SD) 0.98 [0.67;1.33] 0.893 327 1.01 [0.67;1.42] 0.962 320

Total gestures 1 year 0.946 [0.90;1.00]

0.037

327 0.93 [0.87;0.93]

0.015

320

Word production 2 year (per SD) 0.60 [0.43;0.83]

0.003

479 0.69 [0.48;0.95]

0.028

469

Length of longest sentence 2 year 0.68 [0.54;0.83]

<0.001

478 0.71 [0.56;0.88]

0.003

468

Bayley Score 0.96 [0.92;0.99]

0.008

551 0.96 [0.93;0.99]

0.025

538

TOF  1.04 [1.00;1.09]

0.039

315 1.05 [1.00;1.09]

0.034

306

ASQ communication 0.96 [0.91;1.02] 0.158 383 0.98 [0.93;1.05] 0.619 374

ASQ gross motor 1.02 [0.97;1.09] 0.482 383 1.02 [0.97;1.10] 0.458 374

ASQ fine motor 0.98 [0.95;1.01] 0.223 383 1 [0.97;1.04] 0.961 374

ASQ problem solving 0.97 [0.93;1.00]

0.049

383 0.98 [0.94;1.02] 0.312 374

ASQ social and personal skills 0.91 [0.86;0.96]

<0.001

383 0.95 [0.89;1.00] 0.068 374

ADHD DIAGNOSIS

adjusted    unadjusted
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NEURODEVELOPMENT

ESTIMATE [95%CI] P-VALUE N ESTIMATE [95%CI] P-VALUE N

Early milestones (PC2) -0.50 [-1.08;0.07] 0.088 525 -0.54 [-1.11;0.03] 0.065 512

Late milestones (PC1) -0.14 [-0.51;0.24] 0.475 525 -0.06 [-0.43;0.31] 0.748 512

Word production 1 year (per SD) 0.48 [-0.53;1.49] 0.352 323 0.47 [-0.52;1.45] 0.356 316

Total gestures 1 year -0.08 [-0.23;0.08] 0.328 323 -0.12 [-0.28;0.03] 0.118 316

Word production 2 year (per SD) -1.13 [-1.91;-0.34]

0.005

472 -0.75 [-1.53;0.04] 0.062 462

Length of longest sentence -0.96 [-1.45;-0.48]

<0.001

471 -0.63 [-1.12;-0.15]

0.011

461

Bayley Score -0.11 [-0.18;-0.04]

0.003

545 -0.07 [-0.14;0.00] 0.054 532

TOF 0.19 [0.07;0.30]

0.002

312 0.16 [0.04;0.28]

0.01

303

ASQ communication -0.09 [-0.25;0.07] 0.283 380 -0.01 [-0.17;0.15] 0.910 371

ASQ gross motor 0.08 [-0.07;0.22] 0.312 380 0.07 [-0.07;0.21] 0.330 371

ASQ fine motor -0.11 [-0.20;-0.02]

0.015

380 -0.05 [-0.14;0.04] 0.282 371

ASQ problem solving -0.15 [-0.26;-0.05]

0.006

380 -0.09 [-0.21;0.02] 0.095 371

ADHD-RS

unadjusted  adjusted


image3.emf
NEURODEVELOPMENT

OR [95%CI] P-VALUE N OR [95%CI] P-VALUE N

Early milestones (PC2) 0.84 [0.54;1.27] 0.43 531 0.659 518

Late milestones (PC1) 0.94 [0.71;1.22] 0.671 531 0.752 518

Word production 1 year (per SD) 0.66 [0.19;1.40] 0.402 327 0.337 320

Total gestures 1 year 0.93 [0.84;1.03] 0.173 327 0.89 [0.78;1.00] 0.056 320

Word production 2 year (per SD) 0.47 [0.22;0.88]

0.029

479 0.5 [0.23;0.96] 0.053 469

Length of longest sentence 2 year 0.84 [0.58;1.18] 0.34 478 0.87 [0.59;1.25] 0.462 468

Bayley Score 0.99 [0.93;1.04] 0.756 551 0.987 538

TOF 1.03 [0.95;1.10] 0.366 315 1.03 [0.95;1.11] 0.406 306

ASQ communication 0.98 [0.88;1.10] 0.674 383 0.99 [0.88;1.12] 0.871 374

ASQ gross motor 0.98 [0.91;1.09] 0.634 383 0.97 [0.89;1.09] 0.578 374

ASQ fine motor 0.99 [0.94;1.06] 0.745 383 1 [0.94;1.08] 0.894 374

ASQ problem solving 1.02 [0.95;1.13] 0.627 383 1.05 [0.96;1.17] 0.328 374

ASQ social and personal skills 0.92 [0.84;1.03] 0.118 383 0.95 [0.84;1.07] 0.352 374

0.95 [0.69;1.27]

0.6 [0.16;1.36]

AUTISM DIAGNOSIS

unadjusted adjusted

0.9 [0.57;1.39]

1 [0.95;1.06]
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NEURODEVELOPMENT

ESTIMATE [95%CI] P-VALUE N ESTIMATE [95%CI] P-VALUE N

Early milestones (PC2)  -0.72 [-1.89;0.45] 0.23 527 -0.6 [-1.78;0.59] 0.232 514

Late milestones (PC1) 0.14 [-0.62;0.90] 0.711 527 0.32 [-0.45;1.09] 0.417 514

Word production 1 year (per SD) -0.03 [-2.02;1.96] 0.978 324 -0.15 [2.18;1.87] 0.883 317

Total gestures 1 year -0.14 [0.45;0.16] 0.355 324 -0.22 [-0,54;0.10] 0.174 317

Word production 2 year (per SD) -3.02 [-4.60;-1.45]

<0.001

474 -2.83 [-4.45;-1.21]

<0.001

464

Length of longest sentence -2.3 [-3.28;-1.32]

<0.001

474 -1.99 [-3.01;-0.98]

<0.001

463

Bayley Score -0.25 [-0.40;-0.11]

<0.001

547 -0.2 [-0.34;-0.05]

0.008

534

TOF 0.37 [0.14;0.61]

0.002

313 0.38 [0.13;0.62]

0.003

304

ASQ communication -0.37 [-0.71;-0.04]

0.028

381 -0.27 [-0.61;0.07] 0.119 372

ASQ gross motor 0 [-0.30; 0.30] 0.999 381 0 [-0.29;0.30] 0.983 372

ASQ fine motor -0,13 [-0.31;0.06] 0.184 381 -0,04 [-0.23;0.15] 0.677 372

ASQ problem solving -0.15 [-0.37;0.07] 0.192 381 -0.08 [-0.31;0.15] 0.486 372

ASQ social and personal skills -0.6 [-0.93;-0.27]

<0.001

381 -0.44 [-0.79;-0,10]

0.012

372

SRS-2

unadjusted  adjusted
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NEURODEVELOPMENT

ESTIMATE [95%CI] P-VALUE N ESTIMATE [95%CI] P-VALUE N

Early milestones (PC2) 0  [-0.12;0.11] 0.970 482 0.01 [-0.11;0.12] 0.905 471

Late milestones (PC1)  -0.2 [-0.38;-0.03]

0.024

482 -0.17 [-0.35;0.01] 0.061 471

Word production 1 year (per SD) 0.11 [-0.01;0.22] 0.069 300 0.08 [-0.04;0.20] 0.187 294

Total gestures 1 year 0.71 [-0.03;1.44] 0.059 300 0.36 [-0.37;1.09] 0.332 294

Word production 2 year (per SD) 0.03 [-0.07;0.12] 0.545 436 0.02 [-0.07;0.12] 0.631 428

Length of longest sentence 0.05 [-0.10;0.20] 0.532 498 0.06 [-0.09;0.21] 0.422 427

Bayley Score 0.49 [-0.37;1.36] 0.264 435 0.62 [-0.26;1.51] 0.631 487

TOF 0.74 [-0.16;1.63] 0.108 290 0.8 [-0.12;1.73] 0.09 283

ASQ communication -0.01 [-0.55;0.54] 0.980 350 0.04 [-0.51;0.59] 0.885 342

ASQ gross motor 0.31 [-0.32;0.94] 0.341 350 0.28 [-0.38;0.93] 0.412 342

ASQ fine motor -0.04 [-1.04;0.96] 0.935 350 0.12 [-0.88;1.12] 0.813 342

ASQ problem solving -0.55 [-1.37;0.27] 0.190 350 -0.47 [-1.28;0.35] 0.261 342

ASQ social and personal skills  -0.28 [-0.82;0.27] 0.318 350 -0.25 [-0.80;0.29] 0.363 342

PSYCHOPATHOLOGY 

ADHD-RS total score 1.84 [1.10;2.59]

<0.001

522 1.69 [0.95;2.42]

<0.001

509

DIAGNOGIS OR [95%CI] P-VALUE N OR [95%CI] P-VALUE N

ADHD 1.73 [1.31;2.31]

<0.001

528 1.76 [1.31;2,38]

<0.001

515

   Inattention presentation 1.32 [0.89;1.95] 0.163 528 1.26 [0.85;1.89] 0.261 515

   Combined presentation 2.04 (1.41;3.00]

<0.001

528 2.10 [1-43;3.17]

<0.001

515

                                              unadjusted adjusted 

ADHD POLYGENIC RISK SCORE
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NEURODEVELOPMENT

ESTIMATE [95%CI] P-VALUE N ESTIMATE [95%CI] P-VALUE N

Early milestones (PC2) 0 [-0.11;0.11] 0.986 482 -0.01 [-0.12;0.10] 0.869 471

Late milestones (PC1) -0.1 [-0.28;0.07] 0.234 482 -0.12 [-0.29;0.06] 0.189 471

Word production 1 year (per SD) -0.13 [-0.24;-0.01]

0.034

300 -0.12 [-0.24;-0.00]

0.043

294

Total gestures 1 year -1 [-1.74;-0.26]

0.009

300 -0.86 [-1.59;-0.13]

0.022

294

Word production 2 year (per SD) -0.02 [-0.11;0.07] 0.679 436 -0.01 [-0.10;0.08] 0.783 428

Bayley Score 0.27 [-0.56;1.09] 0.53 498 0.28 [-0.57;1.12] 0.523 487

TOF 0.72 [-0.10;1.53] 0.085 290 0.64 [-0.20;1.48] 0.136 283

Length of longest sentence -0.05 [-0.19;0.10] 0.53 435 -0.04 [-0.19;0.10] 0.549 427

ASQ communication 0.19 [-0.36;0.73] 0.503 350 0.17 [-0.39;0.73] 0.545 342

ASQ gross motor -0.3 [-0.93;0.34] 0.359 350 -0.29 [-0.96;0.37] 0.389 342

ASQ fine motor -0.9 [-1.90;0.10] 0.08 350 -0.68 [-1.70;0.33] 0.189 342

ASQ problem solving 0.58 [-0.25;1.40] 0.17 350 0.62 [-0.20;1.45] 0.141 342

ASQ social and personal skills  0.11 [-0.43;0.66] 0.681 350 0.11 [-0.45;0.66] 0.703 342

PSYCHOPATHOLOGY 

SRS-2 total score 1.73 [0.29;3.16]

0.019

523 1.9 [0.46;3.34]

0.01

510

DIAGNOSIS OR [95%CI] P-VALUE N OR [95%CI] P-VALUE N

Autism 1.45 [0.88;2.40] 0.146 528 1.58 [0.93;2.76] 0.097 515

unadjusted adjusted

ASD POLYGENIC RISK SCORE


