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Abstract	Comment by Author: We think confidence intervals have to be reported. We took out some other words in order to fit the 95% CIs in.
Aim: We examined the associations between prenatal, birth-related and newborn risk factors and attention deficit hyperactivity disorder (ADHD).
Methods: In this population-based study, 10,409 subjects diagnosed with ADHD by 31 December 2011 and 39,124 controls, born between 1 January 1991 and 31 December 2005, were identified from Finnish nationwide registers. Perinatal data were obtained from the Birth Register. Conditional logistic regression was used to examine the associations after controlling for confounders.
Results: Lower Apgar scores were associated with a higher risk of ADHD, with odds ratios of 1.12 (95% confidence intervals 1.06-1.19), for one-minute Apgar scores of 7-8, 1.17 (95 % CI 1.02-1.35) for scores of 5-6 and 1.41 (95 % CI 1.18-1.68) for scores of 0-4, compared to Apgar scores of 9-10. Elective Caesarean sections were associated with an increased risk of ADHD with an adjusted odds ratio of 1.15 (95% CI 1.05-1.26). Other identified risk factors were breech presentation, induced labour and admission to a neonatal intensive care unit. Low umbilical artery pH did not increase the risk of ADHD.
Conclusions: Elective Caesareans and perinatal adversities leading to lower Apgar scores increased the risk of ADHD. Future research to identify the mechanisms behind these findings are warranted.


Key Notes: 
· This population-based case-control study of 10,409 children with attention deficit hyperactivity disorder (ADHD) and 39,124 controls investigated perinatal risk factors associated with ADHD. 
· Low Apgar scores at one-minute, elective Caesarean sections, breech presentation, induced labour and the child being treated in a neonatal intensive care unit were associated with a higher risk of ADHD. 
· Low umbilical artery pH did not increase the risk of ADHD.
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INTRODUCTION
	Attention deficit hyperactivity disorder (ADHD) is a common neurodevelopmental disorder, which is estimated to affect approximately 3.4% of children worldwide (1) and persists into adulthood in some patients (2). ADHD is thought to be highly inheritable as twin studies yield heritability estimates of about 76% (3). In addition, several environmental factors increase the risk of ADHD. These include preterm birth and poor fetal growth (2,4), antenatal exposure to smoking (5) and alcohol (3) as well as young parental age (6). Therefore, gene-environment interplay seems to play an important role in the aetiology of the disorder (3). Previous population-based studies have examined perinatal risk factors and ADHD and have shown some discrepancies (6-8) possibly due to variations in adjusting for confounders, such as maternal mental health, smoking during pregnancy or substance abuse. Low Apgar scores (2,6,9), maternal preeclampsia (7,8) prenatal exposure to hypoxia and neonatal illnesses (7,10) have been reported to increase the risk of ADHD. There is a growing interest in the long-term consequences of birth by Caesarean section (C-section), as an association has been shown between C-sections and autism (11). However, the association between ADHD and C-sections has remained controversial (2,6,8,12). 
	Being exposed to hypoxia in utero has been suggested as one aetiological factor of ADHD. The umbilical artery pH is a measurement of the tissue oxygenation of the fetus and low pH values have been associated with considerable short-term morbidity (13). Small study cohorts have suggested that low umbilical pHs in newborn infants without abnormal neurological findings were not related to long-term neurological or behavioural problems (14). However, a Finnish cohort study reported an association between low umbilical artery pH and ADHD (15).
	The aim of our study was to examine any association between prenatal and perinatal risk factors and ADHD in a large, nationwide, case-control study, after controlling for wide range of confounding factors. Our hypothesis was that perinatal adversities would increase the risk of ADHD.
METHODS
Data sources
	This nested case-control study was based on the Finnish Prenatal study of ADHD and used data from three nationwide registries: the Finnish Hospital Discharge Register, the Finnish Medical Birth Register and the Finnish Central Population Register. All residents in Finland receive a personal identification code at birth or immigration, which enables information from different sources to be linked. The Finnish public healthcare system covers primary healthcare, including maternity and child welfare clinics, school healthcare and healthcare centres, as well as specialised healthcare provided as inpatient and outpatient hospital care. Children’s primary health care services in Finland are free of charge and virtually all paediatric inpatient care is provided by public hospitals. Children with suspected ADHD are referred by primary healthcare professionals to specialised outpatient clinics to be evaluated by a child psychiatrist or neurologist. 
	The Discharge Register includes inpatient diagnoses from all hospitals since 1967 and outpatient diagnoses from specialized public services since 1998. In Finland, diagnostic classifications are based on the International Classification of Diseases (ICD). The 10th Revision has been used since 1996 (16) and the 9th Revision was used from 1987 to 1995. The validity of the ADHD diagnoses in the Discharge Register was evaluated for a subsample of patients in a previous study and this showed that 88% of the patients who were examined met criteria for ADHD in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (17). 
	The Birth Register was established in 1987 and contains comprehensive data on all newborn infants in Finland, as well as information on maternal health-related behaviours, demographic characteristics and perinatal events. The Population Register contains basic information on citizens and permanent residents of Finland, such as their date of birth and death and family. Approval for the use and linkage of register data for this research was obtained from the Data Protection Ombudsman and the authorities responsible for the registers. Ethical approval for the study was provided by the Ethics Committee of the Hospital District of Southwest Finland.

Identifying cases and controls
	This study followed all singleton infants born in Finland between 1 January 1991 and 31 December 2005 for ADHD diagnoses - F90 in ICD-10 or 314 in ICD-9 - in the Discharge Register until 31 December 2011.We excluded 16 children who had received an ADHD diagnosis before the age of two years, but not after that and 13 children diagnosed with severe or profound mental retardation - F72-73 in ICD-10 or 318 in ICD-9 - were also excluded. A total of 10,409 children with ADHD were included in the study. The most recently registered diagnoses, which were all ICD-10 codes, were used for identification. Each case was matched with four controls based on their date of birth (±30 days), sex and place of birth. The controls were identified by linking the Discharge Register and the Population Register. The controls needed to be alive and residing in Finland at the date when the case was diagnosed with ADHD, but not have a diagnosis of ADHD, conduct disorder (F91-92 in ICD-10) or severe or profound mental retardation. This resulted in 39,124 controls.
Perinatal factors
	Data on perinatal factors were obtained from the Birth Register. Prematurity was not the primary focus of this study, as we have previously reported findings concerning gestational age and birth weight for gestational age from this study sample (4).
	The maternal factors that we examined included high blood pressure exceeding 140/90 and uterine bleeding, both of which were classified as binary variables. High maternal blood pressure included both chronic hypertension and pregnancy induced hypertension, including preeclampsia, and uterine bleeding was included if it required hospitalisation. Delivery related factors included the whether or not labour was induced, the mode of delivery and birth presentation. The mode of delivery was classified into five categories: vaginal cephalic, vaginal breech, vacuum or forceps assisted delivery, planned Caesareans and urgent or emergency Caesareans. Forceps were only used only in 0.1% of deliveries, whereas vacuum deliveries occurred in 5-7% of cases during the study period (18). The Caesarean section rate was 16% (18). For additional analyses in the subgroups by gestational age, we merged vaginal breech and vacuum or forceps assisted deliveries into one class due to the small numbers. Birth presentation was classified into three categories: cephalic, breech - including lower limb - or other, for example transverse, oblique or upper limb. 
	Apgar scores at one minute were classified as 0-4, 5-6, 7-8 or 9-10. The lowest category was enlarged to include scores of four, due to a small number of infants and based on earlier literature (9). For additional analyses in the subgroups by gestational age, Apgar scores of 0-6 were merged into one class due to the small numbers. Neonatal treatment was measured by admission to a neonatal intensive care unit (NICU) or monitoring.
	Umbilical artery pH was analysed as a continuous variable and measurements were available for 4,569 cases (43.9%) and 16,339 controls (41.8%). Measuring umbilical artery pH gradually became routine in Finland during the study period, with an increasing number of hospitals adopting its use. Two control outliers with a pH of 7.97 and 7.99, respectively, were excluded. This means that the umbilical artery pH measurements ranged between 6.62 and 7.63.
Confounding factors 	Comment by Author: We did not accept some of the suggestions in this paragraph, since they changed the meaning and accuracy of the classifications
	Potential confounding factors associating with perinatal risk factors and ADHD were identified from the literature and the data were obtained from the Birth Register and the Discharge Register. The confounding factors included gestational age (4), classified as less than 37 weeks or 37 weeks or more; weight for gestational age (4,19), classified as small for gestational age (SGA), appropriate for gestational age (AGA) and large for gestational age (LGA) according to national sex-specific growth curves (20) and the number of previous deliveries (21,22) categorised as either none or at least one. Maternal age (6,21) was classified as <20, 20–29, 30–39 and ≥40 years and maternal socioeconomic status (SES) was based on occupation, namely: upper white collar, lower white collar, blue collar workers, others such as students and housewives, or missing (23,24). We also looked at whether the mothers smoked or drank alcohol or abused substances during pregnancy (3,5,25) or had maternal psychiatric diagnoses (25).
	A combined six-category variable was created to include gestational age and weight for gestational age as one variable in the model: 1) preterm and SGA, 2) preterm and AGA, 3) preterm and LGA, 4) term and SGA, 5) term and AGA and 6) term and LGA.
	A psychiatric diagnosis was defined as one that was registered in the Discharge Register during the mother’s lifetime as a mental and behavioural disorder (ICD-10 F10-99, ICD-9 291-316 and ICD-8 291-309). However, it  We excluded disorders due to psychoactive substance use (ICD-10 F10-19, ICD-9 291, 292, 303, 304, 305 and ICD-8 291, 303, 304). Maternal alcohol or substance abuse was studied separately and was defined as having a diagnosis of mental and behavioural disorders due to psychoactive substance use (ICD-10 F10-19, ICD-9 291, 292, 303, 304, 305 and ICD-8 291, 303, 304).
Statistical methods
	Potential confounders were tested using Pearson’s chi-square test for an association with the perinatal risk factors among the controls. We used the Fisher’s exact test with the Monte Carlo method where applicable. Conditional logistic regressions were then used to test for the association between potential confounders and ADHD. Confounders were included in the regression models if they were associated with at least one of the perinatal exposures and the outcome at p <0.10.
	Conditional logistic regression models for matched strata were used to examine the risk differences between cases and controls. We analysed the risk factors between cases and controls in each matched strata. The original sample was matched with four controls per case. However, due to the exclusion of some controls, as previously explained, the ratio in the final analyses was slightly less than 1:4.
First, univariate analysis was used to estimate unadjusted odds ratios (OR) and 95% confidence intervals (95% CI) for the risk factors. After that, adjustment was made for the covariates. Based on the results of the adjusted model, the examined risk factors with statistically significant associations at the level of p <0.10 were entered into the final model. Corrections for multiple comparisons were not performed, since it was crucial to include every potential perinatal risk factor in the final model in order to investigate the association between the risk factor and ADHD. However, NICU admission was not included, as it represented a consequence of all perinatal adversities. For Apgar scores and the mode of delivery, additional analyses were run on subgroups stratified by gestational age, with the categories <32, 32-36 and ≥37 weeks. In the adjusted and final models, a two-sided p <0.05 was considered statistically significant. Statistical analyses were performed with SAS statistical software Version 9.4 (SAS Institute Inc, Cary, North Carolina, USA.) 
RESULTS
Bivariate testing for potential confounding factors demonstrated that maternal age, psychiatric history, substance abuse, smoking during pregnancy, socioeconomic scale, the number of previous births and the combined variables for gestational age and weight for gestational age were associated with perinatal risk factors and ADHD (Table 1). These variables were included as covariates in the final analyses.
	The perinatal risk factors associated with ADHD in the univariate analyses included: mother’s high blood pressure, uterine bleeding, breech presentation, induced labour, elective C-section, urgent or emergency C-section, low Apgar scores and NICU admission. After adjusting for the covariates, all these factors remained significant except mother’s high blood pressure and uterine bleeding. In the final model the remaining significant risk factors of ADHD were breech presentation, induced labour, elective C-section and low Apgar scores (Table 2).  
	The highest ORs for ADHD in the final model were low Apgar scores. The OR was 1.41 (95% CI 1.18-1.68) for Apgar scores of 0-4, 1.17 (95% CI 1.02-1.35) for Apgar scores of 5-6 and 1.12 (95% CI 1.06-1.19) for Apgar scores of 7-8 compared with Apgar scores of 9-10. This increasing trend of ORs for decreasing Apgar scores was consistently found in all groups stratified by gestational age (Table 3). 
	Birth by elective C-section showed an OR of 1.15 (95% CI 1.05-1.26) in the final model. Birth by urgent or emergency C-section showed an adjusted OR of 1.10 (95% CI 1.01-1.19), but became statistically insignificant in the final model. Breech presentation yielded an OR of 1.22 (95% CI 1.05-1.42) in the final model. Vaginal breech delivery did not show any significant associations. The mode of delivery by elective C-section consistently yielded the highest OR for ADHD within all groups stratified by gestational age. 
	Of the pregnancy-related factors, mother’s high blood pressure showed an OR of 1.22 (95% CI 1.10-1.35) in the univariate analysis, but the association only had borderline statistical significance in the adjusted analyses (adjusted OR 1.11, 95% CI 0.99-1.24) and was insignificant in the final model. Induced labour had an OR of 1.09 (95% CI 1.02-1.17) in the final model. NICU admission yielded an OR of 1.41 (95% CI 1.30-1.53) in the adjusted model. For the additional analyses, stratified by gestational age, mother’s blood pressure was insignificant in the final model, whereas birth presentation and induced labour remained significantly associated with ADHD.
	Umbilical artery pH was not associated with ADHD. In the analysis of pH as a continuous measure, the unadjusted OR for one unit change in pH was 0.71 (95% CI 0.46-1.08). The association also remained insignificant in the adjusted model (OR 0.71, 95% CI 0.45-1.13). 
DISCUSSION
	Several perinatal risk factors were associated with ADHD in this population-based study. The role of low Apgar scores as a risk factor for ADHD was confirmed. An intriguing finding was that a planned C-section was significantly associated with later ADHD. 
	Earlier literature examining perinatal risk factors for ADHD have yielded conflicting results concerning the mode of delivery, maternal preeclampsia and obstetric interventions (2,6-8). Many studies lack important confounding factors, such as maternal mental health status, smoking during pregnancy or substance abuse. Our study adds to the literature by addressing this gap by including a wide spectrum of confounding factors, such as prenatal exposures, gestational age and weight for gestational age, maternal mental health diagnoses and social background. 
	The finding on elective C-sections and ADHD is in line with a study on Swedish (12) and Norwegian data (2), but contrary to the results of a British (11) and another Swedish (6) study. An Australian study reported a significant association between elective C-sections and ADHD in their partially adjusted model, but found no association between all C-sections and ADHD in their final model (8). 
	The association between elective C-sections and ADHD can be explained by several potential mechanisms. Elective C-sections can be chosen because of medical or psychological reasons. Common medical reasons for an elective C-section include previous C-sections, cephalopelvic disproportion and breech presentation. Other reasons include the mother’s request for a C-section without medical indications. For some of these mothers, there might be underlying psychological trauma, fear, anxiety or undiagnosed ADHD leading to their decision (26), which could not be controlled for by adjusting for psychiatric diagnoses from specialised healthcare.
	Birth by C-section is known to affect the early life of a child, as it alters the microbial colonisation of the newborn infant (27), which has been associated with many illnesses, including autism (28). Delivery by elective C-section has also been shown to decrease success in breastfeeding (29) and a C-section is always performed under either local or general anesthesia. The effects of anaesthetic agents on the newborn infant’s brain are largely unknown. 
	The lowest Apgar scores yielded the highest risk for ADHD in this study, as in most other studies (2,7,9). Previous studies have examined the association of Apgar scores at five minutes and ADHD. Our study also showed that one-minute Apgar scores were associated with ADHD. One-minute Apgar scores reflect more prenatal wellbeing of the newborn infant compared to Apgar scores at five minutes, which also reflect the effectiveness of resuscitation. 
	Low Apgar scores were consistently associated with ADHD for all gestational age groups. However, prematurity was a stronger risk factor: the OR for ADHD was higher among preterm infants with the best Apgar scores than the OR for the term infants with the lowest Apgar scores. Similarly, the increase in the risk for ADHD in infants born by elective C-section was consistent for all gestational age groups, but prematurity exceeded the risk imposed by the mode of delivery.
	Interestingly, umbilical artery pH was not associated with ADHD, which was in line with a Dutch study that found no relationship between umbilical artery pH and ADHD symptoms by the age of four (14). However, this finding was in contrast to another study that found a 23% increased risk of ADHD among children born with an umbilical cord artery pH of less than 7.10 (15). A low umbilical artery pH indicates that the fetus is in a state of biochemical decompensation at the moment of birth (30). Despite the known inaccuracies of Apgar scores, they seem to be a better marker of the wellbeing of a newborn infant than just the pH value. Although it is widely acknowledged that a low umbilical artery pH increases the risk for short-term morbidity, it is likely that those who survive the neonatal period without major problems have a good outcome (13). In the light of our results, the pH value alone, without evaluation of the newborn infant’s clinical condition, does not seem to be a good predictor of a long-term outcome such as ADHD.
	A strong association was seen between NICU admission and later ADHD, which is not surprising as being admitted to a NICU is an indicator of neonatal morbidities that can affect fetal and infant brain development. The treatment provided in a NICU may include components that are noxious for the developing brain, such as neurotoxic medication, pain or discomfort and separation from the parents. We did not explore the reasons for NICU admissions or the length of stay. A Danish study showed that neonatal seizures, hypoglycaemia, pulmonary hypertension and sepsis were risk factors for ADHD (10). The association of NICU admission and ADHD has not been reported in previous population-based studies.
	Breech presentation was found to be a risk factor for ADHD, which was in line with an American study (7). This association may be explained by underlying factors for breech presentations, such as decreased fetal movements due to neurological abnormalities or the delivery itself, which may be more difficult. However, the association between vaginal breech delivery and ADHD was not statistically significant in our data. 
	The risk of ADHD was also associated with induced delivery similar to studies from Norway (2) and Australia (8). In addition, these two studies and an American study (7) identified preeclampsia as a risk factor for ADHD. In our study, maternal high blood pressure was associated with ADHD in the univariate analyses, but not in the final model.
Limitations
	Our study had a number of limitations. First, the ADHD diagnoses were derived from the Discharge Register and only partly validated by using standardised interviews. However, the validity of the ADHD diagnosis in the Discharge Register was evaluated for a subsample of ADHD patients and it showed good validity for the ADHD diagnoses in the register (17). Second, we were only able to use Apgar scores at one minute as five-minute Apgar scores were not registered during the whole study period. Third, the umbilical artery pH value was only available for about half of the study population. However, the measurements represented the whole study period and were missing for a similar proportion of cases and controls. In addition, the cases and controls were matched for the date and region of birth, which meant that each matched pair had the same possibility of having a pH measurement. The pH measurements were gathered for clinical purposes and may naturally contain measurement errors such as some venous samples mistakenly reported as arterial. An error like this would presumably affect both cases and controls in a similar way. Fourth, we based the adjustments for maternal psychiatric and substance abuse disorders on diagnoses from specialised public healthcare. Therefore, we could not control for disorders or personality traits treated in primary care or private clinics.

CONCLUSION
	We found associations between several perinatal risk factors such as elective C-section and low Apgar scores and later ADHD. The umbilical artery pH-value did not predict ADHD. The association between elective C-sections and ADHD could be explained by many potential mechanisms that warrant further research. 
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	Table 1 Covariates in relation to perinatal risk factors among controls and in relation to the risk of ADHD

	
	
	Associations of covariates and exposures among controls
	Association of covariate and ADHDc

	Covariates
	n (%)
	Maternal high blood pressurea
	Uterine bleedinga
	Birth presentationa
	Mode of deliverya
	Induced labora
	Apgar scoresa
	NICU treatmenta
	u-artery pHb
	

	Maternal age
	
	0.001
	0.008
	0.27
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	  < 20
	951 (2.4)
	
	
	
	
	
	
	
	
	

	  20-29
	19,934 (51.0)
	
	
	
	
	
	
	
	
	

	  30-39
	17,150 (43.8)
	
	
	
	
	
	
	
	
	

	  ≥40
	1,089 (2.8)
	
	
	
	
	
	
	
	
	

	Maternal psychiatric history
	
	0.86
	0.20
	0.17
	<0.001
	0.093
	0.18
	0.001
	0.24
	<0.001

	  No
	34,543 (88.3)
	
	
	
	
	
	
	
	
	

	  Yes
	4,581 (11.7)
	
	
	
	
	
	
	
	
	

	Maternal substance abuse
	
	0.077
	0.21
	0.60
	0.01
	0.34
	<0.001
	0.011
	0.39
	<0.001

	  No
	38,334 (98.0)
	
	
	
	
	
	
	
	
	

	  Yes
	790 (2.0)
	
	
	
	
	
	
	
	
	

	Number of previous births
	
	<0.001
	0.31
	<0.001
	<0.0001
	0.002
	<0.001
	<0.001
	<0.001
	<0.001

	  0
	15,910 (40.7)
	
	
	
	
	
	
	
	
	

	  ≥1
	23,214 (59.3)
	
	
	
	
	
	
	
	
	

	Maternal SES
	
	0.001
	0.48
	<0.001
	<0.0001
	0.46
	0.10
	0.027
	0.88
	<0.001

	  Upper white collar
	5,906 (15.1)
	
	
	
	
	
	
	
	
	

	  Lower white collar
	17,351 (44.4)
	
	
	
	
	
	
	
	
	

	  Blue collar workers
	6,876 (17.6)
	
	
	
	
	
	
	
	
	

	  Others or missing
	8,991 (23.0)
	
	
	
	
	
	
	
	
	

	Smoking during pregnancyd
	
	<0.001
	0.11
	0.43
	0.003
	0.72
	0.015
	0.23
	0.79
	<0.001

	  No
	32,093 (84.7)
	
	
	
	
	
	
	
	
	

	  Yes
	5,799 (15.3)
	
	
	
	
	
	
	
	
	

	Gestational age and weight for gestational agee
	
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	  Preterm and SGA
	176 (0.5)
	
	
	
	
	
	
	
	
	

	  Preterm and AGA
	1,439 (3.7)
	
	
	
	
	
	
	
	
	

	  Preterm and LGA
	125 (0.3)
	
	
	
	
	
	
	
	
	

	  Term and SGA
	905 (2.3)
	
	
	
	
	
	
	
	
	

	  Term and AGA
	34,929 (90.1)
	
	
	
	
	
	
	
	
	

	  Term and LGA
	1,199 (3.1)
	
	
	
	
	
	
	
	
	

	aAssociations of covariates and perinatal exposure among controls analysed by Pearson’s chi-square test
bUmbilical artery pH measurement available for 16,337 controls and 4,569 cases, calculated with Fisher’s exact test using the Monte Carlo method
cRelations between covariate and ADHD by conditional logistic regression in case-control pairs
dInformation missing for 1,232 controls and 290 cases, eInformation missing for 451 controls and 87 cases




	Table 2 Frequencies of ADHD cases and controls and ORs with 95% CIs for associations between perinatal risk factors and ADHD

	Exposures
	Cases, (%)
n=10409
	Controls, (%)
n=39124
	Unadjusted 
OR
	95 % CI
	p value
	Adjusted 
ORa
	95% CI
	p value
	Final Model 
ORb
	95% CI
	p value

	High blood pressure
	
	
	
	
	
	
	
	
	
	
	

	  No
	9,884 (95.1)
	37,342 (96.0)
	Ref.
	
	
	Ref.
	
	
	Ref.
	
	

	  Yes
	505 (4.9)
	1,561 (4.0)
	1.22
	1.10-1.35
	<0.001
	1.11
	0.99-1.24
	0.070
	1.08
	0.96-1.21
	0.20

	Uterine bleeding
	
	
	
	
	
	
	
	
	
	
	

	  No
	10,194 (98.1)
	38,282 (98.4)
	Ref.
	
	
	Ref.
	
	
	
	
	

	  Yes
	195 (1.9)
	621 (1.6)
	1.19
	1.004-1.40
	0.045
	1.068
	0.89-1.28
	0.48
	
	
	

	Birth presentation
	
	
	
	
	
	
	
	
	
	
	

	  Cephalic
	9,814 (94.5)
	36,944 (95.0)
	Ref.
	
	
	Ref.
	
	
	Ref.
	
	

	  Breech
	325 (3.1)
	930 (2.4)
	1.32
	1.16-1.50
	<0.001
	1.30
	1.13-1.49
	<0.001
	1.22
	1.05-1.42
	0.008

	  Other
	250 (2.4)
	1,029 (2.7)
	0.91
	0.79-1.05
	0.20
	0.89
	0.77-1.04
	0.14
	0.85
	0.73-0.99
	0.038

	Mode of delivery
	
	
	
	
	
	
	
	
	
	
	 

	  Vaginal cephalic
	7,776 (74.7)
	30,142 (77.0)
	Ref.
	
	
	Ref.
	
	
	Ref.
	
	

	  Vaginal breech
	35 (0.3)
	100 (0.3)
	1.33
	0.90-1.96
	0.15
	1.21
	0.80-1.84
	0.37
	1.01
	0.66-1.55
	0.97

	  Elective C-section
	840 (8.1)
	2,883 (7.4)
	1.13
	1.04-1.22
	0.003
	1.16
	1.06-1.26
	0.001
	1.15
	1.05-1.26
	0.003

	  Emergency / urgent C-section
	1,052 (10.1)
	3,259 (8.3)
	1.26
	1.17-1.35
	<0.001
	1.10
	1.01-1.19
	0.032
	1.07
	0.98-1.16
	0.14

	  Vacuum extraction / Forceps
	652 (6.3)
	2,393 (6.1)
	1.06
	0.97-1.16
	0.23
	1.07
	0.97-1.18
	0.18
	1.05
	0.95-1.15
	0.39

	  Unknown
	54 (0.5)
	347 (0.9)
	0.59
	0.44-0.79
	<0.001
	1.41
	0.65-3.08
	0.39
	1.40
	0.64-3.07
	0.40

	Induced labour
	
	
	
	
	
	
	
	
	
	
	

	  No
	8,736 (84.1)
	33,109 (85.1)
	Ref.
	
	
	Ref.
	
	
	Ref.
	
	

	  Yes
	1,653 (15.9)
	5,794 (14.9)
	1.08
	1.02-1.15
	0.011
	1.09
	1.02-1.16
	0.009
	1.09
	1.02-1.17
	0.008

	Apgar scores (1 min)
	
	
	
	
	
	
	
	
	
	
	

	  0-4
	228 (2.2)
	488 (1.3)
	1.85
	1.58-2.17
	<0.001
	1.43
	1.20-1.70
	<0.001
	1.41
	1.18-1.68
	<0.001

	  5-6
	333 (3.2) 
	961 (2.5)
	1.36
	1.20-1.55
	<0.001
	1.19
	1.03-1.36
	0.017
	1.17
	1.02-1.35
	0.026

	  7-8
	2,131 (20.6)
	7,193 (18.6)
	1.18
	1.11-1.25
	<0.001
	1.12
	1.05-1.19
	<0.001
	1.12
	1.06-1.19
	<0.001

	  9-10
	7,662 (74.0)
	30,119 (77.7)
	ref.
	
	
	Ref.
	
	
	Ref.
	
	

	Neonatal treatment
	
	
	
	
	
	
	
	
	
	
	

	  Normal
	9,066 (87.3)
	35,845 (92.1)
	Ref.
	
	
	Ref.
	
	
	
	
	

	  NICU / Monitoring
	1,323 (12.7)
	3,058 (7.9)
	1.73
	1.61-1.85
	<0.001
	1.41
	1.30-1.53
	<0.001
	
	
	

	Umbilical artery pH
	n=4,569
	n=16,337
	
	
	
	
	
	
	
	
	

	  Mean (SD)
	7.258 (0.087) 
	7.263 (0.086)
	0.71
	0.46-1.08
	0.11
	0.71
	0.45-1.13
	0.15
	
	
	

	  Range
	6.62-7.63
	6.62-7.60
	
	
	
	
	
	
	
	
	

	Abbreviation Ref. = Reference 
aAdjusted for gestational age and weight for gestational age, maternal age, psychiatric history, substance abuse, smoking, socioeconomic status and parity
bFinal model included mother’s blood pressure, birth presentation, mode of delivery, induced labour and Apgar scores and adjusted for covariates gestational age and weight for gestational age, maternal age, psychiatric history, substance abuse, smoking, socioeconomic status and parity


	Table 3 Frequencies of ADHD cases and controls and ORs with 95% CI for associations between Apgar scores and ADHD and the mode of delivery and ADHD stratified by gestational age

	
	Cases (%)
	Controls (%)
	Unadjusted OR
	95% CI
	p
value
	Adjusted ORa
	95% CI
	p value
	Final Model ORb
	95% CI
	 p value

	Apgar scores
	n=10,318
	n=38,648
	
	
	
	
	
	
	
	
	

	  <32 weeks
	
	
	
	
	
	
	
	
	
	
	

	    0-6
	101 (1.0)
	68 (0.2)
	5.88
	4.31-8.02
	<0.001
	4.52
	3.22-6.36
	<0.001
	4.33
	3.07-6.11
	<0.001

	    7-8
	64 (0.6)
	59 (0.2)
	4.43
	3.10-6.33
	<0.001
	3.69
	2.49-5.47
	<0.001
	3.49
	2.35-5.19
	<0.001

	    9-10
	32 (0.3)
	44 (0.1)
	2.95
	1.86-4.68
	<0.001
	2.68
	1.61-4.44
	<0.001
	2.63
	1.58-4.36
	<0.001

	  32-36 weeks
	
	
	
	
	
	
	
	
	
	
	

	    0-6
	71 (0.7)
	139 (0.4)
	2.06
	1.55-2.75
	<0.001
	1.64
	1.20-2.24
	0.002
	1.60
	1.17-2.19
	0.003

	    7-8
	163 (1.6)
	407 (1.1)
	1.62
	1.35-1.95
	<0.001
	1.42
	1.16-1.73
	<0.001
	1.40
	1.15-1.71
	0.001

	    9-10
	383 (3.7)
	1,019 (2.6)
	1.50
	1.33-1.69
	<0.001
	1.38
	1.22-1.58
	<0.001
	1.36
	1.20-1.55
	<0.001

	  ≥37 weeks
	
	
	
	
	
	
	
	
	
	
	

	    0-6
	377 (3.7)
	1,218 (3.2)
	1.23
	1.10-1.39
	<0.001
	1.16
	1.02-1.32
	0.02
	1.15
	1.01-1.31
	0.03

	    7-8
	1,879 (18.2)
	6,670 (17.3)
	1.14
	1.07-1.21
	<0.001
	1.11
	1.05-1.19
	<0.001
	1.12
	1.05-1.19
	<0.001

	    9-10
	7,248 (70.3)
	29,024 (75.1)
	Ref.
	
	
	Ref.
	
	
	Ref.
	
	

	Mode of delivery
	n=10,319
	n=38,665
	
	
	
	
	
	
	
	
	

	  <32 weeks
	
	
	
	
	
	
	
	
	
	
	

	    Elective C-section
	25 (0.2)
	19 (0.1)
	5.33
	2.90-9.80
	<0.001
	4.35
	2.24-8.45
	<0.001
	3.94
	2.00-7.77
	<0.001

	    Urgent/emergency C-section 
	98 (1.0)
	85 (0.2)
	4.55
	3.40--6.10
	<0.001
	3.69
	2.66-5.11
	<0.001
	3.37
	2.41-4.72
	<0.001

	    Vaginal assisted or breech
	5 (0.1)
	6 (0.0)
	3.39
	1.03-11.11
	0.04
	3.91
	1.08-14.11
	0.04
	3.09
	0.86-11.16
	0.08

	    Vaginal cephalic
	70 (0.7)
	64 (0.2)
	4.34
	3.08-6.12
	<0.001
	3.53
	2.43-5.15
	<0.001
	3.20
	2.19-4.68
	<0.001

	  32-36 weeks
	
	
	
	
	
	
	
	
	
	
	

	    Elective C-section 
	71 (0.7)
	136 (0.4)
	2.03
	1.52-2.71
	<0.001
	1.84
	1.34-2.52
	<0.001
	1.79
	1.31-2.45
	<0.001

	    Urgent/emergency  C-section 
	188 (1.8)
	377 (1.0)
	1.99
	1.66-2.37
	<0.001
	1.61
	1.33-1.96
	<0.001
	1.52
	1.25-1.85
	<0.001

	    Vaginal assisted or breech
	20 (0.2)
	70 (0.2)
	1.19
	0.72-1.96
	0.49
	1.31
	0.78-2.20
	0.32
	1.25
	0.74-2.11
	0.40

	    Vaginal cephalic
	338 (3.3)
	983 (2.5)
	1.35
	1.19-1.54
	<0.001
	1.27
	1.11-1.46
	<0.001
	1.25
	1.09-1.43
	0.001

	  ≥37 weeks
	
	
	
	
	
	
	
	
	
	
	

	    Elective C-section
	734 (7.1)
	2708 (7.0)
	1.07
	0.98-1.17
	0.11
	1.14
	1.04-1.24
	0.007
	1.14
	1.03-1.25
	0.009

	    Urgent/emergency C-section
	784 (7.6)
	2842 (7.4)
	1.10
	1.01-1.19
	0.03
	1.04
	0.95-1.14
	0.35
	1.03
	0.94-1.13
	0.56

	    Vaginal assisted or breech
	658 (6.4)
	2411 (6.2)
	1.08
	0.99-1.18
	0.10
	1.08
	0.98-1.19
	0.15
	1.05
	0.95-1.21
	0.35

	    Vaginal cephalic
	7,328 (71.0)
	2,8964 (74.9)
	Ref.
	
	
	Ref.
	
	
	Ref.
	
	


Abbreviation Ref. = Reference 
aAdjusted for weight for gestational age, maternal age, psychiatric history, substance abuse, smoking, socioeconomic status and the number of previous births
bFinal model included mother’s blood pressure, birth presentation, induced labour, mode of delivery and Apgar scores and adjusted for covariates weight for gestational age, maternal age, psychiatric history, substance abuse, smoking, socioeconomic status and the number of previous births





