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ONLINE SUPPLEMENT 
 
Method 
Participants and data collection The Avon Longitudinal Study of Parents and Children (ALSPAC) sample represents 85% of the eligible population during the recruitment period.  Of the initial 14,541 pregnancies in the ALSPAC sample, 14,062 were live births and 13,988 were alive at 1 year.21 Parents of children in the ALSPAC sample had a higher educational achievement at the age of 16, were less likely to be low income (6·2% v. 12·5%), and were more likely to be White (96·1% v. 86·5%) than in Britain as a whole.21,22    Self-administered maternal questionnaires began at the time of enrolment and continued throughout pregnancy, with detailed questions regarding demographics, mother’s and her partner’s medical and family history, diet, medication and drug use, psychosocial stressors, parenting views, and emergent medical conditions and pregnancy complications.  Questionnaires were supplemented by obstetric and paediatric medical data from the two major maternity hospitals in the region (comprising 94% of individuals).22 Postnatally, mothers completed questionnaires about themselves and their children’s development, environmental exposures and health outcomes approximately every 6 months from birth to age 7 and every year thereafter, with data available for 7152 children at ages 13–14.  Partners also completed questionnaires yearly.  Starting at age 6, children were invited to attend yearly clinics for direct clinical assessments. Teacher assessments and education records are also available for most individuals, as are biological samples, including serum and DNA. Complete questionnaire data are available at the ALSPAC website: www.bristol.ac.uk/alspac/sci-com/quests/.   
Tourette syndrome and chronic tic disorder diagnoses The ALSPAC questionnaires contain screening questions for recurrent tics at eight time points over 9 years (from ages 1.5 to 10), plus a more detailed set of questions about specific motor and vocal tics at age 13.2 Tourette syndrome and chronic tic disorder diagnoses were based on DSM-IV-TR criteria, and required the presence of definite or probable motor and vocal tics at age 13, occurring more than once a week, along with a positive endorsement of tics from at least one prior time point. Participants who had only repeated movements of the arms, hands, legs or feet or repeated words or phrases in the absence of other tic symptoms were excluded from case definitions to remove non-tic movements such as stereotypy or isolated echolalia. Because they are derived from maternal self-report, and were not validated by clinicians, Tourette syndrome and chronic tic disorder diagnoses are considered to 



be probable rather than definite. Individuals with intellectual disability (defined as verbal IQ ≤ 80) or autism based on medical and school record review or on neuropsychological testing were also excluded.2 Three-hundred-and-eighty-four children were excluded on the basis of intellectual disability or autism.    
Other tic symptoms Of the 6768 children remaining, 678 had some evidence of tics (primarily transient tics) that did not meet full criteria for Tourette syndrome or chronic tic disorder (see Scharf et al for further details).2 These children were excluded from the current analysis, resulting in a final sample of 122 children with either Tourette syndrome or chronic tic disorder, and 5968 controls without evidence of tics (Fig. DS1).  

 
Fig. DS1 Flow diagram for inclusion/exclusion of participants. CT, chronic tics; TS, Tourette syndrome. 
 
 
Predictor variables/exposures Diabetes in pregnancy was defined as either pre-existing diabetes, gestational glycosuria or gestational diabetes;23 hypertensive disorder of pregnancy also included documented proteinuria during pregnancy and pre-eclampsia.24,25 Total maternal weight gain was divided into adequate, less than adequate and more than adequate/recommended as defined by the Institute of Medicine.26 Because maternal weight gain was assessed using the earliest and the latest available weights, and varied by individual, predicted weight gain based on the predicted weight at delivery 



minus the predicted weight at 0 weeks gestation was examined. These values were obtained from a linear spline random effects model for weight change across pregnancy with knots at 18 and 28 weeks gestation.34 The correlation between actual measured weight gain and predicted weight gain was 0.93 (P<0.0001). Analyses were conducted both with predicted weight gain using all individuals and using predicted weight gain limited to individuals with nine or more measurements. In all cases, the results were similar, and analyses limited to individuals with at least nine measurements are reported here.  Method of delivery was divided into spontaneous vaginal vs. assisted delivery, including planned or emergent Caesarean section, forceps or suction delivery.  Socioeconomic status (SES) was measured as a composite variable (divided into tertiles) that included financial difficulties, home ownership, overcrowding, car ownership, access to a private yard or garden and damp, condensation or mould in the home at 33 months postnatally.27   
Analyses The goal of the analytic strategy was twofold: (1) to attempt to replicate the previously reported prenatal/perinatal risk factors for Tourette syndrome or Tourette syndrome/chronic tic disorder; and (2) To explore additional candidate risk factors available in the ALSPAC data-set.  To allow for comparison with previously reported data, each previously reported risk factor (confirmatory variable) was assessed first in an unadjusted univariable analysis and subsequently with adjustment for SES to provide a direct comparison between prior and current results.  For more comprehensive multivariable analyses, any candidate risk factor or confounder with P<0.10 was carried forward into subsequent analyses in order to retain potential confounders in the models as well as putative risk factors that might have attenuated associations prior to adjustment. Of note, although sequential analyses were performed, only variables with P<0.05 in the final global mutually adjusted model were considered putative Tourette syndrome/chronic tic disorder risk factors, with the highest confidence attributed to risk factors with similar magnitude and direction of effect between the two nested tic disorder phenotypes (Fig. DS2).      



 

Fig. DS2 Algorithm for retention of predictor variables from univariable to subsequent multivariable analyses. Of note, only predictor variables with P<0.05 in the final global model are considered putative Tourette syndrome (TS) or Tourette syndrome/chronic tic disorder (CT) risk factors. 
 
 
 
Treatment of co-linearity between predictor variables Paternal age and maternal age had a pairwise correlation of 0.66 (P<0.001). As a result, when paternal and maternal ages were included together in the multivariable analyses, the results were not interpretable. Similarly, maternal age and parity were found to be partially co-linear. However, maternal age was included in the global model as a potential confounder because of its relationship with maternal substance use (i.e. younger women are more likely to drink alcohol or use drugs than older women).28   
Power of the sample Power calculations were performed for representative variables of interest for both the Tourette syndrome and the Tourette syndrome/chronic tic disorder samples. With the given sample sizes (n=50 for Tourette syndrome; n=122 for Tourette syndrome/chronic tic disorder) and rates of maternal alcohol use during pregnancy in the control sample (~20%), the Tourette syndrome sample has over 80% power to detect an odds ratio (OR) of 2.4, whereas the Tourette syndrome/chronic tic disorder 



sample has over 80% power to detect an OR of 1.8 with P=0.05. For events that are rarer during pregnancy, such as maternal prenatal smoking, the power is substantially lower, and we are able to detect an OR of 5.2 with P=0.05 for the Tourette syndrome sample, and an OR of 3.5 for Tourette syndrome/chronic tic disorder.  We have 99% power to identify differences in birth weight of 200g or larger between Tourette syndrome/chronic tic disorder and controls, and 80% power for differences of 200g between Tourette syndrome and controls with the present sample.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table DS1 Relationship of TS or CT to previously reported associated pre-and perinatal exposures. TS=Tourette Syndrome. CT= Chronic Tics. 
NA=no cases had the exposure. Adjusted=adjusted for socioeconomic status. Only variables where unadjusted p-value<0·10 were carried forward 
and adjusted. See Table DS 2 for numbers, means, and percent of cases and controls for each exposure. Maternal and paternal age odds ratios are 
denoted as change per 10 years of mother’s or father’s age. 
 
 

 
TS only TS + CT 

Unadjusted Adjusted Unadjusted Adjusted 

Exposure 
Odds ratio 

(95%CI) p value 
Odds ratio 

(95%CI) p value Odds ratio (95% CI) p value 
Odds ratio 

(95%CI) p value 
Parental age 

Maternal age (per 10 yrs) 0·59 (0·32–1·10) 0·10 0·82 (0·42-1·60) 0·56 0·54 (0·36-0·81) 0·003 0·66 (0·43-1·02) 0·06 
Paternal age (per 10 yrs) 0·75 (0·39-1·46) 0·40 0·86 (0·44-1·67) 0·65 0·59 (0·38-0·92) 0·019 0·63 (0·40-0·98) 0·04 
Parental age difference 0·86 (0·38-1·98) 0·73   0·86 (0·51-1·47) 0·59   

Severe maternal nausea 
Hyperemesis  NA    NA    
Vomiting 1st trimester 1·11 (0·62-1·99) 0·72   0·98 (0·66-1·44) 0·92   
Medications for vomiting in 1st trimester 0·77 (0·18-3·19) 0·72   0·80 (0·32-1·97) 0·63   
Vomiting in 2nd trimester 1·06 (0·52-2·14) 0·88   1·16 (0·75-1·81) 0·50   
Medications for vomiting in 2nd trimester 1·76 (0·42-7·34) 0·78 1·76 (0·42-7·37) 0·44 2·20 (0·95-5·11) 0·07 2·31 (0·99-5·40) 0·05 
Vomiting in 3rdtrimester 0·74 (0·26-2·05) 0·56   0·86 (0·46-1·60) 0·63   

Maternal alcohol use  
1st trimester             

<1 unit per week 1·13 (0·61-2·09) 0·70   1·08 (0·72-1·60) 0·72   
≥1 unit per week 0·96 (0·41-2·28) 0·92   0·88 (0·50-1·56) 0·66   

Last 2 months of pregnancy             
≤2 units per week 0·72 (0·21-2·45) 0·60 0·80 (0·23-2·74) 0·72 0·55 (0·23-1·30) 0·17 0·62 (0·26-1·49) 0·29 
>2 units per week 2·27 (1·10-4·65) 0·03 2·44 (1·17-5·07) 0·02 1·47 (0·88-2·45) 0·14 1·60 (0·95-2·70) 0·08 

Maternal smoking during pregnancy 
1st trimester             

1-9 per day 2·02 (0·94-4·36) 0·07 2·10 (0·95-4·63) 0·07 1·55 (0·89-2·71) 0·12 1·42 (0·79-2·54) 0·24 
10+ per day 0·84 (0·26-2·75) 0·78 0·87 (0·26-2·90) 0·82 1·38 (0·75-2·55) 0·29 1·32 (0·70-2·48) 0·39 

Any smoking 1·46 (0·74-2·88) 0·27 1·52 (0·75-3·09) 0·24 1·48 (0·96-2·28) 0·08 1·37 (0·86-2·17) 0·18 
Last 2 months of pregnancy             

 1-9 per day 1·00 (0·31-3·27) 0·99 1·02 (0·31-3·35) 0·98 1·70 (0·92-3·14) 0·09 1·65 (0·89-3·07) 0·12 
 10+ per day 1·71 (0·67-4·36) 0·26 1·67 (0·64-4·39) 0·30 1·45 (0·75-2·80) 0·27 1·34 (0·68-2·64) 0·40 

Regular smoking 1·32 (0·61-2·83) 0·48 1·29 (0·59-2·83) 0·53 1·56 (0·97-2·50) 0·07 1·47 (0·90-2·39) 0·12 
Maternal caffeine use 

18 weeks             
1-14 cups per week 1·41 (0·75-2·64) 0·29   1·30 (0·87-1·96) 0·21   
15+ cups per week 1·05 (0·48-2·31) 0·90   1·03 (0·62-1·70) 0·92   



Any maternal smoking, caffeine, or alcohol use 
1st trimester 1·07 (0·59-1·92) 0·82   0·93 (0·63-1·36) 0·70   
3rd trimester 1·81 (1·01-3·26) 0·05 2·18 (1·17-4·06) 0·01 1·27 (0·86-1·86) 0·23 1·42 (0·95-2·12) 0·09 

Complications of delivery 

Assisted delivery 0·42 (0·18-1·00) 0·05 0·40 (0·16-1·03) 0·06 1·12 (0·74-1·69) 0·59 1·1 (0·76-1·81) 0·47 
Birthweight (g) 1·01 (0·95-1·08) 0·72   1·01 (0·97-1·06) 0·65   

Gestation <37 wks 0·38 (0·05-2·78) 0·34   0·80 (0·32-1·97) 0·63   

Apgar <7 at 5 min NA NA   1·74 (0·24-12·94) 0·59   



Table DS2 Numbers, means, and percents of controls, TS, and TS/CT for previously reported 
associated pre-and perinatal exposures. TS=Tourette Syndrome. CT= Chronic Tics.  

 TS only  TS + CT 

Exposure 
Controls, 

total N 
Controls, mean 
(SD) or N (%) 

Cases, 
total N 

Cases, mean 
(SD) or N (%) 

Cases, 
total N 

Cases, mean 
(SD) or N (%) 

Parental age 
Maternal age (per 10 yrs) 5714 29·2 (4·6) 49 28·1 (5·3) 120 28·0 (4·8) 
Paternal age (per 10 yrs) 3965 31·6 (5·4) 34 30·9 (6·8) 84 30·3 (6·1) 
Parental age difference 3965 2·3 (4·2) 34 2·1 (5·5) 84 2·1 (4·6) 

Severe maternal nausea 
Hyperemesis  5481 44 (0·8) 48 0 117 0 
Vomiting 1st trimester 5294 2115 (40) 47 20 (42·6) 109 43 (39·5) 
Medications for vomiting in 1st 
trimester 5606 299 (5·3) 48 2 (4·2) 116 5 (4·3) 
Vomiting in 2nd trimester 5464 1137 (20·8) 46 10 (21·7) 111 26 (23·4) 
Medications for vomiting in 2nd 
trimester 5437 140 (2·6) 45 2 (4·4) 109 6 (5·5) 
Vomiting in 3rdtrimester 5479 603 (11·0) 48 4 (8·3) 115 11 (9·6) 

Maternal alcohol use  
1st trimester 5595   48   116   

<1 unit per week   2267 (40·5)   21 (43·8)   50 (43·1) 
≥1 unit per week   888 (15·9)   7 (14·6)   16 (13·8) 

Last 2 months of pregnancy 3268   34   75   
≤2 units per week   488 (14·9)   3 (8·8)   6 (8·0) 
>2 units per week   672 (20·6)   13 (38·2)   22 (29·3) 

Maternal smoking during pregnancy 
1st trimester 5610   48   117   

1-9 per day   499 (8·9)   8 (16·7)   15 (12·8) 
10+ per day   448 (8·0)   3 (6·3)   12 (10·3) 

Any smoking 5610 947 (16·9) 48 11 (22·9) 117 27 (23·1) 
Last 2 months of pregnancy 5489   47   114   

 1-9 per day   365 (6·7)   3 (6·4)   12 (10·5) 
 10+ per day   358 (6·5)   5 (10·6)   10 (8·8) 

Regular smoking 5495 724 (13·2) 48 8 (16·7) 115 22 (19·1) 
Maternal caffeine use 

18 weeks 5594   48   116   
1-14 cups per week   1796 (32·1)   19 (39·6)   44 (37·9) 
15+ cups per week   1139 (20·4)   9 (18·8)   22 (19·0) 

Any maternal smoking, caffeine, or alcohol use 
1st trimester 5627 2022 (35·9) 48 18 (37·5) 117 40 (34·2) 
3rd trimester 5430 1985 (36·6) 45 23 (51·1) 109 46 (42·2) 

Complications of delivery 
Assisted delivery 5595 1409 (25·2) 48 6 (12·5) 117 32 (27·4) 

Birthweight (g) 5647 3428·9 (534·2) 48 
3456·0 
(440·4) 117 

3454·5 
(529·7) 

Gestation <37 wks 5714 295 (5·20 49 1 (2·0) 120 5 (4·2) 
Apgar <7 at 5 min 4960 28 (0·6) 44 0 (0) 102 1 (1·0) 



Table DS3 Numbers, means, and percents of controls, TS, and TS/CT for novel potential pre-
and perinatal exposures. TS=Tourette Syndrome. CT= Chronic Tics. PROM=premature 
rupture of membranes. Parity is defined as second born or later compared to first born as the 
reference category. ^predicted using spline models and adjusted for gestational age. 
  

 TS only TS + CT 

Exposure 
Controls, 

total N 

Controls, 
mean (SD) or 

N (%) 
Cases, 
total N 

Cases, mean 
(SD) or N (%) 

Cases, 
total N 

Cases, mean 
(SD) or N 

(%) 
Maternal fitness 

Pre-pregnancy weight (kg) 5294 61·5 (10·3) 47 62·7 (9·4) 111 62·3 (10·4) 
Existing diabetes 5564 44 (0·8) 48 1 (2·1) 117 2 (1·7) 

Maternal smoking before pregnancy 5627 1373 (24·4) 48 14 (29·2) 117 37 (31·6) 

Cannabis use before pregnancy 5397 199 (3·7) 47 4 (8·51) 113 6 (5·3) 
Parity (2ndor later born vs 1st born) 5557 2956 (53·2) 48 21 (43·8) 116 49 (42·2) 

Early pregnancy exposures 

Prior miscarriage/ stillborn 5581 1147 (20·6) 48 10 (20·8) 117 27 (23·1) 
Toxic exposures 

Influenza             
1st trimester 5294 448 (8·5) 47 4 (8·5) 109 8 (7·3) 

2nd trimester 5464 291 (5·3) 46 2 (4·4) 111 8 (7·2) 
3rd trimester 5479 234 (4·3) 48 3 (6·3) 115 6 (5·2) 

Anytime in pregnancy 5685 846 (14·9) 49 8 (16·3) 119 21 (17·7) 
Cannabis 1st trimester 5402 104 (1·9) 47 4 (8·5) 113 4 (3·5) 
Cannabis last 2 months of pregnancy 5102 77 (1·5) 45 4 (8·9) 110 5 (4·6) 
Any illegal drugs in pregnancy  5578 116 (2·1) 48 4 (8·3) 117 5 (4·3) 
Partner smoked at start of pregnancy 4363 1297 (29·7) 36 14 (38·9) 90 31 (34·4) 

Pregnancy complications 

Diabetes in pregnancy 5558 210 (3·8) 49 3 (6·1) 117 5 (4·3) 
Hypertensive disorder of pregnancy 5690 945 (16·6) 49 8 (16·3) 119 20 (16·8) 
Placental weight (g) adjusted by 
birthweight 2353 660·8 (145·0) 18 649·4 (132·8) 45 665·2 (115·6) 
Twin vs· singleton 5968 120 (2·0) 50 1 (2·0) 122 3 (2·4) 
Predicted weight gain^ 5038   44   104   

less than adequate   588 (11·7)   12 (27·3)   19 (18·3) 
more than adequate   2925 (58·1)   24 (54·6)   59 (56·7) 

Complications of delivery 

Inspired oxygen 5011 73 (1·5) 44 0 (0) 103 1 (1·0) 
Mechanical ventilation 5011 36 (0·7) 44 0 (0) 103 1 (1·0) 
Resuscitation 4965 385 (7·8) 44 1 (2·3) 102 9 (8·8) 
Preterm labor/PROM 5968 30 (0·5) 50 0 (0) 122 1 (0·8) 

 




