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Abstract

Background: Triptans are commonly used to treat migraine headaches, but data on the long-term safety of
these medications during pregnancy are sparse. Triptans have a biologically plausible mechanism for
effects on the fetal brain through binding to 5-HT-receptors, and previous studies show increased risks of

externalizing behavior problems in toddlers exposed to triptans during pregnancy

Methods: We included 3 784 children in the Norwegian Mother and Child Cohort Study, whose mothers
returned the 5-year-questionnaire and reported a history of migraine or triptan use; 353 (9.3%) mothers
reported use of triptans during pregnancy, 1509 (39.9%) reported migraine during pregnancy but no
triptan use, and 1922 (50.8%) had migraine prior to pregnancy only. We used linear and log-binomial
models with inverse probability weights to examine the association between prenatal triptan exposure and

internalizing and externalizing behavior, communication, and temperament in 5-year-old children.

Results: Triptan exposed children scored higher on the sociability trait than unexposed children of
mothers with migraine (B 1.66, 95% confidence interval [0.30, 3.02]). We found no other differences in

temperament, or increased risk of behavior or communication problems.

Conclusions: Contrary to results from previous studies in younger children, we found no increased risk of
externalizing behavior problems in 5-year-old children exposed to triptans in fetal life. Triptan exposed
children did have slightly more sociable temperaments, but the clinical meaning of this finding is

uncertain.

Keywords: pregnancy; triptans; neurodevelopment; behavior; child; MoBa
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Introduction

The reproductive safety of medications cannot be assured without considering long-term effects on the
child. Fetal neurodevelopment begins in pregnancy and continues into the first years of life. Childhood
symptoms of emotional and behavior problems are predictive of mental health problems in adolescence.?
Triptans, which are serotonin (5-HT1gp) agonists used to treat migraine, have a plausible mechanism for
effects on the fetal brain, as these receptors play important roles in the regulation of fetal development of
the central nervous system.®

Migraine affects approximately 20% of women of reproductive age,* and triptans are used by 15-25%
of pregnant women with migraine.>® Most previous studies on triptan safety in pregnancy have focused
on immediate pregnancy outcomes. A recent meta-analysis found no increased risk of malformations or
prematurity for triptan exposure in the first trimester and beyond, but a potential increased risk for
spontaneous abortion.” The meta-analysis did note an increased risk for malformations for women with
migraine who did not use triptans, suggesting that for immediate pregnancy outcomes, failing to treat
migraine may pose a greater risk to the child.” Women with migraine also have higher risk of
preeclampsia.® Although less effective than triptans, paracetamol is the recommended anti-migraine
treatment during pregnancy, but recent research suggests a possible link between long-term paracetamol
intake in pregnancy and childhood symptoms of neurodevelopmental problems®°, diagnosis of attention
deficit hyperactivity disorder (ADHD)!* and hyperkinetic disorder.°

We have previously investigated the association between prenatal triptan exposure and
neurodevelopment in children aged 18 months and 3 years, using parent-reported data from the
Norwegian Mother and Child Cohort Study (MoBa). We found an increased risk of externalizing
behavior in triptan-exposed children at 3 years, compared to migraine controls (RR 1.36, 95% CI [1.02,
1.81]), but no increased risk of internalizing behavior.’? The increased rates of externalizing behavior
were apparent already at 18 months.®® Other outcomes investigated were psychomotor, communication

and temperament problems at 3 years of age, none of which were associated with prenatal triptan
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exposure after adjusting for migraine severity.* The association between triptan exposure in pregnancy
and child neurodevelopment has not been examined in other studies.

Following these studies, our aim was to investigate the association between triptan exposure in
pregnancy and externalizing behavior, internalizing behavior, communication and temperament in 5-year-
old children in the MoBa, using psychometric instruments that are internationally recognized in the field

of psychology to assess these traits.

Methods

Population and data collection

This study used data from the Norwegian Mother and Child Cohort Study (MoBa), linked to the Medical
Birth Registry of Norway (MBRN) (Data Version 9, released November 2015). MoBa is a prospective
population-based pregnancy cohort study conducted by the Norwegian Institute of Public Health that
includes data on over 100 000 mother-child pairs.*®> All women in Norway who were pregnant between
1999 and 2008 received a postal invitation to participate prior to their routine ultrasound examination in
gestational week 17-18. The initial participation rate was 41%. Mothers younger than 25 years, those
living alone, mothers with more than two previous births, mothers with previous stillbirth, and smokers
were underrepresented; and mothers taking folate supplements and multivitamins were overrepresented.'®
Follow-up is conducted via questionnaires in pregnancy weeks 17, 22 and 30, and at child’s age 6 and 18
months, 3 and 5 years, and onward. Using each participant’s personal identification number, the MoBa
data is linked to the MBRN, which includes information on pregnancy, delivery, and the health of the
neonate for all births in Norway.*

For the current study, we required women to have completed the questionnaires with information on
medication exposure in pregnancy (Q1, Q3 and Q4), as well as the questionnaire at child age 5 years (Q5y).
A total of 90.7% of the women who originally consented completed Q1. Of those, 91.3% also completed Q3,

and 90.0% completed Q4. Q5y was returned by 45.7% of these women. As this study focused on
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neurodevelopment, we excluded infants not born alive. Women with undefined exposure (i.e. reported
migraine and indicated that a drug was taken, but not which drug) or with unknown triptan timing (reported
triptan use, but not whether it was used before or during pregnancy) were also excluded, as well as twins
and triplets. Women with unknown triptan timing during pregnancy were included. An overview of drop-
out and exclusion criteria is presented in Figure 1. The analytic sample consisted of 37 656 children whose
mothers completed Q5y, of which 2 697 (7.2%) had missing covariates and were excluded. In the remaining

complete case sample of 34 959 children, 3 784 (10.8%) of the mothers reported to have migraine.

Triptan exposure

Medication use in pregnancy was reported in Q1 (6 months pre-pregnancy and gestational weeks 0-13+),
Q3 (week 13-29+) and Q4 (week 30-end of pregnancy) for specific indications. Drug exposure was coded
in groups based on the Anatomical Therapeutic Chemical (ATC) Classification System.'® The exposed
group included children of women who reported use of triptans in pregnancy, defined as reporting of
ATC code NO2CC under any of the indications that were mentioned in the questionnaires, as triptans are
used exclusively for migraine. In the first questionnaire, women could report if they had migraine before
and/or during pregnancy. Based on this information, we defined two non-exposed comparison groups; (a)
children whose mothers reported migraine in pregnancy that were not treated with triptans, and (b)
children of mothers who reported migraine before pregnancy only, as shown in Figure 1. When studying
long-term outcomes such as neurodevelopment, triptan exposure during the entire pregnancy is

etiologically relevant.

Neurodevelopmental outcomes

The Child Behavior Checklist (CBCL) is a widely used method of identifying behavioral and emotional
problems in children. A short version was used in the MoBa.'® We included the externalizing domain
(consisting of the subscales ‘attention problems’ and ‘aggressive behavior’) and the internalizing domain
(consisting of the subscales ‘emotionally reactive’, ‘anxious/depressed’, and ‘somatic complaints’).

5
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Clinically significant externalizing behavior problems and internalizing behavior problems were defined
as T-scores of 63 or greater, as recommended.?

The Ages and Stages Questionnaire (ASQ) is a screening tool used to detect developmental delays in
five domains; however, the five-year questionnaire in the MoBa only includes the communication domain,
which has seven questions regarding the child’s language competence.?! Communication problems were
defined as children with T-scores of 65 or greater.?

The Emotionality Activity and Shyness Temperament Questionnaire (EAS) measures four temperament
traits: emotionality (the tendency to become emotionally aroused easily and intensely), activity (preferred
activity level), sociability (the tendency to prefer the presence of others to being alone) and shyness (the
tendency to be awkward and inhibited in new social situations).?® The short version used in the MoBa
includes 12 statements, three in each domain.?* As these are temperament traits, akin to normal
personality in adults, there is no recommended cut-off. Higher T-scores indicate children who are more
emotional, more active etc., relative to other children in the sample.

Additional information about scoring and items comprising the scales can be found in the

supplementary material.

Covariates

Potential confounders and risk factors for the outcomes were identified through literature review and
directed acyclic graphs (DAGs)? (Supplementary Figure 1). All covariates were categorized as presented
in Table 1. Information on maternal age at delivery, marital status, parity, pregnancy complications
(gestational diabetes and hypertensive disorders), child sex, birthweight, gestational age, and
malformations was obtained from the MBRN. Highest level of completed and ongoing education, body
mass index (BMI) before conception, folate intake before and during pregnancy (four weeks prior to
pregnancy and/or until week 12 in pregnancy), concomitant medication use, smoking habits, alcohol
intake, and symptoms of depression or anxiety were self-reported in the MoBa questionnaires. An

overview of the sources of the covariates can be found in Supplementary Figure 2.
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Symptoms of depression/anxiety were measured by a short version of the Hopkins Symptoms Checklist
(SCL-5)? twice during pregnancy, and mean scores at each time point were standardized. Alcohol intake
in pregnancy was classified as “No or minimal” (less than once per month), “Moderate” (once per month
to once per week) and “Frequent” (more than once per week). Relevant co-medications were the
following: analgesics in the ATC groups MO1A (NSAIDs), NO2BEOL1 (paracetamol), NO2A (opioids);
psychotropic drugs in ATC groups NO5A (antipsychotics), NO5BA (benzodiazepines), NO5CF
(benzodiazepine-like), NO6A (antidepressants), NO6BA (stimulants); and preventive migraine therapy in
groups NO6AA (tricyclic antidepressants), NO3A (antiepileptic’s), CO7A (beta blockers), CO9A (ACE-

inhibitors), C09C (All-blockers) and MO3AX (botulinum toxin).

Statistical analysis

We first determined the characteristics of women and children in the migraine sample, according to
exposure group. In order to account for differences in the characteristics of women using triptans in
pregnancy and those who did not, we used propensity score based methods with inverse probability of
treatment weights (IPTW).2” Using logistic regression, we calculated the probability of taking triptans in
pregnancy compared to () having migraine not treated with triptans, and (b) having migraine prior to
pregnancy only, conditional on age, parity, education, marital status, pre-pregnancy BMI, concomitant
medication use, mean SCL5-score, smoking, alcohol, folate intake, and child sex. We used the propensity
scores to calculate stabilized IPTW, and checked that the covariates were sufficiently balanced between
the exposed/unexposed groups; standardized differences less than 0.1 were considered acceptable.?” In
addition, stabilized inverse probability of censoring weights (IPCW) were estimated for each outcome in
order to account for dropout at 5 years, up-weighting the women who remain to represent similar women
who drop out.?® These weights included the same variables as in the IPTW models, except smoking and
alcohol, as models including these covariates resulted in extreme weights. We fit outcome models with
the combined weights (IPTW multiplied by IPCW), using negative log-binomial regression for
categorical outcomes (CBCL and ASQ), and linear regression for continuous outcomes (EAS). Robust

7
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variance estimation was applied to account for the weights.?” The outcome models included children with
complete outcome information, except for ASQ, where we also included those with one missing item out
of the seven included in the communication scale. We conducted an a-priori sample size analysis in order
to estimate detectable effect sizes, as described more detailed in the supplementary material.

We performed several sensitivity analyses. First, we repeated our main analysis in children whose
mothers did not use paracetamol during pregnancy, in order to address potential residual confounding by
paracetamol exposure. Second, we used probabilistic bias analysis to quantify the potential impact of
selection bias from loss to follow-up.?® We estimated associations between loss to follow-up and
externalizing behavior problems by using selection proportions that we considered reasonable based on
data at 3 years. For the probabilistic analysis we used a trapezoidal distribution of the selection odds ratios
with 10 000 simulations. Third, we did an analysis comparing the two unexposed groups (children of
women with migraine during pregnancy versus children of women with migraine prior to pregnancy only)
to look for differences in neurodevelopment related to active untreated migraine. Fourth, we modeled
externalizing and internalizing behaviors and communication as continuous outcomes in order to better be
able to pick up small but potentially meaningful differences in these outcomes.

Stata MP Version 14.1 was used in all analyses.

Results

Description of the study sample

Of the 3 784 women with migraine, 353 (9.3%) reported use of triptans during pregnancy, 1 509 (39.9%)
reported migraine in pregnancy but no use of triptans, and 1 922 (50.8%) had migraine before pregnancy
only. The most commonly used triptan was sumatriptan (Supplementary Table 1). Maternal and child
characteristics in the three groups before and after weighting are presented in Table 1. Women in the
exposed group were slightly older than women in the comparison groups , and they were more likely to

be first time mothers compared to women with migraine in pregnancy not treated with triptans, but less
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likely to be first time mothers compared to women with migraine prior to pregnancy only. There was little
difference in other socio-demographic factors. Women using triptans reported a low to moderate alcohol
intake in pregnancy more often than women in the comparison groups. They also used co-medications in
pregnancy more frequently (see also Supplementary Table 2). There was little difference in child
characteristics such as preterm birth and congenital malformations. After weighting, all covariates
included in the propensity scores were adequately balanced (Table 1). A comparison of the complete case
sample with the full cohort is given in Supplementary Table 3, including the amount of missingness for
each covariate. Responses to all items on the CBCL and EAS, and at least six out of seven items on the
ASQ communication scale, were available for over 96% of the children in the migraine sample. For ASQ,
10.5% were missing one item on the communication scale, and these children were included in the

analysis.

Neurodevelopmental outcomes

We found no increased risk of externalizing behavior problems associated with triptan exposure in fetal
life. In fact, we observed a lower risk of externalizing problems for triptan exposed children compared to
children of women with untreated migraine (RR 0.68, 95% CI [0.44, 1.05]) and children of women with
migraine prior to pregnancy only (RR 0.69, 95% CI [0.45, 1.07]), but the confidence intervals included 1
(Table 2). Children prenatally exposed to triptans scored higher on sociability traits than children of
mothers with migraine not treated with triptans (B 1.66, 95% CI [0.30, 3.02]), although the difference in
mean scores was small (T-score 51.0 vs. 49.6). This association was not observed for the comparison with
children of mothers with migraine prior to pregnancy only (Table 3). We found no differences for other
neurodevelopmental outcomes. We had limited power to detect relative risks between 0.5-1

(Supplementary Table 4).

Sensitivity analyses
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Sensitivity analyses excluding women who used paracetamol revealed similarities and differences to the
main analysis (Supplementary Table 7 and 8). Most estimates in the restricted sample fell within the 95%
confidence interval of the estimates from the main analysis, with the exception of sociability. An
additional analysis comparing the two comparison groups showed no differences in neurodevelopment
between children of women with migraine in pregnancy and children of women with migraine before
pregnancy only (results not shown). As a further analysis to quantify the sensitivity of our finding for
externalizing behavior problems to selection bias, we conducted a probabilistic bias analysis with
selection associations based on the results in Supplementary Table 6. We observed a corrected OR of 0.60
with a 95% confidence interval ranging from 0.46 to 0.89, compared to the conventional OR 0.67, 95%
Cl [0.43, 1.04]. When modeling externalizing and internalizing behaviors and communication as
continuous outcomes, we observed findings consistent with the results of the main analysis. In particular,
this analysis supported the trend towards a lower risk of externalizing problems observed in the main
analysis, as children exposed to triptans demonstrated slightly lower mean scores on the externalizing

behavior scale compared to children in both comparison groups (Supplementary Table 10).

Comment

Principal findings

In this study of 3 784 pregnant women with migraine and their children at 5 years of age, we found no
increased risk of behavior problems (internalizing and externalizing) or communication problems
following prenatal triptan exposure. Rather, the risk of externalizing behavior problems seemed to be
lower in the triptan exposed children. Triptan exposed children also scored higher on the sociability trait
compared to unexposed children whose mothers had migraine during pregnancy, but not compared to
children whose mothers had migraine prior to pregnancy only. We found no differences for other

temperament traits (activity, emotionality, and shyness).

10
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Interpretation

Sociability is part of a broader personality domain, extraversion, and persons with higher levels of
extraversion have lower risk of depression and anxiety disorders.®® Activation of the 5-HT:a receptor,
related to antidepressant and anxiolytic effects, is associated with increased sociability in rats,® but it is
unclear to what extent this impact on sociability extends to the 5-HT.g and 5-HTip receptors, wherein
triptans act as agonists. We observed higher sociability scores for triptan exposed children only when
compared to children whose mothers had migraine in pregnancy that were not treated with triptans. This
finding was not robust in the sensitivity analysis of the restricted sample of children not exposed to
paracetamol, and can therefore possibly be explained to some extent by residual confounding of
paracetamol exposure. Thus, taking triptans in pregnancy may positively impact sociability in children;
however, the clinical meaning of this finding is uncertain. Previous studies in younger children did not
find any increased/decreased risk of temperament problems associated with prenatal triptan exposure.**
Previous research based on MoBa data showed an increased risk of externalizing behavior problems in
3-year-old children,'? whereas we did not observe increased risks in 5-year-olds, rather a trend towards
lower risk, and there could be several reasons for the different findings. First, the observed differences at
three years may have resolved by age five, suggesting the triptan exposure results in early, but not
persistent, behavior problems. Second, 3-year-old children with externalizing problems were less likely
to be present at 5 years (53%) compared to 3-year-olds without problems (57%), and such problems could
be driving the observed loss to follow-up. We took several steps to overcome potential selection bias
arising from differential loss to follow-up, but we cannot rule out the possibility that this may explain the
different findings. However, according to our probabilistic bias analysis, selection bias would have to be
very strong in order to fully explain the results. The discrepancy in results could also be explained to
some extent by differences in exposure definition. We used non-exposed comparison groups that might be
more similar to the exposed group, and our study may therefore be better at accounting for underlying

migraine severity. Previous studies in younger children did not find any increased risk of internalizing

11



257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

behavior or communication problems associated with prenatal triptan exposure,'?* which is in line with

our findings in 5-year-olds.

Strengths of the study

This study has several important strengths. MoBa is one of the largest population-based cohorts
worldwide, following almost 40 000 pregnant women and their children until the age of 5. The
prospective design and long follow-up allowed us to investigate potential long-term effects of
medications in pregnancy, which is an important public health perspective given the increasing
prevalence and burden of neurodevelopmental and psychiatric disorders in children.323% Extensive
information on neurodevelopment made it possible to examine several relevant outcomes, using
established, well-validated psychometric instruments.®?*24 Furthermore, detailed information on a
variety of characteristics were available in MoBa, including maternal socio-demographic and life style
factors, mental health, and drug use, which are potential confounders for the relationship between triptan

use in pregnancy and later neurodevelopmental problems in the child.

Limitations of the data

There are also several limitations to consider. Firstly, selection bias arising from loss to follow-up is a
concern in MoBa as well as in other population-based cohort studies. Even though we used IPCW to up-
weight women who remain in the sample to represent similar women who drop out, we cannot rule out
that selection bias might have affected our results: there could be unknown or unmeasured predictors of
drop-out, such as migraine severity or genetic vulnerability. This should be kept in mind, along with the
fact that neurodevelopmental problems in themselves also could be driving drop-out, as discussed.
However, as shown in our probabilistic analysis, this is not likely to fully explain the findings. Secondly,
the relationship between triptans in pregnancy and neurodevelopment in the child may be confounded by
the underlying disease, and we do not have measures on migraine severity in MoBa. It is likely that those
women continuing triptans in pregnancy have more severe migraine than those who discontinue, and as
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migraine is heritable® and associated with behavioral problems in children®, our results may be subject to
residual confounding. We attempted to address this issue by having two different comparison groups,
reflecting different migraine severity. If confounding by migraine severity was present, we would expect
to see a stronger association for the triptans vs. migraine before pregnancy only group (less severe) than
for the triptans vs. migraine in pregnancy group (more severe). We observed no such trends, and a
sensitivity analysis comparing children in the two comparison groups showed no differences in
neurodevelopment. We do not have measures on migraine after birth, and it is possible that our findings
are related to differences in post-natal family environment. Besides, all outcomes are parent-reported, and
reporting might vary with severity of migraine. Reporting is also likely to vary with the outcome status of
the child. Further research should include more objective measures of neurodevelopment and preferably
neurobehavioral diagnoses in addition to symptoms. Third, we had limited power to detect small or
moderate effect sizes. This prevented us from examining specific triptans and trimesters. These

limitations should be kept in mind when interpreting the results from this study.

Conclusions

The current study adds to the literature on long-term effects of medications in pregnancy, and suggests
that triptans do not seem to have a negative impact on behavior problems, communication problems or
temperament at 5 years of age. These findings may assist patients and clinicians when assessing the

options for management of migraine during pregnancy.

Acknowledgements

GMH is funded by the Norwegian ExtraFoundation for Health and Rehabilitation through the Norwegian
Women’s Public Health Association. HN is funded through the European Research Council (ERC)
Starting Grant “DrugsInPregnancy” (grant no. 678033). MoBa is supported by the Norwegian Ministry of

Health and Care Services and the Ministry of Education and Research, NIH/NIEHS (contract noNO1-ES-

13



304

305

75558), NIH/NINDS (grant no.1 UO1 NS 047537-01 and grant no.2 UO1 NS 047537-06A1). We are

grateful to all the participating families in Norway who take part in this on-going cohort study.

14



306 References

307 1. Holtmann M, Buchmann AF, Esser G, Schmidt MH, Banaschewski T, Laucht M. The Child

308 Behavior Checklist-Dysregulation Profile predicts substance use, suicidality, and functional

309 impairment: a longitudinal analysis. Journal of Child Psychology and Psychiatry and Allied

310 Disciplines. 2011;52(2):139-147.

311 2. Mathyssek CM, Olino TM, Verhulst FC, van Oort FV. Childhood internalizing and externalizing
312 problems predict the onset of clinical panic attacks over adolescence: the TRAILS study. PloS
313 One. 2012;7(12):e51564.

314 3. Bonnin A, Torii M, Wang L, Rakic P, Levitt P. Serotonin modulates the response of embryonic
315 thalamocortical axons to netrin-1. Nature Neuroscience. 2007;10(5):588-597.

316 4. Stovner LJ, Zwart JA, Hagen K, Terwindt GM, Pascual J. Epidemiology of headache in Europe.

317 European Journal of Neurology. 2006;13(4):333-345.

318 5. Nezvalova-Henriksen K, Spigset O, Nordeng H. Maternal characteristics and migraine

319 pharmacotherapy during pregnancy: cross-sectional analysis of data from a large cohort study.
320 Cephalalgia. 2009;29(12):1267-1276.

321 6. Amundsen S, Ovrebo TG, Amble NM, Poole AC, Nordeng H. Use of antimigraine medications
322 and information needs during pregnancy and breastfeeding: a cross-sectional study among 401
323 Norwegian women. European Journal of Clinical Pharmacology. 2016;72(12):1525-1535.

324 7. Marchenko A, Etwel F, Olutunfese O, Nickel C, Koren G, Nulman I. Pregnancy outcome

325 following prenatal exposure to triptan medications: a meta-analysis. Headache. 2015;55(4):490-
326 501.

327 8. Williams MA, Peterlin BL, Gelaye B, Enquobahrie DA, Miller RS, Aurora SK. Trimester-

328 specific blood pressure levels and hypertensive disorders among pregnant migraineurs. Headache.
329 2011;51(10):1468-1482.

15



330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

10.

11.

12.

13.

14.

15.

16.

Brandlistuen RE, Ystrom E, Nulman I, Koren G, Nordeng H. Prenatal paracetamol exposure and
child neurodevelopment: a sibling-controlled cohort study. International Journal of Epidemiology.
2013;42(6):1702-1713.

Liew Z, Ritz B, Rebordosa C, Lee PC, Olsen J. Acetaminophen use during pregnancy, behavioral
problems, and hyperkinetic disorders. JAMA Pediatrics. 2014;168(4):313-320.

Ystrom E, Gustavson K, Brandlistuen RE, Knudsen GP, Magnus P, Susser E, et al. Prenatal
Exposure to Acetaminophen and Risk of ADHD. Pediatrics. 2017;140(5).

Wood ME, Lapane K, Frazier JA, Ystrom E, Mick EO, Nordeng H. Prenatal Triptan Exposure
and Internalising and Externalising Behaviour Problems in 3-Year-Old Children: Results from the
Norwegian Mother and Child Cohort Study. Paediatric and Perinatal Epidemiology.
2016;30(2):190-200.

Wood ME, Frazier JA, Nordeng HM, Lapane KL. Longitudinal changes in neurodevelopmental
outcomes between 18 and 36 months in children with prenatal triptan exposure: findings from the
Norwegian Mother and Child Cohort Study. BMJ Open. 2016;6(9):e011971.

Wood ME, Frazier JA, Nordeng HM, Lapane KL. Prenatal triptan exposure and parent-reported
early childhood neurodevelopmental outcomes: an application of propensity score calibration to
adjust for unmeasured confounding by migraine severity. Pharmacoepidemiology and Drug
Safety. 2016;25(5):493-502.

Magnus P, Birke C, Vejrup K, Haugan A, Alsaker E, Daltveit AK, et al. Cohort Profile Update:
The Norwegian Mother and Child Cohort Study (MoBa). International Journal of Epidemiology.
2016;45(2):382-388.

Nilsen RM, Vollset SE, Gjessing HK, Skjaerven R, Melve KK, Schreuder P, et al. Self-selection
and bias in a large prospective pregnancy cohort in Norway. Paediatric and Perinatal

Epidemiology. 2009;23(6):597-608.

16



354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Irgens LM. The Medical Birth Registry of Norway; a source for epidemiological and clinical
research. Scandinavian Journal of Rheumatology Supplement. 1998;107:105-108.

ATC/DDD index 2017 [Internet]. World Health Organization Collaborating Centre for Drugs

Statistics Methodology. [cited Sept 13 2017]. Available from:

http://www.whocc.no/atc ddd index/.

Novik TS. Validity of the Child Behaviour Checklist in a Norwegian sample. European Child
and Adolescent Psychiatry. 1999;8(4):247-254.

Achenbach TM, Ruffle TM. The Child Behavior Checklist and Related Forms for Assessing
Behavioral/Emotional Problems and Competencies. Pediatrics in Review. 2000;21(8):265-271.
Richter J, Janson H. A validation study of the Norwegian version of the Ages and Stages
Questionnaires. Acta Paediatrica. 2007;96(5):748-752.

Squires J, Bricker D, Potter L. Revision of a parent-completed development screening tool: Ages
and Stages Questionnaires. Journal of Pediatric Psychology. 1997;22(3):313-328.

Buss AH, Plomin R. Temperament: Early developing personality traits. Hillsdale, NJ: Lawrence
Erlbaum Associates, Inc; 1984.

Mathiesen KS, Tambs K. The EAS temperament questionnaire--factor structure, age trends,

reliability, and stability in a Norwegian sample. Journal of Child Psychology and Psychiatry and
Allied Disciplines. 1999;40(3):431-439.

Bandoli G, Palmsten K, Flores KF, Chambers CD. Constructing Causal Diagrams for Common

Perinatal Outcomes: Benefits, Limitations and Motivating Examples with Maternal
Antidepressant Use in Pregnancy. Paediatric and Perinatal Epidemiology. 2016;30(5):521-528.

Strand BH, Dalgard OS, Tambs K, Rognerud M. Measuring the mental health status of the

Norwegian population: a comparison of the instruments SCL-25, SCL-10, SCL-5 and MHI-5

(SF-36). Nord J Psychiatry. 2003;57(2):113-118.

17


http://www.whocc.no/atc_ddd_index/

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

27.

28.

29.

30.

31.

32.

33.

34.

35.

Austin PC. An Introduction to Propensity Score Methods for Reducing the Effects of
Confounding in Observational Studies. Multivariate Behavioral Research. 2011;46(3):399-424.
Cole SR, Hernan MA. Constructing inverse probability weights for marginal structural models.
American Journal of Epidemiology. 2008;168(6):656-664.

Lash TL, Fox MP, Fink AK. Applying Quantitative Bias Analysis to Epidemiologic Data. New
York: Springer; 20009.

Kotov R, Gamez W, Schmidt F, Watson D. Linking "big" personality traits to anxiety, depressive,
and substance use disorders: a meta-analysis. Psychological Bulletin. 2010;136(5):768-821.
Thompson MR, Callaghan PD, Hunt GE, Cornish JL, McGregor IS. A role for oxytocin and 5-

HT(1A) receptors in the prosocial effects of 3,4 methylenedioxymethamphetamine (“"ecstasy™).

Neuroscience. 2007;146(2):509-514.

Merikangas KR, Nakamura EF, Kessler RC. Epidemiology of mental disorders in children and
adolescents. Dialogues in Clinical Neuroscience. 2009;11(1):7-20.

Boyle CA, Boulet S, Schieve LA, Cohen RA, Blumberg SJ, Yeargin-Allsopp M, et al. Trends in
the Prevalence of Developmental Disabilities in US Children, 1997-2008. Pediatrics. 2011.

Cox HC, Lea RA, Bellis C, Nyholt DR, Dyer TD, Haupt LM, et al. Heritability and genome-wide

linkage analysis of migraine in the genetic isolate of Norfolk Island. Gene. 2012;494(1):119-123.

Arruda MA, Bigal ME. Migraine and behavior in children: influence of maternal headache

frequency. Journal of Headache and Pain. 2012;13(5):395-400.

18



400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

Figure legends

Figure 1. Overview of the study sample
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Undefined exposure n =484
Exposure timing unknown n =19
Q1 not returned n =10 293
Q3 not returned n =17 429
Q4 not returned n = 23 063

Total n =27 776

MBRN record
n=114 247

Live born singletons
n =109 644

Complete exposure data
n =381 868

Abortions and stillbirths n = 709
Multiple births n = 3948

Total n = 4603

Complete outcome data
n =37 656

Q5y not returned or all
outcome measures missing
n=144212

Missing data on confounders
n=2697

Complete case sample 5 years
n=34959

Migraine sample
n=3784
Triptans in pregnancy n = 353
Migraine in pregnancy (no triptans) n = 1509
Migraine prior to pregnancy only (no triptans) n = 1922




Table 1. Baseline characteristics before and after IPT weighting in exposed and unexposed groups

Triptans in pregnancy vs. Triptans in pregnancy vs.
Migraine in pregnancy, no triptans Migraine prior to pregnancy, no triptans

Before weighting After weighting? Before weighting After weighting?

Exp. Unexp. Exp. Unexp. Exp. Unexp. Exp. Unexp.
n=353 n=1509 n=353 n=1509 n=353 n=1922 n=353 n=1922

Maternal/pregnancy characteristics:

Age at time of delivery, mean 31.4 30.6° 30.8 30.8 31.4 30.40 30.7 30.6
Primiparous, % 52.1 45.3b 46.3 46.6 52.1 54.3b 54.2 54.3
Married/cohabiting, % 94.6 96.0 95.0 95.7 94.6 96.7b 95.6 96.3
College/university education, % 76.2 74.0 75.4 74.4 76.2 73.2 74.9 73.9
Pre-pregnancy BMI (kg/m2), mean 24.3 24.3 24.3 24.3 24.3 23.1 24.1 24.0
Folic acid supplement, % 87.0 87.2 86.6 87.1 87.0 86.2 86.5 86.3
Depression/anxiety symptoms¢, mean 0.08 0.07 0.08 0.07 0.08 0.04 0.05 0.04
Hypertensive disorderd, % 8.0 6.0 - - 8.0 6.9 - -
Gestational diabetes 9, % 0.9 1.0 - - 0.9 0.5 - -
Co-medications during pregnancy, %
NSAIDs 23.5 15.7 17.4 17.3 23.5 9.4b 13.2 12.5
Paracetamol 79.6 75.5 76.4 76.2 79.6 60.3b 66.8 63.6
Opioids 13.0 7.8b 9.0 8.8 13.0 2.4b 4.4 4.2
Preventive anti-migraine therapy 1.7 0.5b 0,8 0.8 1.7 0.1b 0.3 0.7
Psychotropic drugs 6.5 3.0b 3.8 3.7 6.5 3.4b 4.2 4.4
Smoking, %
No 84.4 89.3 80.7 80.0 84.4 78.5 79.3 78.6
Yes 4.8 5.5 5.1 5.5 4.8 4.8 5.8 4.8
Stopped 13.3 14.9 14.2 14.5 133 16.7 14.9 16.6
Alcohol intake, %
No or minimal 84.4 89.3b 89.4 88.5 84.4 89.2b 89.9 88.6
Low to moderate 14.4 9.9b 9.8 10.7 14.4 10.1° 10.3 10.7
Frequent 1.1 0.8 0.9 0.9 1.1 0.7 0.7 0.7
Child characteristics:
Boy, % 50.1 47.0 46.2 47.4 50.1 53.1 51.6 53.0
Preterm (<37 weeks)d, % 34 4.2 - - 34 4.5 - -
Low birthweight (<2500 g)9, % 2.0 2.1 - - 2.0 3.0 - -
Congenital malformations 9, % 3.4 4.3 - - 3.4 4.8 - -

Exp=exposed; unexp=unexposed

3 |PT weights calculated as the inverse predicted probability of taking triptans vs. migraine in pregnancy and migraine prior to
pregnancy, respectively, conditional on the covariates indicated in the table.

b Standardized differences above 0.1

¢ Symptoms of depression/anxiety measured by the 5-item version of the Hopkins Symptoms Checklist (SCI-5), using
standardized mean of scores in Q1 and/or Q3

dNot included in IPT weighting based on DAG



Table 2. Associations of exposure to triptans in pregnancy with behavior and communication at 5 years of age

Total Number with Unadjusted Adjusted

number, n outcome, % of n RR (95% Cl) RR (95% Cl)
Child Behavior Checklist:
Externalizing problems
Triptans in pregnancy 340 7.4 0.69 (0.46, 1.04) 0.68 (0.44, 1.05)
Migraine in pregnancy 1457 10.6 1.00 (Reference) 1.00 (Reference)
Triptans in pregnancy 340 7.4 0.64 (0.43, 0.95) 0.69 (0.45, 1.07)
Migraine prior to pregnancy 1858 11.6 1.00 (Reference) 1.00 (Reference)
Internalizing problems
Triptans in pregnancy 343 12.2 1.07 (0.78, 1.47) 0.97 (0.68, 1.37)
Migraine in pregnancy 1482 11.4 1.00 (Reference) 1.00 (Reference)
Triptans in pregnancy 343 12.2 1.05(0.77,1.43) 0.92 (0.64, 1.31)
Migraine prior to pregnancy 1884 11.7 1.00 (Reference) 1.00 (Reference)
Ages and Stages Questionnaire:
Communication problems
Triptans in pregnancy 347 7.8 0.86 (0.58, 1.28) 0.77 (0.50, 1.18)
Migraine in pregnancy 1479 9.1 1.00 (Reference) 1.00 (Reference)
Triptans in pregnancy 347 7.8 1.05(0.71, 1.56) 0.95 (0.61, 1.50)
Migraine prior to pregnancy 1885 7.4 1.00 (Reference) 1.00 (Reference)

RR, relative risk; Cl, confidence interval. Comparison groups ‘Migraine in pregnancy’ and ‘Migraine prior to pregnancy’ included women without

use of triptans during pregnancy. Adjusted estimates are weighted according to IPTW multiplied by IPCW.



Table 3. Associations of exposure to triptans in pregnancy with temperament at 5 years of age

Total Mean Unadjusted Adjusted

number, n T-score (SD) B (95% Cl) B (95% Cl)
Emotionality, Activity and Shyness
Temperament Questionnaire:
Emotionality
Triptans in pregnancy 345 49.7 (9.9) -0.81(-1.98, 0.37) -1.02 (-2.33, 0.29)
Migraine in pregnancy 1483 50.5 (10.0) 0.00 (Reference) 0.00 (Reference)
Triptans in pregnancy 345 49.7 (9.9) -0.82 (-1.99, 0.34) -0.93 (-2.22, 0.42)
Migraine prior to pregnancy 1884 50.5(10.2) 0.00 (Reference) 0.00 (Reference)
Activity
Triptans in pregnancy 351 49.3 (10.2) -0.80 (-1.99, 0.38) -0.06 (-1.35, 1.23)
Migraine in pregnancy 1493 50.1(10.2) 0.00 (Reference) 0.00 (Reference)
Triptans in pregnancy 351 49.3 (10.2) -0.68 (-1.82, 0.47) 0.16 (-1.17, 1.49)
Migraine prior to pregnancy 1900 50.0 (10.0) 0.00 (Reference) 0.00 (Reference)
Shyness
Triptans in pregnancy 348 50.1(10.0) -0.39 (-1.57,0.79) -0.71 (-2.08, 0.65)
Migraine in pregnancy 1480 50.5(10.1) 0.00 (Reference) 0.00 (Reference)
Triptans in pregnancy 348 50.1(10.0) 0.22 (-0.92, 1.37) 0.02 (-1.27,1.32)
Migraine prior to pregnancy 1888 49.9 (10.0) 0.00 (Reference) 0.00 (Reference)
Sociability
Triptans in pregnancy 349 51.0(10.4) 1.34(0.12, 2.56) 1.66 (0.30, 3.02)
Migraine in pregnancy 1492 49.6 (10.5) 0.00 (Reference) 0.00 (Reference)
Triptans in pregnancy 349 51.0(10.4) 0.90 (-0.23, 2.04) 0.99 (-0.39, 2.37)
Migraine prior to pregnancy 1902 50.1(9.9) 0.00 (Reference) 0.00 (Reference)

SD, standard deviation; Cl, confidence interval. Comparison groups ‘Migraine in pregnancy’ and ‘Migraine prior to pregnancy’ include women

without use of triptans during pregnancy. Adjusted estimates are weighted according to IPTW multiplied by IPCW.



