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Abstract

Background Use of selective serotonin reuptake inhibitors (SSRIs) is increasing also in pregnant
women. Existing studies on in utero exposure to antidepressant drugs and long-term

neurodevelopmental outcomes are sparse.

Objectives To investigate if in utero exposure to antidepressant drugs is associated with an
increased risk of attention deficit hyperactivity disorder (ADHD).

Methods We conducted a nationwide cohort study. From the Danish Medical Birth Registry we
identified a cohort of singletons born alive from 1996 to 2009 with follow-up through 2010. ADHD
was defined as redemption of a prescription for ADHD medication or receipt of an ADHD hospital
diagnosis identified in national registries. The unique personal civil registration number assigned to
each Danish citizen permitted accurate linkage of the registries. We used Cox proportional-hazards
regression to compute adjusted hazard ratios (aHR), comparing exposed children and children born
by former users to unexposed children born by never users. To effectively control for confounding
from family-related factors we also conducted a within-mother between-pregnancy analysis using

conditional logistic regression.

Results We identified a cohort of 877,778 children. The aHR comparing children exposed to any
antidepressant in utero with children born to never users of antidepressants was 1.2 (95%
confidence interval (CI): 1.1-1.4). The aHR was 1.6 (95% CI: 1.5-1.8) when comparing children
born to former users with children born to never users of antidepressants. In the within-mother
between-pregnancy analysis (n=867) the adjusted odds ratio was 0.7 (95% CI. 0.4-1.4).

Conclusion Using a general population comparison cohort we only observed a marginally increased
risk of ADHD for children exposed to antidepressants in utero. Analyses based on a former user
design and sibling comparison, confirm that this study provide no evidence of an association

between in utero exposure to antidepressants and risk of ADHD.
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Introduction

Up to 13% of pregnant women experience depression (1), which untreated is associated with
unhealthy maternal behaviors such as poor diet, tobacco and alcohol use (2-4). In addition, studies
have found increased risk of poor birth outcomes in women with untreated depression, including
preterm birth and low birth weight (5). However, use of selective serotonin reuptake inhibitors
(SSRIs) during pregnancy has also been associated with adverse birth outcomes (6,7) as well as

teratogenic effects (8,9).

The serotonin transporter, which is blocked by SSRIs, is expressed transiently in many brain areas
during fetal life and serotonin plays a key role in neural development and maturation (10). In animal
studies early-life exposure to SSRIs or tricyclic antidepressive agents (TCAS) in rodents causes
behavioral changes (11,12). Attention deficit hyperactivity disorder (ADHD) is a common
neurodevelopmental disorder characterized by significant difficulties in impulsiveness, inattention
and hyperactivity (13). Its current prevalence is about 5% in children and the incidence is increasing
(14). Proposed risk factors include genetics, preterm birth, and prenatal exposure to smoking or

maternal stress (15-19).

Data on risk of ADHD following in utero exposure to antidepressants are sparse and limited by
short and incomplete follow up and lack of data on important potential confounders (20).

Evidence of an association between use of antidepressants during pregnancy and ADHD in the child
would have major public health implications. In this study we investigated if in utero exposure to
antidepressant drugs is associated with an increased risk of ADHD using nationwide Danish

medical registries with virtually complete long term follow-up.



Methods

Setting

The Danish healthcare system (5.5 million inhabitants and a yearly birth rate of approximately
60,000) provides tax-supported health services to all residents, guaranteeing access to primary and
secondary care free-of-charge. Except for emergencies, initial contact with the health care system is
through general practitioners, who either treat patients themselves or refer them to hospitals or

privately practicing specialists.

Study population and design

Using the Danish Medical Birth Registry (DMBR) we identified all singletons born alive from 1996
until the end of 2009. The DMBR contains computerized records of all deliveries in Denmark since
1973. Each record includes the civil registration number (CPR number), on the mother, father and
newborn as well as multiple variables on the birth, newborn and the mother. Data are collected by
the midwives or physicians overseeing the deliveries (21). The CPR number is a 10-digit number
assigned to each Danish citizen at birth and to residents upon immigration; it enabled accurate and

unambiguous linkage of all registries at the individual level (22).

Maternal antidepressant drug use

In utero exposure to antidepressants was defined as redemption of a prescription for an
antidepressant by the mother 30 days prior to or during pregnancy. Pregnancy was defined as
starting from the first day in the last menstrual period, detected in the DMBR. Maternal redemption
of prescription for an antidepressant was identified from the Danish Nationwide Prescription
Registry (DNPR) (23). Since January 1994 the registry has recorded the following information
whenever a prescription is redeemed in Denmark: CPR number of the patient, the medication
classification code (the anatomical therapeutic chemical (ATC) classification system, WHO), and
the date of dispensing. All antidepressant drugs, as well as drugs for ADHD, are available by

prescription only.



ADHD

Using the Danish Psychiatric Registry (PCRR) (24) and the Danish National Registry of Patients
(DNRP) (25) we identified all patients in the study population with inpatient or outpatient diagnoses
of ADHD. The PCRR contains computerized data on all admissions to psychiatric hospitals and
psychiatric wards in general hospitals in Denmark. Information on psychiatric outpatient clinic
visits was included in 1995. The DNRP has tracked all inpatients in Danish hospitals since 1977 and
outpatient clinic and emergency room visits at all public hospitals since 1995. Data recorded in the
DNRP and PCRR include patients” CPR numbers, dates of admission and discharge, and up to 20
discharge diagnoses from each admission, classified according to the 8" revision of the Danish
version of the International Classification of Diseases (ICD-8) until 1993, and the 10™ revision
thereafter (ICD-10).

Because of the long waiting lists in the public sector, diagnosing and treatment of ADHD is also
handled by private practicing psychiatrists and general practitioners in cooperation. These diagnoses
will not be present in the PCRR or DNRP. Therefore, we further defined ADHD as redemption of a
prescription for ADHD medication. Information on prescription redemption was obtained from the
DNPR (23).

Covariates

We identified potential risk factors for ADHD, which are potentially associated with use of
antidepressants. From the PCRR we obtained information on maternal and paternal psychiatric
diagnoses. From the DNRP and DNPR we obtained information on maternal epilepsy or infections
as well as use of anxiolytics/hypnotics/sedatives during pregnancy. From the MBR we obtained
information on maternal age at birth, gender of the child, the child’s birth order, maternal smoking
during pregnancy, maternal body mass index (BMI, only available from 2004 and onwards), and
marital status. From the MBR we also got information on the child’s gestational age, birth weight
and 5. min Apgar score. The latter are possible intermediary steps in a potential causal pathway
from in utero antidepressant exposure to ADHD. Because antidepressant use and ADHD prevalence

both increased between 1996 and 2010, we also adjusted for calendar time.



Statistical analyses

The children were followed from date of birth until the date of redemption on an ADHD
prescription, receipt of an ADHD diagnosis, emigration, death, or the end of follow-up on
December 31 2010, whichever came first. We compared children exposed to antidepressants in
utero, and also children of maternal former users, to unexposed children of never users. We used
Cox proportional-hazards regression to compute crude and adjusted hazard ratios (aHRs) with 95%
confidence intervals (Cls). BMI and marital status were adjusted for separately in sub analyses, as
BMI was only available from 2004 and onwards and marital status was incomplete registered. The

assumption of proportional hazards was graphically verified.

Further, we stratified by maternal history of depression to investigate if a history of depression
could underlie a possible association between in utero exposure to antidepressant and ADHD. We
also stratified by child’s birth weight, 5 min. Apgar score, and gestational age and by trimester.
First-trimester exposure was defined as redemption of a prescription by the mother 30 days prior to
beginning of pregnancy up to 12 weeks after beginning of pregnancy ; second-trimester exposure as
prescription redemption after 12 weeks until 28 weeks of pregnancy; and third-trimester exposure
as prescription redemption during the remainder of the pregnancy. If the mother redeemed more
than one prescription during pregnancy, the first redemption was used to determine trimester of
exposure. We did separate analyses according to type of antidepressant, i.e., SSRIs, serotonin-
norepinephrine reuptake inhibitors (SNRIs), TCAs, other antidepressants, and combinations of
antidepressants. For these subgroups we conducted analyses comparing exposed children to
children born by never users.

Finally, to further control for family-related factors such as genetics or socioeconomic status, we
conducted a within-mother between-pregnancy analysis. In this analysis we restricted to mothers of
more than one child and at least one exposed and one unexposed pregnancy. We then compared
exposed children to unexposed children using a conditional logistic regression model. We computed
adjusted odds ratios (ORs) with 95% Cls for receiving an ADHD diagnosis or redeeming a
prescription for ADHD medication. First we adjusted only for calendar time to be able to compare
this sibling analysis to the cohort analysis, which is a time-to-event analysis. Second we made full
adjustment. All statistical analyses were performed using SAS (version 9.2; SAS Institute Inc, Cary,
NC). The study was approved by the Danish Data Protection Agency (Record no. 2011-41-6465).
Codes used to define study variables are provided in the Appendices.



Results

We identified 877,778 singletons of whom 15,008 (1.7%) were exposed to antidepressants in utero

(Table 1). The most commonly used class was SSRIs , 78.1%. Median follow-up time was 8 years.

Maternal and paternal characteristics

The birth giving age was higher among antidepressant users than non-users. Maternal
antidepressant users were more frequently smoking during pregnancy, unmarried, had psychiatric
diagnosis other than depression, epilepsy or infections during pregnancy and more often used
anxiolytics/hypnotics/sedatives during pregnancy than non-users. Fathers of children born to
maternal users of antidepressants were also more likely to have a psychiatric diagnosis than fathers

to unexposed (Table 1).
Birth outcomes

Gender distribution was the same for exposed and unexposed children (51% male). Children
exposed in utero to antidepressants had a higher prevalence of low birth weight (3.7% vs. 2.1%),
low Apgar score (7 or under) at 5 min (2.6% vs. 1.2%), and were more often born prematurely
(15.4% vs. 8.6%) than unexposed children born by never users (Table 1),

Risk estimates

The aHR comparing children exposed to any antidepressant in utero with children born to never
users of antidepressants was 1.2 (95% CI: 1.1-1.4) (Table 3). The aHR was 1.6 (95% CI: 1.5-1.8)
when comparing children born to former users with children born to never users of antidepressants.
Adjusting for BMI and marital status in sub analyses did not change the estimates. In the within-
mother between-pregnancy analysis (n=867) the full adjusted odds ratio was 0.7 (95% CI: 0.4-1.4)
(Table 5).



Discussion

In our population based cohort analysis we found a marginally increased risk of ADHD among
children exposed in utero to antidepressant medication. However, additional analyses indicate that

factors other than antidepressant medications explains this increased risk.

Our results extend the findings of an American study of claims-based data from 38,074 families
concluding that children exposed to SSRIs were not at increased risk of ADHD (OR: 0.91, p = 0.74)
whereas those exposed to bupropion were at increased risk (OR: 3.63, p = 0.02), especially after
second-trimester exposure (20). Children were followed until the age of five years, and as ADHD is
often diagnosed in older children this study may have identified only the most severe cases of
ADHD. The study is also limited by lack of data on important potential confounders and incomplete

follow-up.

The strengths of our study include its large study population with long and virtually complete
follow-up. Also use of data from population-based databases in a setting of universal health care
practically eliminates the risk of recall and selection bias. Importantly, the within-mother between-
pregnancy analysis allowed us to effectively control for family-related factors as genetics and
socioeconomic status as possible confounders. The genetics as a confounder can be explained by
the high prevalence of co morbidity as depression in people with ADHD (26). It is therefore likely
that antidepressant drug use is overrepresented in women with ADHD compared to women without
ADHD. Further, the heritability of the disorder is estimated high (17), and maternal ADHD is
therefore a risk factor for ADHD in the child.

Our study also has limitations. We do not have data on actual antidepressant intake by the mother or
actual timing. Furthermore, ADHD is a difficult diagnosis to confirm. In Denmark the diagnosis is
made by a specialist in psychiatry or a neuro-paediatrician, though still it is a clinical diagnosis
based on subjective criteria and it has been debated if ADHD is over diagnosed. If misclassification
of the exposure is present in our study, it would be expected to be non-differential leading us to
underestimate an association. Misclassification of the outcome could on the other hand be
differential if children of mothers with a psychiatric diagnosis where more prone to be enrolled in

psychiatric regime leading us to overestimate the association.



The within-mother between-pregnancy analysis may also be limited by non-differential
misclassification of exposure which could lead us to underestimate an association. Our former user

analysis though cooperates no causal association.

Conclusion

Overall, we only observed a marginally increased risk of ADHD when exposed to antidepressants
in utero, but results in additional analyses suggested that any weak association observed was likely
caused by confounding. Thus, this large scale study with complete long term follow-up for ADHD
provide no evidence of an association between in utero exposure to antidepressants and risk of
ADHD.



Tables

Table 1. Descriptive data on maternal, paternal and infants baseline characteristics of 877,778
singleton births in Denmark during 1996-2009, according to maternal use of antidepressant drugs

during pregnancy.

Characteristic Exposed in Not exposed in Not exposed in Total
utero utero and bornto utero and born N (%)
N (%) former users to never users
N (%) N (%)
All births 15,008 (100) 45,978 (100) 816,792 (100) 877,778 (100)

Mothers age at birth

24 years of age or under 2,206 (14.7) 5,340 (11.6) 114,203 (14.0) 121,749 (13.9)

25 — 29 years of age 4,449 (29.6) 14,146 (30.7) 286,404 (35.1) 304,999 (34.8)

30 — 34 years of age 5,048 (33.6) 16,318 (35.5) 287,344 (35.2) 308,710 (35.2)

35 - 39 years of age 2,731 (18.2) 8,377 (18.2) 111,166 (13.6) 122,274 (14.0)
40 years of age or over 574 (3.9) 1,797 (3.9) 17,675 (2.2) 20,046 (2.3)
Birth order

First child 6,417 (42.8) 18,745 (40.8) 351,959 (43.1) 377,121 (43.0)

Second or more child 8,591 (57.2) 27,233 (59.2) 464,833 (57.0) 500,657 (57.0)

Smoking status

Non-smoker 9,424 (62.8) 31,797 (69.2) 637,561 (78.1) 678,782 (77.3)
Smoker 5,033 (33.5) 12,707 (27.6) 148,094 (18.1) 165,834 (18.9)
Missing data 551 (3.7) 1,447 (3.2) 31,137 (3.8) 33,162 (3.8)

Marital status

Married, civil partnership

4,049 (27.0) 13,164 (28.6) 360,924 (44.2) 378,137 (43.1)
Single, widow, divorced, or
annulled civil partnership 4,840 (3230) 14,280 (31.1) 295,762 (36.2) 314,882 (35.9)
Missing or dead 6,119 (40.8) 18,534 (40.3) 160,106 (19.6) 184,759 (21.1)



A history of maternal diagnosis

of depression

Maternal psychiatric diagnoses

other than depression

Paternal psychiatric diagnoses

Maternal diseases

Epilepsy

Infections during pregnancy

Maternal medication use during
pregnancy

Anxiolytics/hypnotives/sedatives

Maternal body mass index (BMI)

No BMI (before 2004)

Underweight (BMI: 15-18.4)

Normal weight (BMI: 18.5-24.9)

Overweight (BMI: 25-29.9)

Obese (BMI > 30)

< 15 or missing

Gender of the child

Female

Male

Calendar time at birth

3,987 (26.6)

4,136 (27.6)

1,823 (12.2)

6,998 (46.6)

315 (2.1)

6,838 (45,6)

1,764 (11.8)

4,681 (31.2)

537 (3.6)

5,217 (34.8)

2,166 (14.4)

1,635 (10.9)

772 (5.1)

7,233 (48.2)

7,775 (51.8)

5,176 (11.3)

8,659 (18.8)

4,700 (10.2)

20,298 (44.2)

909 (2.0)

19,829 (43.1)

1,354 (2.9)

13,748 (29.9)

1,788 (3.9)

17,452 (38.0)

6,332 (13.8)

4,244 (9.2)

2,414 (5.3)

22,216 (48.3)

23,762 (51.7)

2,064 (0.3)

28,247 (3.5)

45471 (5.6)

276,823 (33.9)

8,313 (1.0)

271,789 (33.3)

5,137 (0.6)

489,283 (60.0)

15,082 (L.9)

190,466 (23.3)

63,044 (7.7)

34,052 (4.2)

24,865 (3.0)

397,731 (48.7)

419,061 (51.3)

11,227 (1.3)

41,042 (4.7)

51,994 (5.9)

304,199 (34,7)

9,537 (1.1)

298,456 (34.0)

8,255 (0.9)

507,712 (57.8)

17,407 (2.0)

213,135 (24.3)

71,542 (8.2)

39,931 (4.6)

28,051 (3.2)

427,180 (48.7)

450,598 (51.3)



1996 - 2000

2001 - 2005

2006 - 2009

Birth weight of the child (gram)

1500-1999

2000-2499

2500-2999

3000-5500

Very low, very high or missing

Gestational age (weeks)

Extreme premature or very

premature, 19-31

Moderate premature, 32 - 37

Normal age at birth, 38 - 48

Too low or missing age at birth

Apgar score at 5 min.

Apgar score 7 or under

Apgar score over 7

Missing

2,000 (13.3)

5,294 (35.3)

7,714 (51.4)

163 (1.1)

549 (3.7)

2,164 (14.4)

11,924 (79.5)

208 (1.4)

150 (1.0)

2,303 (15.4)

12,482 (83.2)

73 (0.5)

385 (2.6)

14,463 (96.4)

160 (1.1)

5,542 (12.1)

16,706 (36.3)

23,730 (51.6)

418 (0.9)

1,259 (2.7)

5,511 (12.0)

38,189 (83.1)

601 (1.3)

388 (0.8)

5,140 (11.2)

40,272 (87.6)

178 (0.4)

610 (1.3)

44,938 (97.7)

430 (0.9)

314,467 (38.5)

287,077 (35.2)

215,248 (26.4)

5,629 (0.7)

17,444 (2.1)

81,730 (10.0)

700,553 (85.8)

11,436 (1.4)

5,193 (0.6)

70,517 (8.6)

735,496 (90.1)

5,586 (0.7)

10,135 (1.2)

796,921 (97.6)

9,736 (1.2)

322,009 (36.7)

309,077 (35.2)

246,692 (28.1)

6,210 (0.7)

19,252 (2.2)

89,405 (10.2)

750,666 (85.5)

12,245 (1.4)

5731 (0.7)

77,960 (8.9)

788,250 (89.8)

5,837 (0.7)

11,130 (1.3)

856,322 (97.6)

10,326 (1.2)
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Table 2. Overview of the exposed group of children according to class of antidepressant.

Class of Frequency Frequency, Cumulative frequency ~ Cumulative frequency,
antidepressant percent percent

SSRIs 11,721 78.1 11,721 78.1
SNRIs 763 5.08 12,484 83.18
TCAs 716 4.77 13,200 87.95
Other 604 4.02 13,804 91.98
Combined 1,204 8.02 15.008 100.00

SSRIs: Selective serotonin reuptake inhibitors. SNRIs: Serotonin-norepinephrine reuptake inhibitors. TCAs: Tricyclic

antidepressive agents.
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Table 3. Crude and adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for time to

redeeming a prescription for attention deficit hyperactivity disorder (ADHD) medication or

receiving the diagnosis of ADHD, comparing exposed children to unexposed children born to never

USErs.

Antidepressant drug

exposure in utero

Crude HR and (95% Cl),

comparing exposed children to

unexposed children born to never

Adjusted” HR and (95% Cl),
comparing exposed children to

unexposed children born to never

users users
Any 2.0 (1.7-2.3) 12(1.1-14)
First trimester exposure 20(1.7-24) 1.2(1.0-1.4)
Second trimester exposure 26((1.7-4.2) 1.5(0.9-2.4)
Third trimester exposure 1.3(0.6-3.2) 0.8 (0.3-2.0)
SSRI 2.1(1.8-24) 1.2 (1.0-15)
SNRI 1.2(0.5-3.3) 1.0 (0.4 -2.5)
TCA 1.8(1.1-3.0) 1.1 (0.6 —2.0)
Others 24(1.3-4.4) 1.6 (0.8 -3.0)
Combined use 1.9(1.1-3.4) 0.8(0.4-1.7)

SSRI: Selective serotonin reuptake inhibitor. SNRI: Serotonin-norepinephrine reuptake inhibitor. TCAs: Tricyclic

antidepressive agent.

“Adjusted for gender of the child, calendar time at birth, birth order, maternal age at birth, maternal smoking status,

maternal psychiatric diagnoses, paternal psychiatric diagnoses, maternal diseases during pregnancy (infections,

epilepsy), maternal medication (anxiolytics/hypnotics/sedatives) use during pregnancy.
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Table 4. Stratified crude and adjusted hazard ratios (HR) and 95% confidence intervals (CIs) for
time to redeeming a prescription for attention deficit hyperactivity disorder (ADHD) medication or
receiving the diagnosis of ADHD, comparing exposed children to unexposed children born to never

USErs.

Stratification variable Crude HR and (95% CI) Adjusted” HR and (95% ClI)

Prior maternal diagnosis of

depression
No 2.0 (L.7-24) 1.3 (1.1-1.5)
Yes 0.7 (0.5-1.1) 0.7 (0.4—1.1)
Birth weight
1500-1999 g 1.3(0.4-4.0) 0.6 (0.2-2.0)
2000-2499 g 1.9 (1.0-3.6) 0.8(04-1.7)
2500-2999 g 21(15-29) 1.2(0.8-1.7)
3000-5500 g 2.0(1.7-2.3) 1.3(1.1-15)
Very low, very high or 2.2(09-5.2) 1.3 (0.6-3.3)
missing
Apgar score at 5 min.
Under 7 1.2(0.4-3.2) 0.5(0.2—1.3)
7 or over 2.0 (1.8 -2.4) 1.3(1.1-1.5)
Missing 1.4 (0.3-5.5) 0.6 (0.1 2.5)
Gestational age (weeks)
Extremely premature/very 14 (0.4—4.4) 0.9(0.3-3.0)
premature, 29-31 weeks
Moderate premature, 32 - 37 1.7(1.2—-2.4) 1.0(0.7-14)
Normal gestation, 38 - 48 20(17-24) 13(11-15)
Too low or missing age at 11(0.2-7.0) 05(0.1-3.9)

birth

“Adjusted for gender of the child, calendar time at birth, birth order, maternal age at birth, maternal smoking status,
maternal psychiatric diagnoses, paternal psychiatric diagnoses, maternal diseases during pregnancy (infections and

epilepsy), maternal medicine (anxiolytics/hypnotics/sedatives) use during pregnancy.
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Table 5. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for a within-mother
between-pregnancy analysis on a subpopulation of N = 867 children, restricted to mothers who had
more than one child, with at least one exposed and at least one unexposed pregnancy. Children

exposed in utero to any antidepressant at any time in pregnancy are compared to unexposed

children.

Adjusted” OR and Adjusted” "OR and
(95% CI) (95% Cl)
0.8(05-12) 0.7 (04— 14)

“Adjusted for calendar time at birth

“Adjusted for calendar time at birth, gender of the child, birth order, maternal age at birth, maternal smoking status,
maternal psychiatric diagnoses, paternal psychiatric diagnoses, maternal diseases during pregnancy (infections and
epilepsy), maternal medicine use (anxiolytics/hypnotics/sedatives) during pregnancy.
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Appendices

Appendix 1. Anatomical therapeutic chemical classification codes (ATC codes) for antidepressant

drugs.
Class of antidepressant ~ Antidepressants ATC codes
All antidepressants NO6A
SSRIs Zimeldine, fluoxetine, citalopram, paroxetine, NO6AB
sertraline, alaproclate, fluvoxamine, etoperidone,
escitalopram
SNRIs Venlafaxine, milnacipran, duloxetine, NOBAX16 (NO6AA22); 17
desvenlafaxine (NO6AA24); 21; 23
TCAs Desipramine, imipramine, imipramine oxide, NOGAA
clomipramine, opipramol, trimipramine,
lofepramine, dibenzepin, amitriptyline,
nortriptyline, protriptyline, doxepin, iprindole,
melitracene, butriptyline, dosulepin (dothiepin),
amoxapine, dimetacrine, amineptin, maprotiline,
quinupramine
Other Isocarboxazid, nialamide, phenelzine, NOB6AF; NO6AG

tranylcypromine, iproniazid, iproclozide,
moclobemide, toloxatone, oxitriptan, tryptophan,
mianserin, nomifensine, trazodone, nefazodone,

minaprine, bifemelane, viloxazine, oxaflozane,

mirtazapine, bupropion, medifoxamine, tianeptine,

pivagabine, reboxetine, gepirone, agomelatine,

vilazodone, pericon

NO6AX01-12 (or NO7BA02);

13-15; 18-19; 22; 24-25

SSRIs: Selective serotonin reuptake inhibitors. SNRIs: Serotonin-norepinephrine reuptake inhibitors. TCAs: Tricyclic

antidepressive agents.
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Appendix 2. Anatomical therapeutic chemical classification codes (ATC codes) for attention deficit

hyperactivity disorder (ADHD) medications.

Class of ADHD medication ATC codes

All medication NO06B

Central effect Amphetamine, dextroamphetamine, NO6BA (or NO6BB01-03)
sympathomimetics methamphetamine, methylphenidate,

pemoline, fencamfamine, modafinil,
fenozolone, atomoxetine, fenethylline,

Xanthin derivates Coffein, propentofylline N06BC
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Appendix 3. Covariates listed with their categories, their International Classification of Diseases,

8th revision codes (ICD-8 codes), their International Classification of Diseases, 10th revision

(ICD-10 codes), or their anatomical therapeutic chemical classification codes (ATC codes).

Covariates

Categories and ICD-8, -10 or ATC codes

Mother’s age at birth
Birth order
Maternal smoking

Marital status

Maternal body mass index (BMI)
Maternal psychiatric diagnoses

Schizophrenia and related disorders

Alcohol-related disorders

Drug-related disorders

Affective disorders (depression not included)

Others (diagnoses for which antidepressant drug

treatment is indicated are not included)

Paternal psychiatric diagnoses

Schizophrenia and related disorders

Alcohol-related disorders

Drug-related disorders

<24; 25-29; 30-34; 35-39; >40 years of age

1, >2

Non-smoking, smoking

Married/civil partnership, single/ widow/ divorced/
annulled civil partnership

< 18.5; 18.5-24.9; 25-29,9; >30

ICD-8: 295; 297; 298 (excluded 29809); 299
ICD-10: F20-F29 (excluded F251)

ICD-8: 291; 303; 98009
ICD-10: F10

ICD-8: 29430; 29438; 29439; 304
ICD-10: F11-F16; F18 -19

ICD-8: 29619; 29639; 29689; 29699
ICD-10 codes: F30; F31; F34; F38; F39

ICD-8 codes: 290; 292-294 (excluded 29430; 29438;
29439) 300-302 (excluded 30009; 30039; 30049);
305-309 (excluded 30650).

ICD-10 codes : FO0-F09; F49; F51-F99

ICD-8: 295; 297; 298; 299

ICD-10: F20-F29

ICD-8: 291, 303; 98009
ICD-10: F10

ICD-8: 29430; 29438, 29439; 304
ICD-10: F11-F16; F18-19.
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Affective disorders

Others

Maternal diseases

Epilepsy
or use of antiepileptics

Urinary tract infections or pelvic inflammatory
disease during preghancy

Rubella during preghancy

Parvo virus during pregnancy
Other infections during pregnhancy

or use of antibiotics

Maternal medicine use during pregnancy

Anxiolytics/hypnotics/ sedatives

ICD-8: 296
ICD-10 codes: F30- F39

ICD-8 codes: 290; 292-294 (excluded 29430;
29438;29439); 300-302; 305-309
ICD-10 codes : FOO0-F09; F40-F99

ICD-8 code: 345
ICD-10 code: G40
ATC-code: NO3

ICD-10 code: 023

ICD-10 code: B06

ICD-10 code: B976

ICD-10 codes: A00-A99, BOO- B99 (excluded B58;
B06; B976)

ATC codes: JO1 (or GO4AB01-06; GO4AC;
JO1DAO01-19; 21-27; 30-42; 63)

ATC codes: NO5B; NO5C
(or ROBAEO8; NO5CGO01; NO5CM17)
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Appendix 4. Stratification variables. Their categories, their International Classification of Diseases,
8th revision codes (ICD-8 codes), and their International Classification of Diseases, 10th revision
(ICD-10 codes).

Possible intermediary variables Categories and ICD-8 or -10 codes
Birth weight <2000g; 2000-2499g; 2500-3000g; > 30009
Gestational age Extremely premature <28 weeks/very premature [28-

32 weeks], moderately premature [32-37 weeks],
normal >37 weeks

Apgar score at 5 min. Apgar <7, Apgar>7

Maternal history of depression ICD-8 code: 29809; 29609; 29629

ICD-10 codes: F251; F32; F33

19



References

(1) Bennett HA, Einarson A, Taddio A, Koren G, Einarson TR. Prevalence of depression during
pregnancy: systematic review. Obstet Gynecol 2004 Apr;103(4):698-709.

(2) Bennett HA, Einarson A, Taddio A, Koren G, Einarson TR. Depression during Pregnancy :
Overview of Clinical Factors. Clin Drug Investig 2004;24(3):157-179.

(3) Pajulo M, Savonlahti E, Sourander A, Helenius H, Piha J. Antenatal depression, substance
dependency and social support. J Affect Disord 2001 Jun;65(1):9-17.

(4) Zuckerman B, Amaro H, Bauchner H, Cabral H. Depressive symptoms during pregnancy:
relationship to poor health behaviors. Am J Obstet Gynecol 1989 May;160(5 Pt 1):1107-1111.

(5) Grote NK, Bridge JA, Gavin AR, Melville JL, lyengar S, Katon WJ. A meta-analysis of
depression during pregnancy and the risk of preterm birth, low birth weight, and intrauterine growth
restriction. Arch Gen Psychiatry 2010 Oct;67(10):1012-1024.

(6) Chambers CD, Johnson KA, Dick LM, Felix RJ, Jones KL. Birth outcomes in pregnant women
taking fluoxetine. N Engl J Med 1996 Oct 3;335(14):1010-1015.

(7) Wen SW, Yang Q, Garner P, Fraser W, Olatunbosun O, Nimrod C, et al. Selective serotonin
reuptake inhibitors and adverse pregnancy outcomes. Am J Obstet Gynecol 2006 Apr;194(4):961-
966.

(8) Pedersen LH, Henriksen TB, Vestergaard M, Olsen J, Bech BH. Selective serotonin reuptake
inhibitors in pregnancy and congenital malformations: population based cohort study. BMJ 2009
Sep 23;339:b3569.

(9) Chambers CD, Hernandez-Diaz S, Van Marter LJ, Werler MM, Louik C, Jones KL, et al.
Selective serotonin-reuptake inhibitors and risk of persistent pulmonary hypertension of the
newborn. N Engl J Med 2006 Feb 9;354(6):579-587.

(10) Homberg JR, Schubert D, Gaspar P. New perspectives on the neurodevelopmental effects of
SSRIs. Trends Pharmacol Sci 2010 Feb;31(2):60-65.

(11) Coleman FH, Christensen HD, Gonzalez CL, Rayburn WF. Behavioral changes in developing
mice after prenatal exposure to paroxetine (Paxil). Am J Obstet Gynecol 1999 Nov;181(5 Pt
1):1166-1171.

(12) Maciag D, Simpson KL, Coppinger D, Lu Y, Wang Y, Lin RC, et al. Neonatal antidepressant
exposure has lasting effects on behavior and serotonin circuitry. Neuropsychopharmacology 2006
Jan;31(1):47-57.

(13) WYD P. 2000; Available at: http://www.adhd.org.nz/ICD101.html. Accessed 02/15, 2013.

20



(14) Polanczyk G, de Lima MS, Horta BL, Biederman J, Rohde LA. The worldwide prevalence of
ADHD: a systematic review and metaregression analysis. Am J Psychiatry 2007 Jun;164(6):942-
948.

(15) Chu SM, Tsai MH, Hwang FM, Hsu JF, Huang HR, Huang YS. The relationship between
attention deficit hyperactivity disorder and premature infants in Taiwanese: a case control study.
BMC Psychiatry 2012 Jul 23;12:85.

(16) Polanska K, Jurewicz J, Hanke W. Exposure to environmental and lifestyle factors and
attention-deficit / hyperactivity disorder in children - A review of epidemiological studies. Int J
Occup Med Environ Health 2012 Oct 19.

(17) Faraone SV, Perlis RH, Doyle AE, Smoller JW, Goralnick JJ, Holmgren MA, et al. Molecular
genetics of attention-deficit/hyperactivity disorder. Biol Psychiatry 2005 Jun 1;57(11):1313-1323.

(18) Swanson JM, Kinsbourne M, Nigg J, Lanphear B, Stefanatos GA, Volkow N, et al. Etiologic
subtypes of attention-deficit/hyperactivity disorder: brain imaging, molecular genetic and
environmental factors and the dopamine hypothesis. Neuropsychol Rev 2007 Mar;17(1):39-59.

(19) Linnet KM, Dalsgaard S, Obel C, Wisborg K, Henriksen TB, Rodriguez A, et al. Maternal
lifestyle factors in pregnancy risk of attention deficit hyperactivity disorder and associated
behaviors: review of the current evidence. Am J Psychiatry 2003 Jun;160(6):1028-1040.

(20) Figueroa R. Use of antidepressants during pregnancy and risk of attention-deficit/hyperactivity
disorder in the offspring. J Dev Behav Pediatr 2010 Oct;31(8):641-648.

(21) Knudsen LB, Olsen J. The Danish Medical Birth Registry. Dan Med Bull 1998 Jun;45(3):320-
323.

(22) Pedersen CB. The Danish Civil Registration System. Scand J Public Health 2011 Jul;39(7
Suppl):22-25.

(23) Kildemoes HW, Sorensen HT, Hallas J. The Danish National Prescription Registry. Scand J
Public Health 2011 Jul;39(7 Suppl):38-41.

(24) Mors O, Perto GP, Mortensen PB. The Danish Psychiatric Central Research Register. Scand J
Public Health 2011 Jul;39(7 Suppl):54-57.

(25) Andersen TF, Madsen M, Jorgensen J, Mellemkjoer L, Olsen JH. The Danish National
Hospital Register. A valuable source of data for modern health sciences. Dan Med Bull 1999
Jun;46(3):263-268.

(26) Kessler RC, Adler L, Barkley R, Biederman J, Conners CK, Demler O, et al. The prevalence

and correlates of adult ADHD in the United States: results from the National Comorbidity Survey
Replication. Am J Psychiatry 2006 Apr;163(4):716-723.

21






Reports/PhD theses from Department of Clinical Epidemiology

10.

11.

Ane Marie Thulstrup: Mortality, infections and operative risk in patients with liver cirrhosis in

Denmark. Clinical epidemiological studies. 2000.

Nana Thrane: Prescription of systemic antibiotics for Danish children. 2000.

Charlotte Sgndergaard. Follow-up studies of prenatal, perinatal and postnatal risk factors in
infantile colic. 2001.

Charlotte Olesen: Use of the North Jutland Prescription Database in epidemiological studies

of drug use and drug safety during pregnancy. 2001.

Yuan Wei: The impact of fetal growth on the subsequent risk of infectious disease and asthma
in childhood. 2001.

Gitte Pedersen. Bacteremia: treatment and prognosis. 2001.

Henrik Gregersen: The prognosis of Danish patients with monoclonal gammopathy of

undertermined significance: register-based studies. 2002.

Bente Ngrgard: Colitis ulcerosa, coeliaki og graviditet; en oversigt med speciel reference til
forlgb og sikkerhed af medicinsk behandling. 2002.

Sgren Paaske Johnsen: Risk factors for stroke with special reference to diet, Chlamydia

pneumoniae, infection, and use of non-steroidal anti-inflammatory drugs. 2002.

Elise Snitker Jensen: Seasonal variation of meningococcal disease and factors associated with

its outcome. 2003.

Andrea Floyd: Drug-associated acute pancreatitis. Clinical epidemiological studies of selected
drugs. 2004.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pia Wogelius: Aspects of dental health in children with asthma. Epidemiological studies of

dental anxiety and caries among children in North Jutland County, Denmark. 2004.

Kort-og langtidsoverlevelse efter indleeggelse for udvalgte kreeftsygdomme i Nordjyllands,
Viborg og Arhus amter 1985-2003. 2004.

Reimar W. Thomsen: Diabetes mellitus and community-acquired bacteremia: risk and
prognosis. 2004.

Kronisk obstruktiv lungesygdom i Nordjyllands, Viborg og Arhus amter 1994-2004.
Forekomst og prognose. Et pilotprojekt. 2005.

Lungebetaendelse i Nordjyllands, Viborg og Arhus amter 1994-2004. Forekomst og prognose.
Et pilotprojekt. 2005.

Kort- og langtidsoverlevelse efter indlaeggelse for nyre-, bugspytkirtel- og leverkraeft i
Nordjyllands, Viborg, Ringkebing og Arhus amter 1985-2004. 2005.

Kort- og langtidsoverlevelse efter indleeggelse for udvalgte kreeftsygdomme i Nordjyllands,
Viborg, Ringkabing og Arhus amter 1995-2005. 2005.

Mette Ngrgaard: Haematological malignancies: Risk and prognosis. 2006.

Alma Becic Pedersen: Studies based on the Danish Hip Arthroplastry Registry. 2006.

Sertryk: Klinisk Epidemiologisk Afdeling - De farste 5 ar. 2006.

Blindtarmsbetandelse i Vejle, Ringkjgbing, Viborg, Nordjyllands og Arhus Amter. 2006.

Andre sygdommes betydning for overlevelse efter indleeggelse for seks kraeftsygdomme i
Nordjyllands, Viborg, Ringkjebing og Arhus amter 1995-2005. 2006.



23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

Ambulante besgg og indleeggelser for udvalgte kroniske sygdomme pa somatiske hospitaler i

Arhus, Ringkjebing, Viborg, og Nordjyllands amter. 2006.

Ellen M Mikkelsen: Impact of genetic counseling for hereditary breast and ovarian cancer
disposition on psychosocial outcomes and risk perception: A population-based follow-up
study. 2006.

Forbruget af leegemidler mod kroniske sygdomme i Arhus, Viborg og Nordjyllands amter
2004-2005. 2006.

Tilbageleegning af kolostomi og ileostomi i Vejle, Ringkjebing, Viborg, Nordjyllands og
Arhus Amter. 2006.

Rune Erichsen: Time trend in incidence and prognosis of primary liver cancer and liver cancer

of unknown origin in a Danish region, 1985-2004. 2007.

Vivian Langagergaard: Birth outcome in Danish women with breast cancer, cutaneous

malignant melanoma, and Hodgkin’s disease. 2007.

Cynthia de Luise: The relationship between chronic obstructive pulmonary disease,

comorbidity and mortality following hip fracture. 2007.

Kirstine Kobberge Sggaard: Risk of venous thromboembolism in patients with liver disease:
A nationwide population-based case-control study. 2007.

Kort- og langtidsoverlevelse efter indlaeggelse for udvalgte kreeftsygdomme i Region
Midtjylland og Region Nordjylland 1995-2006. 2007.

Mette Skytte Tetsche: Prognosis for ovarian cancer in Denmark 1980-2005: Studies of use of
hospital discharge data to monitor and study prognosis and impact of comorbidity and venous
thromboembolism on survival. 2007.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Estrid Muff Munk: Clinical epidemiological studies in patients with unexplained chest and/or

epigastric pain. 2007.

Sygehuskontakter og leegemiddelforbrug for udvalgte kroniske sygdomme i Region
Nordjylland. 2007.

Vera Ehrenstein: Association of Apgar score and postterm delivery with neurologic morbidity:
Cohort studies using data from Danish population registries. 2007.

Annette @stergaard Jensen: Chronic diseases and non-melanoma skin cancer. The impact on

risk and prognosis. 2008.

Use of medical databases in clinical epidemiology. 2008.

Majken Karoline Jensen: Genetic variation related to high-density lipoprotein metabolism and
risk of coronary heart disease. 2008.

Blodprop i hjertet - forekomst og prognose. En undersggelse af farstegangsindlaeggelser i

Region Nordjylland og Region Midtjylland. 2008.

Asbestose og kraft i lungehinderne. Danmark 1977-2005. 2008.

Kort- og langtidsoverlevelse efter indlaeggelse for udvalgte kraeftsygdomme i Region
Midtjylland og Region Nordjylland 1996-2007. 2008.

Akutte indleeggelsesforlgb og skadestuebesgg pa hospiter i Region Midtjylland og Region
Nordjylland 2003-2007. Et pilotprojekt. Not published.

Peter Jepsen: Prognosis for Danish patients with liver cirrhosis. 2009.



44,

45.

46.

47.

48.

49.

50.

ol.

52.

53.

Lars Pedersen: Use of Danish health registries to study drug-induced birth defects — A review
with special reference to methodological issues and maternal use of non-steroidal anti-

inflammatory drugs and Loratadine. 20009.

Steffen Christensen: Prognosis of Danish patients in intensive care. Clinical epidemiological

studies on the impact of preadmission cardiovascular drug use on mortality. 2009.

Morten Schmidt: Use of selective cyclooxygenase-2 inhibitors and nonselective nonsteroidal
antiinflammatory drugs and risk of cardiovascular events and death after intracoronary
stenting. 2009.

Jette Bromman Kornum: Obesity, diabetes and hospitalization with pneumonia. 20009.

Theis Thilemann: Medication use and risk of revision after primary total hip arthroplasty.
2009.

Operativ fjernelse af galdeblearen. Region Midtjylland & Region Nordjylland. 1998-2008.
2009.

Mette Sggaard: Diagnosis and prognosis of patients with community-acquired bacteremia.
2009.

Marianne Tang Severinsen. Risk factors for venous thromboembolism: Smoking,

anthropometry and genetic susceptibility. 2010.

Henriette Thisted: Antidiabetic Treatments and ischemic cardiovascular disease in Denmark:
Risk and outcome. 2010.

Kort- og langtidsoverlevelse efter indlaeggelse for udvalgte kraeftsygdomme. Region
Midtjylland og Region Nordjylland 1997-2008. 2010.



54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

Prognosen efter akut indlaeggelse p& Medicinsk Visitationsafsnit pA Ngrrebrogade, Arhus
Sygehus. 2010.

Kaare Haurvig Palnum: Implementation of clinical guidelines regarding acute treatment and

secondary medical prophylaxis among patients with acute stroke in Denmark. 2010.

Thomas Patrick Ahern: Estimating the impact of molecular profiles and prescription drugs on

breast cancer outcomes. 2010.

Annette Ingeman: Medical complications in patients with stroke: Data validity, processes of

care, and clinical outcome. 2010.

Knoglemetastaser og skeletrelaterede haendelser blandt patienter med prostatakraeft i
Danmark. Forekomst og prognose 1999-2007. 2010.

Morten Olsen: Prognosis for Danish patients with congenital heart defects - Mortality,
psychiatric morbidity, and educational achievement. 2010.

Knoglemetastaser og skeletrelaterede haendelser blandt kvinder med brystkraft i Danmark.
Forekomst og prognose 1999-2007. 2010.

Kort- og langtidsoverlevelse efter hospitalsbehandlet kreeft. Region Midtjylland og Region
Nordjylland 1998-2009. 2010.

Anna Lei Lamberg: The use of new and existing data sources in non-melanoma skin cancer
research. 2011.

Sigran Alba J6hannesdottir: Mortality in cancer patients following a history of squamous cell

skin cancer — A nationwide population-based cohort study. 2011.

Martin Majlund Mikkelsen: Risk prediction and prognosis following cardiac surgery: the

EuroSCORE and new potential prognostic factors. 2011.



65.

66.

67.

68.

69.

70.

71.

72.

73.

Gitte Vrelits Sgrensen: Use of glucocorticoids and risk of breast cancer: a Danish population-

based case-control study. 2011.

Anne-Mette Bay Bjgrn: Use of corticosteroids in pregnancy. With special focus on the

relation to congenital malformations in offspring and miscarriage. 2012.

Marie Louise Overgaard Svendsen: Early stroke care: studies on structure, process, and
outcome. 2012.

Christian Fynbo Christiansen: Diabetes, preadmission morbidity, and intensive care:

population-based Danish studies of prognosis. 2012.

Jennie Maria Christin Strid: Hospitalization rate and 30-day mortality of patients with status

asthmaticus in Denmark — A 16-year nationwide population-based cohort study. 2012.

Alkoholisk leversygdom i Region Midtjylland og Region Nordjylland. 2007-2011. 2012.

Lars Jakobsen: Treatment and prognosis after the implementation of primary percutaneous

coronary intervention as the standard treatment for ST-elevation myocardial infarction. 2012.

Anna Maria Platon: The impact of chronic obstructive pulmonary disease on intensive care
unit admission and 30-day mortality in patients undergoing colorectal cancer surgery: a

Danish population-based cohort study. 2012.

Rune Erichsen: Prognosis after Colorectal Cancer - A review of the specific impact of

comorbidity, interval cancer, and colonic stent treatment. 2013.



	pdf, Forskningsårsrapport, start, til tryk
	pdf,Table of Contents,tryk
	Pdf, tekst til rapport og tryk
	Pdf, rapportoversigt KEA, til tryk

