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pregnancy. All women giving birth in Norway during 2005 to 2015 (638 532 singleton

different medications in association with pregnancy, and annual relative change in

Results: In Norway, 60% of pregnant women used prescription medications during
pregnancy (2005-15), increasing from 57% in 2005 to 62% in 2015. The annual rela-
tive increase was 0.9% (95% Cl: 0.8-1.0). In the first trimester, approximately 17% of
the women used medications regarded as potentially teratogenic during 2005 to
2015, increasing from 15% to 19%. Overall, this proportion was higher in the first
than in the second (8.9%) and third (8.0%) trimesters, and higher than in the 3 months
after pregnancy (14%). The annual relative increase of medications regarded as poten-
tially teratogenic in the first trimester was 2.5% (95% Cl: 2.3-2.7).

Conclusions: The proportion of women using potentially teratogenic medications in
the first trimester of pregnancy have increased during the last decade. Clinicians need
to be aware of the possibility of pregnancy when prescribing potentially teratogenic
medication to women of fertile age and focus this in the consultations. The increasing
trends call for the need of routine surveillance of adverse birth outcomes linked to

medication use in pregnancy.
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1 | INTRODUCTION pregnancy.! Information on adverse effects for both children and

women of medication use in association with pregnancy has been
Since the Thalidomide-disaster in the 1960s, there has been concern limited, because pregnant women are usually excluded from clinical
about possible serious adverse effects of medication use during trials due to fear of harmful effects.>® A number of recommendations

Abbreviations: ATC, Anatomical Therapeutic Chemical; Cl, Confidence interval; MBRN, Medical Birth Registry of Norway; NorPD, Norwegian Prescription Database;
SSRI, Selective serotonin reuptake inhibitors; TCA, Tricyclic antidepressants
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have, however, been given for better surveillance of use and adverse
effects of medications in pregnancy,* and websites on the safety of
such medication use have been established.>® Women may suffer
from chronic diseases, such as diabetes type | and epilepsy, where
medication use during pregnancy is necessary.”'° The use of some
antiepileptics has been associated with risk of birth defects.’

We have previously described the use of medications during
pregnancy in Norwegian women during 2004 to 2006, and reported
that 57% of the women were dispensed prescription medications.?
A web-based study from 2014 showed that the majority of women
in Europe, North and South America and Australia used at least 1
medication during pregnancy.}? Around 60% to 70% of women use
prescribed drugs during pregnancy, most frequently drugs for pain
conditions, heartburn, and upper airways disorders.? Mitchell et al
explored the use of prescribed medicines in pregnant women in
the US during 1978 to 2008, by using interview data.*® They
observed an increasing use of prescribed medicines during preg-
nancy. Gagne et al studied the use of prescribed drugs during preg-
nancy in a population-based study in Emilia-Romagna, Italy.** They
found that 70% of women used at least 1 prescribed drug during
pregnancy.

Many studies have addressed the teratogenicity of different drugs
(listed in van Gelder et al'®), although a considerable proportion of
pregnant women use potentially teratogenic drugs.2® The conclusions
on which drugs that are teratogenic have been inconsistent, possibly
due to use of different classification systems. In 2014, van Gelder
et al summarised the literature on risks of medications suspected to
be associated with teratogenic mechanisms but observed that the
number of epidemiologic studies was limited and that many of the
studies were small.»>7 In a separate study, they found that in the
Netherlands in the period 1998 to 2009, a large and nearly constant
proportion of women (18%) used potentially teratogenic medications
during the first trimester of pregnancy.'”

The main aim of this study was to explore the use of maternal
medication prior to and during pregnancy and after giving birth, and
to examine whether the medication use in association with
pregnancy has changed in recent years. An additional aim was to
explore the use of potentially teratogenic medications, including

antiepileptics.

2 | MATERIAL AND METHODS

This study was based on data from 2 registries; the Norwegian
Prescription Database (NorPD) and the Medical Birth Registry of
Norway (MBRN).*8

The NorPD contains information on all prescription medications,
dispensed at pharmacies to individual patients treated in ambulatory
care from January 1%, 2004 in the entire Norwegian population (5.3
million individuals in 2018).19 In NorPD, the information available for
each dispensed drug is the trade name, pharmaceutical form, strength,
package size, number of packages, reimbursement code, and dispens-
ing date. No information on the usage is, however, included. The
medications are classified according to the Anatomical Therapeutic

Chemical (ATC) classification system.2°

KEY POINTS

e Use of drugs in association with pregnancy is widespread.

e Maternal use of drugs prior to and during pregnancy

may have adverse effects on birth outcomes.

e In this registry-based study, we examined more than
600 000 Norwegian pregnancies during 2004 to 2015
and described the use of prescribed drugs.

e Approximately 60% of mothers are using drugs during
pregnancy.

e The proportion of mothers using potentially teratogenic
medications in the first trimester have increased from
15% to 19% during the last decade.

The MBRN is based on compulsory notification and contains
information on all births in Norway since 1967, including spontaneous
abortions and stillbirths from 12 to 16 weeks' gestation (approximately
2.8 million births in 2016).2* In addition, the register includes data on
terminations of pregnancy for foetal anomaly or high risk of foetal
anomaly after 12 weeks gestation.

2.1 | Study population

In the present study, only singleton pregnancies lasting at least
12 weeks and starting at April 1st, 2004 or later with births in the
period 2005 to 2015, were included in the main analyses. Similar anal-
yses were, however, performed in pregnancies with multiples, and
tables for these are included in the Supporting Information (Supple-
mentary tables 2-5). Both registries are based on the unique personal
identification number assigned to all citizens of Norway, making accu-

rate record linkage possible.

2.2 | Exposure

We defined exposure as dispensed prescription medications. The
exposure period was subdivided into the last 3 months before
pregnancy, first trimester of pregnancy (week 0-12), second trimester
of pregnancy (week 13-26), third trimester of pregnancy (week 27
onwards), and the first 3 months after pregnancy. The 3 trimesters
were defined as the whole pregnancy. We assumed that medications
were used the trimesters they were dispensed.

Medications associated with teratogenic mechanisms according to
van Gelder et al were tabulated.*>?? The grouping is displayed in
Supplementary Table 1.

2.3 | Statistical analysis

All groups of medication tabulated in our previous publication were
displayed.*!

Also, use of each of the 5 most common antiepileptics in Norway
was explored—carbamazepine (ATC code NO3AFO01), valproic acid
(NO3AGO01), lamotrigine (NO3AX09), gabapentin (NO3AX12), and

pregabalin (NO3AX16), because some of these have been regarded as
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teratogenic. Gabapentin and pregabalin were not included among the
medications termed as potentially teratogenic by van Gelder et al.*®

In addition to calculating the proportions using specific medica-
tions for different years of birth (2005-2015), log-binomial regression
was used to estimate the annual relative change in medication use
with 95% confidence intervals (Cls). The estimates were adjusted for
maternal age (<20, 20-34, 35-44, and > 45 years). Sub-analyses
including only primiparous women were performed. Robust estimation
of variances accounted for correlations between births to the same
woman.

The data were analysed using IBM SPSS Statistics 24 and Stata/
SE 14.0.

3 | RESULTS

Altogether 638 532 singleton pregnancies (in 414 567 mothers) were
included in the main analyses (Table 1). Approximately 43% of the
pregnancies were in primiparous women. In total, 60% of women used
prescription medications during pregnancy, increasing from 57% for
women giving birth in 2005 to 2006 to 62% for women giving birth
in 2014 to 2015 (Table 2). During pregnancy, progesterone (first tri-
mester), penicillins, and antihistamines for systemic use were the most
frequent used drugs. The annual relative increase of use of all pre-
scribed medications was 0.9% (95% Cl: 0.8-1.0), adjusted for maternal

age (not tabulated). The proportion increased in all maternal age

TABLE 1 Characteristics of singleton pregnancies, Norway, 2005 to

2015
Number %
Year of birth
2005-6 111 261 174
2007-8 115 822 18.1
2009-10 120 240 18.8
2011-12 117 883 185
2013-14 115 684 18.1
2015 57 642 9.0
Maternal age
<20 12 462 2.0
20-34 503 586 78.9
35-44 121 619 19.0
>45 865 0.1
Maternal parity
0 271 391 42.5
1 229 321 35.9
2 97 935 15.3
>3 39 885 6.2
Maternal country of birth?
Missing 8301 1.3
Norway 483 802 75.8
High-income country 32 237 5.0
Low/intermediate-income country 114 192 17.9
Total 638 532 100.0

?Categorisation based on the classification used in the project Global Bur-
den of Disease (see Murray et al).?®

groups (<20, 20-34, 35-44, and >45 years). The use of medication
was lower in the first trimester of pregnancy than in the 3-month
period before pregnancy and was even lower in the next trimesters
(second and third trimester—Figure 1 and Table 2). In mothers younger
than 45, the use of medications was, however, higher in the 3 months
after pregnancy than in the 3 months before pregnancy, also when
disregarding oral contraceptives (data not shown). In all the 5 periods
(3 months before pregnancy, 3 trimesters of pregnancy, and the first
3 months after pregnancy), the use of prescription medication
increased by calendar year (Figure 1). The use of medication before
and during pregnancy was most frequent in the oldest women
(>45 years) (data not shown).

In the first trimester, 35.0% of women used prescription medica-
tion, increasing from 32.7% in 2005 to 37.3% in 2015. The annual rel-
ative increase was 1.4% (95% Cl: 1.3-1.5). Most of this increase was
due to increased use of antihistamines for systemic use (ATC code
RO6A) and medications for functional gastrointestinal disorders
(AQ3), mostly the antiemetic metoclopramide (AO3FAQ01).

In Figure 2, the prevalence of use in the first trimester and the rel-
ative changes in use from 2005 to 2015 are illustrated for the most
common groups of potentially teratogenic medications. Overall,
maternal use of potentially teratogenic medications in the first
trimester increased during 2005 to 2015. The use increased both for
medications used in fertility treatment, for oxidative stress and for
medications, other than SSRI, used for serotonin signalling
disturbances. For the latter group, the use decreased during 2014 to
2015, after an increase during 2005 to 2013. The use of medications
for vascular disruption was stable.

Overall, the proportion using potentially teratogenic medica-
tions was highest in the 3 months before pregnancy (23%) but
was higher in the first trimester (17%) than in the second (8.9%)
and third (8.0%) trimesters, and even higher in the first trimester
than in the 3 months after pregnancy (14%), Table 3. In the first tri-
mester, the use of potentially teratogenic medications increased
from 15% in 2005 to 19% in 2015; the annual relative increase
was 2.5% (2.3-2.7). Most of the increase was due to increased
use of serotonin signalling disturbance medications other than SSRI
(including metoclopramide) and drugs used in fertility treatment
(Tables 3 and 4). The increase in the latter group was due to an
increased use of progesterone (GO3DA04). While 17% of the preg-
nancies were exposed to 1 or more potentially teratogenic drugs in
the first trimester, 5.6% were exposed to more than 1 of the
potentially teratogenic drugs.

The relative increase in use of potentially teratogenic medications
during the 3 months before pregnancy was 0.4% (0.2-0.5) per year. In
the whole pregnancy, the relative increase was 2.0% (1.9-2.2), and in
the first 3 months after pregnancy, 1.7% (1.5-1.9).

Very few women were dispensed isotretinoin (included in the
group of retinoids) in association with pregnancy. However, the
proportion increased with calendar time. In 2005 to 2006, no women
were dispensed isotretinoin during pregnancy and less than 5 women
were dispensed isotretinoin during the last 3 months before preg-
nancy. In 2014 to 2015, less than 5 women were dispensed
isotretinoin during pregnancy and 30 women were dispensed isotret-

inoin during the last 3 months before pregnancy.
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TABLE 2 Maternal exposure to different medications 3 months prior to pregnancy to 3 months after pregnancy (n = 638 532 singleton preg-

nancies), Norway, 2005 to 2015

Alimentary tract and
metabolism (A)

Antacids and medications for
peptic ulcer (A02)

Medications for functional
gastrointestinal disorders
(AO3)

Antidiarrheals, intest. anti-
inflam./anti-infect. agents
(AQ7)

Antiobesity preparations,
excl. diet products (A08)

Medications for diabetes
(A10)

Blood and blood forming
organs (B)

Antithrombotic agents (BO1)

Vitamin B12 and folic acid
(BO3B)

Cardiovascular system (C)
Vasoprotectives (CO5)
Beta-blockers (C07)

Agents acting on the renin-
angiotensin system (C09)

Dermatologicals (D)

Antifungals for
dermatological use (DO1)

Antibiotics and chemother.
for dermotological use
(D0O6)

Dermal corticosteroids (DO7)
Anti-acne preparations (D10)

Genito urinary system and
sex hormones (G)

Gynaecological anti-
infectives (GO1)

Other gynecologicals (G02)
Sex hormones (G03)

Systemic hormonal
preparations, excl. sex
hormones and insulins (H)

Posterior pituitary lobe
hormones (HO1B)

Thyroid therapy (HO3)

Anti-infectives for systemic
use (J)

Antibacterials for systemic
use (JO1)

Tetracyclines (JO1A)

Beta-lactam antibacterials,
penicillins (JO1C)

Sulfonamides and
trimethoprim (JO1E)

Macrolides, lincosamides,
and streptosamins (JO1F)

Other antibacterials (JO1X)

Whole
Period
n

102 592

21370

35 632

18 683

2922

9871

51 869

20 332
19 550

52 404
37 336
10 395

1913

94 428
25 302

21 027

43 469

11 196
273 144

25 307

47 999

222 329

88 434

54 857

17 443
287 541

274 351

10 714
229 909

21320

43 864

22 684

16.1

&3

5.6

29

0.5

1.5

81

3.2
3.1

8.2
5.8
1.6
0.3

14.8
4.0

3:3

6.8

1.8
42.8

4.0

7.5

34.8

13.8

8.6

27
45.0

43.0

1.7
36.0

3.3

6.9

3.6

3 Months Before
Conception
%

3.6

1.2

0.4

0.4

0.3

0.8

1.2

0.4
0.5

11
0.4
0.3
0.2

4.0
0.5

0.8

1.9

0.7
131

0.8

0.7
11.8
3.9

0.2

1.7
115

10.2

11
6.4

1.0

2.2

0.4

1.
Trimester
%

6.6

1.0

3.7

0.3

0.1

0.7

29

1.5
11

0.8
0.3
0.3
0.1

3.0
0.4

0.5

1.5

0.5
6.6

0.7

0.2

5.8

28

0.0

1.8
10.2

9.5

0.4
74

0.4

1.2

0.7

2.
Trimester
%

4.2

0.7

1.2

0.3

0.0

0.6

238

1.5
0.8

0.8
0.4
0.3
0.0

31
0.6

0.5

1.7

0.4
14

1.0

0.0

0.3

23

0.0

20
12.8

12.2

0.0
10.3

0.5

1.0

1.3

3.
Trimester
%

4.2

1.1

0.2

0.4

0.0

1.0

3.0

1.4
0.8

il
12
0.5
0.0

27
0.5

0.5

14

0.2
11

1.0

0.0

0.1

24

0.1

20
13.7

12.9

0.0
10.9

0.8

0.8

14

Whole
Pregnancy
%
11.3

2.3

4.7

0.7

0.2

1.3

6.2

24
24

29
1.7
0.8
0.1

7.6
1.4

1.5

4.0

0.9
8.6

25

0.2
6.0
4.1

0.2

2.6
25

27.9

0.4
23.8

1.6

2.8

3.1

3 Months After
Pregnancy

%
4.8

0.6

0.6

23

0.1

0.4

23

1.3
0.5

515
4.2
1.0
0.1

5.8
21

1.2

20

0.4
314

0.8

6.8

247

10.3

8.4

1.7
16.7

16.1

0.2
12.9

0.9

23

0.3

(Continues)
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TABLE 2 (Continued)
Whole 3 Months Before
Period Conception
n % %

Antineoplastic and 6556 1.0 0.9

immunomodulating
agents (L)

68 152 10.7 57/
65 224 10.2 55

Musculo-skeletal system (M)

Anti-inflammatory and
antirheumatic products,
non-steroids (MO1A)

Muscle relaxants (M03) 1596 0.2 0.2
101130 158 8.5
41718 6.5 2.9
4788 0.7 0.5
8238 1.3 0.4

21 450 34 1.9

Nervous system (N)
Opioids (NO2A)
Antiepileptics (NO3)
Antipsychotics (NO5A)

Anxiolytics, hypnotics, and
sedatives (NO5B or NO5C)

Antidepressants (NO6A)

Antiparasitic products,
insecticides, and repellents

(P)
Antiprotozoals (PO1)

18 165 2.8 20
16 705 26 0.9

15 938 25 0.9
156 493 245 8.8
54 067 8.5 3.1
31 264 4.9 2.0
39 795 6.2 22

Respiratory system (R)
Nasal preparations (RO1)
Anti-asthmatics (RO3)

Cough and cold preparations
(RO5)

Antihistamines (R06)

Sensory organs and various
S+V)

Total® 2005-6

Total® 2014-15

Total®

Total® excl. ATC-group G

87 701 13.7 3.9
73718 11.5 33

92059 827 392
97 616 845 414
533556 836 406
498 175 780  36.7

Number of mothers exposed to 1 or more of the drugs above.

In Figure 3, the prevalence of use in the first trimester and the
relative changes in use from 2005 to 2015 are illustrated for the most
common antiepileptics in Norway. Use of lamotrigine was much more
common than the use of the other drugs, and more than doubled
during 2005 to 2015.

The maternal use of drugs in multiple pregnancies is shown in
Supplementary tables 2 and 3. In addition, the maternal use of drugs
in multiple pregnancies is compared with the maternal use of drugs
in singleton pregnancies (Supplementary tables 4 and 5). Especially,
the maternal use of drugs used in fertility treatment (progesterone)
and antineoplastic and immunomodulating agents were more frequent
in multiple pregnancies.

4 | DISCUSSION

A large proportion of women use prescription medications during
pregnancy (62% in 2015, increasing from 57% in 2005). Most of the
medications were not regarded as teratogenic. However, 19% of

women giving birth in 2015 used medications regarded as potentially

1. 2. 38 Whole 3 Months After
Trimester Trimester Trimester Pregnancy Pregnancy
% % % % %
0.2 0.1 0.1 0.3 0.2
20 0.3 0.2 24 3.8
1.9 0.3 0.1 2.2 3.6
0.1 0.0 0.0 0.1 0.0
54 33 3.1 8.5 5.1
14 1.0 1.1 3.0 1.7
04 0.3 0.3 0.5 04
0.7 0.3 0.2 1.0 0.2
1.0 04 0.5 1.6 0.8
1.2 0.6 0.6 1.5 1.0
0.3 0.2 0.1 0.6 1.2
0.3 0.1 0.1 0.5 1.2
8.6 7.7 7.2 18.1 5.1
2.1 2.2 1.9 5.3 1.7
1.7 1.9 1.9 3.7 1.2
1.3 1.3 1.3 3.7 0.7
52 3.9 3.6 104 2.6
25 2.7 25 6.8 34
328 28.5 28.8 57.3 56.7
37.2 327 335 61.5 57.8
35.0 30.6 31.2 59.5 57.0
34.2 30.5 31.2 59.0 44.1

teratogenic during the first trimester of pregnancy, significantly more
than the corresponding 15% in 2005.

4.1 | Comparisons with other studies

A cross-sectional, multinational web-based study from 2014 on self-
reported medication use in pregnancy showed that the majority of
women in Europe, North and South America, and Australia used at least
1 medication during pregnancy.*? The majority of medications used
around pregnancies, however, was not teratogenic. In a population-
based study (in British Columbia) with births during 2002 to 2011,
Smolina et al observed that the proportion of pregnant women filling
a prescription during pregnancy increased from 60% to 66%,2* which
is similar to our findings. In a Health Insurance and Assessment Service
database in Korea during 2007 to 2011, however, the use of pregnancy-
contraindicated medications in pregnancy was moderately reduced.?’

Van Gelder et al observed that 24% and 18% of pregnant Dutch
women in 1998 to 2009 used at least 1 medication associated with
a teratogenic mechanism during the 3 months before pregnancy and

in the first trimester, respectively.t” We found similar figures among
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TABLE 3 Maternal exposure to potentially teratogenic medications 3 months prior to pregnancy to 3 months after pregnancy (n = 638 532

singleton pregnancies), Norway, 2005 to 2015%>22

3 Months Before

Potentially Teratogenic W—hole eiod Conception
Mechanism n % %
Folate antagonism
Antiepileptics 3291 0.5 0.4
DHFR inhibitors 21 596 34 11
Other drugs 4509 0.7 0.5
Neural crest cell disruption
Retinoids 3516 0.6 0.3
Isotretinoin 104 0.0 0.0

Endocrine disruption
57 392 9.0 5.8
43 229 6.8 4.8
106 782 16.7 4.6
110802 174 8.8

Oral contraceptives
Drugs used in fertility treatment
Oxidative stress

Vascular disruption

ACE inhibitors/AT Il receptor 1913 0.3 0.2
antagonists
HMG-CoA reductase inhibitors 819 0.1 0.1
HDAC inhibitors 630 0.1 0.1
COX inhibitors 65276 10.2 55
NMDA receptor antagonists 5778 0.9 0.5
Serotonin signalling disturbance
SSRI 13 329 21 1.4

53 564 8.4 2.3
GABA receptor antagonists 10 053 1.6 0.8
Carbonic anhydrase inhibition 301 0.0 0.0
Total® 278 028 435 231
Total’ 221347 347 147

Other medication

1. 2. 3. Whole 3 Months After
Trimester  Trimester  Trimester Pregnancy  Pregnancy
% % % % %
0.3 0.3 0.3 0.4 0.3
0.6 0.7 1.0 1.8 1.0
0.3 0.1 0.1 0.4 0.1
0.1 0.0 0.0 0.2 0.1
0.0 0.0 0.0 0.0 0.0
11 0.1 0.0 1.2 2.8
4.4 0.2 0.1 4.5 0.4
4.9 4.4 4.3 10.9 4.3
4.4 2.6 2.6 7.4 6.2
0.1 0.0 0.0 0.1 0.1
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.1 0.1
1.9 0.3 0.1 22 3.6
0.2 0.1 0.1 0.3 0.3
0.9 0.5 0.5 11 0.8
4.8 1.8 0.5 6.0 14
0.5 0.2 0.2 0.8 0.4
0.0 0.0 0.0 0.0 0.0
17.5 8.9 8.0 25.7 13.7
131 8.7 7.9 217 11.2

Reductase; GABA, aminobutyric acid; HDAC, histone deacetylase; HMG-CoA, hydroxymethylglutaryl-coenzyme A; NMDA, N-methyl-d-aspartate; SSRI,

selective serotonin-reuptake inhibitor.

Number of mothers exposed to 1 or more of the drugs above.

bNumber of mothers exposed to 1 or more of the drugs above, excluding oral contraceptives and drugs used in fertility treatment.

Norwegian women (23% and 17%, respectively). However, while van
Gelder et al observed higher proportions of use in the last 2 trimes-
ters of pregnancy than in the first trimester, the proportion using
these medications in Norwegian women was halved in the second
and third trimester compared with the first. Furthermore, van Gelder
et al observed a slight decrease in the proportion of women using
potentially teratogenic medications during first trimester in 1998 to
2005 and a slight increase thereafter. We observed a steady increase
during 2005 to 2015, mostly due to increases in the use of
metoclopramide and progesterone. Use of metoclopramide did not
increase risk for major congenital malformations or fetal death in a
large Danish study.?® Use of progesterone has been associated with
increased risk of hypospadias.*®

Overall, we observed a higher proportion of women using
potentially teratogenic medication in the first trimester than in the
remaining 2 trimesters, and even higher than in the 3 months after
pregnancy. This is mostly explained by drugs used in fertility treatment
in the first trimester. In addition, a number of women receive
medication before their pregnancy is acknowledged, which indicates
the need for clinicians to focus on these issues when prescribing

potentially teratogenic medication to women of fertile age.

Antiepileptics have previously been associated with increased risk
of birth defects.”?” In Norway, the most common antiepileptic
medication is lamotrigine. The use of lamotrigine in the first trimester
of pregnancy increased during 2005 to 2015. The use of lamotrigine
has also increased in the general population.?® Lamotrigine use has,
however, not been associated with birth defects.”?”

Isotretinoin is a highly teratogenic drug.??*° In Norway, guidelines
have been introduced to prevent that the medication is used in or
shortly before pregnancy, and pregnancy is an absolute contraindication
for all oral retinoids in the EU.31"33 Even though adviced against, a few
women dispensed isotretinoin shortly before and during pregnancy in
our data set. None of these women had a pregnancy termination due
to a fetal anomaly after 12 weeks gestation. However, we do not have
data on women who may have terminated their pregnancy before

12 weeks or due to fear of birth defects induced by isotretinoin intake.

4.2 | Study strengths and limitations

We assumed that medications were used the trimesters they were
dispensed. We know the date of dispensing drug, but we do not know
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TABLE 4 Annual relative change® in maternal use of potentially teratogenic medications from 3 months prior to pregnancy to 3 months after

pregnancy, Norway, 2005 to 2015.2>22 Singleton pregnancies
3 Months Before

3 Months after

Conception 1. Trimester 2. Trimester 3. Trimester Whole Pregnancy Pregnancy
Annual Annual Annual Annual Annual Annual
relative relative relative relative relative relative
Teratogenic change change change change change change
Mechanism (%) 95% CI (%) 95% Cl (%) 95% Cl (%) 95% Cl (%) 95% Cl (%) 95% Cl
Endocrine
disruption
Medications 2.1 1.7-2.5 3.8 34-42 19 17-22 44 37-51 4.3 3.9-47 28 1.5-4.1
used in
fertility
treatment
Oxidative 1.5 1.2-1.9 1.9 1.5-2.2 1.0 0.7-14 0.9 0.5-1.3 1.2 1.0-14 35 3.1-3.9
stress
Vascular -0.2 -0.5-00 -04 -0.8-0.0 0.6 0.1-1.1 0.7 0.2-1.2 -01 -04-01 15 1.2-1.8
disruption
Serotonin
signalling
disturbance
Other 24 1.9-3.0 6.7 6.3-7.1 8.1 7.5-8.8 8.5 7.3-9.8 6.7 6.3-70 3.0 2.3-3.7
medications
than SSRI
Total 0.4 0.2-0.5 2.5 2.3-2.7 2.7 2.5-3.0 22 1.9-25 2.0 1.9-22 17 1.5-1.9
potentially
teratogenic
medication
#Adjusted for maternal age (<20, 20-34, 35-44, and > 45).
Lamotrigine Carbamazepine Valproic acid Gabapentin Pregabalin
2 2 2 2 o)
« — ~ S — ~ S — o~ S — o~ S ~ 8
° © © © © N
—_ S S S 4 S o
o\c Qe ° r©° ©° - © o © o © ;
g g 4 - © § _ - © § _ - v § N [t} § n [t} %
@ o« -t o« i < o« < 9
© S S S 4 S 4 ©
> =] =] W =] =] o
9_) S — ™ — ™ — ™ ™ ™ c
o 8 8 S S K]
L « o L « o L « o ~ S ~ g
S JJJJ = = 8 S S
s 7777 Y =T E W,;;_ =T W_ A= =T o
T T T T T T T T T T T T T T T T T T T T T T T T T
S 2 L8 2 8 S 2 L8 2 2 S 228 2 2 S 228 2 2 S 228 2 2
R R I] R R R R I]I KR K R I] R R K R IR]I R R & R IR] ] R
Year of birth

FIGURE 3 Prevalence of maternal use and relative change in the use of antiepileptics in the first trimester of pregnancy, Norway, 2005 to 2015.

Singleton pregnancies

when or whether the dispensed drugs are used. Eg, a woman getting
dispensed drugs in 1 period of pregnancy may use it in another period.

The teratogenicity of different drugs is based on an extensive
literature review up to December 2012 performed by van Gelder et al
where 250 studies were assessed.’® There are different conclusions
regarding the teratogenicity of different drugs, and for many drugs the
evidence for teratogenicity is sparse. Many of these drugs have shown
small teratogenic effects, as is the case for antidepressants.>4-%®

The classification of drugs carried out in this study is somewhat
broad, and results could have differed if another classification was used.

The health care system in Norway covers all citizens, independent
of socioeconomic status. Drugs are completely or partially reimbursed.
In 2016, prescribed drugs constituted 87% (measured in defined daily

doses) of all drugs dispensed in Norway and are included in NorPD.3?

We used population-based registries with information on all births
and prescriptions for the entire Norwegian population in the period
2005 to 2015. Notification to the registers is compulsory, and the
problem of selection bias is therefore negligible. Because the registries
are based on personal identification numbers and contain dates of
births and dispensing dates, it was possible to study use of medica-
tions during specific periods of pregnancy.

We examined prescribed drugs as recorded in the NorPD. The
NorPD includes information on all prescribed medications dispensed
to individual patients from all pharmacies in Norway. Neither
medications given to individuals when in hospitals or institutions nor
over-the-counter drugs are not registered in NorPD at an individual
level. However, we do not believe this will influence the main results

of our study.
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Since NorPD was established in 2004, a relatively short calendar
period was available for evaluating trends in use of medication during
pregnancy. Further, over-the-counter medications were not included
in our study. The present study explores medication use around
pregnancy. To explore the incidence of different birth outcomes
associated with specific medications, a much larger cohort is needed.
Hence, such explorations are left to larger studies, such as Furu et al
and the EUROmediCAT project.>%¢

Women suffering from chronic diseases, such as diabetes type |
and epilepsy, will need to use medication also during pregnancy.”*°
Some women with severe disorders during pregnancy may also need
to use specific drugs for the treatment in spite of being pregnant.
We have no information on severity of the illnesses or any risk assess-
ments that have been done when considering need of treatment

against risk for the fetus.

5 | CONCLUSION

The proportion of women using prescription medications during
pregnancy and the proportion of women using potentially teratogenic
medications in the first trimester of pregnancy have increased in
Norway during the last decade. Clinicians need to be aware of the
possibility of pregnancy when prescribing potentially teratogenic
medication to women of fertile age, and focus this in the consulta-
tions. The increasing trends indicate a need of routine surveillance of
adverse birth outcomes linked to the use of medication in pregnancy,

especially when potentially teratogenic medication is concerned.

ETHICS STATEMENT

The Norwegian Data Inspectorate was notified before the MBRN and
NorPD were linked, as required by the Norwegian law for national
health registries.

FINANCIAL DISCLOSURE

The authors have no financial relationships relevant to this article to

disclose.

CONFLICT OF INTEREST

The authors have no conflicts of interest to disclose.

ORCID

Anders Engeland (© http://orcid.org/0000-0001-5620-9207

REFERENCES

1. Koren G, Pastuszak A, Ito S. Drugs in pregnancy. N Engl J Med.
1998;338(16):1128-1137.

2. Euromedicat Steering Group. Safety of medication use in pregnancy.
Pharmacoepidemiol Drug Saf. 2015;24(Suppl 2):1-2. https://doi.org/
10.1002/pds.3865 [doi]

3. Briggs GG, Polifka JE, Wisner KL, et al. Should pregnant women be
included in phase IV clinical drug trials? Am J Obstet Gynecol.
2015;213(6):810-815. https://doi.org/10.1016/j.ajog.2015.05.047

4. Euromedicat Steering Group. EUROmediCAT recommendations for
European pharmacovigilance concerning safety of medication use in

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

pregnancy. Pharmacoepidemiol Drug Saf. 2015;24(Suppl 2):3-7.

https://doi.org/10.1002/pds.3866 [doi]

. Swedish Medical Center Foundation. 2016 [updated 2016. Available

from: http://www.swedish.org/services/pregnancy-and-childbirth/
pregnancy/newly-pregnant.

. Australian Government. 2016 [updated 2016. Available from: https://

www.tga.gov.au/prescribing-medicines-pregnancy-database

. NHS. 2016 [updated 2016. Available from: http://www.nhs.uk/Condi-

tions/pregnancy-and-baby/Pages/medicines-in-pregnancy.aspx

. Centers of disease control and prevention. 2016 [updated 2016.

Available from: https://www.cdc.gov/pregnancy/meds/

. Weston J, Bromley R, Jackson CF, et al. Monotherapy treatment of epi-

lepsy in pregnancy: congenital malformation outcomes in the child.
Cochrane Database Syst Rev. 2016;11:CD010224. https://doi.org/
10.1002/14651858.CD010224.pub2 [doi]

Eidem I, Stene LC, Henriksen T, et al. Congenital anomalies in new-
borns of women with type 1 diabetes: nationwide population-based
study in  Norway, 1999-2004. Acta Obstet Gynecol Scand.
2010;89(11):1403-1411.  https://doi.org/10.3109/00016349.2010.
518594 [doi]

Engeland A, Bramness JG, Daltveit AK, et al. Prescription drug use
among fathers and mothers before and during pregnancy. A popula-
tion-based cohort study of 106,000 pregnancies in Norway 2004-06.
Br J Clin Pharmacol. 2008;69:653-660.

Lupattelli A, Spigset O, Twigg MJ, et al. Medication use in pregnancy: a
cross-sectional, multinational web-based study. BMJ Open. 2014;4(2):
e004365. https://doi.org/10.1136/bmjopen-2013-004365

Mitchell AA, Gilboa SM, Werler MM, et al. Medication use during preg-
nancy, with particular focus on prescription drugs: 1976-2008. Am J
Obstet Gynecol. 2011;205(1):51 e1-8. https://doi.org/10.1016/j.
2jog.2011.02.029, 51.e1, 51.e8

Gagne JJ, Maio V, Berghella V, Louis DZ, Gonnella JS. Prescription drug
use during pregnancy: a population-based study in Regione Emilia-
Romagna, Italy. Eur J Clin Pharmacol. 2008;64(11):1125-1132.

Van Gelder MM, de Jong-van den berg LT, Roeleveld N. Drugs associ-
ated with teratogenic mechanisms. Part II: a literature review of the
evidence on human risks. Hum Reprod. 2014;29(1):168-183. det370
[pii];https://doi.org/10.1093/humrep/det370. [doi]

Trgnnes JN, Lupattelli A, Nordeng H. Safety profile of medication used
during pregnancy: results of a multinational European study.
Pharmacoepidemiol Drug Saf. 2017;26(7):802-811. https://doi.org/
10.1002/pds.4213

Van Gelder MM, Bos JH, Roeleveld N, et al. Drugs associated with ter-
atogenic mechanisms. Part |: dispensing rates among pregnant women
in the Netherlands, 1998-2009. Hum Reprod. 2014;29(1):161-167.
det369 [piil;https://doi.org/10.1093/humrep/det369 [doi]

Engeland A, Bjarge T, Klungsayr K, Skurtveit S, Furu K. Preterm births
and use of medication in early adulthood: a population-based registry
study. Pharmacoepidemiol Drug Saf. 2017;26(7):742-751.

Furu K, Wettermark B, Andersen M, et al. The Nordic countries as a
cohort for pharmacoepidemiological research. Basic Clin Pharmacol
Toxicol. 2010;106(2):86-94. PTO494 |[pii];https://doi.org/10.1111/
j.1742-7843.2009.00494 x. [doi]

WHO Collaborating Centre for Drug Statistics Methodology. ATC Clas-
sification Index with DDDs 2010. Oslo: WHO Collaborating Centre for
Drug Statistics Methodology; 2010.

Irgens LM. The medical birth registry of Norway. Epidemiological
research and surveillance throughout 30 years. Acta Obstet Gynecol
Scand. 2000;79(6):435-439.

Van Gelder MM, Van Rooij IA, Miller RK, et al. Teratogenic mecha-
nisms of medical drugs. Hum Reprod Update. 2010;16(4):378-394.
https://doi.org/10.1093/humupd/dmp052

Murray CJ, Ezzati M, Flaxman AD, et al. GBD 2010: design, definitions,
and metrics. Lancet. 2012;380(9859):2063-2066. https://doi.org/
10.1016/50140-6736(12)61899-6


http://orcid.org/0000-0001-5620-9207
https://doi.org/10.1002/pds.3865
https://doi.org/10.1002/pds.3865
https://doi.org/%5bdoi%5d
https://doi.org/10.1016/j.ajog.2015.05.047
https://doi.org/10.1002/pds.3866
https://doi.org/%5bdoi%5d
http://www.swedish.org/services/pregnancy-and-childbirth/pregnancy/newly-pregnant
http://www.swedish.org/services/pregnancy-and-childbirth/pregnancy/newly-pregnant
https://www.tga.gov.au/prescribing-medicines-pregnancy-database
https://www.tga.gov.au/prescribing-medicines-pregnancy-database
http://www.nhs.uk/Conditions/pregnancy-and-baby/Pages/medicines-in-pregnancy.aspx
http://www.nhs.uk/Conditions/pregnancy-and-baby/Pages/medicines-in-pregnancy.aspx
https://www.cdc.gov/pregnancy/meds/
https://doi.org/10.1002/14651858.CD010224.pub2
https://doi.org/10.1002/14651858.CD010224.pub2
https://doi.org/%5bdoi%5d
https://doi.org/10.3109/00016349.2010.518594
https://doi.org/10.3109/00016349.2010.518594
https://doi.org/10.1136/bmjopen-2013-004365
https://doi.org/10.1016/j.ajog.2011.02.029
https://doi.org/10.1016/j.ajog.2011.02.029
https://doi.org/10.1093/humrep/det370
https://doi.org/10.1002/pds.4213
https://doi.org/10.1002/pds.4213
https://doi.org/10.1093/humrep/det369
https://doi.org/%5bdoi%5d
https://doi.org/10.1111/j.1742-7843.2009.00494.x
https://doi.org/10.1111/j.1742-7843.2009.00494.x
https://doi.org/%5bdoi%5d
https://doi.org/10.1093/humupd/dmp052
https://doi.org/10.1016/S0140-6736(12)61899-6
https://doi.org/10.1016/S0140-6736(12)61899-6

200 | \WiLEY

24.
25.
26.
27.

28.

29

30.

31

32.

33.

34.

ENGELAND ET AL.

Smolina K, Hanley GE, Mintzes B, Oberlander TF, Morgan S. Trends
and determinants of prescription drug use during pregnancy and
postpartum in British Columbia, 2002-2011: a population-based
cohort study. PLoS One. 2015;10(5):e0128312. https://doi.org/
10.1371/journal.pone.0128312

Song |, Choi SH, Shin JY. Trends in prescription of pregnancy-contrain-
dicated drugs in Korea, 2007-2011. Regul Toxicol Pharmacol.
2016;75:35-45. https://doi.org/10.1016/j.yrtph.2015.12.011

Pasternak B, Svanstrom H, Molgaard-Nielsen D, et al. Metoclopramide
in pregnancy and risk of major congenital malformations and fetal
death. JAMA. 2013;310(15):1601-1611. https://doi.org/10.1001/
jama.2013.278343

Veroniki AA, Cogo E, Rios P, et al. Comparative safety of anti-epileptic
drugs during pregnancy: a systematic review and network meta-analy-
sis of congenital malformations and prenatal outcomes. BMC Med.
2017;15(1):95. https://doi.org/10.1186/s12916-017-0845-1

The Norwegian Institute of Public Health. The Norwegian Prescription
Database 2010 [updated 2010. Available from: http://www.norpd.no/
accessedhttp://www.norpd. no.

. Lammer EJ, Chen DT, Hoar RM, et al. Retinoic acid embryopathy. N

Engl J Med. 1985;313(14):837-841. https://doi.org/10.1056/NEJM1
98510033131401

Browne H, Mason G, Tang T. Retinoids and pregnancy: an update. The
Obstetrician & Gynaecologist. 2014;16(1):7-11.

Statens legemiddelverk. Isotretinoin skal ikke brukes av gravide kvinner
https://legemiddelverket.no/nyheter/isotretinoin-skal-ikke-brukes-av-
gravide-kvinner [2017.

Statens legemiddelverk. Utleveringsbestemmelser https://legemiddel-
verket.no/import-og-salg/utlevering-og-salg-i-apotek/utleveringsbes-
temmelser [accessed September 2017.

European Medines Agency. Retinoid-containing medicinal products
http://www.ema.europa.eu/ema/index.jsp? curl=pages/medicines/hu-
man/referrals/Retinoids_containing_medicinal_products/human_refer
ral_prac_000061.jsp&mid=WC0b01ac05805c516f [2017.

Huybrechts KF, Broms G, Christensen LB, et al. Association between
methylphenidate and amphetamine use in pregnancy and risk of
congenital malformations: a cohort study from the international

35.

36.

37.

38.

39.

pregnancy safety study consortium. JAMA Psychiat.
2018;75(2):167-175.  https://doi.org/10.1001/jamapsychiatry.2017.
3644

Stephansson O, Granath F, Svensson T, et al. Drug use during preg-
nancy in Sweden—assessed by the prescribed drug register and the
medical birth register. Clin Epidemiol. 2011;3:43-50. https://doi.org/
10.2147/CLEP.S16305

Furu K, Kieler H, Haglund B, et al. Selective serotonin reuptake inhibi-
tors and venlafaxine in early pregnancy and risk of birth defects:
population based cohort study and sibling design. BMJ. 2015;350:
h1798. https://doi.org/10.1136/bmj.h1798, aprl7 3

Kieler H, Artama M, Engeland A, et al. Selective serotonin reuptake
inhibitors during pregnancy and risk of persistent pulmonary hyperten-
sion in the newborn: population based cohort study from the five
Nordic countries. BMJ. 2012;344:d8012. https://doi.org/10.1136/
bm;j.d8012

Kieler H, Malm H, Artama M, et al. Use of antidepressants and
association with elective termination of pregnancy: population based
case-control study. BJOG. 2015;122(12):1618-1624. https://doi.org/
10.1111/1471-0528.13164

Sakshaug. Legemiddelforbruket i Norge 2012-2016 [Drug Consump-
tion in Norway 2012-2016]. In: S S, ed. In: Legemiddelstatistikk.
Oslo: Norwegian Institute of Public Health:2017.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

How to cite this article: Engeland A, Bjgrge T, Klungsayr K,
Hjellvik V, Skurtveit S, Furu K. Trends in prescription drug
use during pregnancy and postpartum in Norway, 2005 to
2015. Pharmacoepidemiol Drug Saf. 2018;27:995-1004.
https://doi.org/10.1002/pds.4577



https://doi.org/10.1371/journal.pone.0128312
https://doi.org/10.1371/journal.pone.0128312
https://doi.org/10.1016/j.yrtph.2015.12.011
https://doi.org/10.1001/jama.2013.278343
https://doi.org/10.1001/jama.2013.278343
https://doi.org/10.1186/s12916-017-0845-1
http://www.norpd.no/accessedhttp
http://www.norpd.no/accessedhttp
https://doi.org/10.1056/NEJM198510033131401
https://doi.org/10.1056/NEJM198510033131401
https://legemiddelverket.no/nyheter/isotretinoin-skal-ikke-brukes-av-gravide-kvinner
https://legemiddelverket.no/nyheter/isotretinoin-skal-ikke-brukes-av-gravide-kvinner
https://legemiddelverket.no/import-og-salg/utlevering-og-salg-i-apotek/utleveringsbestemmelser
https://legemiddelverket.no/import-og-salg/utlevering-og-salg-i-apotek/utleveringsbestemmelser
https://legemiddelverket.no/import-og-salg/utlevering-og-salg-i-apotek/utleveringsbestemmelser
http://www.ema.europa.eu/ema/index.jsp
https://doi.org/10.1001/jamapsychiatry.2017.3644
https://doi.org/10.1001/jamapsychiatry.2017.3644
https://doi.org/10.2147/CLEP.S16305
https://doi.org/10.2147/CLEP.S16305
https://doi.org/10.1136/bmj.h1798
https://doi.org/10.1136/bmj.d8012
https://doi.org/10.1136/bmj.d8012
https://doi.org/10.1111/1471-0528.13164
https://doi.org/10.1111/1471-0528.13164
https://doi.org/10.1002/pds.4577

