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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT AIMS

The primary aim of this study was to describe the use of prescribed
drugs in both mothers and fathers before and during pregnancy in
Norway.

METHODS

This population-based cohort study was based on data retrieved from
the Medical Birth Registry of Norway and the Norwegian Prescription
Database. These registries cover the entire population of Norway.
Information on >100 000 births during 2004-2006 in the birth registry
was linked to prescription data. Prescriptions issued to mothers just
prior to, during and after the pregnancies as well as prescriptions to
fathers just prior to conception were identified.

RESULTS

Among mothers, 83% were prescribed drugs during the period

3 months prior to estimated conception until 3 months after giving
birth. The mothers who received drugs were prescribed on average 3.3
different Anatomical Therapeutic Chemical (ATC) codes (range 1-38).
During pregnancy, 57% were prescribed drugs. In the first trimester,
33% of mothers were dispensed drugs, while the figure was 29% for
mothers in the last trimester. Among fathers, 25% used prescribed
drugs during the 3 months prior to conception, with on average 1.9
different ATC codes (range 1-22).

CONCLUSION

Large proportions of both fathers and mothers were dispensed drugs
prior to conception or during pregnancy. While there is a high
awareness of the issues involved in maternal drug use in pregnancy,
possible teratogenic effects of drug use in fathers shortly before
conception should be further explored.
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Introduction

During the last 40 years, several studies have been pub-
lished on possible associations between maternal drug use
and birth defects [1]. Physicians and pregnant women are,
in many cases, aware of possible teratogenic effects con-
nected to the use of specific drugs. However, a number of
pregnancies are not planned.This may lead to exposure to
drugs which are not recommended for pregnant women
before the women are aware of their pregnancies and typi-
cally during organogenesis in the first trimester. Some
women, however, need drugs during pregnancy to treat
chronic conditions, e.g. asthma, epilepsy, diabetes mellitus
or psychiatric disorders. In addition to possible birth
defects, drug use later in pregnancy may also influence the
course of the pregnancy and the health of both mother and
child before and during birth and in the neonatal period.

Because pregnant women or women at risk of becom-
ing pregnant are normally excluded from clinical trials,and
ethical reasons almost always prevent testing possible
negative effects of drug use during pregnancy in pregnant
women [2], there is still very limited information about the
risk and safety of prescription drugs during pregnancy.
Nevertheless, for reasons of safety, it is often recom-
mended that certain drugs are not used by pregnant
women, even though no harmful effects have been
observed [3].As noted by Koren [2], the best way to achieve
better knowledge of possible teratogenic effect of drugs
during pregnancy is collection and follow-up of observa-
tional data.

Epidemiological studies may be important for identify-
ing possible negative effects on mother and child of drug
use during and after pregnancy, i.e. short-term as well as
long-term effects of drug use during pregnancy. Many
women will take prescription drugs during pregnancy. Dif-
ferent studies are difficult to compare because of differ-
ences in study design [4]. The use of drugs among fathers
prior to conception has received less attention [5, 6]. Fewer
restrictions have been put on the use of drugs in fertile
males than in females.

Large prospective studies may be particularly useful in
exploring the use of medication in relation to pregnancies
[1]. In Norway, we are able to perform large prospective
studies using population-based registries of births and
prescriptions, which cover the entire population.

It is important to know which drugs are most com-
monly used during or around pregnancy, because the
potential risks of these drugs may have major clinical and
public health impact.

The aim of this study was to describe drug use among
mothers in the 3 months prior to conception, during preg-
nancy and during the 3 months after the end of preg-
nancy. We looked at pregnancies in 2004-2006 using
population-based registries of births and prescriptions.We
also wanted to describe drug use among fathers just prior
to conception.
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Materials and methods

Data sources

The Norwegian Prescription Database The Norwegian
Prescription Database (NorPD) [7] is a research database
which captures all dispensed prescriptions in Norway from
1January 2004 and covers the entire population of
Norway (4.7 million). NorPD contains information on all
prescribed drugs, reimbursed or not, dispensed at pharma-
cies to individual patients treated in ambulatory care.Data
on use in institutionalized patients in nursing homes and
hospitals are also collected, but these figures are registered
only at an institutional level and not at the patient level.
Therefore, drugs dispensed to institutions are not included
in our study. For each prescription, sex, age (patient and
prescriber), demographic information, prescriber special-
ity, pharmacy identifier, dispensing date and detailed drug
information are registered.The indication for prescribing is
not recorded. However, the code of reimbursement is
recorded and this may in some cases function as a proxy of
diagnosis. Classification of drugs was based on the Ana-
tomical Therapeutic Chemical (ATC) classification system
as of 2007 [8].

The Medical Birth Registry of Norway The Medical Birth
Registry of Norway (MBRN) is a population-based registry
containing information on all births in Norway since 1967
(more than 2.3 million births) [9]. MBRN is based on com-
pulsory notification of every birth or late abortion from
12 weeks of gestation onwards. MBRN includes identifica-
tion of the mother and the father in terms of their national
identification numbers, demographic information on the
mother and father, the mother’s health before and during
pregnancy, complications during pregnancy and delivery,
length of pregnancy as well as information on the infant,
including birth defects and other perinatal problems [9]. A
standard antenatal form is completed at visits to a general
practitioner or a midwife during pregnancy and is brought
by the mother to the place of birth. The midwife enters
additional data recorded at the time of birth. Follow-up
data are added to the form until discharge of hospital
births.Since 1998, data obtained in neonatal wards on con-
genital conditions for infants transferred to such units after
birth have also been included.

Study subjects

Data in MBRN were linked to NorPD using the unique
11-digit identification number assigned to all individuals
living in Norway after 1960. In this study, all singleton preg-
nancies registered in MBRN were included, beginning
30 March 2004 or later and ending before 1 January 2007.
Only the first pregnancy during the study period was
included for each parent. Prescription data from NorPD
from January 2004 until and including March 2007 were
used.Thirtieth March 2004 was defined as the starting date
of pregnancies to ensure that information on all prescrip-
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tions dispensed from 3 months before conception until
the end of pregnancy was available.

Methods

Length of pregnancy was mostly determined by ultra-
sound (97%), and a date for start of pregnancy was esti-
mated. Each pregnancy was divided into trimesters (weeks
0-12,13-26, 27 onwards). In addition, prescriptions during
the last 3 months before conception and, when the child
was live born, 3 months after delivery were studied.

We calculated the proportion of prescriptions by ATC
codes and within the categories suggested by Bakker et al.
[4]: drugs for chronic conditions, drugs for occasional and
short-time use and pregnancy-related drugs.

Ethics

Linkage between the two registries generated anonymous
files for research purposes, as regulated by Norwegian law
for health registers.

Results

Prescription drug use in mothers

The total number of pregnancies included was 106 329,
with known identity of the mother, and with mother still
living in Norway, at childbirth. These pregnancies resulted
in 105 282 live-births, 256 induced abortions and 791 still-
births. The mean age of the mothers was 30 (range 13-52),
33 (19-45) and 31 years (15-46), respectively.

Altogether, 83% of the mothers were dispensed drugs
during the 3 months prior to conception, during preg-
nancy or during the 3 months after birth.There was no age
difference between those who had dispensed drugs and
those who did not. The mothers who received drugs
received on average 3.3 different ATC codes (range 1-38)
and 4.6 prescriptions (1.6% of these received =20 prescrip-
tions). Twenty-two percent of the women received only
one prescription. The prescribed drugs are tabulated by
ATC groups and by the dispensing period of prescriptions
(Table 1). During the last 3 months prior to conception,
39% of the mothers were dispensed drugs. During the first
trimester, 33% received drugs, and during both the second
and the third trimester 29% were dispensed drugs. During
pregnancy, 61 019 (57% of the women) received at least
one prescription drug. During the first 3 months after birth,
57% of mothers were dispensed prescriptions. The per-
centage of pregnant women using prescribed drugs in
different periods is illustrated in Figure 1.

The number of women with prescriptions in ATC group
A (alimentary tract and metabolism) increased >50% from
the period prior to conception to first trimester. The
increase was due to the prescription of drugs for functional
gastrointestinal disorders (ATC group A03), and the main
drug prescribed was metoclopramide (ATC code AO3FAQ1).
In the 3 months prior to conception, 235 women had such

prescriptions, whereas 2464 women received metoclopra-
mide in the first trimester. Compared with the period prior
to conception, the number of women with prescriptions in
ATC group B (blood and blood forming organs) was higher
during pregnancy.The increase was in prescription of anti-
thrombotic agents, vitamin B12 and folic acid. The propor-
tion of women using folic acid (ATC code BO3BB01) was
more than four times higher in the first trimester than in
the 3 months prior to conception (0.2% and 1.0%, respec-
tively). In ATC group C (cardiovascular system), a large
increase in the number of women with prescriptions was
seen from second to third trimester. Most of the increase
was observed in vasoprotectives (ATC group C05).The pre-
scription of dermatologicals (ATC group D) was reduced
during pregnancy. Anti-acne preparations were dispensed
to women throughout the pregnancies, but decreased
during pregnancy. There were six prescriptions of isotret-
inoin in six women (ATC code D10BAO01) during the study
period, of which four were >2 months prior to conception
and two were after birth.

Prescriptions in ATC group G (genitourinary system and
sex hormones) were mainly sex hormones (G03). The
number of women using these drugs decreased from
12222 (11.5%) in the 3 months prior to conception to 5503
in the first, 229 in the second and 121 in the third trimester.
Of all the pregnant women, 1.5% received contraceptives
(GO3A) during the first trimester. About 2.6% received hor-
mones for in vitro fertilization (GO3G) during the first tri-
mester.The increase in prescription of ATC group G to 34%
after delivery was due mainly to the use of oral contracep-
tives (ATC group GO3A).

The decrease in use of systemic hormonal preparations
during pregnancy, except for sex hormones and insulins
(ATC group H), was caused mainly by a decrease in the use
of hypothalamic hormones (ATC group H01C). No prescrip-
tions of these drugs were dispensed in the last two trimes-
ters of pregnancy.

The increase in use of systemic anti-infectives (ATC
group J) during pregnancy was due mainly to anincrease in
the use of antibacterials for systemic use (JO1). Of the
women using systemic anti-infectives, 80% used penicillins
(ATC group JO1C).Tetracyclines (ATC group JO1A) were dis-
pensed to 364 (0.3%) of all pregnant women in the first
trimester,and 29 received itin the second and 22 in the third
trimesters.Between 1.0% and 1.5% of the pregnant women
used the macrolide antibiotic erythromycin (ATC code
JO1FAO1) in each trimester. Altogether, 383 women (0.4%)
were dispensed fluoroquinolones (ATC code JO1MA) in con-
nection with pregnancy. The number of women receiving
fluoroquinolones decreased from 202 in the 3 months prior
to conception to 69,14 and 1 in the trimesters of pregnancy
and increased again to 104 in the 3 months after birth. A
total of 920 women (0.9%) used antivirals for systemic use
(ATC code JO5) in connection with pregnancy.

Few women were dispensed drugs in ATC group L (anti-
neoplastic and immunomodulating agents) during the last
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Figure 1

Percentage of mothers who had dispensed prescriptions 3 months prior
to pregnancy to 3 months after pregnancy (based on n=106329
pregnancies). (All drugs, (H); Excl. Contraceptives, ()

two trimesters. Also, the number of women using drugs in
group M (musculoskeletal system), consisting mostly of
nonsteroidal anti-inflammatory and antirheumatic prod-
ucts (ATC group M01A), decreased during pregnancy. Anti-
inflammatory and antirheumatic products were used by
5.5% of the women in the 3 months prior to pregnancy, but
the proportion decreased to 0.1% in the last trimester.

The number of women using nervous system drugs
(ATC group N) decreased with 7.3% of women in the period
prior to conception to 2.8% of women during the third
trimester. This decrease was due to a reduction in opioids
(ATC group NO2A) and antidepressants (ATC group NO6A).
Of the 615 women using antiepileptics (ATC group NO3) in
connection with pregnancy, 141 used carbamazepine (ATC
code NO3AF01),107 used valproic acid (ATC code NO3AGO01)
and 251 used lamotrigine (ATC code NO3AX09).Whereas 36,
33 and 39 women used valproic acid in the first,second and
third trimester, respectively, the numbers for carbam-
azepine were 75,66 and 67,and for lamotrigine 161,141 and
137.The proportion of women using anxiolytics and hyp-
notics (ATC groups NO5B and NO5C) decreased from 1.8%
before conception to 1% in the first trimester and further to
0.5% in the second and 0.6% in the third trimester. Also, the
use of antidepressants (ATC group NO6A) dropped from
1.8% before conception to about 1% in the first trimester.
Overall, about 71% of the antidepressant prescriptions
were selective serotonin reuptake inhibitors (SSRIs) (ATC
group NO6AB). Prescriptions for SSRIs were dispensed to
1.3% of mothers during the last 3 months prior to concep-
tion and 0.8% of mothers during the first trimester. In the
last two trimesters of pregnancy 0.4% and 0.3% of pregnant
women were prescribed SSRls.

A modest decrease in the number of women being
dispensed drugs for diseases of the respiratory system
(ATC group R) during pregnancy was observed. The pro-
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Figure 2

Percentage of women who had dispensed prescriptions for three catego-
ries of drugs, defined by Bakker et al. [4], from 3 months prior to preg-
nancy to 3 months after pregnancy (based on n=106 329 pregnancies).
(Drugs for chronic conditions, (H); Drugs for occasional and short-time
use, (J); Pregnancy-related drugs, (@))

portion of women using antiasthmatics (ATC group R03)
was about 2% during the pregnancy period and decreased
to 1.3% after delivery. Antihistamine (ATC group R06) use
increased from 3.8% before conception to 4.6% in the first
trimester, but decreased again in the following trimesters.

Figure 2 shows the percentage of women who were
dispensed three categories of drugs during the study
period. These categories constituted 69% of all prescrip-
tions given to women in the study period. Between 30 and
40% used pregnancy-related drugs in all the periods
studied here. The use of pregnancy-related drugs was
stable, but most frequent during the 3 months prior to
conception and the 3 months after giving birth.The use of
drugs for chronic conditions was also stable, whereas a
decrease in the use of drugs for occasional and short-time
use was observed after the first trimester.

Prescription drug use in fathers

A total of 109 725 pregnancies were initially included in
this study. Information about the fathers was available in
96% of pregnancies. After including only the first preg-
nancy for each father, the total number of pregnancies
included in the analyses was 103 302. These pregnancies
resulted in 102 698 live-births, 31 abortions and 573 still-
births. The mean age of the fathers was 33 (range 16-72),
33 (24-49) and 35 years (17-87), respectively.

During the last 3 months prior to conception, 75% of
fathers were not dispensed any prescribed drug, while 12%
received only one drug.The prescribed drugs are tabulated
by ATC groups (Table 2). Fathers receiving drugs were pre-
scribed on average 1.9 different ATC codes (range 1-22).

Almost 2% of fathers used drugs in ATC group C
(cardiovascular system). Anti-acne preparations were

Br | Clin Pharmacol / 65:5 / 657
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Table 2

Prescriptions dispensed to fathers in the last 3 months prior to pregnancy (n =103 302 pregnancies)

Drug (ATC group)

Alimentary tract and metabolism (A)

Antacids and drugs for peptic ulcer (A02)

Antidiarrhoeals, intest. anti-inflam./anti-infect. agents (A07)

Drugs for diabetes (A10)

Blood and blood forming organs (B)

Antithrombotic agents (B01)
Cardiovascular system (C)

B-Blockers (C07)

Lipid-modifying agents (C10)
Dermatologicals (D)

Antifungals for dermatological use (D01)

Antibiotics and chemother. for dermatological use (D06)

Dermal corticosteroids (D07)

Anti-acne preparations (D10)

Genitourinary system and sex hormones (G)

Urologicals (G04)

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

Corticosteroids for systemic use (H02)

Anti-infectives for systemic use (J)

Antibacterials for systemic use (JO1)

Tetracyclines (JO1A)

B-Lactam antibacterials, penicillins (J01C)

Macrolides, lincosamides and streptosamins (JO1F)
Antineoplastic and immunomodulating agents (L)
Musculoskeletal system (M)

Anti-inflammatory drugs (M01)

Nervous system (N)

Opioids (N02A)

Anti-epileptics (N03)

Antipsychotics, anxiolytics, hypnotics and sedatives (NO5)

Antidepressants (NO6A)

Antiparasitic products, insecticides and repellents (P)
Respiratory system (R)

Nasal preparations (R01)

Anti-asthmatics (R03)

Cough and cold preparations (R05)

Antihistamines (R06)

Sensory organs and various (S + V)
Total

Number of Number of fathers Percentage of fathers

prescriptions with =1 prescription with =1 prescription
4349 2838 2.7
1808 1438 1.4
530 383 0.4
1387 656 0.6
657 515 0.5
498 394 0.4
3012 1934 1.9
502 424 0.4
744 644 0.6
4685 3396 3.3
932 776 0.8
667 628 0.6
2 300 1787 1.7
213 151 0.1
1166 681 0.7
1009 587 0.6
1305 1089 1.1
922 780 0.8
7 627 6 365 6.2
7 025 5965 5.8
1022 934 0.9
3537 3283 3.2
1857 1697 1.6
311 198 0.2
8674 6244 6.0
7 237 5797 5.6
13 046 6 164 6.0
4616 2725 2.6
680 408 0.4
3853 1814 1.8
2035 1414 1.4
415 386 0.4
11648 7 168 6.9
3077 2628 2.5
3265 1934 1.9
1570 1370 1.3
3736 3335 3.2
3230 2 599 2.5
60 125 26182 253

dispensed to 151 men. Of these, 13 were prescribed
isotretinoin (ATC code D10BAO1). The 13 men received
isotretinoin between 5 and 84 days prior to conception. Of
the 408 men using antiepileptics (ATC group NO3) prior to
conception, 116 used carbamazepine (ATC code NO3AFO01),
84 used valproic acid (ATC code N03AGO1) and 89 used
lamotrigine (ATC code NO3AX09). Antidepressants (ATC
group NO6A) were dispensed to 1.4% of fathers. More than
60% of these were prescribed SSRIs (ATC group NO6AB).

Discussion

In this study, which included 106 000 Norwegian pregnan-
cies during 2004-2006, we observed that most mothers
(83%) were prescribed medicines in the period from
3 months prior to conception until 3 months after giving
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birth. Antibacterial drugs for systemic use and drugs for
the respiratory system constituted the major part of these
drugs. During pregnancy, 57% of mothers used prescribed
drugs, whereas 33% and 29% of mothers used drugs
during the first and last trimester, respectively. Every fourth
father used prescribed medicines during the last 3 months
prior to conception. Use of anti-inflammatory drugs and
drugs for the nervous system were frequent in both
mothers and fathers in the 3 months prior to conception.

This study is based on data from population-based
registries covering the entire population of Norway. The
unique identification number and population-based regis-
tries on births, deaths, emigrations and prescriptions give a
high quality of linkage between the registries. Recall bias
was avoided by using prospectively collected data, not col-
lected by interviews but by central registries. Since the
data were extracted from the general population of
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Norway, not a selected population, our study may be used
to evaluate the public impact of drug use in relation to
pregnancies. However, registry-based studies also have
shortcomings. Although the drugs, the date of dispensing
and the dosage of drugs dispensed to each person were
known, we did not know whether the individuals used the
drugs, or, if they did, when they used them. For this reason,
the drug use may have been overestimated. The NorPD
does not contain individual information on prescriptions
made in institutions, so these prescriptions were not
included in the study. Also, drugs sold over the counter
were not included. This may lead to an underestimation of
the use of certain drugs. The time of conception was cal-
culated on the basis of birth date and information on the
length of pregnancy.The length of pregnancy was mostly
determined on the basis of ultrasound examinations.

This study covered >100 000 pregnancies, and even if
only a small proportion of the pregnancies were dispensed
any particular drug, the absolute numbers will still be of
importance. More detailed studies may be performed for
individual drugs and drug groups of interest, whereas here
only a few examples can be noted. In our study, about 1.2%
of mothers used drugs for diabetes in connection with their
pregnancies, 0.6% used antiepileptics and 5.2% used anti-
asthmatic drugs. Most of these probably had chronic ill-
nesses prior to conception, which needed prolonged
medication throughout pregnancy. Managing epilepsy
during pregnancy is a major therapeutic challenge, as anti-
epileptic drugs have been associated with birth defects and
impaired postnatal cognitive development.The pattern of
birth defects varies with the type of antiepileptic drug [10].
Neural tube defects have been linked to the use of carbam-
azepine and valproic acid.There is scant information about
the new antiepileptic drugs and possible teratogenicity.

The first trimester is critical for teratogenic effects. In
our study, 1.5% of women were dispensed contraceptives
during the first trimester, which may indicate that many
were not aware they were pregnant until some weeks after
conception and continued to use drugs as usual. The anti-
acne preparation isotretinoin, a potent human teratogen,
is of particular concern [11-13]. In our study, no women
received isotretinoin during pregnancy and only a few
were prescribed the drug 2-3 months prior to conception.

Psychotropic drugs have been under scrutiny for their
teratogenic effects (e.g. in [14]), but also for complicating
births and neonatal periods [11, 12].In our study 0.9-1.1%
of the women used anxiolytics, antidepressants or antipsy-
chotics in the first trimester, dropping by about half in the
last trimester.

Antibacterials for systemic use are frequently pre-
scribed in pregnancy [15]. In our study, penicillins, which
are considered safe during pregnancy, were the most pre-
scribed anti-infective. However, tetracycline, fluoroquinolo-
nes and erythromycin, with possible teratogenic or toxic
effects on the fetus, were dispensed to pregnant women
during all three trimesters.

The identity of the father was known in 96% of the
pregnancies, so we were able to study the prescriptions in
a high percentage of fathers. Schirm et al. found that one-
third of 63000 Danish and Dutch fathers had received
drugs in the 6 months before conception [6]. In our study,
we found that one-quarter of all fathers were dispensed at
least one prescription during the 3 months prior to con-
ception. We observed that isotretinoin was prescribed to
fathers closer to conception than to mothers.

In this registry-based study, we looked at prescription
patterns for both fathers and mothers around the time of
conception and pregnancy. We were able to include
>100 000 pregnancies with information on both fathers
and mothers. We have shown that a large proportion of
women were dispensed drugs throughout pregnancy. In
every trimesters of pregnancy, about 30% of women were
dispensed a drug.The total drug exposure did not seem to
diminish throughout pregnancy. More research is needed
to explore whether medication of father shortly before
conception has any teratogenic effect, since as many as
one-quarter of fathers were dispensed drugs during the
last 3 months prior to conception.
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