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Desloratadine Use During Pregnancy and Risk of
Adverse Fetal Outcomes: A Nationwide Cohort
Study
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What is already known about this topic? Desloratadine is a frequently used second-generation antihistamine, but the
fetal safety of desloratadine use during pregnancy has not been previously examined.

What does this article add to our knowledge? This nationwide cohort study included all pregnancies with the use of
desloratadine during pregnancy in Denmark from 2001 through 2016 and found no association between desloratadine and
adverse fetal outcomes as compared with the use of loratadine. Comparison with additional comparator groups showed
similar results.

How does this study impact current management guidelines? These results provide reassurance by indicating that
the fetal safety of desloratadine is similar to the currently recommended second-generation antihistamines during preg-
nancy, and thus can be used equally.

BACKGROUND: Desloratadine is a frequently used drug for
the treatment of allergic disorders, which often also require
treatment during pregnancy. However, information on the fetal
safety of desloratadine use during pregnancy is limited.
OBJECTIVE: To investigate the association between
desloratadine use during pregnancy and adverse fetal outcomes.
METHODS: From a cohort of 1,287,668 pregnancies
identified in the Danish nationwide registries in the study
period 2001 to 2016, users of desloratadine and loratadine
during pregnancy were matched in a 1:1 ratio based on
propensity scores to compare the risk of adverse fetal
outcomes. We compared the risk of the primary outcomes
major birth defects (among a total of 3348 pregnancies) and
spontaneous abortion (5498 pregnancies) and the secondary
outcomes preterm birth (5280 pregnancies), small size for
gestational age (SGA) for birth weight (5436 pregnancies),
and stillbirth (6776 pregnancies). Logistic regression was

used to estimate the prevalence odds ratio (OR) of major
birth defects, preterm birth, and SGA, and Cox regression to
estimate the hazard ratio (HR) of spontaneous abortion and
stillbirth. Sensitivity analyses included comparing with
cetirizine use in pregnancy and with pregnancies unexposed
to desloratadine but with prior use as additional comparator
groups.

RESULTS: Use of desloratadine in pregnancy was not associated
with a significant increased risk of major birth defects
(prevalence OR, 1.07; 95% confidence interval [CI], 0.77-1.50),
spontaneous abortion (HR, 1.15; 95% CI, 0.96-1.37), preterm
birth (prevalence OR, 0.84; 95% CI, 0.67-1.05), SGA
(prevalence OR, 0.97; 95% CI, 0.80-1.16), or stillbirth (HR,
0.91; 95% CI, 0.31-2.70) compared with loratadine use in
pregnancy. Sensitivity analyses, including those with the use of
additional comparator groups, showed similar results.
CONCLUSION: Use of desloratadine during pregnancy was not
associated with a statistically significant increased risk of adverse
fetal outcomes as compared with loratadine. Results indicate that
the fetal safety profile of desloratadine is similar to the currently
recommended second-generation antihistamines during preg-
nancy. � 2020 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2020;-:---)
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Desloratadine is a second-generation antihistamine, part of
first-line therapy, and frequently used for the treatment of
allergic disorders such as allergic rhinitis and urticaria.1-3 Allergic
disorders are estimated to affect 20% to 30% of women of
childbearing age, and antihistamines are one of the most
frequently prescribed drugs during pregnancy, reported to be
prescribed up to one in every seventh pregnancy.4-6
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Abbreviations used
ATC- Anatomic therapeutic chemical
CI- Confidence interval

EUROCAT- European Surveillance of Congenital Anomalies
HR- Hazard ratio
OR- Odds ratio
SGA- Small size for gestational age

Data to support the fetal safety of desloratadine use during
pregnancy are lacking. Although no studies, to our knowledge,
have previously investigated the use of desloratadine in preg-
nancy, fetal safety studies of loratadine, in which desloratadine is
the main active metabolite, found no risk of adverse fetal out-
comes with the use of loratadine during pregnancy and is
considered as safe.4,7-11

Despite the pharmacological similarities, concerns exist
regarding if the fetal safety assessment of loratadine can be
extrapolated to desloratadine.2,12 The risk summary of the use of
desloratadine in pregnancy in the product label states that the
limited data in pregnant women are not sufficient to inform a
drug-associated risk for major birth defects and miscarriage.13 In
addition, current guidelines recommend the use of loratadine or
cetirizine in pregnancy when treatment with a second-generation
antihistamine is needed.2,6,14,15

Thus, existing data are inadequate to evaluate the potential
fetal risk of desloratadine use in pregnancy. Given the prevalent
use and proven effectiveness of desloratadine to treat allergic
disorders, this issue emerges as of substantial clinical impor-
tance.14,16 In a nationwide cohort study, we investigated the
association between desloratadine use during pregnancy and
adverse fetal outcomes. With the use of a propensity
scoreematched design, we matched desloratadine use with lor-
atadine use during pregnancy as an active comparative group for
the primary analyses. Primary outcomes were major birth defects
and spontaneous abortions and secondary outcomes were pre-
term birth, small size for gestational age (SGA) for birth weight,
and stillbirth. The association between desloratadine and primary
outcomes was secondly examined in sensitivity analyses accord-
ing to additional comparator groups of cetirizine use in preg-
nancy and pregnancies unexposed to desloratadine but with prior
use as well as different exposure definitions.

METHODS

Data sources and study cohort

On the basis of nationwide registries, we linked individual-level
data from different registries by using the unique personal identifi-
cation number that is assigned to all inhabitants of Denmark. From
the Medical Birth Registry and the National Patient Registry, we
identified the source population that included all pregnancies that
resulted in either live birth or fetal death (ie, abortive outcome and
stillbirth) in the study period January 1, 2001, until December 31,
2016.17,18 All live and stillbirths pregnancies are registered in the
Medical Birth Registry (ever since 1978), whereas all pregnancies
with abortive outcomes are registered in National Patient Registry
and since 1997 also holding information on date of conception and
abortion. Information on prescribed drug utilization was obtained
from the Registry of Medicinal Product Statistics, which holds in-
formation on all redeemed prescriptions from all Danish pharmacies,
and information on demographic variables was obtained from the
Danish Civil Registration System and Statistics Denmark.19,20 All

registries are continuously updated. A detailed description of the
utilized registries is provided in the Methods section of this article’s
Online Repository at www.jaci-inpractice.org.

For analyses of major birth defects, preterm birth, and SGA for
birth weight, only pregnancies that resulted in live births were
included, whereas all pregnancies were included for the analyses of
fetal death. We followed the cohort from pregnancy onset (ie, first
day of the last menstrual period) by obtaining gestational age
registered at the date of birth or abortive outcome. Pregnancies with
multiple records on overlapping dates and pregnancies with
implausible or missing information on gestational age were excluded.
Additional exclusion criteria were applied for the specific outcome
analyses of major birth defects, exclusion of infants with birth defects
due to chromosomal aberrations, genetic syndromes, and malfor-
mation syndromes of known causes as well as exclusion of preg-
nancies with missing information on birth weight for the analysis of
SGA for birth weight.

Desloratadine exposure

Exposure was defined as at least 1 filled prescription of deslor-
atadine identified through the Registry ofMedicinal Product Statistics
(anatomic therapeutic chemical [ATC]: R06AX27). The exposure
time window of interest was defined in relation to the specific outcome
analyses: the first trimester for the analysis of major birth defects;
before 37 completed gestational weeks for preterm birth; before
gestational week 23 for spontaneous abortion; and any time in preg-
nancy for SGA for birth weight and stillbirth.We allowedwomenwith
filled prescriptions during the 30 days before conception to be
included in the cohort for all analyses. Pregnant women with filled
prescriptions of loratadine (ATC: R06AX13) consisted as the active
comparative reference group. Pregnant women with filled pre-
scriptions of cetirizine (ATC: R06AE07) were used as a second active
comparator group in sensitivity analyses of primary outcomes. We
excluded pregnancies in case of concurrent use of desloratadine and
the comparative drug within the same pregnancy.

Outcomes
We identified outcome cases diagnosed via inpatient or outpatient

care registered in the National Patient Registry and the Medical
Birth Registry. The primary outcomes were any major birth defects
diagnosed within the first year of life and spontaneous abortion, that
is, fetal death before 22 completed gestational weeks. We defined
cases of major birth defects according to the European Surveillance
of Congenital Anomalies (EUROCAT) classification system of
subgroups of major congenital anomalies and excluded minor defects
according to the EUROCAT exclusion list.21 We defined cases of
spontaneous abortion as a pregnancy with an International Classi-
fication of Disease version 10 code of O021 or O03 diagnosed after
5 completed gestational weeks (due to the risk of misclassification of
very early spontaneous abortions). Secondary outcomes were pre-
term birth (defined as delivery before 37 completed gestational
weeks), SGA for birth weight (defined as lowest 10th percentile of
the gestational age-specific birth weight within the source cohort),
and stillbirth (defined as fetal death later than 22 completed gesta-
tional weeks). Further details on outcome definitions are provided in
the Methods section of this article’s Online Repository at www.
jaci-inpractice.org.

Covariates

Propensity score matching was used to control for potential
confounders. We performed separate propensity score matching for
each individual outcome analysis. Pregnant women with
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desloratadine use were matched in a 1:1 ratio with loratadine use. A
logistic regression model was used to estimate propensity scores,
which estimates the probability of desloratadine use during preg-
nancy based on a broad range of baseline characteristics at pregnancy
onset (unless otherwise stated) as predictors, which included de-
mographic variables, previous pregnancy outcomes, and prescription
drug use as well as hospital care utilization in the past year before
conception (see Table E1 in this article’s Online Repository at www.
jaci-inpractice.org for the specific definitions of all included
covariates).

Statistical analysis

Based on individual propensity score matching, 5 pairwisematched
cohorts were established for the primary analyses.We imputedmissing
values (0%-2.6% missing, see Table E2 in this article’s Online Re-
pository at www.jaci-inpractice.org) using the mode value. Matching
was performed using the greedy nearest-neighbor matching algorithm
(caliper width 0.02 on the propensity score scale).22,23 Balance of
covariates between matched groups was assessed by the standardized
differences. A covariate was considered well balanced if the stan-
dardized difference was below 10%.

For the analyses of major birth defects, preterm birth, and SGA
for birth weight, we used a logistic regression model to estimate
prevalence odds ratios (OR). For the analyses of spontaneous
abortion and stillbirth, we used the Cox proportional-hazards
regression model to estimate hazard ratios (HR). Gestational age
(in days) served as the underlying time scale. Censoring of a preg-
nancy occurred in case of another abortive outcome event other than
the outcome of interest. The proportional hazard assumption was
assessed using a Wald test for the interaction between time scale and
exposure. All measures of associations were reported with the cor-
responding 95% confidence intervals (CIs). Statistical tests were 2-
sided; CIs that did not overlap 1.0 were considered to indicate
statistical significance.

We performed several preplanned sensitivity analyses of the as-
sociation between desloratadine use and primary outcomes. These
included comparing with pregnancies with the use of cetirizine as a
secondary active comparator; comparing with women with filled
prescriptions for desloratadine from 6 months before pregnancy up
until 30 days before their pregnancy onset (but not during preg-
nancy); categorizing 1 or 2 or more filled prescriptions for deslor-
atadine; restricting to pregnancies with filled prescriptions after
pregnancy onset only; restricting to singleton pregnancies only and
first-time pregnancies only for the analysis of major birth defects;
comparing pregnancies with filled prescriptions for desloratadine or
loratadine at any time throughout the entire pregnancy for the
analysis major birth defects; and an analysis of the risk of induced
abortions. In a post hoc analysis, we examined the association ac-
cording to the timing of induced abortion, before or after the end of
gestational week 12, and the risk of birth defects among pregnancies
with induced abortion to investigate if birth defects were the reason
for terminating the pregnancy.

SAS software 9.4 was used for all analyses. The study was
approved by the Danish Data Protection Agency. Register-based
research does not require ethical approval in Denmark.

RESULTS

Cohort selection

We identified 1,287,668 pregnancies eligible for study in-
clusion during the study period 2001 to 2016. After the use of
the respective inclusion and exclusion criteria for each individual

outcome analysis, propensity score matching subsequently
established the 5 study cohorts (see Figure 1). Tables E3 and E4
(available in this article’s Online Repository at www.
jaci-inpractice.org) present the characteristics for the un-
matched cohorts. The matched cohort included a total of 3348
pregnancies (with the use of either desloratadine or loratadine in
a 1:1 ratio) for the analyses of major birth defects, 5498 preg-
nancies for spontaneous abortion, 5280 pregnancies for preterm
birth, 5436 pregnancies for SGA for birth weight, and 6776
pregnancies for the stillbirth analysis. Baseline characteristics
were well balanced between the groups for all matched cohorts,
with standardized differences below 10% and nicely weighted
(see Table I and Tables E5-E7, available in this article’s Online
Repository at www.jaci-inpractice.org). The proportional hazard
assumption was fulfilled for all analyses on fetal death.

Primary and secondary outcomes
Table II reports the associations between desloratadine use in

pregnancy and primary and secondary outcomes compared with
loratadine use in pregnancy. Infants with major birth defects
were diagnosed in 76 (4.5%) pregnancies with the use of
desloratadine compared with 71 (4.2%) pregnancies with the use
of loratadine during the first year of life (prevalence OR, 1.07;
95% CI, 0.77-1.50). Spontaneous abortions occurred in 256
(9.3%) pregnancies with the use of desloratadine and 230 (8.4%)
with the use of loratadine (HR, 1.15; 95% CI, 0.96-1.37). For
the analyses of the secondary outcomes, there were no significant
increased risk of preterm birth (prevalence OR, 0.84; 95% CI,
0.67-1.05), SGA for birth weight (prevalence OR, 0.97; 95%
CI, 0.80-1.16), and stillbirth (HR, 0.91; 95% CI, 0.31-2.70) for
desloratadine use in pregnancy compared with loratadine use.

Sensitivity analyses
Table III reports results from the sensitivity analyses according

to different definitions of exposure including the use of addi-
tional comparator groups and the association with the primary
outcomes. For the sensitivity analyses of major birth defects,
there were no significant differences in the risk between deslor-
atadine use compared with cetirizine use in first trimester
(prevalence OR, 1.36; 95% CI, 0.96-1.91; see Tables E8 and E9
in this article’s Online Repository at www.jaci-inpractice.org)
and desloratadine use in first trimester compared with pregnan-
cies with desloratadine use 6 months before pregnancy only
(prevalence OR, 1.00; 95% CI, 0.69-1.45). Sensitivity analyses
of the risk of major birth defects when excluding pregnancies
with filled prescriptions in the 30 days before pregnancy onset,
restricting to singleton pregnancies only, restricting to first-time
pregnancies only, and extending the exposure period throughout
the entire pregnancy provided similar results (see Table E10 in
this article’s Online Repository at www.jaci-inpractice.org).

For the sensitivity analyses of spontaneous abortion, no sig-
nificant differences in the risk were found between: desloratadine
use compared with cetirizine use in pregnancy (HR, 1.04; 95%
CI, 0.87-1.24) and desloratadine use in pregnancy compared
with pregnancies with desloratadine use 6 months before preg-
nancy only (HR, 0.84; 95% CI, 0.67-1.04). No differences in
the estimates of spontaneous abortion were identified in the
sensitivity analyses when excluding pregnancies with filled pre-
scriptions in the 30 days before pregnancy onset (see Table E10
in this article’s Online Repository at www.jaci-inpractice.org).
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For the analyses according to the number of filled pre-
scriptions for desloratadine (1 or 2 or more filled prescriptions),
no statistically significant increased risk was identified among
pregnancies with 2 or more filled prescriptions of desloratadine
for both major birth defects and spontaneous abortion.

A significant association was found between desloratadine use
and induced abortion compared with loratadine use in pregnancy
(see Table E10 in this article’s Online Repository at www.
jaci-inpractice.org); thus, we subsequently performed post hoc
analyses, where the association was examined according to the
timing of induced abortion (before or after the end of gestational
week 12) and the risk of birth defect cases among induced
abortions. Compared with loratadine, desloratadine use in
pregnancy was significantly associated with induced abortion
before 12 completed gestational weeks (HR, 1.34; 95% CI,
1.14-1.57), comprising 92.7% of all cases of induced abortions.
No significant association between desloratadine use and induced
abortion later than gestational week 12 (HR, 1.24; 95% CI,
0.70-2.19) or cases of birth defects among induced abortions
(prevalence OR, 0.77; 95% CI, 0.29-2.06) were identified
compared with loratadine use in pregnancy.

DISCUSSION

In this nationwide cohort study, desloratadine use in preg-
nancy was not associated with a significantly increased risk of
adverse fetal outcomes as compared with loratadine use. Up to
3388 pregnancies with the use of desloratadine during pregnancy
were included to investigate the risk of major birth defects,
spontaneous abortion, preterm birth, SGA for birth weight, and

stillbirth while comparing with matched pregnancies with the use
of loratadine. Preplanned sensitivity analyses, comparing deslor-
atadine use with cetirizine use in pregnancy and with pregnancies
unexposed to desloratadine but with prior use, showed similar
results to those of the main analyses.

Although previous data do not suggest an increased risk of
adverse fetal outcomes with loratadine (desloratadine is the main
active metabolite of loratadine) use in pregnancy, concerns exist
regarding that the fetal safety assessment of loratadine may not be
applicable to desloratadine.7,8,12 We are not aware of any data
previously investigating the individual association between
desloratadine use in pregnancy and adverse fetal outcomes. Present
findings thus provide clinically relevant and needed data to eval-
uate the fetal safety of desloratadine use in pregnant women. We
found no significant differences in the risk of major birth defects or
spontaneous abortion between desloratadine use in pregnancy
compared with the currently recommended second-generation
antihistamines during pregnancy, namely loratadine and cetirizine.

Findings from previous cohort studies did not suggest an as-
sociation between loratadine use in pregnancy and spontaneous
abortion, preterm, lower birth weight, or stillbirth although
sample sizes were small.10,11 Our estimates among the preg-
nancies with loratadine use are somewhat consistent with those
from previous studies. We report original data on a large number
of included pregnancies, finding no association between deslor-
atadine use in pregnancy and risk of adverse fetal outcomes.
Furthermore, because desloratadine and loratadine share several
pharmacological properties, a null-finding for such comparison
may be ascribed to a similar mechanism of action. However, we
performed several sensitivity analyses including the use of

Propensity score estimation and 
1:1 matching users of 

desloratadine and loratadine

In matched cohort for 
analysis of preterm birth
2640 desloratadine users

2640 loratadine users

Propensity score estimation and 
1:1 matching users of 

desloratadine and loratadine

In matched cohort for 
analysis of stillbirth 

3388 desloratadine users
3388 loratadine users

1,395,669 pregnancy records identified during 
study period, January 2001 to December 2016

1,287,668 pregnancies eligible for study inclusion

Propensity score estimation and 
1:1 matching users of 

desloratadine and loratadine

In matched cohort for 
analysis of major birth defects

1674 desloratadine users
1674 loratadine users

108,031 excluded records
82,283 with multiple records on overlapping dates
25,748 with missing or implausible gestation age

2376 excluded due to birth 
defects of known causesa

Propensity score estimation and 
1:1 matching users of 

desloratadine and loratadine

In matched cohort for 
analysis of spontaneous abortion

2749 desloratadine users
2749 loratadine users

Propensity score estimation and 
1:1 matching users of 

desloratadine and loratadine

In matched cohort for 
analysis of SGA

2718 desloratadine users 
2718 loratadine users

933,080 pregnancies with live birth, 
eligible for analyses of major birth 
defects, preterm birth, and SGA

1,287,668 pregnancies with live birth 
or an abortive outcome eligible for 
analyses of spontaneous abortion 

and stillbirth

4581 excluded due to 
missing birth weighta

4709 pregnancies eligible for study
inclusion (with filled prescriptions 

before end of first trimester) 
1731 desloratadine users

2978 loratadine users

8306 pregnancies eligible for study
inclusion (with filled prescriptions 

before end of week 22)
2822 desloratadine users

5484 loratadine users

11,367 pregnancies eligible for study
inclusion (with filled prescriptions 

any time in pregnancy) 
3433 desloratadine users

7934 loratadine users

9341 pregnancies eligible for study
inclusion (with filled prescriptions 

before end of week 37)
2683 desloratadine users

6658 loratadine users

9759 pregnancies eligible for study
inclusion (with filled prescriptions 

any time in pregnancy)
2758 desloratadine users

7001 loratadine users

FIGURE 1. Flowchart of the study design. Selection of study cohorts for comparison of desloratadine use and loratadine use in pregnancy.
SGA, Small size for gestational age for birth weight. aThe excluded pregnancies were identified within the cohort of 933,080 live birth
pregnancies.
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TABLE I. Baseline characteristics of propensity scoreematched pregnancy cohorts of desloratadine and loratadine users in a 1:1 ratio.
Data are represented as n (%)

Characteristics

Matched cohort for analysis of

major birth defects

Matched cohort for analysis of

spontaneous abortion

Desloratadine users

(n [ 1674)

Loratadine users

(n [1674)

Desloratadine users

(n [ 2749)

Loratadine users

(n [ 2749)

Age at pregnancy onset

�19 21 (1.3) 25 (1.5) 91 (3.3) 99 (3.6)

20-24 151 (9.0) 150 (9.0) 284 (10.3) 302 (11.0)

25-29 495 (29.6) 486 (29.0) 771 (28.1) 789 (28.7)

30-34 629 (37.6) 617 (36.9) 942 (34.3) 913 (33.2)

�35 378 (22.6) 396 (23.7) 661 (24.1) 646 (23.5)

Married or living with partner 1448 (86.5) 1451 (86.7) 2240 (81.5) 2241 (81.5)

Place of birth

Denmark 1411 (84.3) 1422 (85.0) 2317 (84.3) 2326 (84.6)

Europe 88 (4.9) 82 (4.9) 132 (4.8) 136 (5.0)

Outside of Europe 175 (10.5) 170 (10.2) 300 (10.9) 287 (10.4)

Region of residence

Capital 548 (32.7) 573 (34.2) 1317 (47.9) 1329 (48.3)

Sealand 263 (15.7) 276 (16.5) 337 (12.3) 325 (11.8)

Southern Denmark 334 (20.0) 311 (18.6) 425 (15.5) 432 (15.7)

Mid Jutland 365 (21.8) 356 (21.3) 466 (17.0) 456 (16.6)

North Jutland 164 (9.8) 158 (9.4) 204 (7.4) 207 (7.5)

Gross household income (quartile)

1 446 (26.6) 448 (26.8) 744 (27.0) 785 (28.5)

2 390 (23.3) 369 (22.0) 652 (23.7) 602 (21.9)

3 395 (23.6) 409 (24.4) 647 (23.5) 641 (23.3)

4 443 (26.5) 448 (26.8) 708 (25.7) 723 (26.3)

Education level (y)

�11 329 (19.7) 329 (19.7) 666 (24.2) 669 (24.3)

12-13 232 (13.9) 209 (12.5) 399 (14.5) 411 (15.0)

14-15 398 (23.8) 402 (24.0) 611 (22.2) 563 (20.5)

�16 715 (42.7) 734 (43.9) 1073 (39.0) 1106 (40.2)

Parity

1 803 (48.0) 798 (47.7) NA NA

2 551 (32.9) 573 (34.2) NA NA

�3 320 (19.1) 303 (18.1) NA NA

Multiple birth pregnancy 71 (4.2) 56 (3.4) NA NA

Season of conception

Winter 280 (16.7) 290 (17.3) 610 (22.2) 582 (21.2)

Spring 613 (36.6) 600 (35.8) 956 (34.8) 984 (35.8)

Summer 525 (31.4) 523 (31.2) 755 (27.5) 761 (27.7)

Autumn 256 (15.3) 261 (15.6) 428 (15.6) 422 (15.4)

Smoking during pregnancy 175 (10.5) 171 (10.2) NA NA

Previous pregnancy with the same adverse
fetal outcome

30 (1.8) 28 (1.7) 343 (12.5) 349 (12.7)

Previous pregnancy with induced abortion NE NE 318 (11.6) 305 (11.1)

Prescription drug use in past year

Antidiabetic drugs 33 (2.0) 29 (1.7) 55 (2.0) 55 (2.0)

Thyroid drugs 31 (1.9) 34 (2.0) 49 (1.8) 52 (1.9)

NSAIDs 339 (20.3) 351 (21.0) 563 (20.5) 570 (20.7)

Opiates 101 (6.0) 105 (6.3) 170 (6.2) 172 (6.3)

Antimigraine drugs 62 (3.7) 55 (3.3) 99 (3.6) 94 (3.4)

Antidepressants 142 (8.5) 148 (8.8) 249 (9.1) 236 (8.6)

Drugs used for peptic ulcer/gastroesophageal
reflux

144 (8.6) 140 (8.4) 236 (8.6) 237 (8.6)

Pulmonary inhalants 364 (21.7) 385 (23.0) 572 (20.8) 553 (20.1)

(continued)
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additional comparator groups in separate cohorts and exposure
definitions, which failed to show an association between
desloratadine use in pregnancy and risk of major birth defects
and spontaneous abortion. Of note, although we did not find an
association between desloratadine and stillbirth, this analysis was
based on few cases (a total of 13 cases) and hence may not be
conclusive. Moreover, although our results provide reassurance
by reporting no overall risk of major birth defects for pregnancies
with the use of desloratadine, this study did not address the risk
of specific defects. Given the relative rarity of the individual

defects, the power for such analyses is limited in cohort
studies.24,25 Sufficiently powered case-control studies may pro-
vide more adequate means for such analyses.

A preplanned sensitivity analysis found a relatively small sig-
nificant increase of the point estimates for induced abortion. Our
post hoc analysis showed that the vast majority of cases of induced
abortions were registered as medical abortion before
12 completed gestational weeks. This finding is not unexpected
given that loratadine is a first-line recommended second-
generation antihistamine during pregnancy and desloratadine is
not, and as such, findings may likely reflect a higher incidence of
incidental and undesired pregnancies among the desloratadine
exposed group. Moreover, in Denmark, the ultrasonic malfor-
mation screening is performed between weeks 18 and 21, and
importantly, results did not suggest higher rates of late induced
abortions or defects among induced abortions in the pregnancies
with the use of desloratadine.

The complete nationwide coverage of the registries allowed
analyses of a large number of exposed pregnancies with linkage of
data on an individual level facilitating a detailed characterization
and independent assessment of exposure, outcome, and covariates.
In addition, very few pregnancies in the desloratadine groups were
excluded from the analyses because of nomatch in the comparative
groups. Thus, this makes the results likely generalizable to similar
populations. Ascertainment of prescription drug use was based on
filled prescriptions and may not reflect actual use nor use on the
definite date. Nonadherence to dispensed drugs would bias the
results toward no effect. However, assuming women who filled
their prescription at least 2 times during pregnancy were less likely
to be affected by such misclassification, no statistically significant
increased risk was identified among pregnancies with 2 or more

TABLE II. Association between desloratadine compared with
loratadine use during pregnancy and adverse fetal safety
outcomes

Outcome

Desloratadine,

n (%)

Loratadine,

n (%)

Measure of

association

(95% CI)

Primary outcomes

Major birth
defects

76 (4.5) 71 (4.2) pOR: 1.07 (0.77-1.50)

Spontaneous
abortion

256 (9.3) 230 (8.4) HR: 1.15 (0.96-1.37)

Secondary
outcomes

Preterm birth 147 (5.6) 174 (6.6) pOR: 0.84 (0.67-1.05)

Small size for
gestational
age

241 (8.9) 249 (9.2) pOR: 0.97 (0.80-1.16)

Stillbirth 6 (0.2) 7 (0.2) HR: 0.91 (0.31-2.70)

CI, Confidence interval; HR, hazard ratio; pOR, prevalence odds ratio.

TABLE I. (Continued)

Characteristics

Matched cohort for analysis of

major birth defects

Matched cohort for analysis of

spontaneous abortion

Desloratadine users

(n [ 1674)

Loratadine users

(n [1674)

Desloratadine users

(n [ 2749)

Loratadine users

(n [ 2749)

Leukotriene receptor antagonists 38 (2.3) 40 (2.4) 66 (2.4) 57 (2.1)

Oral corticosteroids 185 (11.1) 173 (10.3) 308 (11.2) 306 (11.1)

Topical corticosteroid groups II-IV 328 (19.6) 314 (18.8) 525 (19.1) 511 (18.6)

Nasal corticosteroids 539 (32.2) 545 (32.6) 843 (30.7) 827 (30.1)

Ophthalmological antiallergics 419 (25.0) 430 (25.7) 641 (23.3) 643 (23.4)

Other second-generation antihistamines 280 (16.7) 280 (16.7) 422 (15.4) 414 (15.1)

Drugs used for IVF in past 3 mo 106 (6.3) 115 (6.9) 141 (5.1) 139 (5.1)

No. of drugs used

1-2 824 (49.2) 800 (47.8) 1363 (49.6) 1359 (49.4)

3-4 377 (22.5) 392 (23.4) 580 (21.1) 555 (20.2)

�5 92 (5.5) 92 (5.5) 151 (5.5) 157 (5.7)

Hospital care utilization in past year

No. of hospitalizations

1 187 (11.2) 207 (12.4) 322 (11.7) 333 (12.1)

2 38 (2.3) 39 (2.3) 69 (2.5) 68 (2.5)

�3 7 (0.4) 11 (0.7) 17 (0.6) 16 (0.6)

No. of outpatient contacts

1 266 (15.9) 277 (16.6) 434 (15.8) 414 (15.1)

2 108 (6.5) 110 (6.6) 179 (6.5) 192 (7.0)

�3 49 (2.9) 56 (3.4) 90 (3.3) 91 (3.3)

IVF, In vitro fertilization; NA, not available; NE, not estimated; NSAID, nonsteroidal anti-inflammatory drug.
Data are represented as n (%).
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filled prescriptions of desloratadine, although sample sizes may
have been limited in these analyses.

The primary outcomes of birth defects and spontaneous
abortion have a high validity in the National Patient Registry
with positive predictive values of 88% and 97%, respec-
tively.26,27 In a post hoc analysis, we examined the risk of birth
defects among induced abortions and these estimates should be
interpreted in view of that cases were few and that birth defects
diagnosed among induced abortions have not been investigated
in the Danish registries in relation to validity of these diagnoses.

A wide set of baseline characteristics were adjusted for through
propensity score matching, to reduce the possibility of factors
influencing the association. The included variables were well
balanced across all matched cohorts and missing values were low
(ranging from 0.2% to 2.6%). For the analyses of fetal death, data
on smoking, parity, and multiple birth pregnancy were not
obtainable. In addition, we had no information on, for example,
maternal weight and folic acid use for any of the analyses. To the
extent that these factors were differently distributed between study
groups or not accounted for through adjustment for correlated
variables (ie, proxies) included in the propensity score matching,
thismay have resulted in residual confounding. Sensitivity analyses
with the use of additional comparative groups and exposure defi-
nitions aimed to assess the potential issue of residual confounding
and confounding by indication, and did not provide evidence of
significant associations to the primary outcomes.

In conclusion, this nationwide cohort study found no associa-
tion between desloratadine use in pregnancy and an increased risk
of adverse fetal outcomes as compared with loratadine use.
Comparing desloratadine use with cetirizine use in pregnancy and
with pregnancies unexposed to desloratadine but with prior use
showed similar results. These results provide reassurance and may

help inform clinicians, patients, and medicinal regulatory agencies
regarding the fetal safety of desloratadine.

REFERENCES

1. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias A, et al.
Allergic rhinitis and its impact on asthma (ARIA) 2008. Allergy 2008;63:
8-160.

2. Zuberbier T, Aberer W, Asero R, Latiff AHA, Baker D, Ballmer-Weber B, et al.
The EAACI/GA2LEN/EDF/WAO guideline for the definition, classification,
diagnosis and management of urticaria. Allergy 2018;73:1393-414.

3. Powell RJ, Leech SC, Till S, Huber PAJ, Nasser SM, Clark AT. BSACI
guideline for the management of chronic urticaria and angioedema. Clin Exp
Allergy 2015;45:547-65.

4. Gilboa SM, Strickland MJ, Olshan AF, Werler MM, Correa A; National Birth
Defects Prevention Study. Use of antihistamine medications during early
pregnancy and isolated major malformations. Birth Defects Res A Clin Mol
Teratol 2009;85:137-50.

5. Werler MM, Mitchell AA, Hernandez-Diaz S, Honein MA. Use of over-the-
counter medications during pregnancy. Am J Obstet Gynecol 2005;193:771-7.

6. Pali-Schöll I, Namazy J, Jensen-Jarolim E. Allergic diseases and asthma in
pregnancy, a secondary publication. World Allergy Organ J 2017;10:10.

7. Gilboa SM, Ailes EC, Rai RP, Anderson JA, Honein MA. Antihistamines and
birth defects: a systematic review of the literature. Expert Opin Drug Saf 2014;
13:1667-98.

8. Schwarz EB, Moretti ME, Nayak S, Koren G. Risk of hypospadias in offspring
of women using loratadine during pregnancy. Drug Saf 2008;31:775-88.

9. Li Q, Mitchell AA, Werler MM, Yau W-P, Hernández-Díaz S. Antihistamine
use in early pregnancy and risk of birth defects. J Allergy Clin Immunol Pract
2013;1:666-674.e1.

10. Diav-Citrin O, Shechtman S, Aharonovich A, Moerman L, Arnon J,
Wajnberg R, et al. Pregnancy outcome after gestational exposure to loratadine or
antihistamines: a prospective controlled cohort study. J Allergy Clin Immunol
2003;111:1239-43.

11. Moretti ME, Caprara D, Coutinho CJ, Bar-Oz B, Berkovitch M, Addis A, et al.
Fetal safety of loratadine use in the first trimester of pregnancy: a multicenter
study. J Allergy Clin Immunol 2003;111:479-83.

12. So M, Bozzo P, Inoue M, Einarson A. Safety of antihistamines during preg-
nancy and lactation. Can Fam Physician 2010;56:427-9.

TABLE III. Sensitivity analyses of the associations between desloratadine use during pregnancy and primary outcomes

Major birth defects No. with outcome/total no. (%) Prevalence odds ratio (95% CI)

Cetirizine as active comparator

Desloratadine 79/1686 (4.7%) 1.36 (0.96-1.91)

Cetirizine 59/1686 (3.5%) 1.00 (ref)

Compared with desloratadine use in last 6 mo
before pregnancy only

Desloratadine use in pregnancy 59/1257 (4.7%) 1.00 (0.69-1.45)

Desloratadine use 6 mo before pregnancy only 59/1257 (4.7%) 1.00 (ref)

No. of filled prescriptions

Desloratadine 1 prescription 65/1458 (4.5%) 1.05 (0.74-1.49)

Desloratadine �2 prescriptions 11/216 (5.1%) 1.21 (0.63-2.32)

Loratadine 71/1674 (3.7%) 1.00 (ref)

Spontaneous abortion No. with outcome/total no. (%) Hazard ratio (95% CI)

Cetirizine as active comparator

Desloratadine 252/2731 (9.2%) 1.04 (0.87-1.24)

Cetirizine 249/2731 (9.1%) 1.00 (ref)

Compared with desloratadine use in last 6 months
before pregnancy only

Desloratadine in pregnancy 150/1742 (8.6%) 0.84 (0.67-1.04)

Desloratadine 6 mo before pregnancy only 176/1742 (10.1%) 1.00 (ref)

No. of filled prescriptions

Desloratadine 1 prescription 225/2286 (9.8%) 1.23 (1.02-1.47)

Desloratadine �2 prescriptions 31/463 (6.7%) 0.79 (0.54-1.15)

Loratadine 230/2749 (8.4%) 1.00 (ref)

CI, Confidence interval.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME -, NUMBER -

ANDERSSON ETAL 7

http://refhub.elsevier.com/S2213-2198(20)30177-X/sref1
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref1
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref1
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref2
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref2
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref2
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref2
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref3
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref3
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref3
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref4
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref4
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref4
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref4
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref5
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref5
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref6
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref6
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref7
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref7
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref7
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref8
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref8
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref9
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref9
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref9
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref10
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref10
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref10
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref10
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref11
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref11
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref11
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref12
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref12


13. Product Label, Clarinex (desloratadine), Merck & Co., Inc. Revised March
2019. Reference ID: 4403976. Available from: https://www.accessdata.fda.gov/
drugsatfda_docs/label/2019/021165s022,021300s019,021312s020,021563s008
lbl.pdf. Accessed October 24, 2019.

14. Simon FER, Simons KJ. H1 antihistamines: current status and future directions.
World Allergy Organ J 2008;1:145.

15. Scadding GK, Durham SR, Mirakian R, Jones NS, Leech SC, Farooque S, et al.
BSACI guidelines for the management of allergic and non-allergic rhinitis. Clin
Exp Allergy 2008;38:19-42.

16. Bachert C, Maurer M. Safety and efficacy of desloratadine in subjects with
seasonal allergic rhinitis or chronic urticaria. Clin Drug Investig 2010;30:
109-22.

17. Knudsen LB, Olsen J. The Danish Medical Birth Registry. Dan Med Bull 1998;
45:320-3.

18. Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient Register.
Scand J Public Health 2011;39(Suppl):30-3.

19. Wallach Kildemoes H, Toft Sørensen H, Hallas J. The Danish National Pre-
scription Registry. Scand J Public Health 2011;39(Suppl):38-41.

20. Pedersen CB. The Danish Civil Registration System. Scand J Public Health
2011;39(Suppl):22-5.

21. EUROCAT Guide 1.4. Instructions for the registration and surveillance of
congenital anomalies. Available from: https://eu-rd-platform.jrc.ec.europa.eu/sites/
default/files/Full_Guide_1_4_version_28_DEC2018.pdf. Accessed May 16, 2019.

22. Austin PC. Some methods of propensity-score matching had superior
performance to others: results of an empirical investigation and Monte Carlo
simulations. Biom J 2009;51:171-84.

23. Austin PC. A comparison of 12 algorithms for matching on the propensity
score. Stat Med 2014;33:1057-69.

24. Huybrechts KF, Bateman BT, Hernández-Díaz S. Use of real-world evidence
from healthcare utilization data to evaluate drug safety during pregnancy.
Pharmacoepidemiol Drug Saf 2019;28:906-22.

25. Mitchell AA. Studies of drug-induced birth defects. In: Strom BL, Kimmel SE,
Hennessy S, editors. Pharmacoepidemiology. 5th ed. Hoboken, NJ: John Wiley
& Sons, Ltd.; 2012. p. 487-504.

26. Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V, Pedersen L,
Sørensen HT. The Danish National Patient Registry: a review of content, data
quality, and research potential. Clin Epidemiol 2015;7:449-90.

27. Larsen H, Nielsen GL, Bendsen J, Flint C, Olsen J, Sørensen HT. Predictive
value and completeness of the registration of congenital abnormalities in three
Danish population-based registries. Scand J Public Health 2003;31:12-6.

J ALLERGY CLIN IMMUNOL PRACT
MONTH 2020

8 ANDERSSON ETAL

https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/021165s022,021300s019,021312s020,021563s008lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/021165s022,021300s019,021312s020,021563s008lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/021165s022,021300s019,021312s020,021563s008lbl.pdf
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref14
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref14
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref15
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref15
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref15
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref16
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref16
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref16
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref17
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref17
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref18
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref18
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref19
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref19
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref20
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref20
https://eu-rd-platform.jrc.ec.europa.eu/sites/default/files/Full_Guide_1_4_version_28_DEC2018.pdf
https://eu-rd-platform.jrc.ec.europa.eu/sites/default/files/Full_Guide_1_4_version_28_DEC2018.pdf
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref22
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref22
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref22
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref23
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref23
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref24
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref24
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref24
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref25
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref25
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref25
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref26
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref26
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref26
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref27
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref27
http://refhub.elsevier.com/S2213-2198(20)30177-X/sref27


Online Repository Materials

For “Desloratadine use during pregnancy and risk of adverse fetal outcomes: a nationwide cohort study“

Online Repository text: Methods. Data sources.

Definition of the outcomes major birth defects, induced abortion, and birth defects among induced abortions.

Table E1. Covariates definition included in the propensity score.

Table E2. Number of missing values and percentages (%) for the unmatched study cohorts.

Table E3. Unmatched baseline characteristics of pregnant women with filled prescriptions for desloratadine and
loratadine for analyses of primary outcomes.

Table E4. Unmatched baseline characteristics of pregnant women with filled prescriptions for desloratadine and
loratadine for analyses of secondary outcomes.

Table E5. Matched baseline characteristics of pregnant women with filled prescriptions for desloratadine and
loratadine for analyses of secondary outcomes.

Table E6. Standardized differences before propensity score matching.

Table E7. Standardized differences after propensity score matching.

Table E8. Unmatched baseline characteristics of pregnant women with filled prescriptions for desloratadine and
cetirizine for analyses of primary outcomes.

Table E9. Matched baseline characteristics of pregnant women with filled prescriptions for desloratadine and
cetirizine for analyses of primary outcomes.

Table E10. Sensitivity analyses of primary outcomes according to restriction of exposure time periods and induced
abortions including post-hoc analyses of induced abortions and defects among induced abortions.

Online Repository References.



Online Repository text: Methods.

Data Sources

All registries used for this study have nationwide coverage of Denmark. Using the unique person identification number
that is assigned to all inhabitants in Denmark, we linked individual-level data between the various registries. From the
Registry of Medicinal Product Statistics we obtained data on all filled prescriptions (including anatomical therapeutic
chemical [ATC] code and date of filled prescriptions) at Danish pharmacies, which have been registered in the registry
since 1995.1 Demographic data, was obtained from the Central Person Registry (established in 1968) and socio-
economic data was attained from Statistics Denmark, both registries are continuously updated.2 We obtained
information on live births and stillbirth from the Medical Birth Registry, while the National Patient Registry was
utilized to obtain information on pregnancies with abortive outcomes. The Medical Birth Registry was established in
1968 and have since contained records of all births, including data on birth-related and maternal-related variables,
such as information on gestational age.3 The gestational age is estimated based on maternal report of the first day of
last menstrual period. At the antenatal screening, the gestational age is subsequently ultrasonographical confirmed.
For pregnancies with abortive outcomes, information on gestational age was obtained from the National Patient
Registry. The National Patient Registry was established in 1977 and has since contained information on records of
secondary health care contact such as inpatient admissions and outpatient contacts. Since 1994, all diagnoses are
coded according to International Classification of Diseases version 10 (ICD-10) assigned by the treating physician.4

From the National Patient Registry we attained information on maternal health care contacts and previous pregnancy
history of birth defects and abortive outcomes. Previous history of preterm birth and small size for gestational age was
obtained for the Medical Birth Registry.

Definition of the outcomes major birth defects, induced abortion, and birth defects among induced abortions.

Through the National Patient Registry, we identified outcome cases of major birth defects within the first year of life.
Cases of major birth defects and subgroups were defined according to the European Surveillance of Congenital
Anomalies (EUROCAT) classification system of subgroups of major congenital anomalies, while excluding minor
defects according EUROCAT exclusion list.5 We excluded malformation of known causes. These included:
chromosomal aberrations (ICD-10: Q90‐99), genetic syndromes (ICD-10: Q447B, Q619A, Q751, Q754, Q771, Q772,
Q780, Q796, Q85, Q87), malformation syndromes with known causes (ICD-10: Q86).

Through the National Patient Registry, we identified outcome cases of induced abortions defined as ICD 10-codes
O04-O08 for a sensitivity analysis. In post-hoc analyses, diagnoses were categorized according to induced abortion
before or after 12 completed gestational weeks. In a subcohort of pregnancies from 2004 and onward, we assessed
the risk of confirmed defects among induced abortions. Since 2004, induced abortions due to a medical reason
registered as “hereditary predisposition in fetus” (ICD‐10: O053) or “fetal injury or disease” (ICD-10: O054) are
supplied with a supplementary code indicating either: confirmed birth defect, no birth defect, suspicious of birth
defect, or missing information on birth defect. As this outcome has not been previously validated, we restricted the
outcome definition to induced abortion cases with an ICD-10 diagnose of O053 and O054 with a confirmed birth
defect.



Table E1. Definition of covariates included in the propensity score with definitions and data sources.

Variable Categories Data source
Characteristics
Age at pregnancy onset ≤19, 20-24, 25-29, 30-34, ≥35 Central Person Registry
Marital status or living with partner yes/no Central Person Registry
Place of birth Denmark, Europe, Outside Europe Central Person Registry

Region of residence
Capital, Sealand, Southern Denmark,
Mid Jutland, North Jutland

Central Person Registry

Gross household income Quartiles Statistic Denmark
Education level, years ≤11, 12-13, 14-15, ≥16 Statistic Denmark
Paritya 1,2, ≥3 Medical Birth Registry
Multiple birth pregnancya yes/no Medical Birth Registry

Season of conception Winter, Spring, Summer, Autumn Medical Birth Registry and National
Patient Registry

Smoking during pregnancya yes/no Medical Birth Registry
Previous pregnancy with the same
adverse fetal outcomeb yes/no Medical Birth Registry and National

Patient Registry
Prescription drug use in past year ATC codes
Antidiabetic drugs A10A, A10B Registry of Medicinal Product Statistics
Thyroid drugs H03A, H03B Registry of Medicinal Product Statistics
NSAIDs M01A (except M01AX) Registry of Medicinal Product Statistics
Opiates N02A Registry of Medicinal Product Statistics
Antimigraine drugs N02C Registry of Medicinal Product Statistics
Antidepressants N06A Registry of Medicinal Product Statistics
Drugs used for peptic
ulcer/gastroesophageal reflux A02A, A02BA, A02BC Registry of Medicinal Product Statistics

Pulmonary inhalants R03AC, R03AK, R03AL, R03BA, R03BB Registry of Medicinal Product Statistics
Leukotriene receptor antagonists R03DC Registry of Medicinal Product Statistics
Oral corticosteroids H02AB Registry of Medicinal Product Statistics

Topical corticosteroids group II-IV

D07AB, D07BB, D07CB, D07XB,
D07AC, D07BC, D07CC, D07XC,
D07AD

Registry of Medicinal Product Statistics

Nasal corticosteroids R01AD Registry of Medicinal Product Statistics
Ophthalmological antiallergics S01G Registry of Medicinal Product Statistics
Other second-generation
antihistaminesc

R06AE09, R06AE07, R06AX18,
R06AX22, R06AX26, R06AX29

Registry of Medicinal Product Statistics

Drugs used for IVF in past 3 months G03G, G03DA04, H01CC, L02AE01 Registry of Medicinal Product Statistics
No. of drugs used 0, 1-2, 3-4, ≥5 Registry of Medicinal Product Statistics
Hospital care utilization in past year
No. of days of hospitalization 0, 1-2, ≥3 National Patient Registry
No. of outpatient contacts 0, 1-2, ≥3 National Patient Registry
ATC: anatomic therapeutic chemical; NSAID: non-steroid anti-inflammatory drug; IVF: in vitro fertilization. aCovariate was available for analyses on
live births only. bThe individual previous adverse fetal outcome variable was included for the specific outcome analyses. cCetirizine (R06AE07) was
removed from the secondary analyses of desloratadine compared with cetirizine exposed pregnancies.



Table E2. Number of missing values (percentages) for the unmatched study cohorts.

Variable For analysis of
major birth

defects (n=4709)

For analysis of
spontaneous

abortion (n=8306)

For analysis of
preterm birth

(n=9341)

For analysis of
small size for

gestational age
(n=9759)

For analysis of
stillbirth

(n=11,367)

Characteristics
Age at pregnancy onset 0 0 0 0 0
Marital status or living with
partner 10 (0.2) 24 (0.3) 38 (0.4) 40 (0.4) 48 (0.4)

Place of birth 0 0 0 0 0
Region of residence 0 0 0 0 0
Gross household income 0 0 0 0 0
Education level 118 (2.5) 210 (2.5) 241 (2.6) 255 (2.6) 295 (2.6)
Parity 28 (0.6) NA 58 (0.6) 63 (0.6) NA
Multiple birth pregnancy 0 NA 0 0 NA
Season of conception 0 0 0 0 0
Smoking during pregnancy 84 (1.8) NA 162 (1.7) 166 (1.7) NA
Previous pregnancy with the
same adverse fetal outcome 0 0 0 0 0

Prescription drug use in past
yeara 0 0 0 0 0

Hospital care utilization in
past yearb 0 0 0 0 0

NA: not available. aNo missing values for any drug use in the past year. bNo missing values for any health care utilization in past year.



Table E3. Baseline characteristics of unmatched pregnancy cohorts of desloratadine and loratadine users for
analyses of primary outcomes. Values are numbers (percentages).

Unmatched cohort for analysis of major birth
defects

Unmatched cohort for analysis of
spontaneous abortion

Characteristics Desloratadine users
(n=1731)

Loratadine users
(n=2978)

Desloratadine users
(n=2822)

Loratadine users
(n=5484)

Age at pregnancy onset
≤19 23 (1.3) 36 (1.2) 94 (3.3) 128 (2.3)
20-24 155 (9.0) 262 (8.8) 290 (10.3) 546 (10.0)
25-29 501 (28.9) 952 (32.0) 783 (27.8) 1679 (30.6)
30-34 649 (37.5) 1116 (37.5) 959 (34.0) 1937 (35.3)
≥35 403 (23.3) 612 (20.6) 696 (24.7) 1194 (21.8)

Married or living with partner 1489 (86.0) 2643 (88.8) 2282 (80.9) 4671 (85.2)
Place of birth

Denmark 1455 (84.1) 2572 (86.4) 2363 (83.7) 4749 (86.6)
Europe 96 (5.6) 118 (4.0) 142 (5.0) 212 (3.9)
Outside of Europe 180 (10.4) 288 (9.7) 317 (11.2) 523 (9.5)

Region of residence
Capital 561 (32.4) 993 (33.3) 1356 (48.1) 2433 (44.4)
Sealand 272 (15.7) 437 (14.7) 345 (12.2) 659 (12.0)
Southern Denmark 350 (20.2) 554 (18.6) 433 (15.3) 845 (15.4)
Mid Jutland 381 (22.0) 688 (23.1) 481 (17.0) 1077 (19.6)
North Jutland 167 (9.7) 306 (10.3) 207 (7.3) 470 (8.6)

Gross household income, quartile
1 467 (27.0) 711 (23.9) 772 (27.4) 1305 (23.8)
2 399 (23.1) 778 (26.1) 667 (23.6) 1409 (25.7)
3 405 (23.4) 772 (25.9) 656 (23.3) 1421 (25.9)
4 460 (26.6) 717 (24.1) 727 (25.8) 1349 (24.6)

Education level, years
≤11 339 (19.6) 617 (20.7) 685 (24.3) 1321 (24.1)
12-13 235 (13.6) 422 (14.2) 405 (14.4) 829 (15.1)
14-15 408 (23.6) 805 (27.0) 618 (21.9) 1434 (26.2)
≥16 749 (43.3) 1134 (38.1) 1114 (39.5) 1900 (34.7)

Parity
1 831 (48.0) 1391 (46.7) NA NA
2 566 (32.7) 1032 (34.7) NA NA
≥3 334 (19.3) 555 (18.6) NA NA

Multiple birth pregnancy 71 (4.1) 136 (4.6) NA NA
Season of conception

Winter 288 (16.6) 506 (17.0) 618 (21.9) 1513 (27.6)
Spring 620 (35.8) 1290 (43.3) 971 (34.4) 2014 (36.7)
Summer 548 (31.7) 810 (27.2) 787 (27.9) 1238 (22.6)
Autumn 275 (15.9) 372 (12.5) 446 (15.8) 719 (13.1)

Smoking during pregnancy 182 (10.5) 321 (10.8) NA NA
Previous pregnancy with the
same adverse fetal outcome 37 (2.1) 44 (1.5) 359 (12.7) 628 (11.5)

Previous pregnancy with induced
abortion NE NE 351 (12.4) 430 (7.8)

Prescription drug use in past
year
Antidiabetic drugs 35 (2.0) 47 (1.6) 58 (2.1) 94 (1.7)
Thyroid drugs 39 (2.3) 39 (1.3) 55 (2.0) 85 (1.6)
NSAIDs 353 (20.4) 594 (20.0) 580 (20.6) 1103 (20.1)
Opiates 110 (6.4) 148 (5.0) 182 (6.5) 300 (5.5)
Antimigraine drugs 66 (3.8) 92 (3.1) 107 (3.8) 163 (3.0)
Antidepressants 153 (8.8) 217 (7.3) 259 (9.2) 429 (7.8)
Drugs used for peptic
ulcer/gastroesophageal reflux 156 (9.0) 206 (6.9) 260 (9.2) 364 (6.6)

Pulmonary inhalants 388 (22.4) 659 (22.1) 604 (21.4) 1102 (20.1)
Leukotriene receptor antagonists 60 (3.5) 49 (1.7) 97 (3.4) 71 (1.3)



Oral corticosteroids 199 (11.5) 281 (9.4) 329 (11.7) 514 (9.4)
Topical corticosteroids group II-IV 344 (19.9) 567 (19.0) 545 (19.3) 993 (18.1)
Nasal corticosteroids 577 (33.3) 808 (27.1) 897 (31.8) 1344 (24.5)
Ophthalmological antiallergics 425 (24.6) 772 (25.9) 660 (23.4) 1280 (23.3)
Other second-generation
antihistamines 285 (16.5) 556 (18.7) 432 (15.3) 969 (17.7)

Drugs used for IVF in past 3
months 108 (6.2) 219 (7.4) 143 (5.1) 354 (6.5)

No. of drugs used
1-2 843 (48.7) 1498 (50.3) 1384 (49.0) 2695 (49.1)
3-4 406 (23.5) 621 (20.9) 614 (21.8) 1078 (19.7)
≥5 100 (5.8) 142 (4.8) 168 (6.0) 237 (4.3)

Hospital care utilization in past
year
No. of hospitalization

1 194 (11.2) 358 (12.0) 332 (11.8) 707 (12.9)
2 41 (2.4) 60 (2.0) 71 (2.5) 131 (2.4)
≥3 9 (0.5) 22 (0.7) 17 (0.6) 44 (0.8)

No. of outpatient contacts
1 282 (16.3) 436 (14.6) 453 (16.1) 824 (15.0)
2 116 (6.7) 158 (5.3) 184 (6.5) 318 (5.8)
≥3 62 (3.6) 71 (2.4) 99 (3.5) 139 (2.5)

NA: not available; NE: not estimated; NSAID: non-steroid anti-inflammatory drug; IVF: in vitro fertilization.



Table E4. Baseline characteristics of unmatched pregnancy cohorts of desloratadine and loratadine users for
analyses of secondary outcomes. Values are numbers (percentages).

Unmatched cohort for analysis of
preterm birth

Unmatched cohort for analysis of
small size for gestational age

Unmatched cohort for analysis of
stillbirth

Characteristics
Desloratadine
users (n=2683)

Loratadine
users

(n=6658)

Desloratadine
users (n=2758)

Loratadine
users

(n=7001)

Desloratadine
users (n=3433)

Loratadine
users

(n=7934)
Age at pregnancy onset

≤19 34 (1.3) 70 (1.1) 35 (1.3) 82 (1.2) 104 (3.0) 156 (2.0)
20-24 262 (9.8) 633 (9.5) 271 (9.8) 678 (9.7) 365 (10.6) 800 (10.1)
25-29 803 (29.9) 2179 (32.7) 830 (30.1) 2284 (32.6) 969 (28.2) 2487 (31.4)
30-34 965 (36.0) 2442 (36.7) 989 (35.9) 2559 (36.6) 1154 (33.6) 2817 (35.5)
≥35 619 (23.1) 1334 (20.0) 633 (23.0) 1398 (20.0) 841 (24.5) 1674 (21.1)

Married or living with partner 2301 (85.8) 5872 (88.2) 2362 (85.6) 6175 (88.2) 2799 (81.5) 6843 (86.3)
Place of birth

Denmark 2265 (84.4) 5748 (86.3) 2333 (84.6) 6033 (86.2) 2890 (84.2) 6846 (86.3)
Europe 142 (5.3) 261 (3.9) 145 (5.3) 284 (4.1) 169 (4.9) 321 (4.1)
Outside of Europe 276 (10.3) 649 (9.8) 280 (10.2) 684 (9.8) 374 (10.9) 767 (9.7)

Region of residence
Capital 851 (31.7) 2248 (33.8) 878 (31.8) 2360 (33.7) 1541 (44.9) 3259 (41.1)
Sealand 431 (16.1) 967 (14.5) 440 (16.0) 1023 (14.6) 442 (12.9) 1029 (13.0)
Southern Denmark 537 (20.0) 1201 (18.0) 550 (19.9) 1265 (18.1) 553 (16.1) 1269 (16.0)
Mid Jutland 614 (22.9) 1536 (23.1) 635 (23.0) 1606 (22.9) 640 (18.6) 1623 (20.5)
North Jutland 250 (9.3) 706 (10.6) 255 (9.3) 747 (10.7) 257 (7.5) 754 (9.5)

Gross household income, quartile
1 730 (27.2) 1606 (24.1) 744 (27.0) 1696 (24.2) 965 (28.1) 1877 (23.7)
2 612 (22.8) 1723 (25.9) 635 (23.0) 1805 (25.8) 810 (23.6) 2032 (25.6)
3 626 (23.3) 1709 (25.7) 641 (23.2) 1799 (25.7) 780 (22.7) 2062 (26.0)
4 715 (26.7) 1620 (24.3) 738 (26.8) 1701 (24.3) 878 (25.6) 1963 (24.7)

Education level, years
≤11 553 (20.6) 1435 (21.6) 564 (20.5) 1511 (21.6) 816 (23.8) 1843 (23.2)
12-13 381 (14.2) 1000 (15.0) 393 (15.3) 1051 (15.0) 506 (14.7) 1203 (15.2)
14-15 615 (22.9) 1740 (26.1) 639 (23.2) 1823 (26.0) 760 (22.1) 2041 (25.7)
≥16 1134 (42.3) 2483 (37.3) 1162 (42.1) 2616 (37.4) 1351 (39.4) 2847 (35.9)

Parity
1 1257 (46.9) 3002 (45.1) 1296 (47.0) 3194 (45.6) NA NA
2 921 (34.3) 2378 (35.7) 949 (34.4) 2469 (35.3) NA NA
≥3 505 (18.8) 1278 (19.2) 513 (18.6) 1338 (19.1) NA NA

Multiple birth pregnancy 115 (4.3) 326 (4.9) 112 (4.1) 334 (4.8) NA NA
Season of conception

Winter 638 (23.8) 1919 (28.8) 648 (23.5) 1951 (27.9) 766 (22.3) 2105 (26.5)
Spring 775 (28.9) 1836 (27.6) 783 (28.4) 1886 (26.9) 1042 (30.4) 2259 (28.5)
Summer 675 (25.2) 1293 (19.4) 694 (25.2) 1409 (20.1) 889 (25.9) 1693 (21.3)
Autumn 595 (22.2) 1610 (24.2) 633 (23.0) 1755 (25.1) 736 (21.4) 1877 (23.7)

Smoking during pregnancy 283 (10.6) 753 (11.3) 291 (10.6) 799 (11.4) NA NA
Previous pregnancy with the
same adverse fetal outcome 81 (3.0) 152 (2.3) 164 (6.0) 247 (3.5) 11 (0.3) 61 (0.5)

Prescription drug use in past
year
Antidiabetic drugs 56 (2.1) 115 (1.7) 56 (2.0) 121 (1.7) 67 (2.0) 137 (1.7)
Thyroid drugs 56 (2.1) 101 (1.5) 59 (2.1) 109 (1.6) 69 (2.0) 123 (1.6)
NSAIDs 549 (20.5) 1326 (19.9) 566 (20.5) 1392 (19.9) 714 (20.8) 1572 (19.8)
Opiates 171 (6.4) 333 (5.0) 173 (6.3) 341 (4.9) 220 (6.4) 406 (5.1)
Antimigraine drugs 102 (3.8) 209 (3.1) 103 (3.7) 223 (3.2) 123 (3.6) 251 (3.2)
Antidepressants 241 (9.0) 456 (6.9) 245 (8.9) 470 (6.7) 320 (9.3) 570 (7.2)
Drugs used for peptic
ulcer/gastroesophageal reflux 242 (9.0) 430 (6.5) 245 (8.9) 442 (6.3) 319 (9.3) 518 (6.5)

Pulmonary inhalants 534 (20.2) 1202 (18.1) 561 (20.3) 1248 (17.8) 705 (20.5) 1440 (18.2)
Leukotriene receptor antagonists 83 (3.1) 73 (1.1) 84 (3.1) 76 (1.1) 108 (3.2) 86 (1.1)
Oral corticosteroids 296 (11.0) 644 (9.7) 304 (11.0) 681 (9.7) 391 (11.4) 752 (9.5)



Topical corticosteroids group II-IV 491 (18.3) 1130 (17.0) 503 (18.2) 1171 (16.7) 634 (18.5) 1347 (17.0)
Nasal corticosteroids 821 (30.6) 1558 (23.4) 842 (30.5) 1625 (23.2) 1039 (30.3) 1835 (23.1)
Ophthalmological antiallergics 598 (22.3) 1482 (22.3) 616 (22.3) 1549 (22.1) 772 (22.5) 1747 (22.0)
Other second-generation
antihistamines 389 (14.5) 1179 (17.7) 402 (14.6) 1247 (17.8) 508 (14.8) 1377 (17.4)

Drugs used for IVF 3 months
before pregnancy 172 (6.4) 476 (7.2) 179 (6.5) 493 (7.0) 191 (5.6) 530 (6.7)

No. of drugs used
1-2 1278 (47.6) 3204 (48.1) 1305 (47.3) 3365 (48.1) 1640 (47.8) 3833 (48.3)
3-4 578 (21.5) 1239 (18.6) 597 (21.7) 1285 (18.3) 735 (21.4) 1454 (18.3)
≥5 145 (5.4) 268 (4.0) 149 (5.4) 283 (4.0) 197 (5.7) 325 (4.1)

Hospital care utilization in past
year
No. of hospitalization

1 295 (11.0) 843 (12.7) 305 (11.1) 878 (12.5) 393 (11.5) 1011 (12.7)
2 59 (2.2) 150 (2.3) 59 (2.1) 160 (2.3) 84 (2.5) 193 (2.4)
≥3 15 (0.6) 49 (0.7) 17 (0.6) 51 (0.7) 22 (0.6) 61 (0.8)

No. of outpatient contacts
1 438 (16.3) 997 (15.0) 450 (16.3) 1042 (14.9) 545 (15.9) 1176 (14.8)
2 164 (6.1) 363 (5.5) 169 (6.1) 380 (5.4) 220 (6.4) 439 (5.5)
≥3 101 (3.8) 170 (2.6) 103 (3.7) 176 (2.5) 123 (3.6) 207 (2.6)

NA: not available; NSAID: non-steroid anti-inflammatory drug; IVF: in vitro fertilization.



Table E5. Baseline characteristics of propensity-score matched pregnancy cohorts of desloratadine and loratadine
users in 1:1 ratio for analyses of secondary outcomes. Values are numbers (percentages).

Matched cohort for analysis of
preterm birth

Matched cohort for analysis of small
size for gestational age

Matched cohort for analysis of
stillbirth

Characteristics Desloratadine
users (n=2640)

Loratadine users
(n=2640)

Desloratadine
users (n=2718)

Loratadine users
(n=2718)

Desloratadine
users (n=3388)

Loratadine users
(n=3388)

Age at pregnancy onset
≤19 34 (1.3) 37 (1.4) 34 (1.3) 36 (1.3) 102 (3.0) 103 (3.0)
20-24 259 (9.8) 254 (9.6) 270 (9.9) 270 (9.9) 364 (10.7) 372 (11.0)
25-29 800 (30.3) 809 (30.6) 826 (30.4) 803 (29.5) 962 (28.4) 971 (28.7)
30-34 947 (35.9) 958 (36.3) 973 (35.8) 1022 (37.9) 1140 (33.7) 1136 (33.5)
≥35 600 (22.7) 582 (22.1) 615 (22.6) 587 (21.6) 820 (24.2) 806 (23.8)

Married or living with partner 2267 (85.9) 2281 (86.4) 2332 (85.8) 2348 (86.4) 2768 (81.7) 2770 (81.8)
Place of birth

Denmark 2231 (84.5) 2234 (84.6) 2302 (84.7) 2304 (84.8) 2851 (84.2) 2848 (84.1)
Europe 139 (5.3) 137 (5.2) 140 (5.2) 145 (5.3) 167 (4.9) 182 (5.4)
Outside of Europe 270 (10.2) 269 (10.2) 276 (10.2) 269 (9.9) 370 (10.9) 358 (10.6)

Region of residence
Capital 841 (31.9) 873 (33.1) 875 (32.2) 847 (31.2) 1519 (44.8) 1552 (45.8)
Sealand 422 (16.0) 443 (16.8) 433 (15.9) 452 (16.6) 441 (13.0) 409 (12.1)
Southern Denmark 527 (20.0) 504 (19.1) 539 (19.8) 541 (19.9) 544 (16.1) 523 (15.4)
Mid Jutland 601 (22.8) 592 (22.4) 618 (22.7) 602 (22.2) 630 (18.6) 638 (18.8)
North Jutland 249 (9.4) 228 (8.6) 253 (9.3) 276 (10.2) 254 (7.5) 266 (7.9)

Gross household income, quartile
1 714 (27.1) 709 (26.9) 727 (26.8) 682 (25.1) 947 (28.0) 953 (28.1)
2 609 (23.1) 562 (21.3) 632 (23.3) 654 (24.1) 802 (23.7) 773 (22.8)
3 620 (23.5) 623 (23.6) 634 (23.3) 640 (23.6) 776 (22.9) 793 (23.4)
4 697 (26.4) 746 (28.3) 725 (26.7) 742 (27.3) 863 (25.5) 869 (25.7)

Education level, years
≤11 546 (20.7) 531 (20.1) 558 (20.5) 545 (20.1) 807 (23.8) 791 (23.4)
12-13 377 (14.3) 352 (13.3) 390 (14.4) 387 (14.2) 502 (14.8) 503 (14.9)
14-15 611 (23.1) 596 (22.6) 633 (23.3) 616 (22.7) 754 (22.3) 746 (22.0)
≥16 1106 (41.9) 1106 (44.0) 1137 (41.8) 1170 (43.1) 1325 (39.1) 1348 (39.8)

Parity
1 1230 (46.6) 1250 (47.4) 1278 (47.0) 1278 (47.0) NA NA
2 913 (34.6) 917 (34.7) 936 (34.4) 961 (35.4) NA NA
≥3 497 (18.8) 473 (17.9) 504 (18.5) 479 (17.6) NA NA

Multiple birth pregnancy 114 (4.3) 68 (2.6) 112 (4.1) 75 (2.8) NA NA
Season of conception

Winter 630 (23.9) 634 (24.0) 641 (23.6) 652 (24.0) 760 (22.4) 731 (21.6)
Spring 764 (28.9) 737 (27.9) 769 (28.3) 783 (28.8) 1024 (30.2) 1072 (31.6)
Summer 658 (24.9) 662 (25.1) 681 (25.1) 685 (25.2) 871 (25.7) 839 (24.8)
Autumn 588 (22.3) 607 (23.0) 627 (23.1) 598 (22.0) 733 (21.6) 746 (22.0)

Smoking during pregnancy 282 (10.7) 269 (10.2) 289 (10.6) 278 (10.2) NA NA
Previous pregnancy with the
same adverse fetal outcome 79 (3.0) 80 (3.0) 152 (5.6) 144 (5.3) 11 (0.3) 11 (0.3)

Prescription drug use in past
year
Antidiabetic drugs 54 (2.1) 51 (1.9) 55 (2.0) 42 (1.6) 66 (2.0) 55 (1.6)
Thyroid drugs 53 (2.0) 40 (1.5) 56 (2.1) 58 (2.1) 64 (1.9) 63 (1.9)
NSAIDs 539 (20.4) 514 (19.5) 560 (20.6) 527 (19.4) 703 (20.8) 687 (20.2)
Opiates 165 (6.3) 162 (6.1) 162 (6.0) 170 (6.3) 210 (6.2) 198 (5.8)
Antimigraine drugs 99 (3.8) 89 (3.4) 100 (3.7) 110 (4.1) 120 (3.5) 112 (3.3)
Antidepressants 233 (8.8) 222 (8.4) 240 (8.8) 228 (8.4) 312 (9.2) 301 (8.9)
Drugs used for peptic
ulcer/gastroesophageal reflux 225 (8.5) 221 (8.4) 234 (8.6) 228 (8.4) 304 (9.0) 302 (8.9)

Pulmonary inhalants 523 (19.8) 530 (20.1) 544 (20.0) 552 (20.3) 679 (20.0) 708 (20.9)
Leukotriene receptor antagonists 53 (2.0) 52 (2.0) 57 (2.1) 61 (2.2) 75 (2.2) 74 (2.2)
Oral corticosteroids 286 (10.8) 270 (10.2) 298 (11.0) 285 (10.5) 381 (11.3) 380 (11.2)
Topical corticosteroids group II-IV 479 (18.1) 485 (18.4) 491 (18.1) 484 (17.8) 619 (18.3) 593 (17.5)



Nasal corticosteroids 790 (29.9) 764 (28.9) 816 (30.0) 804 (29.6) 1003 (29.6) 999 (29.5)
Ophthalmological antiallergics 589 (22.3) 590 (22.4) 608 (22.4) 601 (22.1) 763 (22.45 732 (21.6)
Other second-generation
antihistamines 386 (14.6) 393 (14.9) 397 (14.6) 403 (14.8) 503 (14.9) 481 (14.2)

Drugs used for IVF 3 months
before pregnancy 166 (6.3) 156 (5.9) 177 (6.5) 160 (5.9) 188 (5.6) 164 (4.8)

No. of drugs used
1-2 1267 (48.0) 1266 (48.0) 1297 (47.7) 1268 (46.7) 1636 (48.3) 1617 (47.7)
3-4 554 (21.0) 530 (20.1) 573 (21.1) 567 (20.9) 705 (20.8) 686 (20.3)
≥5 137 (5.2) 133 (5.0) 142 (5.2) 140 (5.2) 186 (5.5) 179 (5.3)

Hospital care utilization in past
year
No. of hospitalization

1 293 (11.1) 273 (10.3) 303 (11.2) 263 (9.7) 390 (11.5) 370 (10.9)
2 58 (2.2) 57 (2.2) 58 (2.1) 56 (2.1) 83 (2.5) 76 (2.2)
≥3 15 (0.6) 10 (0.4) 16 (0.6) 14 (0.5) 22 (0.7) 19 (0.6)

No. of outpatient contacts
1 429 (16.3) 426 (16.1) 440 (16.2) 427 (15.7) 531 (15.7) 521 (15.4)
2 162 (6.2) 141 (5.3) 167 (6.1) 159 (5.9) 217 (6.4) 197 (5.8)
≥3 94 (3.6) 85 (3.2) 96 (3.5) 76 (2.8) 120 (3.5) 101 (3.0)

NA: not available; NSAID: non-steroid anti-inflammatory drug; IVF: in vitro fertilization.



Table E6. Standardized differences for comparison of desloratadine and loratadine use during pregnancy before
propensity score matching. Values are percentages (%).

For analysis of
major birth

defects

For analysis of
spontaneous

abortion

For analysis of
preterm birth

For analysis of
SGA

For analysis of
stillbirth

Characteristics
Age at pregnancy onset

≤19 1.1 6.0 2.0 0.9 6.8
20-24 0.6 1.1 0.9 0.5 1.8
25-29 6.6 6.3 6.0 5.5 6.8
30-34 0.0 2.8 1.5 1.4 4.0
≥35 6.6 6.9 7.4 7.3 8.1

Married or living with partner 8.2 11.5 7.2 7.6 12.9
Place of birth

Denmark 6.5 8.1 5.4 4.5 5.9
Europe 7.5 5.7 6.6 5.7 4.2
Outside of Europe 2.4 5.6 1.8 1.3 4.0

Region of residence
Capital 2.0 7.4 4.4 4.0 7.7
Sealand 2.9 0.6 4.3 3.7 0.3
Southern Denmark 4.1 0.2 5.0 4.8 0.3
Mid Jutland 2.6 6.7 0.4 0.2 4.6
North Jutland 2.1 4.6 4.3 4.8 7.2

Gross household income, quartile
1 7.1 8.2 7.1 6.3 10.2
2 7.1 4.8 7.2 6.4 4.7
3 5.9 6.2 5.4 5.7 7.6
4 5.8 2.7 5.3 5.7 1.9

Education level, years
≤11 2.8 0.4 2.3 2.8 1.3
12-13 1.7 2.2 2.3 2.2 1.2
14-15 8.0 10.0 7.5 6.7 8.4
≥16 10.6 10.0 10.2 9.8 7.2

Parity
1 2.6 NA 3.5 2.7 NA
2 4.1 NA 2.9 1.8 NA
≥3 1.7 NA 1.0 1.3 NA

Multiple birth pregnancy 2.3 NA 2.9 3.5 NA
Season of conception

Winter 1.0 13.2 11.5 10.0 9.8
Spring 15.4 4.8 2.9 3.2 4.1
Summer 9.8 12.3 13.8 12.1 10.8
Autumn 9.8 7.7 4.8 5.0 5.3

Smoking during pregnancy 0.9 NA 2.4 2.8 NA
Previous pregnancy with the
same adverse fetal outcome 5.0 3.9 4.6 11.4 2.2

Previous pregnancy with induced
abortion NE 15.3 NE NE NE

Prescription drug use in past
year
Antidiabetic drugs 3.3 2.5 2.6 2.2 1.7
Thyroid drugs 7.1 3.0 4.3 4.3 3.5
NSAIDs 1.1 1.1 1.4 1.6 2.5
Opiates 6.0 4.1 5.9 6.1 5.5
Antimigraine drugs 4.0 4.5 3.6 3.0 2.3
Antidepressants 5.7 4.9 7.9 8.1 7.8
Drugs used for peptic
ulcer/gastroesophageal reflux 7.7 9.6 9.6 9.7 10.3

Pulmonary inhalants 0.7 3.2 5.6 6.4 6.0
Leukotriene receptor antagonists 11.6 14.1 14.0 13.8 14.4
Oral corticosteroids 6.7 7.5 4.5 4.3 6.3



Topical corticosteroids group II-IV 0.9 3.1 3.5 4.0 3.9
Nasal corticosteroids 13.5 16.2 16.3 16.6 16.2
Ophthalmological antiallergics 3.2 0.1 0.1 0.5 1.1
Other second-generation
antihistamines 5.8 6.4 8.7 8.8 7.0

Drug used for IVF in past 3
months 4.4 6.0 2.9 2.2 4.7

No. of drugs used
1-2 3.2 0.2 1.0 1.5 1.1
3-4 6.3 5.2 7.3 8.4 7.7
≥5 4.5 7.4 6.5 6.4 7.6

Hospital care utilization in past
year
No. of hospitalization

1 2.5 3.4 5.2 4.6 4.0
2 2.4 0.8 0.4 1.0 0.1
≥3 2.8 2.4 2.2 1.4 1.5

No. of outpatient contacts
1 4.6 2.8 3.7 4.0 2.9
2 5.9 3.0 2.8 3.0 3.7
≥3 7.0 5.7 6.9 7.0 5.6

NA: not available; NE: not estimated; NSAID: non-steroid anti-inflammatory drug; IVF: in vitro fertilization.



Table E7. Standardized differences for comparison of desloratadine and loratadine use during pregnancy after
propensity score matching. Values are percentages (%).

For analysis of
major birth

defects

For analysis of
spontaneous

abortion

For analysis of
preterm birth

For analysis of
SGA

For analysis of
stillbirth

Characteristics
Age at pregnancy onset

≤19 2.1 1.6 1.0 0.7 0.2
20-24 0.2 2.1 0.6 0.0 0.8
25-29 1.2 1.5 0.7 1.9 0.6
30-34 1.5 2.2 0.9 3.7 0.3
≥35 2.6 1.3 1.7 2.5 1.0

Married or living with partner 0.5 0.1 1.5 1.7 0.2
Place of birth

Denmark 1.8 0.9 0.3 0.2 0.2
Europe 1.6 0.7 0.3 0.8 2.0
Outside of Europe 1.0 1.5 0.1 0.9 1.1

Region of residence
Capital 3.2 0.9 2.6 2.2 2.0
Sealand 2.1 1.3 2.2 1.9 2.9
Southern Denmark 3.5 0.7 2.2 0.2 1.7
Mid Jutland 1.3 1.0 0.8 1.4 0.6
North Jutland 1.2 0.4 2.8 2.9 1.3

Gross household income, quartile
1 0.3 0.3 0.4 3.8 0.4
2 3.0 1.8 4.3 1.9 2.0
3 2.0 1.9 0.3 0.5 1.2
4 0.7 0.4 4.2 1.4 0.4

Education level, years
≤11 0.0 0.3 1.4 1.2 1.1
12-13 4.1 1.2 2.8 0.3 0.1
14-15 0.6 4.3 1.4 1.5 0.6
≥16 2.3 2.5 4.2 2.5 1.4

Parity
1 0.6 NA 1.5 0.0 NA
2 2.8 NA 0.3 1.9 NA
≥3 2.6 NA 2.4 2.4 NA

Multiple birth pregnancy 4.7 NA 9.6 7.5 NA
Season of conception

Winter 1.6 2.5 0.4 1.0 2.1
Spring 1.6 2.5 2.3 1.1 3.1
Summer 0.3 0.5 0.4 0.3 2.2
Autumn 0.8 0.6 1.7 2.6 0.9

Smoking during pregnancy 0.8 NA 1.6 1.3 NA
Previous pregnancy with the
same adverse fetal outcome 0.9 0.7 0.2 1.3 0.0

Previous pregnancy with induced
abortion NE 1.5 NE NE NE

Prescription drug use in past
year
Antidiabetic drugs 1.8 0.0 0.8 3.6 2.5
Thyroid drugs 1.3 0.8 3.7 0.5 0.2
NSAIDs 1.8 0.6 2.4 3.0 1.2
Opiates 1.0 0.3 0.5 1.2 1.5
Antimigraine drugs 2.3 1.0 2.0 1.9 1.3
Antidepressants 1.3 1.7 1.5 1.6 1.1
Drugs used for peptic
ulcer/gastroesophageal reflux 0.9 0.1 0.5 0.8 0.2

Pulmonary inhalants 3.0 0.1 0.7 0.7 2.1
Leukotriene receptor antagonists 0.8 2.2 0.3 1.0 0.2
Oral corticosteroids 2.3 0.2 2.0 1.6 0.1



Topical corticosteroids group II-IV 2.1 1.3 0.6 0.7 2.0
Nasal corticosteroids 0.8 1.3 2.2 1.0 0.3
Ophthalmological antiallergics 1.5 0.2 0.1 0.6 2.2
Other second-generation
antihistamines 0.0 0.8 0.8 0.6 1.8

Drug used for IVF in past 3
months 2.2 0.3 1.6 2.6 3.2

No. of drugs used
1-2 2.9 0.3 0.1 2.1 1.8
3-4 2.1 2.3 2.3 0.5 1.0
≥5 0.0 1.0 0.7 0.3 1.1

Hospital care utilization in past
year
No. of hospitalization

1 3.7 1.2 2.5 4.8 1.9
2 0.4 0.2 0.3 0.5 1.4
≥3 3.3 0.5 2.8 1.0 1.1

No. of outpatient contacts
1 1.8 2.0 0.3 1.3 0.8
2 0.5 1.9 3.4 1.2 2.5
≥3 2.4 0.2 1.9 4.2 3.2

NA: not available; NE: not estimated; NSAID: non-steroid anti-inflammatory drug; IVF: in vitro fertilization.



Table E8. Baseline characteristics of unmatched pregnancy cohorts of desloratadine and cetirizine users in 1:1 ratio
for analyses of primary outcomes. Values are numbers (percentages).

Unmatched cohort for analysis of
major birth defects

Unmatched cohort for analysis of
spontaneous abortions

Characteristics Desloratadine
users (n=1687)

Cetirizine users
(n=6269)

Desloratadine
users (n=2732)

Cetirizine users
(n=11,433)

Age at pregnancy onset
≤19 22 (1.3) 64 (1.0) 91 (3.3) 289 (2.5)
20-24 152 (9.0) 606 (9.7) 279 (10.2) 1265 (11.1)
25-29 491 (29.1) 2033 (32.4) 762 (27.9) 3406 (29.8)
30-34 634 (37.6) 2293 (36.6) 923 (33.4) 3946 (34.5)
≥35 388 (23.0) 1273 (20.3) 677 (24.8) 2527 (22.1)

Married or living with partner 1454 (86.2) 5499 (87.7) 2215 (81.1) 9517 (83.2)
Place of birth

Denmark 1422 (84.3) 5317 (84.8) 2288 (83.8) 9648 (84.4)
Europe 94 (5.6) 301 (4.8) 139 (5.1) 545 (4.8)
Outside of Europe 171 (10.1) 651 (10.4) 305 (11.2) 1240 (10.9)

Region of residence
Capital 546 (32.4) 1863 (29.7) 1313 (48.1) 4690 (41.0)
Sealand 262 (15.5) 843 (13.5) 328 (12.0) 1291 (11.3)
Southern Denmark 342 (20.3) 1289 (20.6) 423 (15.5) 2007 (17.6)
Mid Jutland 372 (22.1) 1646 (26.3) 466 (17.1) 2535 (22.2)
North Jutland 165 (9.8) 628 (10.0) 202 (7.4) 910 (8.0)

Gross household income, quartile
1 444 (26.3) 1545 (24.7) 721 (26.4) 2821 (24.7)
2 406 (24.1) 1584 (25.3) 684 (25.0) 2857 (25.0)
3 393 (23.3) 1595 (25.4) 630 (23.1) 2911 (25.5)
4 444 (26.3) 1545 (24.7) 697 (25.5) 2844 (24.9)

Education level, years
≤11 324 (19.2) 1360 (21.7) 651 (23.8) 2860 (25.0)
12-13 234 (13.9) 913 (14.6) 393 (14.4) 1701 (14.9)
14-15 403 (23.9) 1560 (28.9) 603 (22.1) 2739 (24.0)
≥16 726 (43.0) 2436 (38.9) 1085 (39.7) 4133 (36.2)

Parity
1 819 (48.6) 3035 (48.4) NA NA
2 546 (32.4) 2129 (34.0) NA NA
≥3 322 (19.1) 1105 (17.6) NA NA

Multiple birth pregnancy 67 (4.0) 270 (4.4) NA NA
Season of conception

Winter 278 (16.5) 1157 (18.5) 592 (21.7) 3184 (27.9)
Spring 602 (35.7) 2550 (40.7) 948 (24.7) 3972 (34.8)
Summer 536 (31.8) 1660 (26.5) 758 (27.8) 2522 (22.1)
Autumn 271 (16.1) 902 (14.4) 434 (15.9) 1755 (15.4)

Smoking during pregnancy 176 (10.4) 780 (12.4) NA NA
Previous pregnancy with the same
adverse fetal outcome 37 (2.2) 111 (1.8) 337 (12.3) 1487 (13.0)

Previous pregnancy with induced
abortion NE NE 343 (12.6) 1151 (10.1)

Prescription drug use in past year
Antidiabetic drugs 33 (2.0) 166 (2.7) 54 (2.0) 279 (2.4)
Thyroid drugs 36 (2.1) 130 (2.1) 50 (1.8) 237 (2.1)
NSAIDs 342 (20.3) 1346 (21.5) 552 (20.2) 2409 (21.1)
Opiates 103 (6.1) 353 (5.6) 165 (6.0) 667 (5.8)
Antimigraine drugs 61 (3.6) 229 (3.7) 103 (3.8) 400 (3.5)
Antidepressants 147 (8.7) 500 (8.0) 250 (9.2) 1021 (8.9)
Drugs used for peptic
ulcer/gastroesophageal reflux 151 (9.0) 549 (8.8) 245 (9.0) 956 (8.4)

Pulmonary inhalants 374 (22.2) 1296 (20.7) 582 (21.3) 2253 (19.7)
Leukotriene receptor antagonists 59 (3.5) 94 (1.5) 97 (3.6) 165 (1.4)
Oral corticosteroids 195 (11.6) 559 (8.9) 316 (11.6) 1015 (8.9)



Topical corticosteroids group II-IV 338 (20.0) 1192 (19.0) 515 (18.9) 2034 (17.8)
Nasal corticosteroids 556 (33.0) 1581 (25.2) 867 (31.7) 2665 (23.3)
Ophthalmological antiallergics 408 (24.2) 1292 (20.6) 634 (23.2) 2199 (19.2)
Other second-generation
antihistamines 162 (9.6) 640 (10.2) 247 (9.0) 1114 (9.7)

Drug used for IVF in past 3 months 104 (6.2) 506 (8.1) 137 (5.1) 809 (7.1)
No. of drugs used

1-2 844 (50.0) 3105 (49.5) 1371 (50.2) 5620 (49.2)
3-4 377 (22.4) 1246 (19.9) 563 (20.6) 2095 (18.3)
≥5 83 (4.9) 237 (3.8) 143 (5.2) 417 (3.7)

Hospital care utilization in past year
No. of hospitalization

1 185 (11.0) 690 (11.0) 315 (11.5) 1365 (11.9)
2 41 (2.4) 156 (2.5) 68 (2.5) 285 (2.5)
≥3 8 (0.5) 57 (0.9) 17 (0.6) 108 (0.9)

No. of outpatient contacts
1 269 (16.0) 958 (15.3) 421 (15.4) 1774 (15.5)
2 110 (6.5) 383 (6.1) 174 (6.4) 725 (6.3)
≥3 60 (3.6) 198 (3.2) 98 (3.6) 389 (3.4)

NA: not available; NE: not estimated; NSAID: non-steroid anti-inflammatory drug; IVF: in vitro fertilization.



Table E9. Baseline characteristics of propensity-score matched pregnancy cohorts of desloratadine and cetirizine
users in 1:1 ratio for analyses of primary outcomes. Values are numbers (percentages).

Matched cohort for analysis of major
birth defects

Matched cohort for analysis of
spontaneous abortions

Characteristics Desloratadine
users (n=1686)

Cetirizine users
(n=1686)

Desloratadine
users (n=2731)

Cetirizine users
(n=2731)

Age at pregnancy onset
≤19 22 (1.3) 23 (1.4) 91 (3.3) 103 (3.8)
20-24 152 (9.0) 145 (8.6) 279 (10.2) 274 (10.0)
25-29 491 (29.1) 491 (29.1) 762 (27.9) 770 (28.2)
30-34 633 (37.5) 639 (37.9) 923 (33.8) 904 (33.1)
≥35 388 (23.0) 388 (23.0) 676 (24.8) 680 (24.9)

Married or living with partner 1453 (86.2) 1447 (85.8) 2214 (81.1) 2225 (81.5)
Place of birth

Denmark 1421 (84.3) 1441 (85.5) 2287 (83.7) 2283 (83.6)
Europe 94 (5.6) 81 (4.8) 139 (5.1) 121 (4.4)
Outside of Europe 171 (10.1) 164 (9.7) 305 (11.2) 327 (12.0)

Region of residence
Capital 546 (32.4) 552 (32.7) 1312 (48.0) 1314 (48.1)
Sealand 261 (15.5) 261 (15.5) 328 (12.0) 325 (11.9)
Southern Denmark 342 (20.3) 341 (20.2) 423 (15.5) 438 (16.0)
Mid Jutland 372 (22.1) 359 (21.3) 466 (17.1) 454 (16.6)
North Jutland 165 (9.8) 173 (10.3) 202 (7.4) 200 (7.3)

Gross household income, quartile
1 444 (26.3) 444 (26.3) 721 (26.4) 711 (26.0)
2 406 (24.1) 405 (24.0) 684 (25.1) 680 (24.9)
3 393 (23.3) 371 (22.0) 630 (23.1) 616 (22.6)
4 443 (26.3) 466 (27.6) 696 (25.5) 724 (26.5)

Education level, years
≤11 324 (19.2) 327 (19.4) 651 (23.8) 649 (23.8)
12-13 234 (13.9) 246 (14.6) 393 (14.4) 385 (14.1)
14-15 403 (23.9) 377 (22.4) 603 (22.1) 595 (21.8)
≥16 725 (43.0) 736 (43.7) 1084 (39.7) 1102 (40.4)

Parity
1 818 (48.5) 793 (47.0) NA NA
2 546 (32.4) 568 (33.7) NA NA
≥3 322 (19.1) 325 (19.3) NA NA

Multiple birth pregnancy 67 (4.0) 30 (1.8) NA NA
Season of conception

Winter 278 (16.5) 308 (18.3) 592 (21.7) 572 (20.9)
Spring 602 (35.7) 606 (35.9) 948 (34.7) 982 (36.0)
Summer 536 (31.8) 527 (31.3) 757 (27.7) 755 (27.7)
Autumn 270 (16.0) 245 (14.5) 434 (15.9) 422 (15.5)

Smoking during pregnancy 176 (10.4) 180 (10.7) NA NA
Previous pregnancy with the same
adverse fetal outcome 37 (2.2) 40 (2.4) 337 (12.3) 303 (11.1)

Previous pregnancy with induced
abortion NE NE 342 (12.5) 330 (12.1)

Prescription drug use in past year
Antidiabetic drugs 33 (2.0) 26 (1.5) 54 (2.0) 48 (1.8)
Thyroid drugs 36 (2.1) 37 (2.2) 50 (1.8) 43 (1.6)
NSAIDs 342 (20.3) 332 (19.7) 552 (20.2) 528 (19.3)
Opiates 103 (6.1) 99 (5.9) 165 (6.0) 161 (5.9)
Antimigraine drugs 61 (3.6) 55 (3.3) 103 (3.8) 103 (3.8)
Antidepressants 147 (8.7) 135 (8.0) 250 (9.2) 236 (8.6)
Drugs used for peptic
ulcer/gastroesophageal reflux 151 (9.0) 123 (7.3) 244 (8.9) 253 (9.3)

Pulmonary inhalants 373 (22.1) 362 (21.5) 581 (21.3) 535 (19.6)
Leukotriene receptor antagonists 58 (3.4) 63 (3.7) 96 (3.5) 85 (3.1)
Oral corticosteroids 194 (11.5) 198 (11.7) 316 (11.6) 316 (11.6)



Topical corticosteroids group II-IV 377 (20.0) 334 (19.8) 515 (18.9) 501 (18.3)
Nasal corticosteroids 555 (32.9) 551 (32.7) 867 (31.8) 856 (31.3)
Ophthalmological antiallergics 407 (24.1) 410 (24.3) 634 (23.2) 631 (23.1)
Other second-generation
antihistamines 162 (9.6) 169 (10.0) 247 (9.0) 239 (8.8)

Drug used for IVF in past 3 months 104 (6.2) 91 (5.4) 137 (5.0) 138 (5.1)
No. of drugs used

1-2 844 (50.1) 853 (50.6) 1371 (50.2) 1377 (50.4)
3-4 377 (22.4) 357 (21.2) 562 (20.6) 529 (19.4)
≥5 82 (4.9) 82 (4.9) 143 (5.2) 137 (5.0)

Hospital care utilization in past year
No. of hospitalization

1 185 (11.0) 198 (11.7) 315 (11.5) 316 (11.6)
2 41 (2.4) 31 (1.8) 68 (2.5) 69 (2.5)
≥3 8 (0.5) 9 (0.5) 17 (0.6) 16 (0.6)

No. of outpatient contacts
1 268 (15.9) 237 (14.1) 420 (15.4) 398 (14.6)
2 110 (6.5) 108 (6.4) 174 (6.4) 153 (5.6)
≥3 60 (3.6) 57 (3.4) 98 (3.6) 96 (3.5)

NA: not available; NE: not estimated; NSAID: non-steroid anti-inflammatory drug; IVF: in vitro fertilization.



Table E10. Sensitivity analyses of primary outcomes according to restriction of exposure time periods and induced
abortions including post-hoc analyses of induced abortions and defects among induced abortions.

Sensitivity analyses No. with outcome/total no. (%) Prevalence Odds Ratio (95% CI)
Major birth defects

Exposure interval limited to day 0-84
Desloratadine 42/994 (4.2%) 1.01 (0.66-1.54)
Loratadine 49/1173 (4.2%) 1.00 (ref)

Singleton pregnancies only
Desloratadine 73/1603 (4.6%) 1.16 (0.82-1.63)
Loratadine 64/1618 (4.0%) 1.00 (ref)

First-time pregnancies only
Desloratadine 40/803 (5.0%) 1.05 (0.67-1.65)
Loratadine 38/798 (4.8%) 1.00 (ref)

Exposure through entire pregnancy
Desloratadine 118/2720 (4.3%) 1.13 (0.86-1.48)
Loratadine 105/2720 (3.9%) 1.00 (ref)

Spontaneous abortion No. with outcome/total no. (%) Hazard Ratio (95% CI)
Exposure interval limited to day 0-154

Desloratadine 143/1788 (7.6%) 1.16 (0.91-1.46)
Loratadine 136/2104 (6.8%) 1.00 (ref)

Induced abortions
Desloratadine 373/2749 (13.6%) 1.33 (1.14-1.56)
Loratadine 287/2749 (10.4%) 1.00 (ref)

Post-hoc analyses
Induced abortions before end of
gestational wk 12 (wk 6-12)

Desloratadine 347/2749 (12.6%) 1.34 (1.14-1.57)
Loratadine 265/2749 (9.6%) 1.00 (ref)

Induced abortions later than
gestational wk 12 (wk 13-22)

Desloratadine 26/2749 (1.0%) 1.24 (0.70-2.19)
Loratadine 22/2749 (0.8%) 1.00 (ref)

Birth defects among induced
abortions in subcohort 2004-2016

No. with outcome/total no. (%) Prevalence Odds Ratio (95% CI)

Desloratadine 8/2561 (0.3%) 0.77 (0.29-2.06)
Loratadine 8/1978 (0.4%) 1.00 (ref)

Wk: week, CI: confidence interval
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