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Abstract Background: Loratadine, a second-generation antihistamine, is commonly used
to treat seasonal allergies. Some studies have suggested that use of loratadine by
pregnant women increases the risk of hypospadias in male offspring.
Objective: This meta-analysis was designed to assess the strength of the associa-
tion between loratadine and hypospadias.

Methods: To locate pertinent articles published in any language from January
1989 until August 2007, we searched electronic databases (MEDLINE, OVID,
EMBASE, SCOPUS, TOXLINE Special, ReproTox, TERIS, CINAHL and
others), conference proceedings and bibliographies. Studies were eligible for this
analysis if they were cohort, case-control or case series studies that reported the
incidence of hypospadias in the offspring of women who were or were not
exposed to loratadine during pregnancy. Two authors independently extracted
information on study design, participant characteristics, measures of outcome,
control for potential confounding factors and risk estimates using a standardized
data collection form. The Newcastle-Ottawa Scale was then used to assess the
quality of each study. We used a random-effects meta-analysis model to combine
the risk data.

Results: In 1402 potentially relevant titles, we found three case-control studies
and seven cohort studies that reported the incidence of hypospadias or other
congenital malformations in offspring of women who did or did not use loratadine
during pregnancy. Together the studies in our meta-analysis provided information
about 453 053 male births in Brazil, Canada, Denmark, Israel, Italy, Sweden, the
UK and the US.

Of 2694 male infants born to women using loratadine, 39 (1.4%) had hypos-
padias. Of 450 413 male infants born to women not using loratadine, 4231 (0.9%)
had hypospadias. Women who used loratadine during pregnancy were not signifi-
cantly more likely to have a son with hypospadias (unadjusted odds ratio [OR]
1.27,95% CI 0.73, 2.23; adjusted OR 1.28, 95% CI 0.69, 2.39).
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Conclusion: The results of our systematic review and meta-analysis of controlled
observational studies indicate that the use of loratadine during pregnancy does not
significantly increase the risk of hypospadias in male offspring.

Background

Allergic symptoms affect about one-third of
women of childbearing age,!! and frequently
prompt use of medication during pregnancy.l?!
First-generation antihistamines have long been used
in the management of allergic symptoms and are
considered safe for pregnant women.*3 Second-
generation antihistamines, such as loratadine, cause
less drowsiness because they do not cross the blood-
brain barrier. Although the second-generation drugs
are preferred by many individuals, the results of
clinical and experimental studies have raised ques-
tions about whether they are safe for use during
pregnancy.

In an epidemiological study in 2001, Swedish
investigators reported that maternal use of
loratadine was associated with an increased risk of
hypospadias in male offspring.[®! Hypospadias is a
birth defect in which the urethral meatus is located
along the underside of the penis, scrotum or perine-
um. This condition, which usually requires surgical
correction, is currently estimated to affect about 7 of
every 1000 male infants born in the US.I"! It is also
thought to be associated with gestational and preges-
tational diabetes mellitus,’® increased maternal
age™ and in vitro fertilization.['”

Researchers using animal models to evaluate the
effect of loratadine on the development of androgen-
dependent tissues have found mixed results. Using a
rat model, investigators found that systemic
loratadine exposure during the critical period of
androgen-dependent development, at doses up to 26
times human exposure levels, did not result in mal-
formations of androgen-dependent reproductive tis-
sues in the male offspring.!''l However, in a study
reported in 2006, pregnant mice exposed to
loratadine syrup were found to have changes in
steroid receptor messenger RNA expression
profiles.!"?! These changes were similar to changes
elicited by a synthetic estrogen, and suggested a
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potential mechanism the for induction of hypos-
padias by loratadine.

Because it is important for clinicians who care for
women of reproductive age to be able to summarize
what is known about the association between
loratadine and hypospadias, we performed a system-
atic review and meta-analysis of studies that have
examined this topic in humans.

Methods

Data Sources

For our review and analysis, we followed the
recommendations proposed by the MOOSE (Meta-
analysis Of Observational Studies in Epidemiology)
Group.'31 Members of our team worked together to
search the literature and to develop criteria for the
inclusion of studies. We then worked independently
in processes involving the selection of studies, the
extraction of study data and the evaluation of meth-
odology used in the studies. In each of these pro-
cesses, we discussed disagreements until we reached
a consensus.

With the assistance of a trained research librari-
an, we searched electronic databases for potentially
pertinent articles that were published in any lan-
guage from January 1989 (when loratadine became
available) until May 2007. These databases included
MEDLINE (via OVID), EMBASE, SCOPUS,
TOXLINE Special (via Toxnet), DART: Develop-
mental and Reproductive Toxicology, ReproTox,
TERIS, OVID International Pharmaceutical Ab-
stracts, CINAHL, Shepard’s Citations, Google
Scholar, Cochrane Library, World Cat, Digital Dis-
sertations, Global Health, ISI Proceedings and BI-
OSIS Previews.

We began by using the ChemID database to
identify synonyms of loratadine. In addition to
searching the literature by drug names (loratadine,
desloratadine, Claritin®, Clarityne®, Clarinase®,

Drug Safety 2008; 31 (9)
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cyproheptadine, registry number 79794-75-5), we
searched by drug categories based on pharmacologi-
cal action (antiallergic agents, antipruritics, hista-
mine antagonists, second-generation antihistamines,
histamine H1 antagonists, nonsedating). We com-
bined these terms with various MeSH categories
(including pregnancy, pregnancy complications, ab-
normalities, embryonic and fetal development,
maternal exposure, teratogens, and congenital, he-
reditary and neonatal diseases and abnormalities)
and keywords (including birth defect$, abnormalit$,
hypospadia$, malformation$, fetal, pregnan$,
deformit$ and embryopath$).

To find additional sources of published and un-
published data, we examined the bibliographies of
the retrieved articles and also contacted six research-
ers in the field.

Study Selection

Studies were eligible for inclusion in our system-
atic review if they were cohort, case-control or case
series studies that reported the incidence of hypos-
padias in the offspring of women who were or were
not exposed to loratadine during pregnancy. A study
was eligible for inclusion in both the systematic
review and meta-analysis if it met the following
additional criteria: (i) it reported odds ratios (ORs)
or relative risks (RRs) and also reported a variance
estimate or sufficient data to calculate one; and (ii) it
reported data that were not included in a subsequent
report by the same authors.

Manuscripts were excluded if they did not con-
tain data about fetal outcomes following use of
loratadine during gestation (e.g. studies of use of
loratadine during lactation).

Two authors (EBS and MM) reviewed the studies
to determine whether they met inclusion criteria.
Three authors (EBS, SN and MM) then used a
standardized data collection form to extract infor-
mation concerning each study meeting the criteria.
This information included article title, name of the
first author, year of publication, study design, study
location, characteristics and source of study popula-
tion, sample size, outcome measures, and study
methods for data collection, exposure measurement,
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ascertaining outcomes, blinding, handling loss to
follow-up, and controlling for confounding factors.
It also included unadjusted and adjusted RRs or ORs
and their 95% confidence intervals (CIs) for hypos-
padias and other major fetal malformations asso-
ciated with exposure to loratadine or other antihista-
mines. If the number of male births was not stated
explicitly in published reports, we obtained this
information from communication with authors. If
we were unable to receive this information from
authors, we assumed that 50% of births were male.

Two authors (EBS, SN) used the Newcastle-
Ottawa Scale (NOS)!'¥ to assess the quality of the
methodology used in the case-control and cohort
studies. To rate the methods of selecting groups
(cases and controls or exposed and non-exposed
cohorts), we used a scale from 0 to 4, with 0 indicat-
ing the lowest quality. To rate the comparability of
groups, we used a scale from O to 2 and awarded a
study 1 point if it controlled for maternal age and
2 points if it controlled for maternal age and any
additional factor. To rate the methods of ascertain-
ing exposure or ascertaining outcome, we used a
scale from O to 3, with O again indicating the lowest
quality. We considered cohorts to have adequate
follow-up if fewer than 10% of participants were
lost to follow-up and if the loss occurred in a way
that was unlikely to introduce bias.

From each study, we extracted data unadjusted
for potential confounders, arranged them in a 2 X 2
table, and calculated the OR and corresponding
standard error for the risk of hypospadias following
exposure to loratadine. For studies with no events in
one or both groups, a continuity correction of 0.5
was added to each cell (as implemented in
Cochrane’s Review Manager [RevMan; Cochrane
Collaboration, Oxford, UK] version 4.2). When
studies provided data about the risk of hypospadias
following exposure to other antihistamines, these
data were similarly abstracted. To generate a sum-
mary unadjusted OR for each type of exposure, we
used the random-effects meta-analysis method of
DerSimonian and Laird.["® To generate a summary
adjusted OR, we used the adjusted point estimates
and standard errors extracted from each study.

Drug Safety 2008; 31 (9)
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1402 potentially relevant articles identified
Electronic database search performed using loratadine, pregnancy and related terms identified mulitple citations:
617 Google Scholar; 545 MEDLINE (via OVID); 99 EMBASE; 62 SCOPUS; 25 TOXLINE Special (via Toxnet);
13 DART: Developmental and Reproductive Toxicology; 11 ReproTox; 8 TERIS; 7 OVID International Pharmaceutical Abstracts;
6 CINAHL; 4 Shepard's; 2 Cochrane Library; 1 World Cat; 1 Digital Dissertations; 1 Global Health

\4

A\ 4

1280 excluded after review of title,
785 duplicate citations, 495 clinical reviews

122 potentially relevant abstracts retrieved

A\

"| 7 economic analyses, 67 clinical reviews of practice guidelines

77 excluded after review of abstract: 3 animal studies,

45 studies reviewed in detail: 44 manuscripts retrieved and read
in full, 1 relevant abstract was never published as a full manuscript;
however, investigator was able to provide details about study

2 citations identified by review of bibliographies,
0 citations identified by contacting investigators

v

\4

v

37 excluded after review of manuscript: 28 pregnancy
an exclusion criteria, 3 loratadine use was an exclusion
criteria, 4 studies of lactation (no pregnancy data), 2 duplicates

| 10 studies included in

systematic review |

v

2 excluded because the same data was included in a larger
or higher quality report

| 8 studies included in meta-analysis |

Fig. 1. Results of searches and screening of potentially relevant studies.

To determine whether results varied significantly
by study design, we made separate analyses of case-
control studies and cohort studies. In addition, we
performed analyses with and without the hypo-
thesis-raising Swedish study.[®

For all statistical analyses, we used Cochrane’s
Review Manager version 4.2.

Results

Our literature search returned 1402 potentially
relevant titles. After a review of titles, duplicates
identified by different databases were removed. A
total of 122 abstracts were retrieved for a more
detailed review. The majority of these were subse-
quently excluded because they were clinical reviews
without original data. Forty-four manuscripts were
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read in full; details of one additional study reported
in abstract form!'” but never published as a manu-
script, were provided by contacting the author (fig-
ure 1). Of these, three were reports of the same
study!!>29211 and ten met our criteria for inclusion in
the systematic review.[>615-17:1922251 However, two
of the ten were later excluded®™!” because they
reported data that was contained in a larger or higher
quality study.

Of the ten studies included in the systematic
review, three were case-control studies (table I) and
seven were cohort studies (table II). Study partici-
pants were from diverse geographic locations, in-
cluding Brazil, Canada, Denmark, Israel, Italy, the
UK and the US. However, the majority of subjects
were Swedish. The three case-control studies de-

Drug Safety 2008; 31 (9)



779

Loratadine and Risk of Hypospadias during Pregnancy

‘AnsiBoy abieyosiq [eNdsoH apimuoieN = HAHN Sesessi( Jo Uoneolisse|) [euoieulaiul = ol

HAHN 8y}
ur pajsl| a1em pue
SOIUNOJ INOJ WO}
8I19M OYM SIBYJOW

pue sjueyul ysiueq

Ansibal abireyosip

[endsoy apimuoleu
8y} Ul pasy|

alom oym siayjowl

pue sjueyul ysiueq

sojels ybie ul
swiaisAs aoue|loAINS
108j0p-yuiq Aq
paluap! a1am pue
slayjow Bupeads
-ysiueds Jo -ysibug

PEY OUM SIUBUI SN

ausjiwolo
Jo asn pue

Asda|ida ‘snyjlow
sajaqelp ‘eisdwelos
-aid ‘Bupjows ‘lepio

yuiq ‘ebe [eusorepy

sondsjidanue Jo
‘sojegelpnue ‘sbnip
Bujonpul-uonenao jo
asn ‘eisdwe|oa

-aid ‘Bupjows

‘abe |eulajew

‘abe [euonelsab

“19pI0 Yuig

seipedsodAy

j0 Aioisiy Ajiwey
‘ow yuiq ‘Aieniep
1e Aouapisal

jo ejess ‘Ayoluyie

/aoel ‘abe |eulalepy

Aoueubaid
Buunp awn Aue

1e (1) pue ‘Aoueubaid

4O ow 9 jsuly BYY UIYIM
(1) “eysowiLy Isiy Jo
pus ybnoiyy uondaouod
-aid p og (1) uonduosaid

B Paj|l} OYM USWOA

Aoueubaid Buunp

awn Aue je pasodxe
USWOM pue Ja)sawly Isily
8y} Jo pus ay ybnoly}
uondaouod alojaq p 0E

woly pasodxe UsWOM

Aoueubaid
Jo ow ¢ 1s41} ybnoayy

uonelsebaid ow | woi4

HAHN 8yl
Ul 3P0 D BIA PalUSP!

saseo selpedsodAy

s|ielop uonendod

1o} pajsnipe
10 PaJ|01ju0d SI0}0B

pouad ainsodx3

‘(uonewuoyul Buisuadsip) soulwe)lsiynue 200c—686+
spJooas uonduosaid Jayjo e e
BIA paulwia)ep ainsodx3 ‘aulpelelo 022 122 selpedsodAH uasiapad
Ansibas abireyosip [endsoy
aplmuolieu 8y ul paisi|
$8p02 QO BIA payiuap!
saseo seipedsodAy
‘smalnleiul suoyds|a} pue saulwelsiynue 2002-8661
saJreuuolsanb [eusayew J8yjo oue 10
woJj paulwialep ainsodxy ‘aulpelelo 0€02 €02 selpedsodAH uasiapad
swa)sAs saulwelsiynue
ELI=TEVN ERRETET Bunepes
yuIq ybnoiyy paynusp! ‘saujwelsiynue 10/9/0€-
SJUBJUI |0J}UOD/8SED Bunepasuou selpedsodAy 16/0L/1L
{SI8YIOW YIM SMaIAIaMUI Jaylo 9a16ap-paiy} uloq sjueyu|
BIA paulwialep ainsodx3g foulpelelo zerl felele] 10 -puU0DBS  [g7'| 10 JSlIOM
paipnis
sainsodxa S|OJJUOD  SOSEd pajenjens pouad Apnis
$90IN0S eleq uonesIpalN  Jo 'ON  Jo 'ON SOWO02INQ pue Apnig

MaIA8] ollewlsAs AQ paliuapl SaIPNIS [043U0D-8SED JO SolsUBloRIRYD °| d|qeL

Drug Safety 2008; 31 (9)

© 2008 Adis Data Information BV. All rights reserved.



Schwarz et al.

780

abed jxeu panunuo)

ueoisAyd Buipuane
JO 10931 WOy
passasse awoonNo

(M Z2L-01 1s1ly)  ‘MelAIBUI [eulelew 0002 98Q
UapamMg Ul Sjuejul Aoueubaid woJ} pauleuaose -G661 NP
pue uswopn QUON Aueq ainsodx3 €0l /8€ 2rv 9l 916 GG/ 1 selpedsodAH gualeM
(sepoo @oI)
saulwe)siyiue abeyul| piooas Agq
J3y30 jo asn passasse awoonNo 1002 92Q
‘Bujows ‘Aied (M ZL—0| IS1y) ‘MBIAIBIUl [BUIBIBW 661 InC
uspamg uj sjuejul  ‘ebe |eulerew Aoueubaid woJj paurenaose od V1€ 282 pue [guossne|0
pue uswom ‘YUiq Jo Jeop Ape3 ainsodx3 N 5. 862 9LL S qv29 b 08L¢ seipedsodAH pue usjiey
MBINBI
pJ028al [BOIPBW (seipedsodAy
Aq passesse Buipnjour)
SOWO2INO {UBIOIUID uofjew.ojew
a1ua0 Buiguosaid Jolew ‘sa100s Jebdy
|eolpaw SN auo Aq pauiwialep ‘yibua)| ‘@ousIByWINOIID 8661 (61118
1 U98S UBWOMN TN AKoueuBaig ainsodx3 95 0 et 1S peay ‘yblem yuig 18 umoig
Jauonnoe.d
|lesousb sjusned saljewoue |eyuabuod
woJj pauiwiaep Joujw pue Jofew
papiodal sem Juswissesse ‘sajoueubaid oidoyos
AoueuBaid woym QWO9}N0 {Spiodal aujwelsiynue ‘syyeap aulaiNeUl
ul sbnup pajeyiew uonduosaid Aue Joj poyoo ul ‘suolpoge ‘syuiqns 8661 0}
Aimau 0} pasodxa WwoJlj pauleladse  £0Sg pue aulpelelo| ‘(eanjewaud 10 Joud gz[e 10
uswiom MnN SUON  Jelsawl) isiid ainsodx3 104 LIOYyod ul 0yS L€ 8 9l WBk-{|N§) SYMIq Al UolIM
saujwesiynue oew e
1o} paysnipe saujwesiynue Jayjo aulpeje.o|
10 paulwexa pouad Buisn jou uswom Buisn uswom Buisn uswom paenjens pouad
s|ielop uonendod s10j0eH ainsodx3 $90IN0s Eleq 0} SUMIq OAIT 0} SUMIg aAIT 0} SUMIQ BAI7 SaWO02IN0 pue Apnis

Mmalnal onewsisAs Ag paynuapl saipnls MOYod Jo sonsualoeleyd || a|qeL

Drug Safety 2008; 31 (9)

© 2008 Adis Data Information BV. All rights reserved.



781

Loratadine and Risk of Hypospadias during Pregnancy

*90IMI8S Uoljewloju| usbojels] = QIL ‘pPoUodal Jou = YN ‘Ojew = |\ ‘SOSeas|( JO UOHBOISSE|D [BUOIBUIBIU| = D] ‘Olews) = 4

"(G2 190 900g) uonedluNWWOd [euosied ‘ud|iey ‘g Aq pepiroid erep [euolppy  q

"9lBW 919M PBIPN}S SjuBjUl BY} JO ey Jey) uondwnsse uo peseq ojewnsy e

18y}0 Jo asn

ueloisAyd Buipuane
JO plooal WOl
passasse awooinNo

uspamg ‘Bupjows ‘Ajied  (Im gL—Q| 1SI) malALlUl [BUISlEW $—2002
oy} ul sjueyul  ‘ebe [eulerew Koueubaid woJj paurenaose qd 906 OvL [z UOSSNE|O
pue UBWOA\  ‘UHIQ JO JEBA Ape3 ainsodx3 pue N 65} 671 UN o818 L6 L seipedsodAH pue uajiey|
wBem yuiq Aienijep
1e abe [euoleiseb
‘syuiq ainjewsaud
pue ‘ssjoueubaid
01do3o8 ‘sypiq|is
‘suoljeulwJel
uonew.ojul Aoueubaid
Joj 3senbai sainsodxa ‘sabelueosiw ‘syuiq
10 10BJU0D Ja)sawi) 181l aA|| ‘seouanbasuoo
Jo Bwi}je 1o} pajonpuod 21}oWIS00
obe |euoneseh os|e sisAleue  MmalAIB)UI [BUISTEW Jo [eolbins ‘[eoipaw
[SIREETH] ‘sobellleos|w ojesedes woJj paulenaose SNolas sajjijewloude 1002-S66 |
B} PaJOBIU0D Oym jo Aiojsiy ‘Aoueuboaid aWwooINo |einjoniis ‘saljewoue zar’e 10
uawom jueubaid  ‘ebe [euselely Buunp awi Auy pue ainsodx3 618 6£2 el8 Ll Jolew jo serey uunD-Aelq
(nzeug
pue [aeis| ‘Afe) ul ueroisAyd
os[e Inq ‘epeue) Jeak jo swn s,pliyo Bunoeyuod Aanijep 1e abe
ul Ajewnd) ‘malnIBIul e Aq payuan Jeuonelsab ‘syblom
S| peoejuod  abe [euoneisab uoljewJojul yuiq ‘ebelueosiw
pue Aoueubaid ‘Aupinelb awooINo Jo sojel ‘(seipedsodAy
Buluueld ‘asn |oyooje Gim 1) MalAIBUl Buipnjour) 1002—266}
1o yueubeid pue 000eqo} Ja)sawi) 18l Aq paurepsose suonewlojew warle 10
alom oym uswop\  ‘obe jewerely  Buunp 1ses| 1y ainsodx3 611 0 el ovl |lenuabuod Jolepy 18I0
saujwelsiynue olew e
1o} paysnipe saujwesiynue Jayjo aulpeje.o|
1o paujwexa pouad Buisn jou uswom Buisn uswom Buisn uswom pajeniens pouad
s|ielop uonendod s10j0BH ainsodx3 $90IN0S Eleq 0} SUMIq oAl 0} SyMiq aAIT 0} SUMIQ OAIT SOWO02IN0 pue Apnis
puoyd |l s|qel

Drug Safety 2008; 31 (9)

© 2008 Adis Data Information BV. All rights reserved.



782

Schwarz et al.

Table Ill. Evaluation of the quality of case-control studies identified by systematic review

Study Selection of cases and Comparability of cases Ascertainment of Total
controls (score 0—4) and controls (score 0-2) exposure (score 0-3) (score 0-9)
Werler et al.l'%] 4 2 2 8
Pedersen et al.l'®l 3 2 3 8
Pedersen et al.l'l 3 2 2 7

scribed 785 distinct cases and at least 3702 controls.
The exact number of controls is not known because
two of the three studies!!®!”! covered the same popu-
lation and had overlapping timeframes. The seven
cohort studies included 2635 women who used
loratadine, and 446 248 women who did not use
antihistamines who subsequently gave birth to a live
male infant. Three of the seven cohort studies>¢23!
covered the same population and had overlapping
timeframes. To avoid the possibility of double
counting when the same population was used in
different studies, we selected the studies with the
higher quality of methodology for this meta-ana-
lysis.

In half of the studies, information on maternal
use of loratadine, hospitalization diagnoses and the
presence of co-morbid states was determined from
linked healthcare databases or electronic medical
records that included hospital discharge diagnoses
and prescription dispensing records. As in many
countries, including Denmark, loratadine is avail-
able without a prescription, the remaining studies
collected information through telephone-based
structured interviews.

All ten studies reported on the relationship be-
tween loratadine and major fetal malformations or
hypospadias, and seven of them also reported on the
relationship between other antihistamines and these

outcomes. In their estimates of the risk for adverse
perinatal outcomes, all but three studies™!%?! ad-
justed for maternal age. In addition, some studies
adjusted for paternal history of hypospadias, mater-
nal tobacco use, maternal diabetes and other co-
morbidities.

Each of the three case-control studies scored well
across categories in the NOS and had a total score of
7 or 8 points out of a possible 9 (table III). The six
cohort studies had component and total scores that
were more variable, with total scores ranging from 5
to 9 points out of a possible 9 (table IV).

Together the studies included in the meta-ana-
lysis provided information about 453 107 male
births. Of 2694 male infants born to women who
used loratadine during pregnancy, 39 (1.4%) had
hypospadias. Of 450413 male infants born to
women not using loratadine, 4231 (0.9%) had
hypospadias (table V).

The summary unadjusted ORs (and 95% CIs) for
hypospadias in offspring of women using loratadine
versus women not using loratadine during preg-
nancy were 1.23 (0.62, 2.44) in the case-control
studies, 1.13 (0.34, 3.81) in the cohort studies and
1.27 (0.73, 2.23) in all studies combined (table V
and figure 2). When we repeated the meta-analysis
of cohort studies without the hypothesis-generating
study,’® we found that the OR further approached

Table IV. Evaluation of the quality of cohort studies identified by systematic review

Study Selection of exposed and ~ Comparability of groups Ascertainment of Total
non-exposed groups (score 0-2) outcome (score 0-9)
(score 0-4) (score 0-3)

Wilton et al.l2%] 3 0 3 6

Brown et al.l'® 3 0 3 6

Kallen and Olausson!®! 4 2 3 9

Kallenl®! 4 0 3 7

Diav-Citrin et al.l?? 4 0 1 5

Moretti et al.?4 4 2 2 8

Kallen and Olausson(?3 4 2 3 9

© 2008 Adis Data Information BV. All rights reserved.
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a

Study or subcategory Loratadine (n/N)  Control (n/N)

OR (random) 95% ClI

Weight (%) OR [random] (95% Cl) Year

Werler et al. 11/33 547/1957 —— 88.69 1.29 (0.62, 2.68) 2004
Pedersen et al. 113 202/2220 - 11.31 0.83(0.11, 6.44) 2006
Total (95% ClI) 46 4177 - 100.00 1.23 (0.62, 2.44)
Total events: 12 (loratadine), 749 (control)
Test for heterogeneity: ¥2 = 0.16, df = 1 (p = 0.69), 1> = 0%
Test for overall effect: Z = 0.58 (p = 0.56)
T T T T T T

0102 051 2 5 10
b Favours loratadine Favours control
Wilton et al. 0/8 1/271 S B 10.78 10.61 (0.40, 279.84) 1998
Brown et al. 0/25 0/28 NE 1999
Kallen & Olausson (1995-2001) 25/1624  2586/297 130 — 47.83 1.78 (1.20, 2.65) 2001
Diav-Citrin et al. 0/87 0/409 NE 2003
Moretti et al. 0/73 1/69 < = 11.07 0.31 (0.01,7.76) 2003
Kallen & Olausson (2002—-4) 2/818 894/148 341 ———®@—7— 30.32 0.40 (0.10, 1.62) 2006
Total (95% Cl) 2635 446 248 ——— 100.00 1.13(0.34, 3.81)
Total events: 27 (loratadine), 3482 (control)
Test for heterogeneity: x2 = 6.80, df = 3 (p = 0.08), I? = 55.9%
Test for overall effect: Z = 0.20 (p = 0.84)

T T T T T T

0102 051 2 5 10
c Favours loratadine Favours control
Total (95% Cl) 2681 450 425 100.00 1.27 (0.73, 2.23)

Total events: 39 (loratadine), 4231 (control)
Test for heterogeneity: 2 = 7.31, df = 5 (p = 0.20), I? = 31.6%
Test for overall effect: Z = 0.85 (p = 0.40)

0.1 02 05 1
Favours loratadine

2 5 10
Favours control

Fig. 2. Unadjusted odds ratios (ORs) and 95% Cls for hypospadias in offspring of women using loratadine vs women not using loratadine
during pregnancy. Summary estimates are shown for (a) case-control studies;!'>1®l (b) cohort studies;®1922251 and (c) all studies. df =

degrees of freedom; NE = not estimable.

unity (OR 0.96; 95% CI 0.44, 2.08), and the degree
of heterogeneity was lower as evidenced by an I2 of
18% instead of 56%.

The summary adjusted ORs for hypospadias in
offspring of women using loratadine versus women
not using loratadine during pregnancy were 0.95
(95% CI 0.43, 2.08) in the case-control studies, 1.23
(0.32, 4.69) in the cohort studies and 1.28 (0.69,
2.39) in all studies combined (table V and figure 3).

© 2008 Adis Data Information BV. All rights reserved.

The summary obtained from all studies combined is
higher than the estimate obtained from either meth-
odological subset of studies because the relative
weight assigned to each study differs on the basis of
the size of the other studies included in the analysis.

The summary unadjusted OR for hypospadias in
offspring of women using other antihistamines (i.e.
antihistamines other than loratadine) versus women
using no antihistamines was 1.02 (95% CI 0.71,
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1.46) in the case-control studies, and the summary
adjusted OR was 0.97 (0.66, 1.43) [figure 4].

Summary statistics were minimally different
whether obtained by including all studies,6-16:17-21-23]
or after omitting studies that used the same popula-
tion,l'721-25] or after omitting studies that were of
lower quality.?>%3

Discussion

The results of our systematic review and meta-
analysis of controlled observational studies indicate
that the use of loratadine during pregnancy does not
significantly increase the risk of hypospadias in
male offspring.

Our results are not in keeping with the early
findings of Kallen and Olausson,!®’ which raised
concern about the use of loratadine during preg-
nancy, but they are consistent with the 2006 findings
of these same authors.!?3) In their earlier study, when
Kallen and Olausson examined the Swedish
Medical Birth Registry and the Swedish Registry of
Congenital Malformations, they found that hypos-
padias occurred in 0.54% of the offspring of mothers
using loratadine versus the 0.20% they expected in a
similar population.[®! They also found that hypos-
padias occurred in only 6 (0.11%) of 5116 infants
born to mothers using antihistamines other than
loratadine.[®! This led to concern that women who

Study or subcategory Log [adjusted OR] (SE) Adjusted OR (random) 95% CI Weight (%) vear
Werler et al. —0.0408 (0.4309) 86.27 2004
Pedersen et al. —0.1053 (1.0801) 13.73 2006
Total (95% ClI) 100.00
Test for heterogeneity: 32 = 0.00, df = 1 (p = 0.96), I° = 0%
Test for overall effect: Z=0.12 (p = 0.90)

T T T T T T T

0.1 0.2 05 1 2 5 10

Favours loratadine Favours control
b
Kallen & Olausson (1995-2001)  0.6991 (0.0837) B 74.09 2001
Kallen & Olausson (2002—-4) —0.7550 (1.0128) < L 25.91 2006
Total (95% Cl) —— 100.00
Test for heterogeneity: 2 = 2.05, df = 1 (p = 0.15), 12 = 51.2%
Test for overall effect: Z=0.77 (p = 0.44)

T T T T T T

01 02 05 1 2 5 10

Favours loratadine Favours control
c
Total (95% CI) 100.00

Test for heterogeneity: %2 = 4.88, df = 3 (p = 0.18), I = 38.6%
Test for overall effect: Z=0.77 (p = 0.44)

0.1 02 05 1 2 5 10

Favours loratadine Favours control

Fig. 3. Adjusted odds ratios (ORs) and 95% Cls for hypospadias in offspring of women using loratadine vs women not using loratadine
during pregnancy. Summary estimates are shown for (a) case-control studies;!'>'%! (b) cohort studies;®2% and (c) all studies. df = degrees of

freedom; SE = standard error.

© 2008 Adis Data Information BV. All rights reserved.
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a

Study or subcategory Loratadine (n/N) Control (n/N)

OR (random) 95% ClI Weight (%) OR [random] (95% Cl) Year

N

Werler et al. 43/147 489/1747 93.72 1.06 (0.73, 1.54) 2004
Pedersen et al. 2/39 201/2194 s p— 6.28 0.54 (0.13,2.24) 2006
Total (95% Cl) 186 3941 > 100.00 1.02 (0.71, 1.46)
Total events: 45 (antihistamines), 690 (control)
Test for heterogeneity: 2 = 0.83, df = 1 (p = 0.36), 1> = 0%
Test for overall effect: Z =0.10 (p = 0.92)
T T T T T T
0102 051 2 5 10
Favours antihistamines Favours control
b
Study or subcategory Log [adjusted OR] (SE) Adjusted OR (random) 95% CI Weight (%) Year
Werler et al. 0.0198 (0.2068) ‘h’ 92.95 2004
Pedersen et al. —0.6931 (0.7511) = 7.05 2006
Total (95% Cl) <@ 100.00

Test for heterogeneity: 3 = 0.84, df = 1 (p = 0.36), I = 0%
Test for overall effect: Z=0.15 (p = 0.88)

T
0.1

T T
0.2 0.5 1 2 5 10
Favours treatment Favours control

Fig. 4. Summary estimates of odds ratios (ORs) and 95% Cls for hypospadias in offspring of women using vs women not using
antihistamines other than loratadine during pregnancy. (a) Unadjusted ORs and (b) adjusted ORs are for case-control studies.['5:16]

df = degrees of freedom; SE = standard error.

used loratadine during pregnancy might be more
likely than women who used other antihistamines
during pregnancy to deliver a son with hypospadias.
However, in 2006, these same authors examined
updated information and found no increased risk of
hypospadias with use of loratadine during preg-
nancy.??

The only other critical review™ that examined a
question similar to the one we examined was per-
formed in 2005, prior to the publication of three of
the larger studies included in this review. While
prior reviews?®! have succeeded in reassuring many
women and clinicians that first-generation antihista-
mines may be safely used during the first trimester
of pregnancy, recommendations regarding use of
second-generation antihistamines during pregnancy
have remained guarded.* The findings of this study
are reassuring in showing that data collected outside

© 2008 Adis Data Information BV. All rights reserved.

of Sweden supports conclusions of the more recent
Swedish study.!?!

As is the case with the findings in other system-
atic reviews, the findings in our review are limited
by the design and quality of the individual studies
we included. Some studies in our review used
databases that were not collected primarily for re-
search. In this case, information on potential con-
founders was not always complete, and it is possible
that adjustments for confounding were inadequate.
A number of studies gathered data from large elec-
tronic databases or electronic medical records. The
potential limitations of these studies are that the
investigators use prescribing or dispensing as a
proxy for drug consumption, that the records may
misclassify clinical outcomes and co-morbid states,
and that the records may have incomplete informa-
tion regarding potential confounders, such as family
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history, tobacco and alcohol use. However, the po-
tential strengths of these studies are that selection
and recall biases are minimized because drug expo-
sure and outcomes are recorded prospectively, all
eligible cases are available for inclusion, and con-
trols are selected randomly from the source popula-
tions. In addition, the Pedersen et al.['®!7! studies
included women who filled prescriptions for
loratadine 30 days prior to conceiving, creating the
possible risk of a misclassification of exposure,
which would bias risk estimates towards 1. How-
ever, as allergic symptoms often persist for months
at a time, we suspect that many women who filled
prescriptions for loratadine the month before con-
ception may have continued to use the medication at
the time of organogenesis, minimizing the effect of
this potential bias.

It is possible that our estimates of risk with
maternal use of loratadine may be affected by selec-
tion bias. However, selection bias is less likely to
affect between-drug comparisons (e.g. loratadine vs
other antihistamines), and the risk of hypospadias
following maternal wuse appears similar for
loratadine and other antihistamines.

Conclusion

Data from controlled observational studies of
fetal malformation do not indicate that the use of
loratadine during pregnancy significantly increases
the risk of hypospadias. While women have tradi-
tionally been counselled during pregnancy to treat
allergic symptoms using first-generation antihista-
mines for which more clinical information is avail-
able, women who prefer to use loratadine and avoid
the effects of sedating antihistamines can be reas-
sured that using loratadine to control symptoms
during pregnancy will not significantly increase the
risk of hypospadias in their offspring.
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