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The impact of the prolonged use of cetirizine at high dose
(0.25 mg/kg twice a day over 18 mo) on behavior and cognitive
ability was examined in a double-blind, randomized, placebo-
controlled trial (ETAC—Early Treatment of the Atopic Child)
designed to establish whether it was possible to prevent young
children (1–2 y old at study entry) with atopic dermatitis from
developing asthma. Well-validated and standardized measures of
behavior (Behavior Screening Questionnaire) and cognition
(McCarthy Scales of Children’s Abilities) were used. In addition,
the ages of attainment of psychomotor milestones were estab-
lished. These measures were taken between an average of 32 and
53 mo of age, both during the study treatment with cetirizine or
placebo and after the study treatment had been discontinued. The
Behavior Screening Questionnaire was completed at least once
on approximately 300 children in each group and on approxi-
mately 200 children on five occasions. The McCarthy Scales of

Children’s Abilities were administered to approximately 100 in
each group at three different times. There were no significant
differences between the cetirizine and placebo groups on either of
the behavior and cognition measures or in psychomotor mile-
stones during or after the study treatment. These findings suggest
that there are no adverse effects on behavior or learning processes
associated with the prolonged use of cetirizine in young children
with atopic dermatitis. (Pediatr Res 52: 251–257, 2002)

Abbreviations
ETAC, Early Treatment of the Atopic Child
BSQ, Behavior Screening Questionnaire
MSCA, McCarthy Scales of Children’s Abilities
GCI, General Cognitive Index
GMQ, Global Medical Questionnaire

There is evidence that the use of some antihistamines has an
effect on behavior and that this is shown most markedly as
sedation (1–3). These side effects may have implications for
the long-term development of the child. Little is known about
the development of histamine receptors with age, and, given
that all antihistamines can gain access to the brain (4), it is
important to establish whether antihistamines have a deleteri-
ous effect on histamine receptor sites and on the cognitive and
behavioral systems regulated by histamine (5). There has been

no study on the impact of the long-term administration of
antihistamines on children’s behavioral development. The
present study aimed to fill this gap.

A number of findings that have suggested that first-
generation antihistamines can interfere with learning. Sedating
(diphenhydramine) and nonsedating (loratadine) antihista-
mines and a placebo have been used with children suffering
from seasonal allergic rhinitis (6). It was found that those on
placebo and diphenhydramine learned significantly less well
than healthy controls. The nonsedating antihistamine only
partially counteracted this effect. A subsequent study of young
adults with seasonal allergic rhinitis showed that this learning
deficit could be avoided by the use of a combination compound
of acrivastine and pseudoephedrine (7). The indications from
these previous studies made it essential to determine whether
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the prolonged use of any pharmacological treatment with
antihistamines had a detrimental effect on learning, cognitive
development, and behavior in children with atopic eczema.

The potential value of cetirizine as a prophylactic against the
transition from atopic dermatitis to asthma has been reported
for the ETAC study (8). This was a parallel group, double-
blind, randomized, and placebo-controlled trial where cetiriz-
ine was administered at one to two times the recommended
dose in 817 young children (1–2 y of age at inclusion) for a
long period (18 mo). The reduction in asthma onset was not
significant for the intention-to-treat sample. However, there
were very significant reductions in asthma onset for children
with elevated IgE for house dust mite and grass pollen. For
these subgroups, which constitute 18% and 11%, respectively,
of the children with atopic dermatitis, clinically significant
gains are to be had from the prophylactic use of cetirizine.
There are concerns that the prolonged use of a pharmacological
treatment in small children may create threats to their physical
health and cognitive and behavioral development. The ETAC
study was a unique opportunity to assess the effect on behavior
and cognition of such a treatment.

The overall safety results of the study are reported elsewhere
(9). Double-blind, parallel cetirizine or placebo groups showed
no clinically relevant differences for neurologic or cardiovas-
cular symptoms, growth, laboratory tests results, or electrocar-
diograms and no child had prolongation of the QTc interval.
This article presents an account of the behavioral or cognitive
development of children within this trial.

METHODS

The behavior and psychomotor development evaluation of
the ETAC children was co-ordinated by a scientific advisory
sub-board consisting of independent clinicians and scientists.
The study protocol was given ethical approval at each of the
sites in each of the 14 countries involved in ETAC. The
children were enrolled into the study between their first and
second birthdays, after written informed consent was obtained
from their parents or guardians. They had atopic dermatitis and
at least one parent or sibling with a history of atopic dermatitis,
allergic rhinitis, or asthma. Children with severe developmen-
tal or behavior problems, a history of neonatal distress, or sleep
apnea (subject or siblings) were not included in the trial [more
details on subject selection can be found in Ref. (8)].

Cetirizine (0.25 mg/kg body weight) or placebo was admin-
istered orally twice daily in the morning and in the evening. At
each clinic visit, the appropriate dosage according to the
child’s weight was evaluated by the investigator. Accuracy of
dosing was ensured by the use of a table of correspondence
between body weight, dose, and number of drops per intake
and by weighing the remaining study samples at the end of the
treatment period.

Behavior measures. The children’s behavior was assessed
using the BSQ (10). The BSQ is a semi-structured screening
interview, which provides a series of validated questions ad-
dressed to the parents concerning the child’s health, behavior,
and development in the past 4 wk. The BSQ deals with the
following 12 aspects of behavior: eating, soiling, sleeping,

activity, concentration problems, relationships, dependency,
management problems, tantrums, moods, worries, and fears.
The interviews were carried out by medical staff at the time of
visits to the clinic.

For each aspect of behavior, standardized questions are
asked that prompt the parents to provide detailed accounts of
the frequency, intensity, and duration of behavior. On the basis
of these accounts, a rating was made of the severity with which
the behavior is affected using a prespecified set of categories.
In 12 areas of behavior, a 0–2 scoring system is used, where 0
indicates the absence of problems in that area, 1 indicates the
behavior is present to a mild degree, and 2 indicates that a
behavior problem is definitely present. These items are aggre-
gated to give a total BSQ score with a possible range from 0 to
24 [for details of the scoring see Ref. (11)]. The BSQ can be
analyzed either in terms of a mean total BSQ score or by
determining the number of individuals that exceed a cutting
point of 10 of more, which has been shown to identify a group
of 3-y-old children at risk for long-term behavioral difficulties
(12). All the investigators were specifically trained before
using this measure.

Ability levels. The children’s cognitive development was
assessed using the MSCA (13). This test comprises 18 separate
tests that assess the child’s mental abilities. The tests are
grouped into five different scales, covering the verbal (V),
perceptual performance (P), quantitative (Q), memory, and
motor aspects. A composite scale is derived—the GCI, which
is the aggregate of V, P, and Q. The child’s raw score is
converted to a scaled score according to age (mean � 100, SD
� 16) and these scaled scores for the GCI will be reported
here. The MSCA was given by selected and specially trained
psychologists and all the individual data from the tests were
centrally reviewed by a single reviewer, experienced in this
methodology to enhance the homogeneity of the measurement.
The test is applicable to children from 2.5 to 8.5 y old and is
translated and validated in English (13), French (14), and
Dutch (15). The MSCA test has been widely used for mental
and motor development assessment in children of preschool
age. For example, it has been found to be sensitive in detecting
the beneficial effects of breast-feeding for preterm infants (16),
the difference in cognitive development in children identified
as high and low risk for neurodevelopmental problems in
infancy (17), and the adverse effects of maternal phenylketo-
nuria on children’s cognitive development (18).

Developmental milestones. A GMQ was developed by UCB
to assess aspects of the early medical history and development
of the children in the trial. The data reported here relate to
children’s psychomotor development. Based on parental re-
port, the ages in months were determined at which the child
attained gross motor abilities (sits alone, crawls, stands alone,
walks alone, climbs stairs with assistance, climbs stairs without
assistance and runs), fine motor control (pincer grip, pencil
grip, matches cubes, and hand preference), and speech/
language milestones (first five words, names many objects, and
uses short sentences).

Timing of assessment. On entry to the ETAC protocol, the
children had a mean age of 17 mo. They were seen over a
period of 18 mo, during which they took the study treatment
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(visits 1–8) and then for three subsequent visits after the study
medication had been stopped (visits 9–11, 24–36 mo after
inclusion). The number of children receiving each assessment
and their ages are presented in Table 1.

The BSQ was obtained after 15 and 18 mo (visits 7 and 8)
of the treatment period and during the post-treatment follow-up
period after 6, 12, and 18 mo after discontinuation of the
treatment (visits 9–11). The number of children providing data
on the BSQ at visit 7 was reduced as a consequence of a delay
in initiating BSQ measures in some centers. The MSCA were
administered on visits 8, 9, and 11, but were only administered
in centers with 10 or more patients in France, The Netherlands,
and the United Kingdom, as the test has been translated and
validated in those three languages. The GMQ was first admin-
istered on visit 7 and repeated on visits 8–11.

Statistical methods. All the data were analyzed using the
SAS Version 6.12 (SAS, Cary, NC, U.S.A.). For all three
measures (BSQ, MSCA, and GMQ), the population used in the
analysis consisted of all children included in the intention to
treat (ITT) population (i.e. all randomized subjects who re-
ceived at least one dose of study treatment and for whom
follow-up information was available) and for whom data for
the corresponding test were available.

The power of the study was quite adequate. The numbers in
each group were approximately 200 for the five BSQ analyses
(visits 7–11) and about 300 for at least one assessment. The
sample size was similar for the milestones measured on the
GMQ. With two samples of that size, there was 80% power to
detect an effect size of 0.25 (the difference in means divided by
the pooled SD) with two-tailed � � 0.05 (19). This effect size
(0.25) would be equivalent to a difference in means on the BSQ
of 1.5 and, for example, for the GMQ milestone of “run” a
difference of 1.2 mo. Both these differences are smaller than
that which would be considered as clinically significant (20).
For the MSCA, the numbers were approximately 100 in each
group. With two samples of that size, there was 80% power to
detect an effect size of 0.40 with two-tailed � � 0.05. This
effect size would be equivalent to 6 points on the GCI. For the
MSCA, too, an effect size of 0.40 or more would be considered
as clinically significant (20). There was more than sufficient
power in the study to detect any effects of prolonged use of
cetirizine that were clinically significant.

The BSQ. The total BSQ scores were analyzed using a
repeated measures ANOVA during the treatment period (visits
7 and 8) and after discontinuation of the study medication
(visits 9–11). Treatment group and visit were included in the
model as factors. A possible interaction effect between treat-

ment and visit was hypothesized. The treatment effect was
estimated by calculating the difference between the least
squares means of the placebo group and the cetirizine group
and its 95% confidence interval. The 12 aspects of problem
behavior were analyzed by determining the number of children
with problem behavior for each aspect. At each visit, the
relative risk for having an abnormal value for the BSQ (�10)
in the cetirizine-treated group was compared with the placebo-
treated group, and these are presented together with the corre-
sponding confidence interval.

The MSCA. The GCI was analyzed using a repeated-
measures ANOVA for visits 8, 9, and 11. Visits 7 and 10 had
too few observations to be included in this analysis. The
treatment effect was estimated by calculating the difference
between the least squares mean of the placebo group and the
cetirizine group and its 95% confidence interval. Treatment,
visit, and language were included in the model as factors.
Possible interaction effects involving treatment were tested.

RESULTS

The baseline characteristics of the children having a BSQ or
a MSCA assessment are similar to those of the whole ETAC
population for the main baseline and demographic character-
istics. They were on average 17 mo (range 10.6–28.6 mo) of
age on entry to the trial. Boys constituted 62% and girls 38%
of the sample. The mean weight at baseline was 11 kg. The
mean index of eczema severity was 25. This average figure is
considered to be on the borderline between mild and moderate/
severe atopic dermatitis. The placebo and control groups did
not differ on these measures, and neither were there significant
differences between those taking part in the present study of
behavior and cognition and the ETAC sample as a whole. The
sample used in the analysis of psychomotor and behavioral
development can be considered as representative of the whole
ETAC population.

Behavior problems. The mean scores on the BSQ during the
treatment period (visits 7 and 8) and during the post-treatment
follow-up (visits 9–11) are presented in Table 2. The mean
total BSQ score was comparable for both treatment groups. At
the visits under treatment (visit 7 and 8) and at visit 9, the BSQ
was lower in the cetirizine group compared with the placebo
group. Afterward (visits 10 and 11), the total BSQ score was
slightly higher in the cetirizine compared with the placebo
group. The overall estimated treatment effect (difference in
overall means for cetirizine and placebo) was 0.12 (95%
confidence interval � �0.34, 0.58). This treatment effect was

Table 1. Numbers and ages (in months) of children on whom BSQ, MSCA, and GMQ data were obtained

Visit
Mean age
in months

Placebo Cetirizine

BSQ (n) MSCA (n) GMQ (n) BSQ (n) MSCA (n) GMQ (n)

Overall — 294 112 285 303 117 297
7* 32 97 — — 92 — —
8* 35 170 83 — 180 92 —
9† 41 254 107 — 255 105 —

10† 47 237 — — 236 — —
11† 53 232 105 — 237 107 —

* During treatment; † after treatment.
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not statistically significant. Table 2 shows that there was an
effect of visit such that the BSQ score declined with age,
indicating that older children had fewer problems. To summa-
rize, the results in Table 2 reveal no relevant effect of cetirizine
on children’s behavior or a rebound effect after terminating the
treatment period.

The effects of treatment on behavior can also be examined
by the number of children gaining clinically significant scores
(i.e. above 10) by treatment and by visit. These data are
presented in Table 3. The relative risks and their confidence
interval assess the risk of having an elevated total BSQ score
under cetirizine treatment compared with placebo. A pattern of
lower behavior scores with age was seen, but at no time point
was the relative risk of a BSQ score �10 significant for
cetirizine compared with placebo.

Although there were no significant effects of cetirizine on
total BSQ score, it was of interest to know whether specific
aspects of behavior indicated any differences. There were more
marked cases of problems with concentration, attention, and
sleep in the placebo group at visit 7. As expected, fewer
marked cases were observed for the problem of soiling as the
study progressed and the children grew older. Marked tantrums
were more common in the cetirizine group (7.6% at visit 7,
6.1% at visit 8, 3.9% at visit 9, 4.2% at visit 10, 2.5% at visit
11) compared with placebo (7.2% at visit 7, 4.7% at visit 8,
1.6% at visit 9, 2.5% at visit 10, 0.4% at visit 11). No relevant
differences between the treatment groups were found for as-
pects of relationships, management, hyperactivity, fears, wor-
ries, moods, and eating. The last of these might have been
expected to be effected inasmuch as appetite increase is some-
times reported with other antihistamines (21). In conclusion,

the cetirizine and the placebo group were very similar in the
rates of specific problem behaviors and there was no evidence
of a significant impact of prolonged cetirizine treatment on
problematic behaviors.

Cognitive ability. The normal range of the GCI is situated
from 84 to 116. Values above 116 are considered as excep-
tional and values below 84 are considered to place the child at
risk for educational difficulties. The mean scores on the GCI by
treatment group at visits 8, 9, and 11 for all languages together
are presented in Table 4. The mean GCI in the cetirizine and
the placebo groups were very similar.

The estimated effect of treatment on the GCI (overall dif-
ference in cetirizine and placebo means) was �0.81 (95%
confidence interval � �4.06, 2.43). This treatment effect was
not statistically significant. There was a significant effect of
visit such that the GCI score increased with time; however, this
was not a linear average trend and the increase followed a
different pattern over time in the different language groups. The
effect of visit did not interact with treatment, but there was a
borderline significant interaction between treatment and lan-
guage group (p � 0.095). This means that the treatment effect
remained constant over time, but there were slight differences
in the size of the treatment effect between the French-, En-
glish-, and Dutch-speaking children. However, the treatment
effect was consistently nonsignificant in each of the language
groups (English, French, and Dutch).

A more-detailed description of the GCI shows that there are
some slight differences between the individual language
groups. The English language group has at each visit a higher
GCI under cetirizine compared with placebo, whereas the GCI

Table 2. Total BSQ scores for placebo and cetirizine groups by visit

Visit

Placebo Cetirizine

n Mean SD n Mean SD

7* 97 7.1 3.53 92 6.4 3.18
8* 170 6.4 3.64 180 6.3 3.05
9† 254 5.9 3.32 255 5.7 3.16

10† 237 5.2 3.14 236 5.4 3.49
11† 232 4.6 3.10 237 4.7 3.49

* During treatment; † after treatment.

Effect df F p

Treatment 1.581 1.03 NS
Visit 1.509 144.23 �.0002
Treatment � visit 1.509 1.40 NS

Table 3. Percentage with BSQ scores above 10 for placebo and cetirizine groups by visit

Visit

Placebo Cetirizine
Relative risk

(RR) 95% CI for RRn % n %

7* 25/97 25.8 16/92 17.4 0.67 0.39–1.18
8* 37/170 21.8 28/180 15.6 0.71 0.46–1.11
9† 38/254 15.0 28/255 11.0 0.73 0.47–1.16

10† 20/237 8.4 26/236 11.0 1.31 0.75–2.27
11† 17/232 7.3 19/237 8.0 1.09 0.58–2.05

* During treatment; † after treatment. CI, confidence interval.
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is lower in the cetirizine compared with the placebo group for
the Dutch and the French language.

Developmental milestones. The mean age at which children
in the cetirizine and placebo groups attained milestones in
gross motor, fine motor, and speech/language development are
shown in Table 5. The results are very similar for the two
groups. There was no tendency for one group to be delayed
relative to the other and in no case was there more than a 1-mo
difference in the mean ages. For none of the milestones are the
mean ages significantly different. The findings from the GMQ
give no indication of any adverse effect on overall development
of prolonged treatment with cetirizine.

DISCUSSION

This study was designed to establish whether the use of
cetirizine over an 18-mo period would have adverse effects on
mental and behavioral development while the antihistamine
was being taken and over the subsequent 18 mo as well. There
are a number of possible mechanisms whereby prolonged use
of antihistamines might have been expected to have an adverse
effect on behavior and cognitive development. First, the phar-
macological effects of the drug might have a concurrent effect

on behavior, and this effect might become compounded by
prolonged exposure to the drug. Second, a child might become
upset by the repeated administration of the study medication.
This might have a negative impact on feeding behaviors or a
wider effect on behavior (22). Third, the parents’ responses to
a prolonged trial might heighten their concern over the child’s
development that would then impact on parenting behavior and
on aspects of expressed emotion (23), perhaps, most particu-
larly, overprotection or emotional overinvolvement. It is
known that such parental responses can impact on a child’s
behavior (24).

Despite this complex set of possible mechanisms whereby
the prophylactic use of cetirizine might effect children’s devel-
opment, there was no evidence in the results of the present
study to indicate negative effects of prolonged administration
of cetirizine. No influence on the children’s overall behavioral
and psychomotor development could be demonstrated after an
18-mo treatment with a high dose of cetirizine in young
children.

It is possible that there are other mechanisms operating that
have yet to show an effect by age 4.5 y. These include possible
effects on neurotransmitter sites, which are still developing in

Table 4. GCI scores for placebo and cetirizine groups by visit

Visit

Placebo Cetirizine

n Mean SD CI.95 n Mean SD CI.95

8* 78 103.0 14.59 87 102.7 14.1
9† 105 107.9 12.56 101 106.4 13.87

11† 102 112.2 15.84 104 110.5 13.74

* During treatment; † after treatment. CI.95, 95% confidence interval.

Effect df F p

Treatment 1.221 0.00 NS
Visit 1.221 28.11 �0.0002
Language 2.221 1.86 NS
Visit � language 4.221 7.30 �0.0002
Treat � language 2.221 2.43 NS
Treatment � visit 2.221 0.18 NS

Table 5. Ages (in months) for attaining gross and fine motor and speech/language milestones for placebo and cetirizine groups

Milestone

Placebo Cetirizine

n Mean SD n Mean SD

Gross motor
Sit alone 229 6.9 2.47 229 6.9 2.95
Crawl 186 8.5 1.63 185 8.7 1.71
Stand 220 10.6 2.13 228 10.6 2.10
Walk 250 12.8 2.12 263 12.9 2.14
Climb stairs with assistance 173 14.5 4.76 193 14.6 3.78
Climb stairs without assistance 179 18.5 5.99 192 18.3 5.10
Run 203 18.0 4.80 203 18.0 4.84

Fine motor
Pincer grip 136 10.3 5.46 141 10.3 4.62
Pencil grip 165 20.4 9.74 152 20.9 9.53
Match cubes 183 17.9 5.38 172 17.9 5.81
Hand preference 179 20.7 10.10 187 19.8 9.49

Speech/language
First five words 239 15.9 6.83 238 15.4 4.80
Name many objects 221 19.7 6.39 215 18.8 5.12
Use short sentences 229 23.8 6.70 230 23.4 5.59
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children. These may require longer-term follow-up to detect.
However, it should be noted again that this study was not able
to detect adverse effects on behavior and cognition up to 18 mo
after the end of treatment.

There are two main reasons why a true difference between
the cetirizine and placebo groups may not have been detected
(type II error). The first is that the measures of cognition,
behavior, and development were not sufficiently sensitive to
detect the effect. The second is that the study lacked statistical
power.

The sensitivity of the MSCA test has been demonstrated
previously. This test has been used to detect the adverse effects
of phenytoin in utero on neurobehavioral development (25). It
has also been found in a number of studies to be able to detect
the effects of low-level lead exposure on cognitive develop-
ment in children under the age of 4 y (26–28) and also the
effects of prenatal exposure to a wider variety of heavy metals
(29). Therefore, although there have been no previous studies
indicating an adverse effect of antihistamine on the GCI from
the MSCA, the test has been shown to be sensitive to the effects
of drugs and environmental toxins.

The BSQ measure has been used in a large number of
epidemiologic studies and has been shown to be a sensitive
indicator of the impact of a variety of risk factors on preschool
children’s behavior (30). It has been used in other studies of the
pharmacological impact on preschool children’s behavior (31).
In studies of toxins, it has been shown to be sensitive, for
example, in relation to in utero exposure to alcohol (32). It can
be concluded that the absence of any adverse effect on behav-
ior, cognition, and development of the prolonged administra-
tion of cetirizine for children with atopic dermatitis is not due
to the use of outcome measures of insufficient sensitivity. As
discussed above, the study had 80% power to detect any
clinically significant effects, with a standardized effect size of
at least 0.4.

This study of the behavioral and cognitive side effects of the
prolonged prophylactic use of cetirizine with young children
had a number of potential weaknesses. The behavioral mea-
surement did not start until the children were 32 mo of age. It
would have been preferable to study behavior from the age of
entry into the trial at 17 mo of age. Similarly, the assessment
of mental development was delayed until the children were 3 y
of age. The follow-up period covered in this report is for a
period of 18 mo after the trial had finished. As discussed above,
it is possible but unlikely that longer-term effects may be
present, even in the absence of discernible adverse effects.
Ideally, the children’s behavior and learning would have been
monitored in the context of preschool educational settings as
well as by the parents and in the clinic setting.

In contrast to the first-generation antihistamines, cetirizine
has lower CNS penetration (33) and, consequently, less effect
on CNS functioning (34). Histamine is a neurotransmitter that
has a wide regulatory role in brain activity, and diverse adverse
effects on behavior and cognition would be expected from any
down-regulation of histamine activity (5). The residual CNS
penetration for cetirizine is insufficient to produce detectable
effects on behavior and cognition in the present study. Given
the efficacy of cetirizine to reduce asthma onset, at least for

children with atopic dermatitis who are sensitized to grass
pollen or house dust mite, it is possible that cetirizine has a
beneficial effect on behavior by reducing asthma symptoms
and any secondary effects this might have on behavior.

The prolonged use of cetirizine (0.25 mg/kg body weight
twice per day) in children with atopic dermatitis as a preventive
measure against the transition to asthma has not been shown to
produce any adverse effects on cognition, development, or
behavior either while the drug was being taken or after its
administration had been discontinued.
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