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Antihistamines are a mainstay treatment for allergic rhinitis; however, many older agents cause adverse events, including
sedation and central nervous system (CNS) impairment. Research has shown sedating effects of antihistamines on driving;
currently, no known study has examined whether cellular phone usage while driving further compounds impairment in
individuals administered antihistamines. The aim of this study was to examine this endpoint. In a randomized, double-blind,
placebo-controlled, three-way crossover study, healthy volunteers received fexofenadine HCl 120mg, hydroxyzine HCl
30mg and placebo. Brake reaction time (BRT) was used to examine driving performance across four conditions: driving
only; driving while completing simple calculations; complex calculations; and conversing on a cellular phone. Subjective
sedation assessments were also conducted. Brake reaction time with and without cellular phone usage in fexofenadine-
treated subjects did not differ significantly from placebo in any condition. In contrast, hydroxyzine-treated subjects were
significantly more sedated and had slower BRTs, suggesting slower hazard recognition and brake application, compared
with the fexofenadine and placebo groups in all conditions. Importantly, cellular phone operation was an additive factor,
increasing BRTs in hydroxyzine-treated volunteers. Fexofenadine did not impair CNS function in subjects involved in a
divided attention task of driving and cellular phone operation. Copyright # 2005 John Wiley & Sons, Ltd.
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INTRODUCTION

Histamine, a biogenic monoamine, is a chemical med-
iator that is synthesized and stored in human mast
cells and basophils (Marone et al., 1995, 2000). Upon
its release, histamine induces the characteristic symp-
toms of allergic rhinitis (AR), such as runny nose,
sneezing, nasal congestion and itchy, red, watery eyes.
Histamine also plays a major role in neurotransmis-
sion and central nervous system (CNS) function,

including arousal, maintenance of attention and the
sleep–wake cycle (Haas and Panula, 2003; Theunissen
et al., 2004). In the brain, histamine is produced by
histaminergic neurons primarily located in the tubero-
mammillary nucleus of the posterior hypothalamus.
These neurons project to various regions of the brain,
with histamine effects exerted through the activation
of three histaminergic receptors, H1, H2 and H3

(Haas and Panula, 2003; Theunissen et al., 2004);
however, the majority of the histamine effects are
mediated through H1-receptor interactions (White,
1990).

Antihistamines, first launched approximately 60 years
ago, block histamine action at H1-receptor sites, thus
managing the symptoms of AR. For this reason, anti-
histamines are considered the mainstay treatment
option for AR. However, these first-generation anti-
histamines have been found to cause several undesir-
able side effects, including sedation and impairment
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of CNS and psychomotor function, due to their ability
to cross the blood–brain barrier and block histaminer-
gic systems in the brain. As a result, newer-generation
antihistamines were introduced and were shown to be
less sedative, although most still show some level of
CNS impairment, particularly at supraclinical dose
levels (Simons et al., 1996; Kay and Harris, 1999;
Roberts and Gispert, 1999; Rosenzweig and Patat,
1999; Kay, 2000; Tagawa et al., 2002; Casale et al.,
2003; Holgate et al., 2003; Ridout et al., 2003a;
Verster et al., 2003; Theunissen et al., 2004).
Currently, the newer-generation antihistamine fex-

ofenadine is the only antihistamine that has been pro-
ven to be non-impairing and non-sedating even at
doses higher than those recommended (Hindmarch
et al., 1999; Mason et al., 1999; Hindmarch et al.,
2002; Tashiro et al., 2004; Kamei et al., 2003; Ridout
and Hindmarch, 2003; Ridout et al., 2003a). Further-
more, recent positron emission tomography (PET)
studies have shown that fexofenadine does not cross
the blood–brain barrier and bind to H1-receptors,
while the newer-generation agent cetirizine was found
to occupy H1-receptors in the brain (Tashiro et al.,
2002; Tashiro et al., 2004), which could, conse-
quently, lead to CNS impairment. Due to this distinc-
tion, fexofenadine has occasionally been referred to as
a third-generation antihistamine (Hindmarch et al.,
2002; Ridout et al., 2003a; Verster and Volkerts,
2004).
Ironically, first-generation agents have the greatest

sedative effects and are the ones most commonly sold
over-the-counter (OTC). Impairment of CNS and psy-
chomotor function can lead to impairment in everyday
tasks, including driving, and increase a patient’s risk
of injury (Ridout et al., 2003a). In a recent literature
review, Verster and Volkerts (2004) found that first-
generation antihistamines, including triprolidine,
diphenhydramine, dexchlorpheniramine, terfenadine
and clemastine, significantly impaired driving perfor-
mance after one dose and repeated (daily) administra-
tion. Furthermore, diphenhydramine is considered one
of the top-selling OTC drugs for AR (RedBook,
1998), yet data have shown that it has a greater impact
on driving ability than alcohol (Weiler et al., 2000).
Several newer-generation agents, such as loratadine,
cetirizine, acrivastine, ebastine, mizolastine, emedas-
tine and mequitazine also cause impairment, although
to a lesser extent than the first-generation compounds
(Verster and Volkerts, 2004). However, fexofenadine
does not impair the driving performance of volunteers
after either one-time or repeated administration, or at
supraclinical dose levels up to 360mg (Vermeeren and
O’Hanlon, 1998; Weiler et al., 2000; Meeves and

Appajosyula, 2003; Potter et al., 2003; Ridout et al.,
2003a; Verster and Volkerts, 2004).

Over the past few years, as the popularity of cellular
phone use has increased, several studies have been
conducted examining the effect of cellular phone
operation on driving. Data have revealed that cellular
phone use while driving can effect a speaker’s perfor-
mance on a number of tasks, including the mainte-
nance of constant speed (Alm and Nilsson, 1994;
Burns et al., 2002), shifts in lateral position (Alm
and Nilsson, 1994, 1995) and reaction time
(McKnight and McKnight, 1993; Alm and Nilsson,
1994, 1995; Lamble et al., 1999; Burns et al., 2002;
Consiglio et al., 2003; Strayer et al., 2003; Lesch
and Hancock, 2004). Furthermore, accidents are four
times more likely to occur if the driver is talking
on a cellular phone (Redelmeier and Tibshirani,
1997).

To date, however, there are no known data on the
additive effects that cellular phone use may have on
driving performance in individuals taking antihista-
mines. Histamine plays a major role in maintaining
vigilance and attention. Therefore, it is reasonable to
consider that blockade of histamine-producing recep-
tors due to antihistamine administration, combined
with a divided attention task, such as cellular phone
use and driving, may decrease an individual’s driving
performance. Thus, the aim of the current study was to
examine whether the sedative properties of an antihis-
tamine will affect driving performance, and whether
cellular phone operation while driving would com-
pound the impairing effect.

MATERIALS AND METHODS

Subjects

Eighteen right-handed, male volunteers aged 20–
26 years (mean¼ 23.4, standard deviation [SD]¼
1.61) were recruited for participation in the study.
All subjects were in good health as determined by
physical examination, chest x-ray, visual and hearing
testing. No subject had a significant clinical history of
physical or mental illness, psychomotor defects or
hearing impairment. All subjects possessed a driver’s
licence for at least 1 year, with an opportunity to
drive at least twice a week. No subject was taking
any concomitant medications that would interfere
with study measures. After explaining the study to
the participant, written informed consent was obtai-
ned. The study protocol was approved by the ethics
committee of Tohoku University Graduate School of
Medicine.
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Study design

This was a randomized, double-blind, placebo-con-
trolled, three-way crossover study, with each subject
acting as their own control. The treatment sequence
was balanced for order and carry-over effects using
a Latin square design. The drugs under investigation
were fexofenadine HCl 120mg, hydroxyzine HCl
30mg and placebo. Recommended dosing regimens
for fexofenadine vary from country to country and
according to indication. This study used 120mg, the
highest indicated dose prescribed in Japan for AR.
Hydroxyzine 30mg was included in the study as a
positive control to validate the sensitivity of the psy-
chometric tests to non-specific impairment. Each
treatment day was separated by a washout period of
at least 6 days. All study treatments were administered
between 10–11 am followed by the test sessions
accordingly.

The day before the experiment, subjects were
familiarized with the test car and trained on the brake
reaction time (BRT) task to a performance plateau in
order to minimize learning effects. The use of alcohol
and nicotine was prohibited 24 h prior to the experi-
ment and on the treatment day. Products containing
caffeine, grapefruit juice or any supplement drink that
includes active agents, such as amino acids, vitamins
and catechin were prohibited on treatment days. Only
water was allowed during testing. Food consumption
was controlled, including a light breakfast and lunch,
at specified meal times.

On the treatment day, subjects were re-familiarized
with the BRT task 20–30min prior to pre-treatment
baseline measurement to ensure performance plateau.
Study treatments were then administered and testing
was conducted at 90 and 240min post-drug adminis-
tration. The Stanford sleepiness scale (SSS) and line
analogue rating scale (LARS) were used to measure
subjective assessments of sedation prior to object-
ive measurements of BRTat each test interval. Subjec-
tive testing was conducted first to prevent the effect of
elevated arousal levels that can occur with the more
attention-demanding and time-consuming (20–25min)
objective measures.

Subjective sedation assessment

Stanford sleepiness scale. The SSS is a seven-level
self-report measure examining how alert an individual
feels (Hoddes et al., 1973), with proven sensitivity in a
number of studies (Okamura et al., 2000; Mochizuki
et al., 2002; Tagawa et al., 2002). For example,
subjects may indicate feeling active, vital, alert, or

wide awake, feeling somewhat foggy, let down, or
asleep.

Line analogue rating scale. The LARS is a measure
of the subjective effects of psychoactive drugs
(Hindmarch, 1975) and has been used to detect seda-
tion in response to many different classes of com-
pounds (Hindmarch et al., 1999; Hindmarch and
Shamsi, 2001; Hindmarch et al., 2001; Ridout and
Hindmarch, 2003; Ridout et al., 2003b). Subjects
were asked to mark a series of 100mm line-analogue
scales, indicating their present state of mind. This
score was compared with a mid-point that represented
their state of mind pre-treatment. Mean ratings of
drowsiness and alertness were taken as a measurement
of perceived sedation (Sherwood and Hindmarch,
1993). The higher the score, the less alert and more
drowsy the subject felt.

Brake reaction time

The BRT test is a measure of cognitive and psychomo-
tor performance, including attention deficit, and is
sensitive to psychotropic drug effects (Ridout and
Hindmarch, 2001; Ridout et al., 2003a; Ridout et al.,
2003b). Break reaction time is assessed in an auto-
matic car driven on a closed driving course that con-
sists of two straight lanes 1.5 km in length connected
by U-shaped turning roads on both ends. A red rear-
brake light mounted on the hood simulates the brake
light of a vehicle in front of the test car. The brake
light is illuminated at random intervals throughout
the test. Subjects were required to extinguish the
brake light as quickly as possible by depressing the
foot brake pedal. The interval between the illumina-
tion of the red light and the subject depressing the foot
brake was measured in milliseconds using an
onboard-microcomputer system (Psion Co., Ltd.).

Subjects were instructed to maintain a cruising
speed of 40 km/h. One investigator was seated in the
passenger seat of the car to subjectively monitor the
driver’s state of arousal to ensure that no driver fell
asleep and to examine steering ability throughout test-
ing. The investigator was in communication with a
second external investigator to indicate the start of
the test. For BRT testing with cellular phone usage,
subjects were instructed to wear a hands-free headset
with a microphone situated at close proximity to the
mouth. Brake reaction time measurements were con-
ducted for four test conditions. A total of 25 trials
were undertaken per condition from which mean reac-
tion times were calculated. The conditions were ran-
domly presented to eliminate the contribution of an
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order effect. Each driving condition took approxi-
mately 3–4min to complete and a 2min break was
provided between conditions.

Condition 1: driving-only. In condition 1, subjects
drove without talking on the cellular phone (BRTdriv).

Condition 2: driving while completing simple calcu-
lations. In condition 2, subjects were asked to answer
simple arithmetic questions on the cellular phone
while driving, such as ‘what does two plus three
equal?’ (BRTcalcS).

Condition 3: driving while completing complex
calculations. The third condition entailed answering
complex arithmetic questions, such as ‘what does
55 minus 37 equal?’ (BRTcalcC), in order to investigate
whether the complexity of the task affects BRT.
The subjects’ mean baseline reaction times and

accuracy were examined to confirm that the cognitive
task of the complex condition was more difficult com-
pared with the simple condition. Analysis was con-
ducted by examining the time interval (ms) from the
end of the spoken arithmetic question by the investi-
gator, such as ‘what does 1 plus 4 equal?’, to the
beginning of the subject’s answer (e.g. 5).

Condition 4: driving while engaged in conversation.
In the final condition, subjects were engaged in a con-
versation in which the subject was asked to provide
1–2min answers on six to eight pre-determined
topics, such as a favourite movie (BRTconv).

Adverse events

All adverse events occurring during the study were
reported.

Statistical analysis

For the statistical analyses, the data for subjective
assessments and BRT obtained at the 90 and
240min time points were combined to provide an
overall assessment of study treatment. The SSS and
LARS scores were analysed using the Friedman test,
a non-parametric analogue of analysis of variance
(ANOVA), as the results of both tests did not satisfy
the criteria for the assumption of normality or equality
of variance (SPSS 12.0 [Japanese version]), with fac-
tors for drug treatment and task. Significant findings
were followed by post-hoc multiple pairwise treat-
ment comparisons using Bonferroni-correction (two-
tailed; p< 0.05). The BRT data were analysed using

a repeated measures ANOVA model with factors for
drug treatment and condition. Analogue of analysis
of variance models were also used to examine
across the following task conditions for fexofenadine
and hydroxyzine separately: (1) placeboþ driving;
(2) antihistamineþ driving; (3) placeboþ cellular
phone talking; and (4) antihistamineþ drivingþ
cellular phone talking. Significant findings were fol-
lowed by post-hoc Bonferroni correction. The 95%
confidence interval (CI) values were also calculated.
In order to ensure that there were no significant differ-
ences across tasks and conditions at pre-treatment,
baseline statistical analyses were conducted and used
for comparison to post-treatment results.

RESULTS

For all measurements of subjective sleepiness and
BRT, there were no significant differences between
drug treatments at baseline, suggesting that an order
effect and non-specific factors were controlled.

Subjective sedation assessment

Stanford sleepiness scale. The SSS assessment
revealed a significant main effect of treatment
( p¼ 0.001). Post-hoc tests revealed that subjects
given hydroxyzine were significantly less alert com-
pared with those administered fexofenadine ( p¼
0.018) or placebo ( p< 0.001). No significant differ-
ence in alertness was found in subjects given fexofe-
nadine compared with placebo ( p¼ 0.10; Figure 1
[top]).

Line analogue rating scale. The LARS results also
showed a significant treatment effect ( p¼ 0.001).
Post-hoc tests revealed that subjects given hydroxy-
zine felt significantly more sedated compared with
those administered fexofenadine ( p< 0.001) or pla-
cebo ( p¼ 0.007). No significant difference in alert-
ness was found for subjects given fexofenadine
compared with those given placebo ( p¼ 0.90;
Figure 1 [bottom]).

Brake reaction time

Assessment of arithmetic task difficulty. Analysis of
subject baseline scores revealed significant differ-
ences ( p< 0.000001) in task difficulty. Faster mean
reaction times (mean� standard error of the mean
[SEM]: 1307� 98.3ms and 4213� 354.3ms, respec-
tively) and better mean accuracy (98.8� 0.575% and
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82.4� 2.57%, respectively) was found in subjects
completing simple compared with complex calcula-
tions, respectively.

Assessment of brake reaction time. Results revealed a
significant main effect of drug treatment (F[2, 33]¼
7.04, p¼ 0.002) and condition (F[3, 32]¼ 115.9,
p< 0.001). Furthermore, a significant treatment by
condition interaction (F[6, 29]¼ 3.156, p< 0.017)
was found. No significant ( p¼ 0.754) main effects
of time were observed.

Condition 1: driving-only. No significant main effect
of treatment (F[2, 33]¼ 1.58, p¼ 0.22) was found in
the driving-only condition (BRTdriv; Figure 2).

Condition 2: driving while completing simple calcu-
lations. A significant main effect of treatment was
found (F[2, 33]¼ 11.97, p< 0.001). Post-hoc testing
revealed that subjects given hydroxyzine had signifi-
cantly slower BRTs compared with subjects receiving
fexofenadine ( p¼ 0.001; 95% CI of difference:
18.96, 82.52) and placebo ( p¼ 0.001; 95% CI of dif-
ference: 18.23, 83.43). No significant difference in
BRT was found for subjects given fexofenadine com-
pared with placebo ( p¼ 1.00; Figure 3).

Condition 3: driving while completing complex
calculations. A significant main effect of treatment
was found (F[1.7, 57.0]¼ 3.39, p¼ 0.049). Volunteers
administered hydroxyzine had slower BRTs compared
with those recorded for fexofenadine ( p¼ 0.164; 95%
CI of difference: �10.35, 88.42) or placebo
( p¼ 0.053; 95% CI of difference: �0.31, 69.27). At
threshold level, no significant difference in BRT was
found for subjects administered fexofenadine com-
pared with placebo ( p¼ 1.00; Figure 4).

Condition 4: driving while engaged in conversation.
Significant main effects of treatment were found for

Figure 1. Mean Stanford sleepiness scale (top) and line analogue
rating scale (bottom) scores. Standard error of the mean is illustrated
by the error bars

Figure 2. Mean brake reaction time scores for the driving-only
condition, with standard error of the mean illustrated by the error
bars

Figure 3. Mean brake reaction time scores for the driving
condition in which subjects completed simple arithmetic calcula-
tions. Standard error of the mean is illustrated by the error bars

Figure 4. Mean brake reaction time scores for the driving
condition in which subjects completed complex mathematical
calculations. Standard error of the mean is illustrated by the error
bars
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BRTcalcC (F[2, 33]¼ 6.19, p¼ 0.003). Post-hoc test-
ing revealed that subjects given hydroxyzine had sig-
nificantly slower BRTs compared with those receiving
fexofenadine ( p¼ 0.028; 95% CI of difference: 3.20,
70.17) and placebo ( p¼ 0.015; 95% CI of difference:
5.58, 63.95). No significant difference in BRT
was found for subjects administered fexofenadine
compared with those receiving placebo ( p¼ 1.00;
Figure 5).

Effect of antihistamines and cellular phone talking

Hydroxyzine compared with placebo. A significant
main effect of condition was found for BRTcalcS

(F[1.9, 65.9]¼ 43.8, p< 0.001). Post-hoc testing
revealed that subjects administered placebo and
engaged in a simple cognitive task (BRTcalcS) had sig-
nificantly slower BRTs than driving-only patients
given hydroxyzine (BRTdriv; p¼ 0.002; 95% CI of
difference: 12.5, 67.8), but significantly faster BRTs
than hydroxyzine-treated subjects completing simple
calculations (BRTcalcS; p¼ 0.002; 95% CI of differ-
ence: 14.6, 87.1).
A significant main effect was also found for partici-

pants completing a complex calculation (BRTcalcC;
F[2.2, 75.4]¼ 70.6, p< 0.001). Multiple comparisons
showed that BRTcalcC after placebo treatment was sig-
nificantly slower than BRTdriv after hydroxyzine treat-
ment ( p< 0.001; 95% CI of difference: 62.7, 126.3),
but was not significantly different from subjects given
hydroxyzine and completing a simple task (BRTcalcS;
p¼ 0.11). In addition, a significant main effect of con-
dition was found for BRTconv (F[2.4, 80.8]¼ 72.7,
p< 0.001). Post-hoc testing revealed that BRTconv

after placebo administration was significantly slower
than BRTdriv post-hydroxyzine treatment ( p< 0.001;
95% CI of difference: 50.0, 118.0), but significantly
faster than hydroxyzine-treated subjects engaged in

conversation (BRTconv; p< 0.001; 95% CI of differ-
ence: 2.3, 67.2).

Fexofenadine compared with placebo. Analysis of the
fexofenadine group revealed significant main effects
of BRTcalcS (F[1.8, 62.4]¼ 25.8, p< 0.001), BRTcalcC

(F[1.8, 62.7]¼ 54.7, p< 0.001) and BRTconv (F[1.9,
64.2]¼ 69.4, p< 0.001). Multiple comparison analy-
sis revealed that BRTcalcS after placebo treatment
was significantly slower than BRTdriv post-fexofena-
dine administration ( p< 0.001; 95% CI of difference:
24.1, 80.1), but was not significantly different from
fexofenadine-treated participants completing simple
calculations (BRTcalcS; p¼ 0.11). In addition, post-
hoc testing revealed that BRTcalcC after placebo treat-
ment was significantly slower than BRTdriv after
fexofenadine treatment ( p< 0.001; 95% CI of differ-
ence: 65.2, 147.5), but was not significantly different
from BRTcalcC after fexofenadine treatment ( p¼ 1.0).
Furthermore, BRTconv after placebo treatment was
significantly slower than BRTdriv after fexofenadine
treatment ( p< 0.001; 95% CI of difference: 58.5,
133.4), but was not significantly different from sub-
jects engaged in conversation post-fexofenadine
administration (BRTconv; p¼ 1.0).

Adverse events

There were no reports of serious adverse events or
withdrawals due to adverse events.

DISCUSSION

The current study was undertaken to examine whether
the sedative properties of an antihistamine and cellu-
lar phone operation affect BRT. In addition, the com-
bined effects of antihistamine administration and
cellular phone operation were also investigated. To
date, no known study has been conducted to examine
the effects of cellular phone use while driving in indi-
viduals administered antihistamines. Psychomotor
and CNS impairment have been found to affect how
an individual functions in everyday tasks, such as
driving, potentially increasing a patient’s risk of injury
(Ridout et al., 2003a). Furthermore, drivers using a
cellular phone are four times more likely to be
involved in an accident (Redelmeier and Tibshirani,
1997). Measurements of driving performance, such
as maintenance of a constant speed (Alm and Nilsson,
1994; Burns et al., 2002), shifts in lateral position
(Alm and Nilsson, 1994, 1995) and reaction time
(McKnight and McKnight, 1993; Alm and Nilsson,

Figure 5. Mean brake reaction time scores for the driving
condition in which subjects were engaged in conversation. Standard
error of the mean is illustrated by the error bars
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1994, 1995; Lamble et al., 1999; Burns et al., 2002;
Consiglio et al., 2003; Strayer et al., 2003; Lesch
and Hancock, 2004) have also been found to be
altered in drivers operating a cellular phone. In addi-
tion, one known driving simulator study showed that
drivers talking on a cellular phone were more
impaired than drivers who ingested alcohol, within
the legal limits, with a blood alcohol concentration
of 80mg/100ml (Burns et al., 2002).

Subjective sedation assessments and BRT scores
revealed no significant differences between subjects
administered fexofenadine or placebo in any test con-
dition. These findings are consistent with those of
other researchers who have reported the non-sedating
and non-impairing effects of fexofenadine on cognit-
ion, psychomotor and driving performance (Vermeeren
and O’Hanlon, 1998; Hindmarch et al., 1999; Weiler
et al., 2000; Hindmarch et al., 2002; Ridout and
Hindmarch, 2002; Kamei et al., 2003; Ridout and
Hindmarch, 2003; Ridout et al., 2003a). Thus, the cur-
rent study provides further evidence that fexofenadine
does not impair CNS function even when subjects per-
form divided attention tasks.

In contrast, hydroxyzine-treated subjects were
found to be significantly more sedated and had slower
BRTs compared with subjects receiving fexofenadine
or placebo in all test conditions. Drivers given pre-
scribed doses of hydroxyzine were slower at recogniz-
ing hazards in the road ahead and applying the brake.
Driving impairment reported with the positive control
hydroxyzine validates the sensitivity of the BRT test
and further highlights the dangerous adverse effects
of first-generation antihistamines (Casale et al., 2003;
Holgate et al., 2003; Kamei et al., 2003). Importantly,
cellular phone use was an additive factor, further
increasing BRTs in subjects given hydroxyzine.

The danger of cellular phone use while driving has
previously been well documented, partly encouraged
by the recent social background with increasing cellu-
lar phone use and increased car accidents related with
telephone use (Redelmeier and Tibshirani, 1997; De
Jong, 2003; Stutts et al., 2003; Taylor et al., 2003;
Johnson et al., 2004; Lesch and Hancock, 2004; The
General Insurance Association of Japan, 2004; White
et al., 2004). Redelmeier and Tibshirani demonstrated
that the risk of a collision when using a cellular phone
was four times higher than the risk when no cellular
phone was used while driving (Redelmeier and
Tibshirani, 1997). Furthermore, White et al. reported that
nearly half of the drivers questioned in a large survey
(n¼ 1320) used a mobile phone while driving (White
et al., 2004). In a recent Japanese survey conducted by
the General Insurance Association of Japan, 6.8% of

drivers studied (n¼ 600) always had a cellular phone
with them while driving, 65.9% of drivers sometimes
or often had a phone with them while driving, and
only 27.3% drivers had never spoken on a mobile
phone while driving (The General Insurance Associa-
tion of Japan, 2004).

It would seem that most drivers do not perceive a
decrement in driving during cellular phone use, simi-
lar to drivers who do not perceive an impairment
caused by sedative drugs. With more than 70% of dri-
vers operating a cellular phone while driving (The
General Insurance Association of Japan, 2004), the
combined effect of sedation by hydroxyzine and cel-
lular phone use could potentially increase the risk of
an accident. Additionally, as patients are often over-
compliant by, for example, taking more than the
recommended dose or taking the next dose earlier,
believing that it will increase the effectiveness of the
product (National Council on Patient Information and
Education, 2002), their risk of an accident increases.

Neuroimaging research has provided biochemical
support for psychometric findings. Histamine has
been found to play a major role in maintaining vigi-
lance and attention (Haas and Panula, 2003; Theunissen
et al., 2004), such as during a divided attention task
(Baddeley, 1998), with studies showing that subjects
involved in attention tasks recruit the prefrontal cortex
(Herath et al., 2001; Szameitat et al., 2002). Positron
emission tomography research has shown that seda-
tive antihistamines occupy central H1-receptors in
the brain, including the prefrontal cortex (Yanai et
al., 1999; Tagawa et al., 2001; Tashiro et al., 2002;
Tashiro et al., 2004), while volunteers given fexofena-
dine maintained rich H1-receptor activity, suggesting
high cortical response (Tashiro et al., 2002; Tashiro
et al., 2004). Consequently, antihistamines that reduce
H1-receptor activity in the prefrontal cortex can poten-
tially impair performance on divided attention tasks,
such as driving and speaking on a mobile phone.

In conclusion, the findings of the current study
revealed that hydroxyzine-treated subjects were sig-
nificantly more sedated and had slower BRTs com-
pared with subjects administered fexofenadine or
placebo in all test conditions. This suggests that dri-
vers given hydroxyzine may be slower at recognizing
dangers in the road ahead and applying the brake to
stop the vehicle. Furthermore, cellular phone use
increased BRTs in subjects given hydroxyzine, which
could potentially increase a patient’s risk of having an
accident. In contrast, volunteers given fexofenadine
were no different from those in the placebo group in
terms of their BRTs in a divided attention task of
driving and cellular phone operation, providing new
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evidence of the non-impairing effects of fexofenadine.
Additional research is needed to support the current
findings as BRT measurements on a closed driving
course may differ from driving on the open road with
numerous unpredictable drivers.

ACKNOWLEDGEMENTS

Further support was provided by grants from the
Ministry of Education, Culture, Sports, Science, and
Technology (Yanai K, Tashiro M) and Sagawa Traffic
Safety Foundation (to Tashiro M). We would like
to thank Professor Jiro Gyoba and Mr Yasuhiro
Kitamura (Tohoku University) for their constant
encouragement and support during this study. We
would like to thank the staffs of Yamagata Pref. Police
for their cooperation with the study.

REFERENCES

Alm H, Nilsson L. 1994. Changes in driver behaviour as a function
of handsfree mobile phones—a simulator study. Accid Anal Prev
26: 441–451.

Alm H, Nilsson L. 1995. The effects of a mobile telephone task on
driver behaviour in a car following situation. Accid Anal Prev 27:
707–715.

Baddeley A. 1998. The central executive: a concept and some mis-
conceptions. J Int Neuropsychol Soc 4: 523–526.

Burns PC, Parkes A, Burton S, Smith RK, Burch D. 2002. How
Dangerous is Driving with a Mobile Phone?: Benchmarking
the Impairment to Alcohol. TRL Limited Berkshire, United
Kingdom.

Casale TB, Blaiss MS, Gelfand E, et al. 2003. First do no harm:
managing antihistamine impairment in patients with allergic
rhinitis. J Allergy Clin Immunol 111: S835–S842.

Consiglio W, Driscoll P, Witte M, Berg WP. 2003. Effect of cellular
telephone conversations and other potential interference on
reaction time in a braking response. Accid Anal Prev 35: 495–
500.

De Jong MJ. 2003. Cellular telephone use while driving: growing
awareness of the danger. J Emerg Nurs 29: 578–581.

Haas H, Panula P. 2003. The role of histamine and the tuberomamil-
lary nucleus in the nervous system. Nat Rev Neurosci 4: 121–
130.

Herath P, Klingberg T, Young J, Amunts K, Roland P. 2001. Neural
correlates of dual task interference can be dissociated from
those of divided attention: an fMRI study. Cereb Cortex 11:
796–805.

Hindmarch, Shamsi Z. 2001. The effects of single and repeated
administration of ebastine on cognition and psychomotor perfor-
mance in comparison to triprolidine and placebo in healthy
volunteers. Curr Med Res Opin 17: 273–281.

Hindmarch I. 1975. A 1,4-benzodiazepine, temazepam (K 3917), its
effect on some psychological parameters of sleep and behaviour.
Arzneimittelforschung (Drug Res) 25: 1836–1839.

Hindmarch I, Johnson S, Meadows R, Kirkpatrick T, Shamsi Z.
2001. The acute and sub-chronic effects of levocetirizine, cetiri-
zine, loratadine, promethazine and placebo on cognitive function,
psychomotor performance, and wheal and flare. Curr Med Res
Opin 17: 241–255.

Hindmarch I, Shamsi Z, Kimber S. 2002. An evaluation of the
effects of high-dose fexofenadine on the central nervous system:
a double-blind, placebo-controlled study in healthy volunteers.
Clin Exp Allergy 32: 133–139.

Hindmarch I, Shamsi Z, Stanley N, Fairweather DB. 1999. A
double-blind, placebo-controlled investigation of the effects of
fexofenadine, loratadine and promethazine on cognitive and
psychomotor function. Br J Clin Pharmacol 48: 200–206.

Hoddes E, Zarcone V, Smythe H, Phillips R, Dement WC. 1973.
Quantification of sleepiness: a new approach. Psychophysiology
10: 431–436.

Holgate ST, Canonica GW, Simons FE, et al. 2003. Consensus
Group on New-Generation Antihistamines (CONGA): present
status and recommendations. Clin Exp Allergy 33: 1305–1324.

Johnson MB, Voas RB, Lacey JH, McKnight AS, Lange JE. 2004.
Living dangerously: driver distraction at high speed. Traffic Inj
Prev 5: 1–7.

Kamei H, Noda Y, Ishikawa K, et al. 2003. Comparative study of
acute effects of single doses of fexofenadine, olopatadine,
d-chlorpheniramine and placebo on psychomotor function in
healthy volunteers. Hum Psychopharmacol 18: 611–618.

Kay GG. 2000. The effects of antihistamines on cognition and
performance. J Allergy Clin Immunol 105(6 Pt 2): S622–S627.

Kay GG, Harris AG. 1999. Loratadine: a non-sedating antihista-
mine. Review of its effects on cognition, psychomotor per-
formance, mood and sedation. Clin Exp Allergy 29(Suppl. 3):
147–150.

Lamble D, Kauranen T, Laakso M, Summala H. 1999. Cognitive
load and detection thresholds in car following situations: safety
implications for using mobile (cellular) telephones while driving.
Accid Anal Prev 31: 617–623.

Lesch MF, Hancock PA. 2004. Driving performance during concur-
rent cell-phone use: are drivers aware of their performance decre-
ments? Accid Anal Prev 36: 471–480.

Marone G, Galli S, Lichtenstein L. 1995. Human Basophils and
Mast Cells: Biological Aspects. Karger: Basel.

Marone G, Galli S, Lichtenstein L. 2000.Mast Cells and Basophils.
Academic Press: London.

Mason J, Reynolds R, Rao N. 1999. The systemic safety of fexofe-
nadine HCl. Clin Exp Allergy 29(Suppl. 3): 163–170; Discussion
171–173.

McKnight AJ, McKnight AS. 1993. The effect of cellular phone use
upon driver attention. Accid Anal Prev 25: 259–265.

Meeves SG, Appajosyula S. 2003. Efficacy and safety profile of
fexofenadine HCl: a unique therapeutic option in H1-receptor
antagonist treatment. J Allergy Clin Immunol 112(Suppl. 4):
S69–S77.

Mochizuki H, Tashiro M, Tagawa M, et al. 2002. The effects of a
sedative antihistamine, d-chlorpheniramine, on visuomotor spa-
tial discrimination and regional brain activity as measured by
positron emission tomography (PET). Hum Psychopharmacol
17: 413–418.

National Council on Patient Information and Education. 2002. The
attitudes and beliefs about over-the-counter medications: a
national opinion survey conducted for the National Council on
Patient Information and Education. National Council on Patient
Information and Education: Bethesda, MD.

Okamura N, Yanai K, Higuchi M, et al. 2000. Functional neuroimag-
ing of cognition impaired by a classical antihistamine, d-chlor-
pheniramine. Br J Pharmacol 129: 115–123.

Potter PC, Schepers JM, Van Niekerk CH. 2003. The effects of
fexofenadine on reaction time, decision-making, and driver beha-
vior. Ann Allergy Asthma Immunol 91: 177–181.

RedBook. 1998. Medical Economics. Montvale: NJ, 609.

508 m. tashiro ET AL.

Copyright # 2005 John Wiley & Sons, Ltd. Hum Psychopharmacol Clin Exp 2005; 20: 501–509.



Redelmeier DA, Tibshirani RJ. 1997. Association between cellular-
telephone calls and motor vehicle collisions. N Engl J Med 336:
453–458.

Ridout F, Hindmarch I. 2001. Effects of tianeptine and mianserin on
car driving skills. Psychopharmacology (Berl) 154: 356–361.

Ridout F, Hindmarch I. 2002. No impairment of cognitive and psy-
chomotor performance with fexofenadine in Japanese volunteers.
Eur J Allergy Clin Immunol 57: 237.

Ridout F, Hindmarch I. 2003. The effects of acute doses of fexofe-
nadine, promethazine, and placebo on cognitive and psychomo-
tor function in healthy Japanese volunteers. Ann Allergy Asthma
Immunol 90: 404–410.

Ridout F, Shamsi Z, Meadows R, Johnson S, Hindmarch I. 2003a. A
single-center, randomized, double-blind, placebo-controlled,
crossover investigation of the effects of fexofenadine hydrochlor-
ide 180mg alone and with alcohol, with hydroxyzine hydrochlor-
ide 50mg as a positive internal control, on aspects of cognitive
and psychomotor function related to driving a car. Clin Ther 25:
1518–1538.

Ridout F, Meadows R, Johnsen S, Hindmarch I. 2003b. A placebo
controlled investigation into the effects of paroxetine and mirta-
zapine on measures related to car driving performance.Hum Psy-
chopharmacol 18: 261–269.

Roberts DJ, Gispert J. 1999. The non-cardiac systemic side-effects
of antihistamines: ebastine.Clin Exp Allergy 29(Suppl. 3): 151–155.

Rosenzweig P, Patat A. 1999. Lack of behavioural toxicity of mizo-
lastine: a review of the clinical pharmacology studies. Clin Exp
Allergy 29(Suppl. 3): 156–162.

Sherwood N, Hindmarch I. 1993. The reliability, validity and phar-
macosensitivity of four psychomotor tests. In Human Psycho-
pharmacology: Measures and Methods (Vol. 4), Hindmarch I,
Stonier P (eds). John Wiley & Sons: Chichester, UK; 67–91.

Simons FE, Fraser TG, Reggin JD, Simons KJ. 1996. Comparison of
the central nervous system effects produced by six H1-receptor
antagonists. Clin Exp Allergy 26: 1092–1097.

Strayer DL, Drews FA, Johnston WA. 2003. Cell phone-induced
failures of visual attention during simulated driving. J Exp
Psychol Appl 9: 23–32.

Stutts J, Feaganes J, Rodgman E, et al. 2003. The causes and con-
sequences of distraction in everyday driving. Annu Proc Assoc
Adv Automot Med 47: 235–251.

Szameitat AJ, Schubert T, Muller K, Von Cramon DY. 2002. Loca-
lization of executive functions in dual-task performance with
fMRI. J Cogn Neurosci 14: 1184–1199.

Tagawa M, Kano M, Okamura N, et al. 2002. Differential cognitive
effects of ebastine and (þ )-chlorpheniramine in healthy sub-
jects: correlation between cognitive impairment and plasma drug
concentration. Br J Clin Pharmacol 53: 296–304.

Tagawa M, Kano M, Okamura N, et al. 2001. Neuroimaging of his-
tamine H1-receptor occupancy in human brain by positron emis-
sion tomography (PET): a comparative study of ebastine, a
second-generation antihistamine, and (þ )-chlorpheniramine, a
classical antihistamine. Br J Clin Pharmacol 52: 501–509.

Tashiro M, Mochizuki H, Iwabuchi K, et al. 2002. Roles of hista-
mine in regulation of arousal and cognition: functional neuro-
imaging of histamine H1 receptors in human brain. Life Sci 72:
409–414.

Tashiro M, Sakurada Y, Iwabuchi K. 2004. Central effects of fexo-
fenadine and cetirizine: measurement of psychomotor perfor-
mance, subjective sleepiness, and brain histamine H1-receptor
occupancy using 11C-doxepin positron emission tomography.
J Clin Pharmacol 44: 890–900.

Taylor DM, Bennett DM, Carter M, Garewal D. 2003. Mobile tele-
phone use among Melbourne drivers: a preventable exposure to
injury risk. Med J Aust 179: 140–142.

The General Insurance Association of Japan. 2004. Trend and actual
situation of cellular telephone use while driving] [Article in
Japanese], 2004. http://www.sonpo.or.jp, 2004

Theunissen EL, Vermeeren A, van Oers AC, van Maris I, Ramaekers
JG. 2004. A dose-ranging study of the effects of mequitazine on
actual driving, memory and psychomotor performance as com-
pared to dexchlorpheniramine, cetirizine and placebo. Clin Exp
Allergy 34: 250–258.

Vermeeren A, O’Hanlon JF. 1998. Fexofenadine’s effects, alone and
with alcohol, on actual driving and psychomotor performance.
J Allergy Clin Immunol 101: 306–311.

Verster JC, Volkerts ER. 2004. Antihistamines and driving ability:
evidence from on-the-road driving studies during normal
traffic. Ann Allergy Asthma Immunol 92: 294–303; quiz 303–
305, 355.

Verster JC, Volkerts ER, van Oosterwijck AW, et al. 2003. Acute
and subchronic effects of levocetirizine and diphenhydramine
on memory functioning, psychomotor performance, and mood.
J Allergy Clin Immunol 111: 623–627.

Weiler JM, Bloomfield JR, Woodworth GG, et al. 2000. Effects
of fexofenadine, diphenhydramine, and alcohol on driving per-
formance. A randomized, placebo-controlled trial in the Iowa
driving simulator. Ann Intern Med 132: 354–363.

White MP, Eiser JR, Harris PR. 2004. Risk perceptions of mobile
phone use while driving. Risk Anal 24: 323–334.

WhiteMV. 1990. The role of histamine in allergic diseases. JAllergy
Clin Immunol 86(4 Pt 2): 599–605.

Yanai K, Okamura N, Tagawa M, Itoh M, Watanabe T. 1999. New
findings in pharmacological effects induced by antihistamines:
from PET studies to knock-out mice. Clin Exp Allergy
29(Suppl. 3): 29–36; discussion 37–38.

fexofenadine on car-driving 509

Copyright # 2005 John Wiley & Sons, Ltd. Hum Psychopharmacol Clin Exp 2005; 20: 501–509.


