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Aims

Previous studies have demonstrated that the antihistamines mequitazine, cetirizine
and dexchlorpheniramine produce mild sedation after single doses. It is unknown,
however, whether acute sedation persists after repeated dosing. Therefore, this study
assessed the effects of repeated dosing of these antihistamines on driving and
psychomotor performance.

Methods

Sixteen healthy volunteers were treated with mequitazine 10 mg g.a.m., cetirizine
10 mg g.a.m., dexchlorpheniramine Repetab 6 mg b.i.d. and placebo for four separate
8-day periods. Drug effects were assessed on days 1 and 8 using on-the-road driving
tests (highway driving and car following), psychomotor tests (tracking and divided
attention) and subjective questionnaires.

Results

Dexchlorpheniramine and mequitazine significantly impaired driving performance on
the highway driving test on the first day; dexchlorpheniramine increased Standard
Deviation of Lateral Position by 2 cm [95% confidence interval (Cl) 0.5, 3.8] and
mequitazine by 2.5 cm (Cl 1.0, 4.3). These effects on driving performance disap-
peared after 8 days of treatment. No effect of treatment was found on car following,
tracking and divided attention. Although subjective ratings confirmed that subjects
knew their driving had been impaired in the mequitazine and dexchlorpheniramine
condition after completion of the highway driving test on day 1, they did not expect
their driving to be affected before the start of the test. Cetirizine did not impair
performance on any of the tests.

Conclusions

Single doses of mequitazine 10 mg and dexchlorpheniramine Repetab 6 mg cause
mild driving impairment. However, when taken over several days, the impairing effect
wears off, possibly as a result of tolerance.

Introduction

Antihistamines (H1-antagonists) are widely used to treat
allergies and do so by blocking peripheral H1-receptors.
However, these drugs also cross the blood—brain barrier
and block neuronal histamine transmission as well as
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other neurotransmitter systems (e.g. serotonin, acetyl-
choline, noradrenaline) in the central nervous system
[1]. As a consequence they produce sleepiness, fatigue
and sedation [2]. The sedative effects of antihistamines
can lead to diminished concentration or productivity and
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an increased risk for occupational injuries and traffic
accidents [3-5]. Therefore it is necessary to study and
compare the sedative and potentially impairing effects
of all antihistamines.

First-generation antihistamines have been shown to
produce significant performance impairment in psycho-
motor and driving tests [6—8]. More recent antihista-
mines, such as cetirizine, loratadine, ebastine and
terfenadine, were developed to overcome the sedative
side-effects of the first-generation antihistamines. These
second-generation antihistamines cross the blood—brain
barrier less readily, and consequently are less sedating
than their predecessors when given in the recommended
dose [9]. Experimental studies have shown that single
therapeutic doses of second-generation antihistamines
produce little or no impairment of attention, memory,
vigilance, psychomotor performance or driving [6-8,
10]. Higher doses, however, have occasionally been
found to produce significant sedative effects, although
less pronounced than those of first-generation antihista-
mines [11-14].

Since antihistamines are usually taken for periods
longer than 1 day in the treatment of allergic rhinitis or
urticaria, it is relevant to assess their effects not only
after single doses, but also after repeated doses, when
blood levels are at steady state. Studies have shown that
their impairing effects can either diminish or increase
over time [6, 7, 13, 15-21]. On the one hand, the effects
of triprolidine (5 and 10 mg), diphenhydramine (50 mg)
and clemastine (2 mg) on driving and psychomotor per-
formance were found to diminish, although not disap-
pear with repeated dosing [15-21]. On the other hand,
high doses of ebastine (30 mg) and terfenadine
(120 mg) were found to produce sedation only after
repeated doses [6, 7, 13]. It seems therefore that effects
can diminish over time as a result of tolerance, or
increase as a result of accumulation, depending on the
drug and dose.

The objective of the present study was to asses the
effects of repeated doses of mequitazine 10 mg, dex-
chlorpheniramine Repetab 6 mg and cetirizine 10 mg
that were previously shown to produce performance
impairment after single doses [22-28]. Impairing effects
were assessed using two validated driving tests and psy-
chomotor tests previously shown to be sensitive to anti-
histamine-induced sedation [21, 26, 29].

Methods

Subjects

Sixteen healthy volunteers (eight males and eight
females) aged between 22 and 45 years were recruited
by means of newspaper advertisements. Subjects were

80 ‘ 61:1 ‘ Br J Clin Pharmacol

healthy according to medical history, physical exami-
nation, electrocardiogram, blood and urine analysis.
All participants possessed a valid driver’s license for
at least 3 years and had driving experience of at least
5000 km per year. Subjects with a history of major
medical or psychiatric disorders were excluded from
the study, as were subjects with unusual sensitivity to
antihistamines, drug abuse and chronic use of medica-
tion (except contraceptives). Women who were not
using an approved contraception or women who were
pregnant or lactating were excluded. Written informed
consent was acquired from each subject prior to par-
ticipation. The study was approved by the Ethics
Committee of Maastricht University and conducted in
accordance with the World Medical Association’s
Declaration of Helsinki (Edinburgh modification,
2000).

One male subject dropped out for reasons unrelated
to the treatment. Mean = SD age of the remaining 15
participants was 32 = 9.1 years and mean weight = SD
was 73.7x15.1kg (women 64.5+10.8kg; men
84.3 £ 12.4 kg). All subjects were nonsmokers and used
an average of 2.7 (£ 2.2) caffeine-containing beverages
per day.

Drug administration

This study was conducted according to a 4-way, dou-
ble-blind, cross-over design. Treatments consisted of
regular therapeutic doses: mequitazine 10 mg once
daily in the morning (g.a.m.), cetirizine 10 mg q.a.m.;
dexchlorpheniramine 6 mg (Repetab) twice daily
(b.i.d.), and placebo (b.i.d.). Treatment duration was
8 days starting on the morning of day 1. Tests were
conducted on days 1 and 8 of each treatment period.
The washout period between treatment periods was at
least 7 days.

On test days, drugs and placebo were administered
using a double dummy technique, since cetirizine is
more rapidly absorbed than mequitazine and dexchlor-
pheniramine; cetirizine reaches peak plasma concentra-
tions (7.x) approximately 1 h after oral dosing, whereas
mequitazine and dexchlorpheniramine reach 7.
between 3 and 4 h after administration. Therefore,
mequitazine and dexchlorpheniramine were adminis-
tered at 09.00 h, i.e. 3 h before driving, with a placebo
capsule at 11.00 h to maintain blinding. Cetirizine was
administered at 11.00 h, i.e. 1 h before driving, with a
placebo capsule at 09.00 h to ensure blinding. In the
placebo condition, placebo capsules were administered
at both times. Between test days, subjects continued
treatments at home, taking one capsule in the morning
and one in the evening. In the mequitazine and cetirizine



conditions, the active drug was taken in the morning
while a placebo was taken at night. Dexchlorphe-
niramine and placebo were both taken in the morning
and in the evening in the dexchlorpheniramine and pla-
cebo conditions, respectively. Subjects noted the times
of drug administration in a diary, as well as the use of
any concomitant medication.

Procedure

Subjects were individually trained in all tests in the
2 weeks prior to their first treatment period. Subjects
had to abstain from alcohol the day before testing, and
agreed to have a good night’s rest of at least 7 h. On test
days consumption of caffeine was not allowed and
smoking was prohibited 30 min before and during test-
ing. On test days, subjects were transported to the lab-
oratory where drugs were administered at 09.00 and
11.00 h. At arrival, sleep quality of the previous night
was measured using the Groningen Sleep Quality Scale.
At 10.00 h they received a standardized light meal. The
highway-driving test started at 12.00 h and the car-
following test at 13.00 or 13.30 h. Laboratory tests were
started at 14.30 h.

Performance measures
Tests used in this study have been described in more
detail in previous papers [18, 25].

Driving tests

In the highway-driving test, the subject drives a spe-
cially instrumented vehicle over a 100-km distance on
a primary highway. The subject has to maintain a steady
lateral position between the delineated boundaries of the
right (slower) traffic lane and a constant speed of
95 km/h. The primary dependent measure is the stan-
dard deviation of lateral position (SDLP), which is an
index of the continuous road tracking error.

In the car-following test subjects drive a specially
instrumented car and follow a vehicle controlled by an
experimenter. The latter or ‘leading’ car occasionally
changes speed and briefly lights up its brake lights.
Subjects are required to keep driving at the same speed
as the leading vehicle and to maintain a 15-30-m dis-
tance between the cars. In addition, subjects have to
react as quickly as possible to the brake lights of the
leading car. The primary dependent measures are time
to speed adaptation (in ms), and reaction time (in ms)
to the brake lights. Deviation in distance to the leading
car (in metres) is a secondary parameter.

During both driving tests a licensed driving instructor
accompanies the subject, and can intervene when nec-
essary by using dual controls.
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Psychomotor tests

The Critical Tracking Test measures the subjects’ ability
to control a displayed error signal in a first-order com-
pensatory tracking task. The frequency at which control
is lost is called the ‘critical frequency’ or ‘lambda,.’
(rad/s). The test includes five trails; the average score is
calculated after removing the highest and the lowest
scores, and is the primary variable in this test.

The Divided Attention Task is used to measure the
subject’s ability to divide attention between two tasks
performed simultaneously. The primary task consists of
a tracking task in the central visual field and the second-
ary task is a monitoring task in the peripheral visual
field. Subjects react to peripheral targets using a foot
pedal. Dependent variables are the absolute mean track-
ing error over the entire test and mean reaction time to
peripheral targets.

Subjective measures

Sleep quality of the previous night was assessed by
means of the Groningen Sleep Quality Scale [30]. This
questionnaire scores the number of sleep complaints,
ranging from 0 (good sleep) to 14 (bad sleep), and
specific questions about the total amount of sleep, num-
ber of awakenings and the estimated time needed to fall
asleep.

Subjective driving questionnaires were used in order
to evaluate whether patients’ subjective experience of
their driving ability corresponds to their objective per-
formance on the driving tests. Prior to the highway driv-
ing test, subjects estimated their driving ability and after
completion of the test they rated driving performance,
using 100-mm visual analogue scales ranging from 0
(very bad driving) to 100 (very good driving).

Statistical analysis

Driving and psychomotor parameters were analysed
separately for days 1 and 8, using an ANOVA with Sub-
ject, Treatment and Period as factors. Subsequently,
analyses for comparing treatments with placebo were
conducted, using three simple contrasts with sequential
Bonferroni correction. In case of a significant effect,
one-tailed, 95% confidence intervals of drug-placebo
differences were calculated (CI). The effects of gender
on driving performance were analysed, using a model
including Treatment, Period, Gender and Gender by
Treatment. All statistical tests were conducted using
SPSS (version 10.0; SPSS Inc., Chicago, IL, USA).

Results

Missing data

Due to technical problems, the car-following test could
not be performed by two subjects on two separate occa-
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sions. Distance measures between the cars was lost for
another two subjects on two separate occasions, also as
a result of technical problems.

Driving performance

Four highway driving tests of a single subject were
terminated before scheduled completion, because the
driving instructor (on days 1 and 8 of the placebo con-
dition and day 1 of the dexchlorpheniramine condition)
or the subject (day 8 of cetirizine treatment) judged it
would be unsafe to continue. The respective rides were
91%, 90%, 68% and 50% complete when the test was
stopped. SDLP scores calculated over the completed
parts of these rides were 23.8, 24.6, 32.7 and 24.6 cm,
respectively. Statistical analysis of datasets including or
excluding scores of incomplete rides revealed compara-
ble results, therefore incomplete rides were included in
the analysis.

A summary of descriptives and quantitative statistical
analyses of all performance parameters is presented in
Table 1. Mean (SEM) SDLP in each condition and for
both days is shown in Figure 1.

The overall effect of Treatment on SDLP was signif-
icant on day 1 (Fs3=28.16; P <0.001) but not on day
8. Contrasting each drug with placebo showed that on
day 1, SDLP was significantly increased after treatment
with mequitazine (mean 2.5; CI 1.03, 4.25; F;30=11.03;
P=0.002) and dexchlorpheniramine (mean 2.0; CI
0.46, 3.68; F3,=6.75; P =0.013), but not after cetiriz-
ine (mean 0.8; F; 30 = 0.79). The overall effect of Period
on SDLP was significant on days 1 and 8 (F339=4.15;
P =0.012; F33y=4.69; P=0.007). Contrasting driving
performance in period 1 with performance in subse-
quent periods revealed no systematic change over time,
however, and, more importantly, no interactions were
found between Treatment and Period. There were no

Table 1

Summary of results from the driving and psychomotor tests on day 1 and day 8

Mean + SEM per treatment

Treatment effect

CET PLA MEQ DEX 7 df. P N
Day 1
Driving tests
SDLP (cm) 18.4 £ 0.8 192+ 1.0 21.7£1.1° 212 £ 1.3° 8.16 3,39 <0.001 15
Time to speed adaptation (s) 2.1+03 1.9+02 23403 20+04 1.02 3,38 NS 14
Brake reaction time (ms) 537 + 24 476 £ 19 528 + 29 492 + 26 2.36 3,38 NS 14
SD distance (m) 53+0.7 52+ 1.1 43+0.7 40+0.5 0.74 3,38 NS 15
Critical tracking task
Critical frequency (rad/s) 40+£02 39+02 38+£02 39+£02 1.21 3,39 NS 15
Divided attention task
Tracking error (mm) 204 t1.4 21215 21.1£1.2 229+t 1.4 2.83 3,39 0.051 15
Reaction time (ms) 1807 + 69 1747 £ 64 1799 + 54 1809 £ 70 0.76 3,39 NS 15
Day 8
Driving tests
SDLP (cm) 19.6 £ 1.0 199+ 1.0 210+ 12 199+ 1.0 0.99 3,39 NS 15
Time to speed adaptation (s) 20+0.2 22402 22+03 2002 0.80 3,38 NS 14
Brake reaction time (ms) 510 £ 27 506 + 23 521+ 33 484 + 14 0.60 3,38 NS 14
SD distance (m) 5.1+08 55+ 12 50x0.7 45+0.8 0.41 3,36 NS 12
Critical tracking task
Critical frequency (rad/s) 39+0.2 40+0.2 40+02 40+02 0.32 3,39 NS 15
Divided attention task
Tracking error (mm) 204+ 1.3 200+ 1.3 206+ 1.3 209+ 1.6 0.39 3,39 NS 15
Reaction time (ms) 1832 £ 69 1787 £ 98 1692 £ 59 1721 £77 1.53 3,39 NS 15

Treatments are placebo (PLA), mequitazine 10 mg q.a.m. (MEQ), cetirizine 10 mg g.a.m. (CET) and dexchlorpheniramine 6 mg
Repetab b.id. (DEX). Significant drug—placebo differences are indicated by °P <0.017. NS, Not significant; d.f, degrees of

freedom. SDLP, standard deviation of lateral position.
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significant main effects of Gender or Gender by Treat-
ment interactions on days 1 or day 8.

Performance in the car-following test was not signif-
icantly affected by Treatments, Periods or Gender on
day 1 or day 8. However, it should be mentioned that

SDLP (cm)
_— - NN N NN
0 vV © = N W &
*
*

~

CET PLA MEQ DEX

Figure 1

Mean (+SEM) Standard Deviation of Lateral Position for each treatment
onday 1 () and day 8 (M). Treatments are cetirizine 10 mg q.a.m. (CET),
placebo (PLA), mequitazine 10 mg g.a.m. (MEQ), and
dexchlorpheniramine 6 mg Repetab twice daily (DEX). Asterisks indicate
significant differences from placebo after sequential Bonferroni correction,
ie. P<0.017
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the incompleteness of the car-following data might be
related to the absence of an effect.

Psychomotor tests
A summary of descriptives and statistical analyses of the
psychomotor tests is also presented in Table 1. Tracking
performance in the critical tracking test was not signif-
icantly affected on days 1 or 8, and there was only a
nearly significant overall effect of Treatment on tracking
in the divided attention task (F3o =2.83; P =0.051) on
the first day of treatment. Subjects achieved the smallest
tracking error in the cetirizine condition and the largest
in the dexchlorpheniramine condition. However, drug—
placebo contrasts showed no significant differences.

A summary of descriptives and quantitative statistical
analyses of the subjective measures is presented in
Table 2.

Subjective measures
On day 1 and day 8 sleep quality of the night before
testing was comparable in all conditions.

Prior to the driving tests, subjects did not estimate
their driving ability to be affected by any of the treat-
ments on day 1 or day 8. At the end of the tests on day

Table 2

Summary of results of the subjective measures on day 1 and day 8

Mean + s.e.mean per treatment

Treatment effect

CET PLA MEQ DEX F df. P N
Day 1
Subjective driving quality
Pre-test (mm) 785t 4.6 73.7+£6.3 79.1 £6.5 68.7£6.3 1.06 3,39 NS 15
Post-test (mm) 64.7 £ 6.9 679 £ 6.6 55.1 + 7.5° 51.5 £ 8.0° 4.55 3,39 0.008 15
Sleep questionnaire
Time before asleep (min) 189+ 4.6 124+22 18.8 +4.5 22.6+5.0 1.06 3,39 NS 15
Number of awakenings 1.1+03 1.1+03 1.0+03 1.1+04 0.00 3,39 NS 15
Sleep (h) 6703 76+02 72402 71+03 2.05 3,39 NS 15
Number of complaints 2.6+0.9 1.0+04 1.7+09 2.7+0.9 1.23 3,39 NS 15
Day 8
Subjective driving quality
Pre-test (mm) 86.7£3.0 775158 73.0+4.2 72264 2.66 3,39 NS 15
Post-test (mm) 62.7+78 643 +57 595+ 6.5 62.3+6.5 0.23 3,39 NS 15
Sleep questionnaire
Time before asleep (min) 229+ 71 22.3+6.8 14.6 + 3.1 144 +2.1 1.14 3,39 NS 15
Number of awakenings 0.8+0.3 0.7+03 0.7+0.2 1.3+04 1.46 3,39 NS 15
Sleep (h) 72402 74402 75+0.2 73403 0.36 3,39 NS 15
Number of complaints 1.9+0.7 26+1.0 1.5+04 1.8+0.6 0.60 3,39 NS 15

Abbreviations are as indicated in Table 1. Significant drug—placebo differences are indicated by °P <0.017; *P < 0.025. High

scores on the subjective driving quality indicate better driving performance.
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1, however, subjects did notice that their driving perfor-
mance had been impaired (F;30=4.55; P =0.008). In
line with objective measures of driving performance,
subjects rated their driving quality in the mequitazine
and dexchlorpheniramine conditions as worse than after
placebo (mean —12.8; CI —24.2, -2.7; Fi3=06.4;
P <0.025 and mean —16.4; C1 -27.8, —6.3; F'; 30 =10.2;
P <0.017, respectively).

Discussion

Results of this study show that mequitazine 10 mg and
dexchlorpheniramine Repetab 6 mg produced driving
impairment on the first day of treatment. These results
were expected and support our previous findings that
single doses of these drugs can have impairing effects
on actual driving [25]. The magnitude of the driving
impairment found after single doses of mequitazine
10 mg and dexchlorpheniramine Repetab 6 mg is com-
parable to what has been found for second-generation
antihistamines such as acrivastine 8§ mg and mizolastine
10 and 20 mg [11, 12]. The present study also showed,
however, that these effects disappear within 8 days of
treatment.

Although the effects on driving found for mequitazine
confirm our previous results, they are not supported by
two earlier studies. Blamoutier (1978) and Hindmarch
(1986) concluded that mequitazine 5 and 10 mg do not
produce acute daytime drowsiness [31, 32]. However,
these investigators used subjective measures and cogni-
tive tests, so their results are in fact in line with those
of our present and previous studies, showing no signif-
icant impairment of mequitazine on performance in psy-
chomotor and cognitive tests or on subjective measures
of sedation. This might indicate that these tests are not
good predictors of driving ability [33, 34], or that the
effects of these antihistamines were too subtle to be
picked up by these tests.

Although dexchlorpheniramine in immediate release
formulations (2 and 4 mg) has considerable sedative
effects [35, 36], results from this study suggest that these
effects can be reduced by a controlled release formula-
tion. Similarly, it has been shown that controlled release
formulations of triprolidine also reduce maximal levels
of impairment [7, 14]. Therefore, it seems that con-
trolled release formulations are a good way to diminish
the sedative effects of antihistamines.

Cetirizine 10 mg had no effects on driving in the
present study. Previous studies using the same driving
test, however, demonstrated small but significant acute
impairing effects after single doses of cetirizine 10 mg
[26, 28]. The main difference between the latter studies
and the present one is the time of testing with respect to
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drug administration. Ramaekers, Uiterwijk and O’Han-
lon (1992) and Vermeeren, Ramaekers and O’Hanlon
(2002) [26, 28] assessed the effects between 2 and 3 h
after ingestion, whereas in the present study the effects
of cetirizine on driving performance were tested
between 1 and 2 h after ingestion (i.e. at T,,,,). A previ-
ous study [15] using the same test also failed to find
significant effects of cetirizine between 1 and 2 h after
dosing. Together, these results suggest that there might
be a delay between peak plasma concentrations and
maximal effect on performance in the highway driving
test. However, because of the impairment demonstrated
in two previous driving studies and on psychomotor and
subjective measures in other studies, it can not be con-
cluded that cetirizine is always free of sedating effects
[26-28, 37].

The clinical relevance of performance changes in the
highway driving test has previously been determined by
establishing the relationship between blood alcohol con-
centration (BAC) and SDLP [38]. Results showed that
a BAC of 0.5 mgml™ is associated with an average
increase in SDLP of 2.2 cm. Since a BAC of 0.5 mg/ml is
associated with a significantly higher risk of traffic acci-
dents [39], an SDLP increase of about 2.2 cm is consid-
ered clinically relevant. On the first day of treatment
mequitazine and dexchlorpheniramine increased SDLP
by 2.5 and 2.0 cm, respectively. In a previous study,
however, mequitazine 10 mg caused an acute SDLP
increase of 1.0 cm and dexchlorpheniramine an increase
of 2.4 cm [25]. Although these results seem inconclusive
on the degree of impairment caused by mequitazine and
dexchlorpheniramine, they show that some individuals
are prone to the sedating effects of these antihistamines
and will show signs of impaired driving.

After 8 days of treatment, no treatment caused
impairment in driving performance. The fact that the
acute impairing effect of these antihistamines disappears
after repeated doses has been found previously for other
antihistamines and is probably due to tolerance [7, 10,
19]. Interestingly, a similar tolerance for the effects of
Hl-antagonism has been shown with tricyclic antide-
pressants, whose sedative effects are also mainly caused
by Hl-receptor blockade [33]. The mechanism whereby
tolerance of the impairing effects of antihistamines
develops, however, is still unclear.

As reported previously [28], subjects were not
aware of the performance impairment caused by anti-
histamines. On the first day of mequitazine and dex-
chlorpheniramine treatment subjects were aware of
their impaired driving only after the test was com-
pleted, but were unable to predict the impairment
beforehand. In practice, this means that patients



treated with antihistamines may be confident about
their driving ability, whereas in fact they pose a con-
siderable risk to traffic safety. Therefore, drug labels
should warn explicitly of the impairing effects of
sedating antihistamines and advise patients to be par-
ticularly careful at the beginning of treatment even if
they feel capable of driving.

In conclusion, this study showed that mequitazine
10 mg and dexchlorpheniramine Repetab 6 mg can pro-
duce mild but clinically relevant effects on driving per-
formance on the first day of treatment. After 8 days of
treatment, the impairing effect of mequitazine and dex-
chlorpheniramine had disappeared.

This study was sponsored by Pierre Fabre Médicament,
France. We thank Dr M. van Lansbergen, Dr I. van
Maris and Dr N. Muntjewerff for their respective con-
tributions to this study.
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