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Oral Administration of Fexofenadine Hydrochloride can Attenuate

Nasal Symptoms and Restore the Impaired Cognitive Function in

School-Age Patients With Japanese Cedar Pollinosis
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We conducted a well-controlled observational
study attempting to examine whether decreased
cognitive functions caused by Japanese cedar pol-
linosis could be improved by oral administration of
fexofenadine hydrochloride particularly in school-
age patients. Cognitive functions were evaluated
before and after the treatment by employing Trail
Making tests (TMT). Participating patients an-
swered a questionnaire about treatment effects and
their satisfaction with fexofenadine hydrochloride. A
total of 54 patients aged 7 to 16 were enrolled in
this study. A significant improvement was observed
with two kinds of TMT (P<0.0001 for both). The
overall ratio of positive answers to the question
of overall satisfaction with the drug, concentra-
tion in the classroom, symptoms, inconvenience in
daily life, and night-time sleep were 88.5%, 71.1%,
88.7%, 60.0%, and 65.3%, respectively. These re-
sults taken together suggest that treatment with
fexofenadine hydrochloride actually restores nasal
symptom-derived decreases in cognitive functions,
with no impairment of cognitive functions by the

central nervous system (CNS) depressant actions.
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INTRODUCTION

Japanese cedar pollinosis (hereinafter referred to
as “pollinosis”) is a type 1 allergic disease affecting
nasal mucosa with three typical symptoms: persistent
sneezing, rhinorrhea, and nasal congestion [1]. These
nasal symptoms are not life-threatening, but have a
great impact on the patient’s quality of life (QOL)
and cause significant impairment in cognitive and
psychomotor functions [2-10]. The symptoms may
also lead to sleep disturbance [11], which results in
daytime sleepiness and further deterioration of cogni-
tive and psychomotor function. For school-age pa-
tients, impairment of study efficiency caused by the
symptoms could influence their future lives, since the
dispersal season of Japanese cedar pollen falls exact-
ly during the period of school entrance examinations
in Japan. This is a critical issue for parents as well.

In the treatment of pollinosis, improvement of de-
creased cognitive and psychomotor functions is an
important objective along with the improvement of
symptoms. Antihistamines are recommended as a first
line medication for the treatment of pollinosis in ma-
jor guidelines [1, 12]. Antihistamines improve the
symptoms primarily by preventing histamines from
binding to their H1 receptors (HI receptor antago-
nism). However, once antihistamines cross the blood-
brain barrier and block the binding of histamines to
their H1 receptors in the brain, central nervous system
(CNS) depression, including sleepiness and cogni-
tive impairment inevitably occurs [13, 14]. When the
properties of antihistamines are considered, there is a
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conflict that pollinosis is treated with antihistamines
that have similar impairing effects of the disease itself.
This implies that study efficiency of patients receiving
antihistamines may be even more disturbed after the
treatment even though their symptoms are attenuated.
Fexofenadine hydrochloride is a second-generation
antihistamine which shows the lowest H1 receptor
occupancy among all the antihistamines available[15,
16]. Fexofenadine hydrochloride not only works as
an HI receptor antagonist, but also as an inverse
agonist to prevent activation of HI receptors even
under the condition of no histamine stimulation[17].
In addition to its strong effects on HI1 receptors,
fexofenadine hydrochloride possesses a variety of
anti-inflammatory actions contributing to symptom
improvement [18]. Based on these features, Fexof-
enadine hydrochloride is considered to be the anti-
histamine which can best attenuate symptoms and
restore decreased cognitive functions without impair-
ment of cognitive function caused by drug itself.
To date, the effect of both symptoms and the treat-
ment on cognitive functions has been examined in
many studies, however, most of the studies have been
conducted in adult patients. Although more accurate
evaluation of cognitive functions is possible by us-
ing a computer or other dedicated system [19], it
is difficult to conduct a study using these systems in
a routine clinical setting. We, therefore, conducted a
well-controlled observational study in an exploratory
manner attempting to examine whether decreased cog-
nitive functions caused by Japanese cedar pollinosis
could be restored by a treatment with Fexofenadine
hydrochloride in school-age patients with pollinosis.

PATIENTS AND METHODS

Patients

The patients were boys and girls between the ages
of 7 and 16 with moderate to most severe pollinosis
who were to be treated with fexofenadine hydrochlo-
ride, who visited the sites for the first time in the
dispersal season of Japanese cedar pollen (January to
March). Patients who had used an antihistamine two
weeks prior to their first visit in the season and who
had other nose conditions including nasal polyp, chron-
ic thinitis, and chronic sinusitis were not enrolled into

this study. Eye drops were allowed in combination

with antihistamines. Due to the observational nature of
this study in a routine clinical practice setting, treating
ENT doctors selected the starting and adjusted dose of
fexofenadine hydrochloride, and any concomitant medi-

cation for each patient based on approved regimen.

Methods

This observational study was conducted at five
hospitals in Shimane prefecture, Japan under a rou-
tine clinical setting. The patients who visited the
hospitals during the dispersal season of 2008 and
2009 were included in order to collect as much data
as possible. Those who met the inclusion criteria and
gave informed consent from the patients and their
parents were examined for their cognitive function
twice, once on their first visit before treatment and
again on the second visit after treatment (between
7 and 14 days from the first visit). On their second
visit, the effect of the treatment was evaluated by
the patients themselves with a questionnaire. In the
cognitive function test, the patients as well as their
parents were told that the test was not for the evalu-
ation of their intelligence or achievement and their
scores were not for comparison with others.

Evaluation of the treatment effect using a ques-
tionnaire

The patients subjectively evaluated the treatment
effect to answer the questionnaire on their second
visit. The question items included overall satisfac-
tion with the drug, concentration in classroom,
symptoms, inconvenience in daily life, and night-
time sleep. A 7-point scale from 0 (most positive
answer) to 6 (most negative answer), setting 3 for
the middle, was used. The questionnaire also in-
cluded a question related to compliance.

Evaluation of cognitive functions using TMT

The Trail Making Test (TMT) was used for the
evaluation of cognitive functions. TMT was origi-
nally developed to evaluate higher brain functions
by testing the following elements: attention allo-
cation, visual search, rapidity of eye-guided hand
movement and information processing time [20,
21]. The test consists of two parts, A and B. Time
used for the following tasks by individual patients
is evaluated. In part A, the patient draws a line to
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connect the numbers 1 to 25 in ascending order. In
part B, twelve Japanese Hiragana characters from
the top (‘a’ to ‘shi’) as well as the numbers from
1 to 13 are used, and the patient is asked to con-
nect them alternately in ascending order. Prerecord-

ed noises were played during the test.

Statistical analysis

The characteristics of the patients were summarized
with descriptive statistics. The distribution of the an-
swers of the question items was provided in percent-
ages. Spearman rank-correlation coefficient was used

to measure the association between the answers of

each question. We interpreted a coefficient of 0.1 as
weak correlation, 0.3 as moderate correlation and 0.5
as strong correlation, according to the correlation crite-
ria used in psychometric analysis described by Cohen
[22]. The mean TMT scores of pre- and post- treat-
ment were calculated and compared by using a paired
t-test. For this comparison, a two-sided test was em-
ployed and the significant level was set at 5%.

RESULTS

A total of 54 participants were included in this
study. Of these, 28 patients were boys (52.8%)

Table 1. Characteristics of the patients (n=54)

Items Categories
Gender (n=53) Male 28 (52.8)
Age (n=53) Mean £SD 10.1 (2.5)
Median [Range] 9 [6, 16]
School year (n=53) First graders in elementary school 3(5.7)
Second graders in elementary school 12 (22.6)
Third graders in elementary school 11 (20.8)
Fourth graders in elementary school 9(17.0)
Fifth graders in elementary school 2 (3.8)
Sixth graders in elementary school 5(9.4)
First graders in junior high school 5(9.4)
Second graders in junior high school 5(9.4)
Third graders in junior high school 1(1.9)
Severity at the initial Most severe 0(0.0)
administration (n=54) Severe 7 (13.0)
Moderate 47 (87.0)
Severity at the second Most severe 0(0.0)
visit (n=52) Severe 4(7.7)
Moderate 30 (57.7)
Mild 17 (32.7)
Restored 1(1.9)
Concomitant drugs (n=30) pranlukast hydrate 7 (23.3)
Pimerolast potassium 9(30.0)
Fluticasone propionate 10 (33.3)
Clarithromycin 2(6.7)
Levocabastine hydrate 1(3.3)
Tranilast 1(3.3)

Note: Categories are shown in "n (%)"
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100% 7 100% W 6: Very satisfied.
80% - 80% W 5: Satisfied.
m 3: | took all of them. ® 4: Slightly satisfied.
60% 1 M 2: | took most of them. 60%
[ 3: Neither satisfied
[11: | took half of them. nor dissatisfied.
40% 1 40% 11 2: Slightly dissatisfied.
[70: | took less than half of them.
20% - 20% 1 1: Dissatisfied.
1 0: Very dissatisfied.
0% 1 0%
Q1. Did you take all of the medicine Q2. Are you satisfied with the drug you had taken?
given?
100% - 100% -
W 6: Very improved. W 6: Very improved.
80% - M 5: Fairly improved. 80% - M 5: Fairly improved.
60% - M 4: Slightly improved. 60% A M 4: Slightly improved.
[13: No change. [13: No change.
40% 40% -
[12: Not very much. [112: Slightly worse.
20% +—— — 11: No. 20% - 711: Much worse.
14
10: Not at all. 5 10: Extremely worse.
0% L 0% 1 ¥
Q3. Did your concentration in class improve Q4. In general, did your symptoms improve than
than before you take the medicine? before you take the medicine?
100% - 100% -
W 6: Very improved. W 6: Very improved.
80% - B 5: Fairly improved. 80% - B 5: Fairly improved.
60% - m 4: Slightly improved. 60% - m 4: Slightly improved.
[13: No change. [13: No change.
40% - 40% -
[ 2: Slightly worse. 1 2: Slightly worse.
20% +—— 20 —— | 1: Much worse. 20% T— 16 ———— [11: Worse.
| 0: Extremely worse. o 10: No, | can’t sleep at all.
0% 1 Y 0% P
Q5. Did your troubles in daily life improve Q6. Did your night-time sleep than
than before you take the medicine? before you take the medicine?

Fig. 1. Evaluation of therapeutic effect by the patients
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and 42 patients (72.9%) were elementary school
students. The mean age of the patients was 10.1
years. For the severity of the disease, 47 patients
were diagnosed as moderate (87.0%) and seven
patients were diagnosed as severe (13.0%) [Table 1].

Fig. 1 shows the results of the questionnaire. The
overall proportion of positive answers (‘Slightly sat-
isfied/ Slightly improved’, ‘Satisfied/Improved’ and
“Very satisfied/Very improved’) to the question of
overall satisfaction with the drug, concentration in

classroom, symptoms, inconvenience in daily life, and

night-time sleep were 88.5%, 71.1%, 88.7%, 60.0%
and 65.3%, respectively. For the question about
patient’s compliance, 92.3% of them answered he/
she took ‘most’ or ‘all’ of the medication given. All
questions except for night-time sleep showed moder-
ate to strong correlations to each other [Table 2].

The mean score (seconds) of TMT before and
after the treatment was 49.8 and 40.9 for part A
and 97.6 and 79.4 for part B, all of which were
statistically significant (P<0.0001)[Table 3]. No
adverse effect was reported.

Table 2. Correlation coefficients of the answers of each question item

Satisfaction Concentration Symptom Inconveniences X X
R ) . . . Night-time
with the drug in class improvement in daily life sleep (Q5)
(@2) (@3) (Q4) (Q5)
satisfaction with 1.00 0.40 0.59 0.54 0.27
0.0029 <.0001 <.0001 0.0546
the drug (Q2)
52 52 52 52 52
L 0.40 1.00 0.34 0.72 0.29
Szzgigg;m” " 0.0029 0.0013 <.0001 0.036
52 52 52 52 52
symptom 0.59 0.34 1.00 0.55 0.08
. <.0001 0.013 <0.0001 0.5933
improvement (Q4)
52 52 52 52 52
Inconveniences in 0.54 0.72 0.55 1.00 0.41
[ <.0001 <.0001 <.0001 0.0024
daily life (Q5)
52 52 52 52 52
ioht-ti | 0.27 0.29 0.08 0.41 1.00
(Nc'zgs)t'“me sleep 0.0546 0.036 0.5933 0.0024
52 52 52 52 52
Note: Upper: Spearman rank-correlation coefficient, Middle: P value, Lower: n
Table 3. Transition of TMT (n=53)
Time point
Item Before the After the
treatment treatment
TMT Part A Measurements Mean (SD) 49.8 (17.5) 40.9 (16.0)
(seconds) Median (Min, Max) 4821, 110] 40 [18, 93]
n 53 53
Change Mean (SE) - -8.9 (1.5)
Median (Min, Max) - -8 [-41, 26]
n - 53
P- value* - <0.0001
TMT Part B Measurements Mean (SD) 97.6 (47.9) 79.4 (30.1)
(seconds) Median (Min, Max) 88 [35, 297] 75 [25, 190]
n 53 53
Change Mean (SE) - -18.3(3.9)
Median (Min, Max) - -15[-178, 21]
n - 53
P-value* - <0.0001

* P-values were calculated by a paired t-test
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DISCUSSION

We conducted a well-controlled observational
study to evaluate whether decreased cognitive func-
tion in school-age patients with Japanese cedar
pollinosis would be improved with fexofenadine hy-
drochloride by using TMT, a simple test to assess
cognitive function.

In the evaluation of the treatment effect, nearly
90% of the patients reported that their symptoms
had improved and gave positive answers to the
question about their satisfaction with the drug.
Also, improvement in classroom concentration, in-
convenience in daily life, and night-time sleep were
reported among approximately 60% to 70% of the
patients. The correlation coefficients between the
question items, except that of night-time sleep, were
considered to be comparatively high. Although it
should be noted that these correlations do not indi-
cate causality, our results suggest that improvement
of the symptoms by fexofenadine hydrochloride
contributed to improvement of concentration in
class and reduction in inconvenience in daily life.
Satisfaction with fexofenadine hydrochloride had
the highest correlation with symptom improvement,
which possibly indicates that symptom improvement
is a major factor affecting treatment satisfaction. A
survey of ten-thousand adult patients with pollinosis
also revealed a high satisfaction with fexofenadine
hydrochloride and more than 80% of responses
were positive (‘very satisfied’ and ‘somewhat satis-
fied’) [23]. A higher satisfaction rate was observed
in patients with fexofenadine hydrochloride treat-
ment compared to patients treated with other anti-
histamines [23].

CNS depressant action of antihistamines should
be considered as well as its symptom improvement
effect when evaluating the factors that influence sat-
isfaction with a given antihistamine. Fexofenadine
hydrochloride, the drug used in this study, shows no
CNS depressant action, as its histamine H1 receptor
occupancy in human brain is quite low. Treatment
with an antihistamine having CNS depressant action
may lower treatment satisfaction even if patients are
satisfied with the symptom improvement effects.

Significant improvement of TMT scores was ob-
served at post-treatment compared to baseline, sug-

gesting that cognitive function was impaired by the
symptoms and that the treatment with fexofenadine
hydrochloride may restore cognitive functions. TMT
contains various elements, including paying attention
to the objects on the test paper, drawing lines to
connect the objects and using numbers and words
(Hiragana characters) alternately, and thus is used
widely as the evaluation of higher brain dysfunc-
tion in therapeutic areas including cranial nerve and
rehabilitation. Our findings demonstrated that scores
could react to the effect of the symptoms and treat-
ment on the cognitive functions of patients with
pollinosis. It is, however, unclear how the symp-
toms of the patients could lower the scores, com-
pared to the scores of patients with no symptoms
which weren’t measured in this study. In addition,
further investigation is necessary to determine how
much TMT scores should improve to be a clini-
cally significant improvement for the patient. Fexof-
enadine hydrochloride, an antihistamine having no
CNS depressant action, was used in this study, and
thus TMT scores will show a different tendency
than if a drug with CNS depressant actions is used.
Further investigations are also required to examine
how much the depressant effect of antihistamines
on CNS may influence TMT score. This study is
an observational study designed to be conducted as
simply as possible in routine clinical practice by
not setting up controls, therefore, these issues need

to be investigated further.

CONCLUSION

Antihistamines that do not show depressant action
on the central nervous system, and which actually
attenuate symptoms as well, are strongly recom-
mended for the treatment of pollinosis if cognitive
function improvement is the main purpose of the
treatment. This study suggests that symptoms of
pollinosis disturb the cognitive functions of the pa-
tients, and that cognitive functions are restored by

treatment with fexofenadine hydrochloride.

CONFLICTS OF INTERESTS

The authors have no conflicts of interest to de-
clare in relation to this study.



Fexofenadine for school-age patients with pollinosis 85

REFERENCES

1) Guideline for the management of allergic rhini-
tis committee (2008) Practical guideline for the
management of allergic rhinitis in Japan 2009.
Tokyo (in Japanese).

2 ) Bousquet J, Duchateau J, Pignat JC, Fayol C,
Marquis P, Mariz S, Ware JE, Valentin B and
Burtin B (1996) Improvement of quality of life
by treatment with cetirizine in patients with pe-
rennial allergic rhinitis as determined by a French
version of the SF-36 questionnaire. J Allergy Clin
Immunol 98: 309-316.

3) Blaiss MS (1996) The role of outcome stud-
ies in allergy and clinical immunology. Allergy
Asthma Proc 17: 355-358.

4) Higgins L (1999) Allergies and asthma in the
school setting. Immunology and Allergy Clinics of
North America 19: 177-189.

5) Meltzer EO (2001) Quality of life in adults
and children with allergic rhinitis. J Allergy Clin
immunol 108: S45-S53.

6 ) Adelsberg BR (1997) Sedation and perfor-
mance issues in the treatment of allergic condi-
tions. Arch Int Med 157: 494-500.

7) Starmer G (1985) Antihistamines and highway
safety. Accid Anal & Prev 17: 311-317.

8 ) Bender BG (2005) Cognitive effects of al-
lergic rhinitis and its treatment. Immunol Allergy
Clin North Am 25: 301-312.

9) Spaeth J, Klimek L, Mdsges R (1996) Seda-
tion in allergic rhinitis is caused by the condition
and not by antihistamine treatment. Allergy 51:
893-906.

10) Gupta MA, Gupta AK (1998) Depression and
suicidal ideation in dermatology patients with
acne, alopecia areata, atopic dermatitis and pso-
riasis. Br J Dermatol 50: 846-850.

11) Etou T (2007) Survey of the attitude toward
efficacy and sleepiness of antihistamines in the
treatment of allergic skin disease and drug ad-
ministration guidance. J. New Rem. & Clin. 56:
1054-1063 (In Japanese).

12) Bousquet J, Khaltaev N, Cruz AA, Denburg
J, Fokkens WIJ, Togias A, Zuberbier T, Baena-
Cagnani CE, Canonica GW, van Weel C, Agache
I, Ait-Khaled N, Bachert C, Blaiss MS, Bonini

S, Boulet LP, Bousquet PJ, Camargos P, Carlsen
KH, Chen Y, Custovic A, Dahl R, Demoly P,
Douagui H, Durham SR, van Wijk RG, Kalayci
O, Kaliner MA, Kim YY, Kowalski ML, Kuna
P, Le LT, Lemiere C, Li J, Lockey RF, Mavale-
Manuel S, Meltzer EO, Mohammad Y, Mullol
J, Naclerio R, O'Hehir RE, Ohta K, Ouedraogo
S, Palkonen S, Papadopoulos N, Passalacqua G,
Pawankar R, Popov TA, Rabe KF, Rosado-Pinto J,
Scadding GK, Simons FE, Toskala E, Valovirta
E, van Cauwenberge P, Wang DY, Wickman M,
Yawn BP, Yorgancioglu A, Yusuf OM, Zar H,
Annesi-Maesano I, Bateman ED, Ben Kheder A,
Boakye DA, Bouchard J, Burney P, Busse WW,
Chan-Yeung M, Chavannes NH, Chuchalin A,
Dolen WK, Emuzyte R, Grouse L, Humbert M,
Jackson C, Johnston SL, Keith PK, Kemp JP,
Klossek JM, Larenas-Linnemann D, Lipworth
B, Malo JL, Marshall GD, Naspitz C, Nekam
K, Niggemann B, Nizankowska-Mogilnicka E,
Okamoto Y, Orru MP, Potter P, Price D, Stoloff
SW, Vandenplas O, Viegi G, Williams D; World
Health Organization; GA (2) LEN; AllerGen.
Bousquet J, Khaltaev N, Cruz AA, et al; World
Health Organization; GA (2) LEN; AllerGen
(2008) Allergic rhinitis and its impact on asthma
(ARIA) 2008 update (in collaboration with the
World Health Organization, GA (2) LEN and
AllerGen). Allergy 63 (Suppl 86): 8-160.

13) Yokoyama H, Onodera K and limuma K (1993)
Proconvulsive effects of histamine Hl1-antagonists
on electrically-induced seizure in developing
mice. Psychopharmacology 112: 199-203.

14) Yokoyama H, Onodera K, Yagi T et al. (1997)
Therapeutic doses of theophylline exert procon-
vulsant effects in developing mice. Brain Dev 19:
403-407.

15) Shamsi Z and Hindmarch I (2000) Sedation
and antihistamines: a review of inter-drug differ-
ences using proportional impairment ratios. Hum
Psychopharmacol 15: S3-S30.

16) McDonald K, Trick L and Boyle J (2008) Se-
dation and antihistamines: an update. Review of
inter-drug differences using proportional impair-
ment ratios. Hum Psychopharmacol 23: 550-570.

17) Simons FER (2004) Advances in Hlantihista-
mines. N Engl J Med 351: 2203-2217.



86 Aoi et al.

18) Gelfand EW, Appajosyula S and Meeves S 21) Mitrushina M (2005) In: Handbook of nor-

(2004) Anti-inflammatory activity of H1 recep- mative data for neuropsychological assessment,
tor antagonists: review of recent experimental re- 2nd ed. pp 59-98, Oxford University Press, New
search. Curr Med Res Opin 20: 73-81. York.

19) Hindmarch I and Shamsi Z (1999) Antihis- 22) Cohen J (1998) In: Statistical power analysis
tamines: models to assess sedative properties, for the behavioral sciences, 2nd ed. Lawrence
assessment of sedation, safety and other side- Erlbaum Associates,Hillsdale, NIJ.
effects. Clin Exp Allergy 29 (Suppl 3): 133-42. 23) Ohashi Y (2004) Treatment satisfaction of an-

20) Lezak MD (1995) In: Neuropsychological As- tihistamines-survey result of 10,000 patients with
sessment, 3rd ed. pp 381-384, Oxford university Japanese cedar pollinosis. Prog Med 24: 2321-

press, New York. 2326 (in Japanese).



