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Abstract

Background: A fexofenadine/pseudoephedrine combination tablet (F/P) is an optimal product for nasal obstruction. 
It contains fexofenadine hydrochloride, a histamine H1-receptor antagonist for sneezing and rhinorrhea and pseudo-
ephedrine hydrochloride, an α-adrenergic agonist. The effect of an antihistamine-decongestant on nasal obstruction has 
been demonstrated in previous studies, but onset of action and efficacy data on nasal obstruction are limited. 

Objective: We estimated the efficacy of F/P on nasal obstruction in patients with house dust mite-induced allergic rhi-
nitis (AR) versus fexofenadine (F) using objective methods. 

Methods: In this single-center, single-dose, prospective, randomized, parallel-group study, 24 adult patients with a his-
tory of at least 2 years of AR and nasal obstruction were randomized to receive F/P or F. The effect on nasal obstruction 
was evaluated using nasal airflow and visual analog scale (VAS) score measured at 30-minute intervals before and for 8 
hours after dosing. The primary end point was onset of action, based on a comparison of absolute change from baseline 
in nasal airflow between F/P and F. The protocol was registered in a clinical trial registry as UMIN 000041845.

Results: The onset of action for F/P was 30 minutes based on nasal airflow and 60 minutes based on VAS. F/P main-
tained a significant beneficial effect after onset of effect, while F showed no significant change during the test period.

Conclusions: We found F/P had a clear effect on nasal obstruction associated with perennial AR when compared with 
F. There was a time lag in nasal airflow improvement and nasal obstruction relief.
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Introduction
Allergic rhinitis (AR) affects an estimated 10% to 30% of 

the population worldwide1,2,3 and is associated with consider-
able cost and comorbidity.4,5 In some parts of the world, the 
prevalence of AR in children reaches 40% or more.6,7 In Japan, 
the prevalence of AR increased from 29.8% to 39.4% between 
1998 and 2008.8 AR has attracted increasing attention world-
wide due to its impact on quality of life and diseases such as 
asthma, as documented in the Allergic Rhinitis and its Impact 
on Asthma (ARIA) document.9 

Antihistamines have been used for many years as first-
line therapy for the treatment of AR. It remains an import-
ant treatment option.6,8,9 Antihistamines block the H1 recep-
tor. They have been shown to reduce rhinorrhea, pruritus and 
sneezing in studies.10,11 Fexofenadine (F) is one of the most 
widely used second-generation antihistamines12 that is also 
popular in Japan. Although there are a few studies illustrat-
ing that newer antihistamines reduce nasal obstruction, those 
drugs are generally shown to be less effective against nasal ob-
struction compared to other symptoms such as sneezing and 
itching.13-16 
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other inhalant allergies that could have affected the symptoms 
at the time of the study.

Study design
We conducted a single-center, single-dose, prospective, 

randomized, parallel-group study. Patients who met the inclu-
sion criteria participated in the study. Patients arrived at the 
lab in the morning for the first set of measurements.

Patients were assigned to one of two study groups, F/P 
or F, based on simple randomization in a 1:1 ratio with the 
use of a computerized system for generating random num-
bers. Patients in the F/P group took fexofenadine 60 mg and 
pseudoephedrine 120 mg and patients in the F group took 
fexofenadine 60 mg. Patients were blinded to their anti-aller-
gy medication group assignment. Patients in the F/P group 
were instructed to take the drug between meals while patients 
in the F group were instructed to take the drug after meals. 
Measurement started at 9-12 am. During the 480-minute test 
period, patients were given a private room and were free to 
spend time in the room and return to the nearby lab at each 
time point for data collection. Alcohol, coffee, physical activi-
ties, changes of temperature and hot meals or beverages were 
avoided during the study. 

Efficacy assessments
The effect of each medication on nasal obstruction was 

evaluated based on nasal airflow and VAS score. Nasal airflow 
was measured at 30 minute intervals before and for 480 min-
utes after dosing. VAS score was recorded at the same time. 
Anterior RM was used to assess nasal patency (A1 Executive 
Acoustic Rhinometer GM Instruments, Ltd., Kilwinning, UK). 
Nasal airflow was calculated as the sum of left and right RM 
measurements at 100 Pascal, as previously reported by Ohki 
et al.23,25 Nasal airway resistance was defined as the reciprocal 
of nasal airflow. Nasal obstruction was evaluated on a VAS, 
with 0 representing no problems and 10 representing intoler-
able conditions. 

The primary end point was onset of action, based on a 
comparison of absolute change from baseline in nasal airflow 
between F/P and F. Onset of action was defined as the first 
time between 30 minutes and 480 minutes after dosing that a 
consistent, statistically significant change in nasal airflow was 
observed for F/P relative to F. Secondary end points included 
the absolute change in VAS score. Onset of action was defined 
in the same way for VAS score as for nasal airflow. In addi-
tion, we examined the time at which peak improvement in 
nasal airflow and VAS occured. 

Statistical analysis
The efficacy assessment was based on the per protocol set 

(PPS) population, which consisted of all patients who were 
randomized to treatment and took a single dose of the study 
medication according to the protocol. 

Based on statistical reference to pilot studies,26 we have de-
fined 24 as an appropriate sample size because there was no 
similar study so far. 

Statistical analyses were performed using SPSS for Win-
dows, version 25 (IBM Corp. Armonk, NY, USA). Baseline 
characteristics were compared between the two groups using

When combined with a-decongestants, antihistamines 
have been shown to control a wide range of rhinitis symp-
toms not only in runny nose and sneezing, but also in nasal 
obstruction.8,17,18 Currently, pseudoephedrine (P) is a widely  
used nasal decongestant. It is available in numerous over 
the-counter products.19 A few studies have verified the onset 
of action of non-sedating antihistamine-decongestant com-
bination products.20-22 So far, there has been no reports that 
have objectively showed onset of action for the F and P com-
bination. 

Nasal obstruction can be measured in the laboratory with 
rhinomanometry (RM). Anterior RM is a well-defined labora-
tory tool that measures function in terms of nasal resistance 
or nasal airflow, which have been validated as sensitive mea-
sures for evaluating rhinitis.23,24 Few reports have evaluated 
the effects of drugs on nasal obstruction over time in detail.

The purpose of this study was to evaluate the onset of ac-
tion and efficacy against nasal obstruction of a single dose of 
combination of F hydrochloride (HCI) 60 mg and P HCI 120 
mg versus F in patients with house dust mite-induced AR us-
ing RM. We investigated the time difference between subjec-
tive and objective evaluation onset of action. 

Methods
Patients

We recruited 24 patients (13 men and 11 women) with 
perennial AR from the Division of Otolaryngology, Head and 
Neck Surgery at Tottori University Hospital in Japan between 
January 2015 and December 2016. The diagnosis of perennial 
AR was based on the ARIA guidelines9 and Japanese guide-
lines for AR.8 

The study protocol (No. 2232) was approved by the Com-
mittee on Human Research of Tottori University in accor-
dance with the Declaration of Helsinki. All patients were 
informed of our treatment protocols and provided written 
consent before participation. The protocol was registered in a 
clinical trial registry as UMIN 000041845.

Inclusion criteria included (1) a history of at least two of 
the following symptoms: sneezing, watery rhinorrhea or na-
sal obstruction, for at least 2 years, and (2) house dust mite 
allergy based on skin reactions or serum allergen-specific IgE 
antibody measurements. 

Exclusion criteria were the existence of major structural 
nasal abnormalities, upper respiratory tract infection during 
the previous 4 weeks, allergen-specific immunotherapy, ste-
roid or antileukotriene therapy in the last 4 weeks, antihista-
mine use in the last 4 days, pregnancy, or lactation. None of 
the study participants were free of nasal obstruction or had 
undergone any previous sinonasal surgery. Similarly, patients 
with hypertension, severe asthma, and a history of known 
drug hypersensitivity and adverse events, or intolerance to F 
or F/P were also excluded.

Skin-prick test were performed with common aeroaller-
gens such as house dust mite. We used a negative control to 
determine 15 minutes after injection. The reaction was re-
garded as positive if the mean wheal diameter was at least 5 
mm or flare diameter was at least 15 mm based on Japanese 
clinical practice guidelines of AR. Serum specific IgE levels 
greater than class 2 were considered positive. No patient had
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the independent sample t-test and the chi-square test. The 
paired t-test and Wilcoxon signed-rank test were used for in-
tragroup comparisons. Repeated measures analysis of variance 
was employed to compare treatment results between two arms 
of trial. In all tests, p value < 0.05 was considered as statisti-
cally significant. 

Results
As shown in Figure 1, the 24 eligible participants were 

randomly allocated into two groups: F/P group (n = 12) and 
F group (n = 12). Therefore, the PPS included 24 participants 
who took their assigned study medication. Demographic and 
baseline characteristics were similar across the two treatment 
groups (Table 1).

The onset of action for F/P, as measured by increase in ab-
solute nasal airflow, was 30 minutes (p < 0.001 vs. F) (Figure 
2). Increases in absolute nasal airflow were significantly great-
er with F/P than with F at all subsequent time points up to 
480 minutes after dosing (all p < 0.001). Administration of 
F/P resulted in a marked increase in nasal airflow between 0 
and 30 minutes (Figure 2). Maximal increase in nasal airflow 
occured at 180 minutes after F/P administration (Figure 2). 

Factors F/P 
(n = 12)

F 
(n = 12) p value

Gender (female, %) 5 (41.7) 6 (50.0) 0.682

Age (mean ± SE) (year) 30.4 ± 2.2 31.8 ± 3.3 0.745

Sensitization to HDM 0.584

Specific IgE (count, %) 11 (91.7) 9 (75.0)

Class 2-3 (count) 10 7

Class 4-6 (count) 1 2

Skin prick test (count, %) 1 (8.3) 3 (25.0)

+ (count) 1 3

Grade 0.701

Mild (count, %) 5 (41.7) 4 (33.3)

Moderate (count, %) 4 (33.3) 6 (50.0)

Severe (count, %) 3 (25.0) 2 (16.7)

Symptom score (mean ± SE) 3.8 ± 0.5 3.9 ± 0.6 0.822

Nasal airflow (mean ± SE) 
(cm3/s) 341.0 ± 27.9 316.2 ± 23.4 0.500

VAS score (mean ± SE) 4.9 ± 0.7 4.3 ± 0.4 0.472

Allergic diseases 0.875

BA (count, %) 2 (16.7) 2 (16.7)

AD (count, %) 3 (25.0) 2 (16.7)

Table 1. Demographics and Baseline Characteristics.

F/P, Fexofenadine and Pseudoephedrine combination tablet; F, Fexofenadine; 
HDM, house dust mite; + showing positive.
AD, atopic dermatitis; BA, bronchial asthma; SE, standard error. Figure 1. Diagram for subject enrollment, allocation, fol-

low-up and analysis.

Assessed for eligibility (n = 26)

Exclude (n = 2) 
No complaint of nasal 
obstruction

Randomized (n = 24)

Combination group 
(FP; n = 12)

•	 Medication:  
Combination tablet of 
Fexofenadine 60 mg 
and Pseudoephedrine 
120 mg

•	 Took between meals

Enrollment

Control group 
(F; n = 12)

•	 Medication:  
Fexofenadine 60 mg

•	 Took after meals

Allocation

Measurement (n = 12)
Lost of follow-up (n = 0)

Measurement (n = 12)
Lost to follow-up (n = 0)

Follow-up

Analyzed (n = 12)
Excluded from analysis 

(n = 0)

Analyzed (n = 12)
Excluded from analysis 

(n = 0)

Analysis

For F/P, the onset of action, based on decrease in absolute 
VAS score was 60 minutes (p < 0.001 vs. F) (Figure 3). Ad-
ministration of F/P resulted in a marked decrease in absolute 
VAS score between 30 and 60 minutes (Figure 3). Decreases 
in absolute VAS score were significantly greater with F/P than 
with F at each time point from 60 minutes after dosing to the 
end of the study (all p < 0.001) (Figure 3). Furthermore, the 
maximal decrease in absolute VAS score occurred at 330 min-
utes after F/P administration (Figure 3). 

There was a significant change in nasal airflow and VAS 
score with F/P at 60, 180, and 330 minutes (all p < 0.05 vs. 
baseline). With F, nasal airflow and VAS score were not sig-
nificantly different from baseline over the entire 480-minute 
period (Figure 2) (Figure 3). Nasal airflow showed a tenden-
cy to increase slightly throughout the period with fluctuation 
(Figure 2). Table 2 shows the amount of change in nasal air-
flow at representative time points. In F/P total nasal resistance 
at each time point was 0.33, 0.27, 0.28, 0.25, 0.23, 0.26, and 
0.24, respectively. 
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Figure 2. Mean change in nasal airflow from baseline for the F/P and F groups.
† P < 0.001 vs. F. * P < 0.05, ** P < 0.01 vs. baseline. Error bars indicate standard error. 
F/P, Fexofenadine and Pseudoephedrine combination tablet; F, Fexofenadine.

Figure 3. Mean change in VAS from baseline for F/P and F groups. Absolute VAS change. 
† P < 0.001 vs. F. * P < 0.05, ** P < 0.01 vs baseline. Error bars indicate standard error.
F/P, Fexofenadine and Pseudoephedrine combination tablet; F, Fexofenadine.
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Table 2. Changes in nasal air permeability due to F/P and F.

Time (minutes) 30 60 90 180 330 480

F/P 

Nasal airflow 

Mean changes (cm3/s) 53.2 51.8* 85.6** 128.0** 98.7* 98.1**

SE (cm3/s) 28.2 20.2 23.3 36.5 35.3 30.2

95%CI (cm3/s) -8.8, 115.3 7.3, 96.2 34.3, 136.8 47.5, 208.4 21.0, 176.3 31.8, 164.5
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Discussion
This study focused on nasal obstruction in AR affecting 

quality of life (QOL). Using objective (RM) and subjective 
(VAS score) indicators, we sought to examine the onset of ac-
tion and efficacy of a single dose of F HCl 60 mg/P HCl 120 
mg compared with F HCl 60 mg in patients with house dust 
mite-induced AR. We observed an immediate effect of im-
proved nasal airflow after F/P administration and a sustained 
effect during the 480-minutes test period. 

In this study, RM analysis showed that F/P significantly 
and rapidly increased absolute nasal airflow with onset of ac-
tion at 30 minutes. This is consistent with earlier studies em-
ploying RM in which the action of P was apparent at 30 to 60 
minutes after dosing.27-29 The previous study showed that the 
decrease in nasal obstruction in subjects treated with P alone 
or in combination with F is attributed to the effect of the de-
congestant on the nasal vasculature.27 This study was conduct-
ed using RM to determine whether F/P makes a distinct con-
tribution to the relief of nasal obstruction symptoms of AR. 
F/P was found to have an onset of 30 minutes. The rapid ef-
fect of F/P in the study in decreasing nasal obstruction may 
be due to the effect of P. This is the first report to objectively 
evaluate the effect and examine the onset of action of F/P us-
ing RM. 

Previous research on F/P was primarily based on subjec-
tive evaluation. For example, based on symptom scores, on-
set of decreased nasal obstruction occurred by 45 minutes.21,22 
When VAS score was used to evaluate nasal obstruction in 
this study, the onset time was 60 minutes. The slightly dif-
ferent times to onset could be due to different measurement 
intervals or different control agents. In the present study, the 
active drug F was used as a control, whereas previous reports 

Time (minutes) 30 60 90 180 330 480

F/P (Continued)

VAS

 Mean changes 0.2 -0.8* -1.0* -1.3** -1.6* -0.9*

SE 0.2 0.3 0.4 0.3 0.5 0.4

95%CI -0.4, 0.7 -1.5, -0.2 -1.9, -0.1 -1.9, -0.6 -2.6, -0.5 -1.8, 0

F 

Nasal airflow 

Mean changes (cm3/s) -23.1 -7.6 -22.7 0.8 -14.5 -4.1

SE (cm3/s) 11.8 18.0 18.4 17.5 18.9 25.6

95%CI (cm3/s) -49.2, 2.9 -47.4, 32.2 -63.4, 17.9 -37.7, 39.2 -56.2, 27.2 -60.5, 52.2

VAS 

Mean changes 0.1 0.1 0.2 -0.3 0.3 0.1

SE 0.2 0.2 0.3 0.5 0.4 0.6

95%CI -0.4, 0.6 -0.3, 0.5 -0.6, 0.9 -1.4, 0.7 -0.7, 1.2 -1.3, 1.5

Table 2. (Continued)

F/P, Fexofenadine and Pseudoephedrine combination tablet; CI, confidence interval (95%); SE, standard error.
* P < 0.05, ** P < 0.01 vs baseline.

mentioned a large placebo effect.30 In an environmental ex-
posure unit study, F did not significantly decrease nasal ob-
struction compared with placebo throughout the 5-hour ex-
posure period.31 Although the study design was different, F 
showed no significant change in VAS score compared to base-
line during the 8-hour study period in this study. The effects 
of antihistamines on nasal obstruction have traditionally been 
obscure.16 Based on results discussed above, the effect of an-
tihistamines such as F on nasal obstruction may be poor. By 
adding an objective evaluation, it became clear that F had a 
poor effect on obstruction but F/P had an effect on obstruc-
tion. 

It is unclear why the onset of action in the objective eval-
uation was 30 minutes earlier than onset of action in the sub-
jective evaluation in this study. Considering that the sensation 
of nasal obstruction is based on perceived airflow in the na-
sal cavity, there may be a slight time lag between changes in 
nasal airflow and VAS score. Nasal air flow is perceived in-
directly by cold receptors in the nasal cavity.32 These recep-
tors are supplied by branches of the trigeminal nerve,33 and 
perception of nasal airflow has been reported to be unrelat-
ed to other organs.34 As a result of measuring both subjective 
and objective evaluations at the same time, the time when 
nasal airflow and VAS was the most different from base-
line may have been different for the same reason. These re-
sults are in agreement with the results of a study of P with 
a similar approach.29 Since previous studies have only eval-
uated the effect of drugs on nasal obstruction either subjec-
tively or objectively, the effect on the perception of nasal 
obstruction was speculative. It was important to be able to 
evaluate the time lag between the two evaluations methods. 
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By simultaneously performing subjective and objective, it was 
possible to approach the elucidation of the mechanism.

There are some limitations to this study. One limitation is 
the small number of samples. Second, the design of this study 
differed from the design of an environmental exposure unit 
study or park study. We focused on the effects of AR on na-
sal obstruction by including patients’ with nasal obstruction. 
It would be difficult to use these other designs because the use 
of RM is needed to assess nasal obstruction.

In conclusion, compared with F, a single dose of F/P was 
effective in treating nasal obstruction in perennial AR with an 
onset of action of 30 minutes. Based on the VAS score for na-
sal obstruction, the onset of action was 60 minutes. F/P may 
be suitable for on-demand use due to its fast onset of action. 
There was a slight time lag between onset in the two evalua-
tions, but elucidation of the mechanism of action is a topic for 
further study.
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