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Abstract

Introduction: Exercise training and vitamin C supplementation have both been recommended as an effective adjuvant 
treatment in the management of symptoms in patients with many diseases. However, its effects on rhinitis symptoms  
remain unclear. The aim of the present study was to determine the effects of exercise training alone, and in combination 
with vitamin C supplementation, on rhinitis symptoms in allergic rhinitis patients.

Methods: Twenty-seven rhinitis patients were randomized into 3 groups: control (CON; n = 8), exercise (EX; n = 9), and 
exercise combined with vitamin C (EX + Vit.C; n = 10). The exercise training protocol consisted of walking and/or running 
on a treadmill at 65-70% heart rate reserve for 30 min per session, 3 times per week for 8 weeks. The EX + Vit.C group 
ingested 2,000 mg vitamin C per day. 

Results: After 8 weeks, both EX and EX + Vit.C groups increased peak aerobic capacity and peak nasal inspiratory flow 
(PNIF) and exhibited significantly decreased rhinitis symptoms, nasal blood flow (NBF) and malondialdehylde levels  
compared to pre-test. Rhinitis symptoms and NBF after nasal challenge with house dust mite decreased significantly in the 
EX and EX + Vit.C groups. The EX and EX + Vit.C groups had significantly lower nasal secretion interleukin (IL)-4, but 
higher nasal secretion IL-2 levels, than the CON group.

Conclusions: This study clearly confirms that aerobic exercise training significantly improved clinical of allergic rhinitis 
and cytokine profiles. Nonetheless, with the limited power of small sample size, whether adding vitamin C is any beneficial 
is not shown. A larger randomized controlled trial is thus warranted.
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Introduction
Allergic rhinitis is a prevalent disease caused by a malfunc-

tion of the immune system in response to a hypersensitive  
reaction to allergic allergens in the nasal mucosa, which  
is characterized by itching, nasal congestion, sneezing, and  
rhinorrhea.1 In the nose, allergens are targeted by allergen 
-specific immunoglobulin E (IgE) which bind to IgE receptors 
on mast cells and basophils and release chemical mediators 
such as histamine, leukotrienes, and cytokines which can cause 
symptoms of allergic rhinitis to develop.2 A number of recent 
studies have shown an increase of IL-4 level in allergic rhini-
tis patients. Alternatively, IL-2 induces macrophage activation, 

which is very effective in controlling infection along with  
intracellular pathogens. Patients suffering from allergic rhini-
tis have to cope with the discomfort, the cost of nasal and oral 
medications and their associated side-effects, and a worsening 
quality of life.3

Aerobic exercise has been recommended as an effective ad-
juvant treatment in the management of symptoms in patients 
with a variety of disease states.4-7 However, previous studies 
have demonstrated that acute high-intensity exercise can cause 
a worsening of rhinitis symptoms.8 Moreover, high-intensity 
exercise has been shown to decrease forced expiratory volume 
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subjects were randomly assigned by the investigators allocated
into 3 groups using a computerized random number generator: 
sedentary control, aerobic exercise training group, and aerobic 
exercise training combined with vitamin C supplementation 
group. Any steps concealed the sequence until interventions 
were assigned. During the study trial (8 weeks) the EX group 
underwent aerobic exercise training and received placebo  
supplementation, while the Ex + Vit. C group underwent  
aerobic exercise training and received Vitamin C supplemen-
tation. The participants knew they were in the exercise or  
no-exercise but they did not know vitamin C or placebo. The 
control group did not engage in the aerobic exercise training 
protocol or receive any form of supplementation during the 
study trial. At pre - and post-study trial (8 weeks) body height, 
body weight, body fat, BMI, lung function, resting heart rate, 
blood pressure, VO2peak, total IgE, specific IgE, plasma Vit. 
C and malondialdehylde were measured. In addition, pre- and 
post-study trial rhinitis symptoms, peak nasal inspiratory flow, 
nasal blood flow and nasal secretions for cytokines analysis 
were evaluated as prior to and following a nasal challenge by 
house dust mite. The research assistants and medical labora-
tory scientists who assessed the outcomes and analyzed blood  
biochemistry were blinded to the interventions.

Participants
Thirty-three patients with allergic rhinitis, aged 18 to 45 

years old, were recruited to this study from the Chulalongkorn 
university health service center. All allergic rhinitis subjects 
presented with clinical symptoms of persistent rhinitis (nasal  
congestion, sneeze, nasal itching, and running nose) for more 
than 4 days per week, and presented with a positive skin prick 
test (wheal diameter > 3 mm.) to house dust mite (D. pteron-
yssinus) (ALK, Hørsholm, Denmark) and using normal saline 
as the negative control. Subjects with known asthma, chronic 
rhinosinusitis, hypertension or cardiovascular diseases, and  
a smoking habit, were excluded from participating in this  
study. Moreover, anterior rhinoscopy was performed to exclude  
anatomical abnormalities. Subjects were asked to refrain from 
taking antihistamine medication for at least 3 days prior to  
testing, and to abstain from using oral steroids and nasal  
steroids for at least 2 week prior to the start of the study. In  
addition, the subjects discontinued using leukotriene receptor 
antagonists for at least 1 week prior to testing. The subjects were 
not to have participated in a regular exercise program for at  
least 6 months prior to the start of the study, and to avoid taking 
any form of dietary supplement during the course of the study. 

All subjects gave written informed consent prior to partici-
pation in the study. Medical and activity history were obtained 
via questionnaires. The study was approved by Institutional 
Review Board, Faculty of Medicine, Chulalongkorn University, 
COA No. 481/2011. This study was registered as a clinical trial 
with clinical trials.gov (study # NCT 02123914).

Exercise training protocol
Subjects underwent an exercise training protocol for 

30 minutes per session three times a week for 8 weeks at the  
Faculty of Sports Science, Chulalongkorn University, under  
the supervision of the primary investigators. Heart rate was 
continually monitored (Polar, Finland). The exercise training

in 1 second (FEV1),9 and increase IgE levels10 in patients  
with allergic rhinitis. Recently, Tongtako et al.11 reported that  
both acute exhaustive and moderate-intensity exercise reduced 
allergic rhinitis symptoms. However, a significantly enhanced 
IL-2/IL-4 ratio was found following acute moderate exercise. 
Since IL-2 is critical for supporting T cell activation, preventing 
autoimmunity and controlling infection along with intracellular 
pathogens effectively while IL-4 act as a coordinator of airway 
inflammatory processes in allergic disorders. In addition, Silva 
et al.12 have reported that aerobic exercise training increased 
plasma IgE and reduced eosinophils, IL-4, IL-5, IL-13, airway 
remodeling, mucus synthesis, the thickness of smooth muscle 
and nasal resistance in a chronic murine model of allergic  
airway disease. Therefore, based on the available evidence aer-
obic exercise training may have a beneficial effect in terms of 
controlling rhinitis symptoms.11-12

Vitamin C (ascorbic acid) is an important antioxidant  
in the body and has been used to prevent and treat various  
diseases.13-15 It has been suggested that vitamin C deficiency 
causes immunosuppression, and may boost the immune system 
and act as an anti-inflammatory agent by inhibiting cytokine 
secretion.16

However, the effects of vitamin C supplementation on rhini-
tis symptoms in allergic rhinitis patients are still controversial. 
Some studies have reported that vitamin C may prove benefi-
cial for allergic rhinitis sufferers. Helms and Miller reported  
that vitamin C sprayed into the nose reduced symptoms by  
reducing fluids that stimulate congestion and swelling in the  
nasal cavity.17 It has been shown that supplementing with at  
least 2 grams per day of vitamin C prevents the release of his-
tamine from white blood cells, and therefore may represent a 
promising non-pharmacological treatment therapy for aller-
gic rhinitis patients.18 In contrast, a number of studies have  
reported that vitamin C has no effect on allergic sensitization19 
and allergic rhinitis.20

Since aerobic moderate exercise training has been shown  
to be effective for improving the health status of allergic rhi-
nitis patients,11-12 and data are equivocal as to whether vitamin 
C supplementation has positive effects on allergic rhinitis, an 
important question to answer is whether combining moderate 
aerobic exercise training with vitamin C supplementation will 
confer a greater protective effect in attenuating proinflam-
matory cytokine and allergic rhinitis symptoms compared to  
aerobic exercise training alone. Therefore, the primary aim 
of the present study was to evaluate the effects of moderate  
aerobic exercise training alone, and combined with vitamin C 
supplementation, on rhinitis symptoms, nasal cytokine secre-
tion, nasal blood flow (NBF), and peak nasal inspiratory flow 
(PNIF). It was hypothesized that combining moderate aerobic 
exercise training with vitamin C supplementation would be 
more effective than moderate aerobic exercise training alone in 
reducing the allergic response in rhinitis patients.

Methods
Study Design and Procedure

The sample size calculation were performed by using G*
power program at power = 0.9 and effect size = 0.4, the total 
sample size of 24 patients would be required. Rhinitis patients
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regimen consisted of 5 minutes of warm up and stretching, 
followed by walking and/or running on a treadmill (Landice, 
USA) at an intensity of 65-70% heart rate reserve for approxi-
mately 40 min, followed by a cool down for 5 min.

Dietary supplementation
The subjects ingested vitamin C tablets (The Government 

Pharmaceutical Organization, Thailand) 2 times/day (one pill  
of 1,000 mg in the morning and one in the evening) for 2  
months. The placebo and vitamin C tablets were identical in  
size and appearance to each other. The placebo tablets were 
manufactured by the Faculty of Sports Science, Chulalongkorn 
University.

General physiological characteristics
Heart rate (HR) and blood pressure were taken after a 

10-min rest period using digital sphygmomanometer (GE  
Dinamap CARESCAPE , V100 , USA.). Body composition was  
performed using a bioelectrical impedance analyzer (InBody 
220, Biospace, Seoul, Korea).

Pulmonary function
Pulmonary function (i.e. FVC and FEV1) was measured on 

all subjects using a calibrated computerized pneumotachograph 
spirometer (Spirotouch; Burdick, Inc., Deerfield, Wisconsin 
USA.) according to American Thoracic Society (ATS) recom-
mendations. Subjects performed three acceptable spirograms, 
of which the largest and second largest forced vital capacity 
(FVC) and FEV1 values did not vary by more than 0.15 L, and 
the best FEV1 and FVC maneuver kept for analysis.

Peak aerobic capacity
Each subject, wearing a nose clip, was required to run on a 

motorized treadmill (Landice, USA), which started at a speed 
of 1.7 mph, elevated at 10% and increased speed 0.8 mph and  
elevated 2% every 3 minutes (Bruce protocol) until volitional 
exhaustion. During the exercise test, HR was continuously  
monitored by ECG and breath-by-breath analysis of expired 
gases was accomplished by indirect open circuit calorimetry 
(Cortex Metamax 3B, Germany).

Blood collection and analysis
Blood samples were obtained from an antecubital vein. 

Plasma IgE and specific IgE were measured with the standard 
procedures of the certified clinical laboratory at King Chu-
lalongkorn Memorial Hospital. Plasma vitamin C concen-
trations were determined by Colorimetric Method in plasma 
after derivatization with 2,4-Dinitrophenyldrazine using spec-
trophotometer. The serum malondialdehyde (MDA) levels, a 
marker of oxidative stress, was determined using thiobarbituric 
acid reaction.21

Rhinitis symptoms
Nasal symptoms were assessed using Total Nasal Symp-

tom Score (TNSS) questionnaire.22 The subjects were asked to 
score symptoms of persistent allergic rhinitis before and after  
each exercise protocol. The total nasal symptom scores were  
computed as the sum of four individual nasal symptom scores; 
nasal congestion, itching, sneezing, and rhinorrhea. The scores 

ranged from 0 to 3 scale (0 = none, 1 = mild, 2 = moderate, 3 = 
severe). All participants, including the control group were  
supplied with a questionnaire and instructed to record their  
daily nasal symptoms.

Peak nasal inspiratory flow
Peak nasal inspiratory flow (PNIF) was measured using a 

peak nasal inspiratory flow meter (Clement Clark Internation-
al model IN-CHECK ORAL, UK.) attached to an anesthesia 
mask. During the procedure, the subjects placed a mask, which 
is turned onto a plastic cylinder through which the air passes 
during inspiration, over the nose and mouth and inspired  
forcefully through the nose, with lips tightly closed. Inside the 
cylinder, there is a diaphragm that moves to the airflow, and the 
maximum peak flow is registered in a scale range from 30-370 
L/min. During the procedure, the subjects placed a mask over 
the nose and mouth and inspired forcefully through the nose, 
with lips tightly closed. PNIF was measured before and after  
exercise. 

Nasal blood flow 
Nasal blood flow (NBF) was measured by laser doppler 

flowmetry (DRT4 moor instrument, UK.). All subjects rested in 
a room for 1 hour before the test. They were advised to breathe 
normally and not to cough, speak or move during the test. A 
side delivery endoscopic probe with a flexible nylon sleeve with 
a diameter of 1.34 mm was placed on the anterior surface of the 
nose. The nasal blood flow values before and after exercise in 
each protocol were then measured. 

Nasal challenge by house dust mite
Each subject underwent a nasal challenge to house dust mite 

allergen (ALK, Hørsholm, Denmark). Bilateral nasal provoca-
tion used a nasal spray (metered-dose bottle) delivering a fixed 
volume of 0.125 mL/puff, with 1 puff in each nostril containing 
1000 AU/ml of D. pteronyssinus.22 In pre-test and post-test, nasal 
secretion cytokine levels i.e. IL2 and IL4 were measured at base-
line and after 5 minutes nasal challenge. Rhinitis symptoms, 
PNIF and NBF were measured at baseline, after 5, 15, 30, 45 and 
60 minutes nasal challenge.

Nasal secretion collection and handing
Nasal secretion collection was performed bilaterally with  

filter paper strips (7 × 30 mm Whatman No.42, Whatman, Clif-
ton, NJ). Three filter paper strips were sequentially placed on 
each anterior portion of the inferior turbinate for 10 min. The 
filter paper strips were collected and put in test tubes, and then 
centrifuged at 3,000 rpm for 5 min at 4 °C, after which the loose 
nasal secretions were immediately frozen at -70 °C until later 
analysis.

Cytokines analysis
Nasal secretion values of cytokines, IL-2 and IL-4 were  

acquired. The cytokine levels in nasal secretions were deter-
mined using the human Th1/Th2/Th9/Th17/Th22 13 plex 
FlowCytomix Multiplex kits (Bender MedSystems, Vienna, 
Austria) according to the manufacturer’s instructions. In brief, 
twenty-five microliters were incubated with two different sizes 
of polystyrol beads: 5.5 and 4.5 micron, coated with capture 
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antibodies. After incubation, biotinylated detector antibodies 
and streaptavidin-PE were added. Data were acquired 1500 
events within small beads (R2 beads) using a flow cytometer 
(BD FACSCalibur Flow Cytometer, USA). All data were ana-
lyzed by FlowcytomixTM Pro software (eBioscience, USA.).

Statistical Analysis
Data were analyzed using SPSS version 17 for Windows  

statistical software. The normality of the distribution of the  
variables was tested using a Shapiro-Wilk test. A Two way 
(group × time: 3 × 2) analysis of variance, followed by LSD  
multiple comparison test, was used to determine the signifi-
cant differences in general physiological characteristics, plasma  
vitamin C and MDA. Data are expressed as mean ± SEM.  
Rhinitis symptoms and total/specific IgE data were expressed  
as median values and compared by the Mann-Whitney test.  
Statistical difference was set at p < 0.05.

Results
As shown in Figure 1, the eligible participants were ran-

domly allocated into three groups: sedentary control (CON;  
n = 11), aerobic exercise training group (EX; n = 11), and  
aerobic exercise training combined with vitamin C supplemen-
tation group (EX + Vit.C; n = 11). A total of 6 subjects dropped 
out of the study. The three control subjects dropped out from 
scheduling difficulties. Three subjects dropped out from the 
exercise groups due to scheduling difficulties and physical  
discomfort. Therefore, the CON, Ex and Ex + Vit. C group were 
comprised of 8 (Male = 3, Female = 5), 9 (Male = 3, Female = 6) 
and 10 (Male = 3, Female = 7) subjects, respectively.

General physiological characteristics
General characteristics are shown in Table 1. There were 

no significant differences in blood pressure, lung function and  
total and specific IgE among three groups of subjects. Both 

Figure 1. CONSORT 2010 flow diagram of participant allocation, follow-up and analysis.

Excluded (n = 12)
•	Not meeting inclusion criteria (n = 7)
•	Declined to participate (n = 5)

Randomized (n = 33)

Enrollment

Allocation

Follow-Up

Analysis

Sedentary control group (CON; n = 11)
•	 Intervention: -

Aerobic exercise training group (EX; n = 11)
•	 Intervention: Walk/Run at 65-70%HRR, 

30 minutes/time, 3 days/week, 8 weeks + 
Placebo

Assessed for eligibility (n = 45)

Aerobic exercise training combined with 
vitamin C supplementation group (EX + 
Vit.C; n = 11)
•	 Intervention: Walk/Run at 65-70%HRR, 

30 minutes/time, 3 days/week, 8 weeks + 
Vitamin C 2,000 mg/day

Lost to follow-up (n = 3)
•	Scheduling difficulties (n = 3)

Discontinued intervention (n = 2)
•	Scheduling difficulties (n = 1)
•	Physical discomfort (n = 1)

Discontinued intervention (n = 1)
•	Physical discomfort (n = 1)

•	Included in analysis (n = 8)
•	Excluded from analysis (n = 0)

•	Included in analysis (n = 9)
•	Excluded from analysis (n = 0)

•	Included in analysis (n = 10)
•	Excluded from analysis (n = 0)
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the EX and EX + Vit. C groups had significantly increased  
VO2peak (p = 0.004, p = 0.021) and significantly decreased 
resting heart rate (p = 0.003, p = 0.001) and plasma malondi-
aldehyde (MDA) levels (p = 0.000, p = 0.000) after 8 weeks of 
training and also significant difference (all p < 0.05) from CON 
group. Moreover, the plasma Vitamin C concentrations in the 
Ex + Vit.C group were significantly higher (p = 0.012) than 
pre-test values and significant difference from CON (p = 0.022) 
and EX (p = 0.027) groups. Total and specific IgE among three 
groups were not significant differences.

Rhinitis symptoms
After 8 weeks, the both EX and EX + Vit. C groups had  

significantly decreased in rhinitis symptoms such as nasal  
congestion (p = 0.015, p = 0.002), itching (p = 0.009, p = 0.004), 
sneezing (p = 0.013, p = 0.005), rhinorrhea (p = 0.012, p = 0.014) 
and total rhinitis symptoms (p = 0.001, p = 0.002). In addition, 
total rhinitis symptoms score was significantly lower in EX + 

Table 1. The comparison of percent difference of the general physiological characteristics variables among in control group 
(CON), exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C).

Variables
CON (n = 8) EX (n = 9) EX + Vit. C (n = 10)

Pre-test Post-test Pre-test Post-test Pre-test Post-test

Resting heart rate (b/min.) 78.12 ± 2.52
(71.37, 84.87)

80.25 ± 1.46
(74.46, 86.03)

79.33 ± 3.17
(72.97, 85.69)

72.55 ± 2.43*†

(67.10, 78.00)
83.40 ± 3.28

(77.36, 89.43)
75.60 ± 3.26*†

(70.43, 80.77)

Systolic BP (mmHg) 118.89 ± 3.22
(109.18, 127.56)

114.11 ± 3.64
(115.72, 133.77)

113.16 ± 4.23
(107.22, 124.55)

113.00 ± 5.44
(105.60, 122.62)

112.10 ± 3.88
(103.88, 120.31)

108.10 ± 3.53
(100.02, 116.17)

Diastolic BP (mmHg) 74.12 ± 2.78
(65.86, 82.38)

74.12 ± 2.74
(67.54, 80.71)

73.11 ± 4.53
(65.32, 80.89)

69.22 ± 3.86
(63.02, 75.42)

70.10 ± 3.59
(62.71, 77.48)

65.50 ± 2.24
(59.61, 71.38)

FVC (Liters) 3.08 ± 0.25
(2.57, 3.59)

2.93 ± 0.27
(2.41, 3.45)

2.56 ± 0.20
(2.07, 3.04)

2.64 ± 0.20
(2.14, 3.13)

2.63 ± 0.23
(2.17, 3.08)

2.71 ± 0.23
(2.24, 3.18)

FEV1 (Liters) 2.69 ± 0.25
(2.14, 3.23)

2.70 ± 0.24
(2.22, 3.17)

2.50 ± 0.17
(1.99, 3.01)

2.59 ± 0.16
(2.14, 3.04)

2.16 ± 0.28
(1.67, 2.64)

2.52 ± 0.23
(2.09, 2.95)

Body fat (%) 21.30 ± 3.59
(13.18, 29.41)

21.35 ± 3.52
(13.77, 28.92)

26.55 ± 4.26
(18.90, 34.20)

26.07 ± 3.90
(18.93, 33.22)

21.52 ± 3.21
(14.26, 28.77)

20.64 ± 2.97
(13.86, 27.41)

VO2peak (ml./kg./min.) 34.50 ± 2.44
(28.95, 38.79)

32.28 ± 2.72
(26.77, 37.22)

31.00 ± 1.76
(26.36, 35.63)

33.88 ± 1.46*†

(28.96, 38.81)
33.11 ± 2.13

(29.70, 38.49)
35.44 ± 2.52*†

(31.53, 40.86)
¥ Total IgE (IU/ml) 229.50 289.50 271.00 236.00 233.50 215.50

¥ D.pteronyssinus specific IgE (kUA/L) 0.18 0.21 15.89 25.71 9.04 13.66

Plasma Vit C (mg/dl) 1.33 ± 0.17
(0.99, 1.66)

1.10 ± 0.12
(0.83, 1.38)

1.27 ± 0.17
(0.95, 1.58)

1.13 ± 0.15
(0.87, 1.39)

1.19 ± 0.10
(0.89, 1.49)

1.54 ± 0.09*†‡

(1.29, 1.79)

MDA (µmol/L) 0.36 ± 0.07
(0.19, 0.52)

0.48 ± 0.13
(0.35, 0.61)

0.60 ± 0.07
(0.44, 0.75)

0.20 ± 0.01*†

(0.79, 0.32)
0.57 ± 0.13
(0.42, 0.71)

0.24 ± 0.05*†

(0.12, 0.35)

Data are presented as mean ± SEM. (¥ are median.) FVC = Forced Vital Capacity, FEV1 = Forced Expiratory Volume in 1 sec, VO2peak = Peak oxygen consumption, 
MDA = Malondialdehyde * p < 0.05 vs. pre-test †p < 0.05 vs. CON ‡p < 0.05 vs. EX 

Table 2. The comparison of percent difference of the rhinitis symptoms variables among in control group (CON), exercise group 
(EX) and exercise combined vitamin C supplementation group (EX + Vit. C).

Variables
CON (n = 8) EX (n = 9) EX + Vit. C (n = 10)

Pre-test Post-test Pre-test Post-test Pre-test Post-test

Nasal congestion 2.00 2.00 2.00 1.00* 2.00 1.00*†

Itching 3.00 2.00 3.00 1.00* 2.00 1.00*

Sneezing 2.00 2.00 2.00 1.00* 2.00 1.00*†

Rhinorrhea 2.00 2.00 2.00 1.00* 2.00 1.00*

Total rhinitis symptoms 9.50 7.50 8.00 5.00* 8.00 3.50*†

Data are Median. * p < 0.05 vs. pre-test †p < 0.05 vs. CON 

Vit.C group (3.50) compared with pre-test (7.50, p = 0.015) 
and CON group (7.50, p = 0.004) (Table 2). Furthermore, Ex 
group had significantly decreased in total rhinitis symptoms 
difference from CON group (p = 0.000). After nasal challenge, 
no changes in total rhinitis symptoms was found in the CON  
group (Figure 2A) but the total rhinitis symptoms in both EX 
(Figure 2B) and EX + Vit. C (Figure 2C) groups had signifi-
cantly decreased at 15, 30, 45 and 60 minutes compare with  
pre-test (all p = 0.000).

Peak nasal inspiratory flow and nasal blood flow
After 8 weeks, both the EX and EX + Vit. C groups had  

significantly increased (p = 0.000, p = 0.016) PNIF (Figure 3A) 
and significantly decreased (p = 0.002, p = 0.018) NBF (Figure 
3B) compared with pre-test.

After nasal challenge for 60 minutes, the CON group did 
not showed any significant difference in PNIF (Figure 4A) and 
NBF (Figure 4B). The both exercise groups had a significantly
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Figure 3. The comparison of peak nasal inspiratory flow (PNIF) (A.) and nasal blood flow (NBF) (B.) between pre- and post-train-
ing in control group (CON), exercise group (EX) and exercise combined vitamin C supplementation group (EX + Vit. C).
Data are presented as mean ± SEM. * p < 0.05 vs. Pre-test

A.

B. C.

*

*
* *

*

*
* *

Figure 2. The comparison of total rhinitis symptoms after nasal challenge by house dust mite (D.pteronyssinus) between pre- 
and post-training in control group (A.), exercise group (B.) and exercise combined vitamin C supplementation group (C.).
Data are presented as mean ± SEM. * p < 0.05 vs. Pre-test.

**

*
*

Pre-test

Post-test

Pre-test

Post-test

A. B.
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Figure 4. The comparison of peak nasal inspiratory flow (PNIF) and nasal blood flow (NBF) after nasal challenge by house dust 
mite (D.pteronyssinus) between pre- and post-training in control group (A. and D.), exercise group (B. and E.) and exercise  
combined vitamin C supplementation group (C. and F.).
Data are presented as mean ± SEM. *p < 0.05 vs. pre-test.

higher (all p = 0.000) PNIF when compared with pre-test at 
baseline and 60 minutes (Figure 4C and 4E) after nasal chal-
lenge. NBF decreased significantly after 5 (p = 0.000, p = 0.004) 
and 15 (p = 0.001, p = 0.048) minutes of nasal challenge com-
pared with pre-test in the both EX and EX + Vit. C groups as 
shown in figure 4D and 4F.

Cytokines levels in nasal secretion
At pre-test, there were no significant difference in IL-2  

(Figure 5A) and IL-4 (Figure 5C) among three groups at 

A.

C.

E.

*

*

*
*

B.

D.

* * *

**

F.

Pre-test Post-test

baseline and after nasal challenge by house dust mite (D.pter-
onyssinus). After 8 weeks, the both EX and EX + Vit. C groups 
had significantly higher (p = 0.024, p = 0.019) baseline IL-2 
(Figure 5B) and significantly lower (p = 0.012, p = 0.025)  
baseline IL-4 (Figure 5D) compared with the control group. 
Besides, both EX and EX + Vit. C groups had significantly 
decreased (p = 0.001, p = 0.008) in IL-4 when compared with 
pre-test (Figure 5D). After nasal challenge by house dust mite 
(D.pteronyssinus), the IL-2 in the both EX and EX + Vit. C 
groups was significantly higher (p = 0.018, p = 0.010) than the 
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compared to control patients were also shown. However, 
the total and specific-IgE to house dust mites did not change  
between pre- and post-tests in either group.

The present study showed that aerobic exercise training 
reduced allergic rhinitis symptoms. The reduction in rhini-
tis symptoms following the aerobic exercise training may be 
due to decreased nasal resistance resulted from decreased  
sympathetic vasoconstriction in the nasal mucosa.23 The  
fall in nasal resistance may be caused, at least partly, by  
reducing blood flow,24 leading to reduced nasal congestion.25  
Our finding that PNIF increased following aerobic exercise  
training is in agreement with Marioni et al.26 who reported  
that the mean PNIF after prolonged exhaustive exercise was 

Discussion
The principal finding of the present study is that both  

exercise training alone and exercise training combined with 
vitamin C supplementation reduced rhinitis symptoms in  
allergic rhinitis patients. The improvement in clinical symp-
toms, as a consequence of aerobic training, was supported by 
reduced nasal blood flow and peak nasal inspiratory flow rate. 
Besides, the increased IL-2 and decreased IL-4 cytokine levels

A. B.

C. D.

Figure 5. The comparison of cytokine levels in nasal secretion at baseline and after 5 minutes nasal challenge between pre-test 
and post-test and among three groups of subjects: control group (CON), exercise group (EX) and exercise combined vitamin C 
supplementation group (EX + Vit. C).
Data are presented as mean ± SEM. *p < 0.05 vs. pre-test †p < 0.05 vs. CON

Pre-test Post-test

†
†

† †

†
†

††* *

Baseline Challenge

CON group (Figure 5B) but the IL-4 in the both EX and EX 
+ Vit. C groups were significantly lower (p = 0.009, p = 0.012) 
than the CON group (Figure 5D).
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significantly higher than the mean PNIF value found before  
exercise. They suggested that PNIF sensitivity and reliability 
also in determining the changes in nasal patency, which  
occurred after physical exercise.

Allergic inflammation is associated with the production 
of IL-4, IL-13, and IL-5, which are responsible for IgE pro-
duction by B cells, eosinophil activation and recruitment, and 
mucus production.2 A recent study reported that the higher  
levels of IL-4 occur in the nasal fluid of allergic rhinitis patients 
compared to non-allergic controls.27 In contrast, differentiated 
Th1 cells secrete interferon-γ and IL-2, which are important 
in intracellular destruction of phagocytosed microbes.28 In 
the present study, no significant changes in terms of total IgE 
and specific IgE to house dust mites were detected after 8 
weeks of aerobic exercise training. However, we did observe  
that, following the aerobic exercise training, IL-4 levels were  
significantly lower than pre-training at baseline and after  
nasal challenge with house dust mite. It has been suggested  
that aerobic exercise training could be attributed to decrease 
levels of IL-4.29-30 Nevertheless, Shimizu et al.31 found that 
moderate exercise training 5-days a week for 6 months did not 
change in IL-4 cytokine in blood.

In the present study, IL-2 levels in nasal secretion increased 
in patients following the moderate exercise training compared 
to those in the control group. Arai et al.32 reported that long-
term endurance training can enhance IL-2 production com-
parable to levels found in young male subjects indicating that 
chronic exercise could delay immunosenescence. According to 
our data, we suggest that the improvement in clinical symptoms 
in allergic rhinitis patients may be a consequence of a cytokine 
deviation after regular exercise training. Previous studies have 
reported that the anti-inflammatory effects of aerobic exercise 
training could be attributed to decrease levels of IL-4, IL-5, IgE, 
and also an increase in anti-inflammatory cytokines.29-30 The  
potential mechanism as to how moderate exercise training 
modulates the cytokine response has not clearly been eluci-
dated. One possible mechanism is that the improvement in  
VO2peak following the aerobic exercise training may attenu-
ate oxidative stress which in turn, may alter the inflammatory  
cytokine expression pattern.34 The moderate exercise training 
-induced improvement in inflammatory status may also result 
from the reduction of antigen-specific T helper cells migration 
due to decreasing chemokine receptor function in these sub-
jects.34 Since plasma MDA declined after 8 weeks of aerobic 
exercise training, we speculate that moderate exercise training 
conferred a beneficial effect by ameliorating oxidative stress, 
possibly as a result of a deviation of cytokine response in nasal 
secretion after exercise.

In the present study, it was clearly seen that nasal symp-
toms, peak nasal inspiratory flow, and nasal blood flow in both  
patient groups who underwent exercise training alone, and  
exercise training plus vitamin C supplement, were significantly 
improved compared to baseline symptoms and significantly 
better compared to data in the control patients; however,  
there was no significant difference between the aerobic  
exercise training and exercise training plus vitamin C group.  
As the normal range (0.6-2.0 mg/dL)35 of vitamin C status in 
our allergic rhinitis participants, supplemental vitamin C  
is not likely to show any benefit. Our study suggests that the 

Conclusions
The present study demonstrate that both aerobic exercise 

training alone and aerobic exercise training combined with  
vitamin C have beneficial effects in allergic rhinitis patients by 
reducing rhinitis symptoms. The extensive benefits on immune 
function were to improve cytokine deviation by increase IL-2 
and decrease IL-4. Moreover, cardiorespiratory and clinical 
symptoms (PNIF and NBF) improvement as well as oxidative 
stress reduction were found in patients with allergic rhinitis 
following aerobic exercise training. This study clearly confirms 
that aerobic exercise significantly improved clinical of allergic 
rhinitis and cytokine profiles. However, due to the limited  
power of our small sample size, we were unable to determine 
as to whether adding vitamin C supplementation to exercise 
would confer a greater benefit than exercise alone in improv-
ing the clinical response in allergic rhinitis patients. A larger  
randomized controlled trial is thus warranted.
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