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Introduction: Respiratory tract infections are health issues across the world, which impose high
economic costs on families. Studies have shown that regular exercise and vitamin C supplementation
positively influence health. The present study aimed to investigate the effects of 12 weeks of regular
exercise and vitamin C supplementation on respiratory tract infections in male students.
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Methods: This clinical trial was conducted on 120 high school students, who were randomly assigned
to four groups of 30, including placebo, exercise, exercise with vitamin C supplementation, and
vitamin C supplementation. Groups two and three performed the selected exercises three sessions
per week for 12 weeks. Groups three and four consumed three vitamin C tablets (250 mg) per week.

Keywords: Data were recorded on the duration of infection (day), frequency of the cases, and week of the first
Exercise respiratory infection during the research period. Data analysis was performed in SPSS version 22
Vitamin C using one-way ANOVA and Tukey’s post-hoc at the significance level of P<0.05.
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Mzslrenra 0;}; 1}111 e 122}51001 Results: The duration of respiratory infections in the exercise group was significantly shorter
students & compared to the placebo group (P=0.001) and vitamin C group (P=0.02), also it was significantly

shorter in the exercise group (P=0.007) and vitamin C group (P=0.007) compared to the exercise with
vitamin C group. In the exercise with vitamin C group, the first week of pulmonary infection was
longer than the vitamin C group (P=0.04).

Conclusion: According to the results, regular exercise could effectively prevent respiratory infections
in the male high school students, while the effectiveness of vitamin C was dose-dependent; therefore,
more investigations should be focused on vitamin C supplementation.
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Introduction

Lower respiratory tract infections are prevalent
in children; they are commonly caused by viruses
and lead to numerous health risks (1). The
pathogenic causes of respiratory infections are
not utterly clear as a variety of factors such as
viruses, bacteria, and fungal-dependent
pathogenic infections contribute to these
infections (2). Acute respiratory infections
encompass several disorders (e.g., bronchiolitis,
colds, and sore throats) and have been reported
in various developed countries, such as
Switzerland, Italy, and the United States. The
patients must refer to a physician multiple times,
which imposes high economic costs and causes
other issues for children and their families (3).
Due to the insidious and progressive nature of
these diseases, they are likely to impair 50% of
the respiratory function before diagnosis, which

in turn increases the risk of chronic pulmonary
diseases, such as respiratory failure, pneumonia,
right-side heart failure (delivering blood to the
lungs), reduced quality of life, and depression
(4).

The consequences of respiratory infections
adversely affect the educational quality of
students. Due to the low effectiveness of drug
therapy associated with diagnostic problems,
respiratory rehabilitation seems to be a viable
option to alleviate and improve patients. In
addition, exercise has been recommended by
researchers in this regard (4, 5). Previous
findings have indicated that 12 weeks of exercise
combined with respiratory exercises could
improve the pulmonary function and maximum
oxygen consumption (VOzmax), while reducing
depression in women with mild-to-moderate
asthma (6). Furthermore, eight weeks of
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modified Pilates training has been shown to
enhance the pulmonary function and quality of
life of older adults with pulmonary diseases (7).
On the other hand, a study in this regard showed
that respiratory exercises have no significant
effects on some pulmonary function markers in
patients with chronic obstructive pulmonary
disease (8).

Given the discrepancy in the results of sports
science studies, it seems that nutrition plays a
pivotal role in the quantity and quality of
respiratory diseases and the improvement of the
pulmonary function. As such, the World Health
Organization (WHO) affirms the role of nutrition
in reducing the risk of acute respiratory
infectious diseases. Moreover, vitamin D
consumption has been reported to effectively
prevent acute pulmonary infections and reduce
the risk factors of the acute respiratory distress
syndrome (ARDS) (9). Studies have also
confirmed the antioxidant properties of
intravenous vitamin C to specifically address the
cytokine storm features of ARDS, which occur in
the later cycle of the COVID-19 infectious disease
(9). Accordingly, one gram of vitamin C per day
could reduce the risk of catching colds (10), while
2-4 grams of vitamin C significantly decrease the
risk of catching colds (11).

Evidence suggests that vitamin C could decrease
the risk of coronavirus infection (2019-nCoV) by
improving the immune function. With the
outbreak of the global disease 2019-nCoV and
other respiratory disorders, which have become
major global health concerns, extensive research
has become essential for the prevention and
treatment of pulmonary diseases, especially in
children and adolescents (12). To date, limited
studies have investigated the interactive effects
of exercise and vitamin C on the incidence of
pulmonary diseases, and no research has been
focused on the simultaneous effects of exercise
and vitamin C on the clinical causes of these
disorders.

The present study aimed to investigate the
effects of 12 weeks of regular exercise with
vitamin C supplementation in winter on the rate
of respiratory tract infections in male high school
students in the 17t district of Tehran, Iran.

Materials and Methods

This clinical trial was conducted with a pretest-
posttest design and a control group. Initially, the
authors announced the conduction of the study
to all the high schools of the second period in the
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17t district of Tehran, and two high schools were
selected via cluster sampling. At the next stage,
the research objectives and the potential benefits
and limitations were explained to the
participants. In total, 120 students aged 15-18
years, with the height of 160-175 centimeters,
weight of 62-70 kilograms, and no history of
cardiovascular diseases, cancer, acute
pulmonary diseases, and other certain diseases
to affect the research process were randomly
selected as the sample population. Written
informed consent was obtained from the
participants prior to enrollment.

In the pretest phase, data were collected using a
researcher-made checklist to assess the rate of
respiratory tract infections, which contained
data on viral and bacterial infections. The
subjects were randomly divided into four groups
of 30, including placebo, exercise, exercise with
vitamin C supplementation, and vitamin C
supplementation.

Exercise Training Protocol

The exercise groups performed the selected
exercises for 12 weeks three sessions per week
(total: 36 sessions, 90 minutes each). The
exercises consisted of general aerobic and
stretching warm-ups and special combination
exercises (10 minutes), skill training or review of
the techniques and tactics (20 minutes), handball
and futsal sports on the field of exercise (50
minutes), and aerobic and stretching exercises
for cool-down (10 minutes) (13). The vitamin C
supplementation groups received three vitamin
C tablets (250 mg each) weekly during the study
period (14).

The experimental protocol of the study was
approved by the Ethics Committee of Tehran
Islamic Azad University of Medical Sciences
(code: IR.IAU.TMU.REC.1399.109).

Measurement Variables

The rate of upper respiratory tract infection was
measured by comparing several variables in the
four groups of students during the 12-week
intervention. The variables were applied to the
groups, and the obtained results were controlled
and recorded by the researcher based on the
degree of viral (mild) or bacterial infection
(severe), disease duration, disease severity, and
disease symptoms during the study.

Statistical Analysis
Data analysis was performed in SPSS version 22
using the Shapiro-Wilk test to assess the normal
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distribution of the data. In addition, the
differences between the groups were evaluated
using one-way analysis of variance (ANOVA)
with Tukey’s post-hoc test at the significance
level of P<0.05.

Results

The demographic characteristics of the subjects
are presented in Table 1, and Table 2 shows the
mean duration of the respiratory infections
(day), frequency of the respiratory infections,
and week of respiratory infections in the
research groups. The results of one-way ANOVA
indicated significant differences in the duration
of pulmonary infections (P=0.001) and
frequency of pulmonary infections (P=0.051)
between the groups, while no significant
difference was observed in terms of the week of
pulmonary infections (P=0.048).

The results of the Tukey’s post-hoc test indicated
no significant difference in the duration of the
respiratory infections (day) in the placebo group
compared to the vitamin C (P=0.56) and exercise
with vitamin C groups (P=0.19). However, the
number of the days of respiratory infections was
significantly smaller in the exercise group
compared to the placebo group (P=0.001). In
addition, the number of days of respiratory
infections in the exercise group was significantly
smaller compared to the vitamin C group
(P=0.02), while it was smaller in the vitamin C

group compared to the exercise with vitamin C
group (P=0.007). The duration of the respiratory
infections in the exercise group was significantly
shorter compared to the exercise with vitamin C
group (P=0.001).

Our findings demonstrated no significant
difference in the frequency of pulmonary
infections in the vitamin C (P=0.15), exercise
(P=0.072), and exercise with vitamin C groups
(P=0.99) compared to the placebo group.
Furthermore, no significant difference was
observed between the exercise group (P=0.98)
and exercise with vitamin C group (P=0.15)
compared to the vitamin C group in this regard,
and no significant difference was denoted
between the exercise group and exercise with
vitamin C group (P=0.072).

The obtained results showed no significant
difference in the first week of the pulmonary
infections in the vitamin C (P=0.51) and exercise
groups (P=0.88) compared to the placebo group,
while in the exercise with vitamin C group, the
first week of pulmonary infections was longer
than the vitamin C group (P=0.04). However, no
significant difference was observed between the
exercise group (P=0.91) and exercise with
vitamin C group (P=0.059) compared to the
vitamin C group in this regard, and no significant
difference was observed between the exercise
group and exercise with vitamin C group
(P=0.23).

Table 1. Demographic characteristics of research subjects in the four groups

Groups Age Height Weight

Placebo 16.00 £ 1.71 168.83+ 8.89 68.50+ 3.11
Vitamin C 16.80 £ 1.10 170.02 +5.17 67.80+ 3.71
Exercise training 17.00 £ 1.24 173.25+4.28 68.90 + 4.50
Exercise training + Vitamin C 16.11 £ 1.90 171.48+5.35 66.80 £ 5.71

Table 2. Mean * standard deviation of variable’s in the research groups

Groups Number of days of Frequency of respiratory Week of respiratory
respiratory infections infections infections
Placebo 4.70 £ 2.96 1.23+ 0.56 5.13+2.88
Vitamin C 3.83 +2.29 ¥ 1.03+0.18 6.20+ 3.23
Exercise training 1.93 +1.96 *** €, ¥¥ 1.0+ 0.01 570+ 2.71
Exercise training + Vitamin C 6.03 £2.97 1.23+0.43 716+3.11€

Discussion

The results of the present study indicated that
regular exercise could reduce the number of the
days and frequency of respiratory infections in
the male high school students. Previous studies
have shown that the main cause of colds and
pulmonary infections are microorganisms, and
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these infections impose high economic costs on
every community (15, 16).

Via the salivary immunoglobulin A modulation
mechanism, exercise seems to enhance the
immune function against environmental viruses,
increase the differentiation of Th1-type immune
cells to Th2, increase the immune function,
improve anti-inflammatory factors (e.g,
interleukin 10), and reduce pro-inflammatory
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cytokines (e.g., interferon-gamma, interleukin-1
receptor, and tumor necrosis factor receptor
alpha), thereby improving the expression of M
antigen and leading to the development of
phagocytosis-cytotoxic activity in the mucosa
(13).

Previous findings have also demonstrated that
low- and moderate-intensity exercise could
maintain respiratory muscle strength, protect
against airway obstruction by removing excess
respiratory tract secretions, and improve the
respiratory function or respiratory gas exchange
in the alveoli (7). On the other hand, evidence
suggests that depending on intensity and
duration, exercise could improve general health
and significantly reduce the incidence, duration,
and frequency of pulmonary infections (15). For
instance, Lee et al. reported that the duration
(day) of colds in athletes was lower than non-
athletes (17). Furthermore, high-intensity
exercise has been shown to increase the number
of the days of acute pulmonary infections, while
moderate-intensity exercise has been reported
to reduce the number of the days of acute
pulmonary infections in athletes (13).

According to another research in this regard,
eight weeks of modified Pilates training could
improve pulmonary function (7). In the present
study, vitamin C consumption had no significant
effect on the duration, frequency, and week of
pulmonary infections in the male high school
students. The researchers believe that by
participating in the structure of antioxidants as a
cofactor, vitamin C could increase antioxidant
activity and enhance anti-inflammatory activity.
In addition, increased vitamin C levels could
restore a-tocopherol from radical tocopherols,
thereby improving the pulmonary and
respiratory function and antioxidant activity
against pulmonary infections (18).

According to the literature, consuming 100
milligrams of vitamin C per day improves the
immune function, and the consumption of up to
two grams per day has been recommended for
adults by the US Food and Drug Administration
(FDA). The only side-effect of high doses of
vitamin C has been reported to be diarrhea, and
no other complications have been confirmed for
vitamin C supplementation. In addition,
consuming 1000 milligrams of vitamin C per day
could be beneficial and uncomplicated for
pneumonia patients (19). According to previous
findings, vitamins C, E, and D could effectively
prevent acute pulmonary infections (18, 19). In
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line with the results of the present study,
receiving 10-15 milligrams and 0.3 gram of
vitamin C per day has been reported to be
insufficient for the prevention of acute
pulmonary diseases and pulmonary obstruction
in males (20), while 2-4 grams of vitamin C could
decrease the risk of catching a cold more
significantly (19).

In the current research, the non-significant
effects of vitamin C consumption on the duration,
frequency, and week of pulmonary infections
were dose-dependent. In our study, age was
another influential factor in determining the
effectiveness of vitamin C in the prevention or
improvement of pulmonary infections. The
common dose of vitamin C was observed to
reduce the risk of colds and shorten their
periods, while also improving pulmonary
function (21).

According to the results of the present study,
exercise combined with vitamin C consumption
had no significant effects on the duration,
frequency, and week of pulmonary infections in
the male high school students. However, exercise
compared to vitamin C consumption and exercise
with vitamin C consumption decreased the
duration and frequency of respiratory infections.
According to the literature, regular and long-
term moderate-intensity exercise could prevent
pulmonary infections via immune-boosting
mechanisms, the differentiation of Th1 to cell-to-
Th2 defenses, increasing anti-inflammatory
factors, decreasing anti-inflammatory cytokines,
improving the expression of Md¢ antigen,
development of phagocytosis cytotoxicity in the
mucosa, prevention of pulmonary infections
(13), maintenance of respiratory muscle
strength, protection of airway pressure by
eliminating the excessive secretions of the
respiratory tract, and improvement of
respiratory efficiency (7). By participating in the
structure of antioxidants, vitamin C also
increases antioxidant and anti-inflammatory
activities and regenerates a-tocopherols from
tocopherol radicals, thereby enhancing the
pulmonary and respiratory function and
preventing pulmonary infections (18). Notably,
factors such as dosage, age, and geographical
area have also been reported to be effective in the
prevention of pulmonary infections and
improving disease symptoms (19-21). In
addition to vitamin C, other structural vitamins
such as vitamins E and D have also proven
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effective in building antioxidants and protection
against pulmonary diseases (18,19).

One of the limitations of the present study was
failure to measure salivary immunoglobulin
levels, and it is recommended that the levels of
these physiological variables be evaluated in the
further investigations in this regard. Moreover,
we were not able to examine various doses of
vitamin C, and it is suggested that these
limitations be addressed in similar studies as
well.

Conclusion

According to the results, regular exercise could
effectively prevent respiratory infections in the
male high school students. However, the
effectiveness of vitamin C depended on the
dosage and age of the individuals, and further
investigations in this regard should be focused on
vitamin C.
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