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Abstract

Background: Altitude training has often been conducted just before
main competition games in many sports. An increase in the frequency
of upper respiratory tract infections and gastrointestinal infections due
to an altitude-induced suppression of the immune system has been
reported after altitude training. Salivary secretory immunoglobulin A
(SIgA) is the major immunoglobulin of the mucosal immune system.
A suppressive effect of heavy training on SIgA has been reported.
However, little is known regarding the effects of repetitive altitude
training and hypoxic exposure on SIgA. The objective of this study
was to evaluate the changes in SIgA in swimmers undergoing repeti-
tive altitude training at 1,900 m.

Methods: Nine collegiate swimmers who experienced their first alti-
tude training experience (FT group) were compared to nine swimmers
who experienced repetitive training (RT group) and non-training sub-
jects (Con group). Saliva was collected before ascent and eight times
every 2 days during altitude training. SIgA levels were measured by
enzyme-linked immunosorbent assays.

Results: Compared to the Con group, SIgA levels and the secretion
velocity were decreased after ascent and were slowly restored in both
the FT and RT groups. The chronological trends in SIgA levels were
similar, even though the decline in SIgA levels in the FT group was
larger than that in the RT group.

Conclusion: Altitude training and experience with altitude training
may be one of the factors influencing SIgA.
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Introduction

Altitude training has been conducted in athletes since the
1960s in order to enhance the oxygen delivery to their periph-
eral tissue and to improve their aerobic capacity due to the
erythropoiesis associated with acclimatization. Currently, the
training is applied as a general training with the aim of enhanc-
ing aerobic capacity playing an important role in the physical
preparation of athletes around the world [1, 2]. Among ath-
letes of competitive sports, altitude trainings are often done not
only just before competitive events, but also during training
periods in order to attain higher performances. Therefore, alti-
tude training is an option in the annual swim training program
among Japanese top elite swimmers, and it is not unusual that
swimmer undergoes altitude training several times within a
training season. Indeed, swimmers are amongst those athletes
who use altitude training most often [3, 4].

Athletes can attain oxygen loads that they cannot get at
sea level through altitude training. However, some researchers
have suggested that the frequency of symptoms of the common
cold or flu, such as rhinorrhea, nasal discharge, sore throat and
gastrointestinal symptoms, such as diarrhea, are relatively high in
athletes after altitude training [1, 5]. These symptoms can easily
lead to deterioration in their conditions and performances. Fur-
thermore, symptoms that are similar to those of high mountain
sickness are commonly observed as part of the infection-related
symptoms, and, thus, it is often difficult to distinguish between
infection and high mountain sickness. Bailey et al [1] suggested
that an increase in stress hormones, such as cortisol, is one of the
factors resulting in the deterioration in their conditions, but little
is known about the impact of altitude training on the immune
system. It is important that swimmers maintain their physical
condition during high altitude training, which is important for en-
hancing performance at competitive events, and if one swimmer
undergoes altitude training several times, the interval between
the altitude trainings and/or the intensity of the second training
are the cornerstones for making the training successful and safe.

Salivary secretory immunoglobulin A (SIgA) is the ma-
jor immunoglobulin of the mucosal immune system. The sup-
pressive effect of heavy training on mucosal immunity and the
effect of exercise on SIgA secretion have been documented.
However, little is known regarding the influence of hypoxia
and repetitive hypoxic exposure on SIgA.

Thus, the aim of this study was to examine the effects of
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Table 1. Characteristics of the Study Groups

FT (n=9) RT(m=9) Con(n=5)
Age (years)  19.6+1.2 203+1.1  24.643.6%%x
Height (m) 169+ 0.05 1.73£0.09  1.69+0.06
Weight (kg)  64.1+4.1 649+94  67.6+11.0

Values were expressed as mean + SD. *P < 0.05 between FT and Con.
**P < 0.05 between RT and Con. SD: standard deviation; FT: first alti-
tude training; RT: repetitive training; Con: control.

altitude swim training on SIgA levels and the differences in the
SIgA secretion after repeated experiences with hypoxic expo-
sure.

Materials and Methods

Subjects and methods

We conducted the study in Kunming, China. Kunming is locat-
ed 1,900 m above sea level, and the atmospheric air pressure
is decreased to 80% of that at sea level. The first altitude train-
ing camp was held for 17 days in December. Nine collegiate
swimmers (male/female = 7:2) joined the first training camp.
They were classified as the first training experience group (FT
group). Five healthy subjects who accompanied the swimmers
joined this study as the control group (Con group). The second
altitude training camp was held for 21 days in the next Decem-
ber. The third altitude training was conducted 24 days after
the descent of the second training. Nine collegiate swimmers
(male/female = 4:5) joined the third training camp. They were
assigned to the repetitive training group (RT group). Table 1
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shows the characteristics of each group. The training loads of
the first and third training camps are shown in Figure 1.

Sampling and analysis

Salivary samples were taken before ascent (day 0) and eight
times every 2 days during the training camp (day 2 to day 16).
After an overnight fast, saliva was collected from each subject
using Salivette (Sarstedt AG & Co., Numbrecht, Germany) after
a 5-min rest in the morning. Every subject chewed a swab of
Salivette every second for 1 min. The Salivette swabs were then
centrifuged in order to extract saliva. The extracted saliva was
weighed, and the salivary secretion rate (SSR) was determined.
After the anti-secretory component antibody and the anti-IgA
antibody were added to the collected saliva, enzyme-linked im-
munosorbent assays that specifically detected SIgA were used to
determine the SIgA concentrations (SIgA-C). The SIgA secre-
tion velocity (SIgA-V) was calculated as follows: SIgA-V (ng/
min) = Salivary secretion rate (mL/min) x SIgA-C (ug/mL). In
addition, blood samples were taken prior to, during and after
the altitude training at the first training camp. All blood samples
were centrifuged (2,000 X g, 10 min), and serum cortisol levels
that were determined by radioimmunoassay and serum IgA lev-
els that were determined by turbid metric immunoassays were
analyzed in order to compare them with the salivary component.

Statistical analyses

The obtained data were expressed as mean =+ standard error
of the mean (SEM) unless otherwise stated. The values were
analyzed by repeated two-way analyses of variance with sphe-
ricity tests, and, if there were significant differences, post-hoc

=+The 1st Training
—=-The 3rd Training

10 12 14 16

Days after ascent

Figure 1. Cumulative training loads of the first and third training camps (all participants in each group got the same training load

(m) at the certain day after ascent).
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Figure 2. Changes in the salivary secretion rate (SSR). A significant difference between the repetitive training (RT) and control
(Con) groups was observed. After ascent, the SSR was significantly lower from day 4 to day 16, except for day 12 compared to
day 0. *P < 0.05 vs. 0 time point; *P < 0.05 between RT and Con. FT: first altitude training.

pairwise comparisons were conducted using the Bonferroni
method. P values less than 0.05 were determined to be statisti-
cally significant. These statistical analyses were conducted us-
ing the SPSS Statistics Ver. 19.0.0 program (IBM Corporation,
Armonk, NY, USA, 2010).

Ethics

The research protocol was approved by the Ethical Committee
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of the University of Tsukuba Graduate School of Comprehen-
sive Human Sciences Health and Physical Education.

Results

SSR, SIgA-C and SIgA-V values of the FT, RT and Con groups
are shown in Figures 2-4.

As for the changes in SSR, no interactions between the
dates and the groups were detected, but there was a signifi-

o
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Figure 3. Changes in salivary secretory immunoglobulin A concentrations (SIgA-C). The SIgA-C of the repetitive training (RT)
group was significantly higher than those of the first altitude training (FT) and control (Con) groups. The SIgA-C values at day 2
and day 4 were significantly lower compared with that at day 0. *P < 0.05 vs. 0 time point; #P < 0.05 between RT and Con; %P <

0.05 between RT and FT.
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Figure 4. Changes in SIgA secretion velocity (SIgA-V). Statistically, there were no interactions between the dates and the groups
with respect to SIgA-V. #P < 0.05 between repetitive training (RT) and control (Con); $P < 0.05 between RT and first altitude

training (FT).

cant difference between the RT and Con groups. The measured
values of the groups tended to be in the order of RT > FT >
Con. After ascent, SSR values gradually decreased and were
significantly lower from day 4 to day 16, except for day 12
compared to day 0.

There were no interactions between the dates and the
groups for the SIgA-C values. The SIgA-C value of the RT
group was significantly higher than those of the FT and Con
groups. Chronologically, SIgA-C values decreased immedi-
ately after ascent and gradually recovered. The SIgA-C values
at day 2 and day 4 were significantly lower compared to that
at day 0, and the SIgA-C values at day 14 and day 16 were
significantly higher compared to that at day 4.

Statistically, there were no interactions between the dates
and the groups for SIgA-V, and there was no chronological
change, although the SIgA-V values of the RT group tended to
be higher compared to those of the FT and Con groups.

Discussion

The aim of the present study was to examine the effects of
altitude swim training at moderate altitudes on mucosal immu-
nity and to examine how the repetition of the altitude trainings
affected mucosal immunity. SIgA secretion from the salivary
gland is the most common mucosal immune system, and SIgA
has been suggested as a useful marker for athletes for evalu-
ating their own immune conditions at the training site [6-8].
However, there have been few reports that have examined the
response of SIgA during altitude training [9], and, furthermore,
this is the first report that examined the changes in SIgA values
caused by repetitive altitude training. We divided the subjects
into three groups, namely, the first training group (FT), the
experienced training group (RT) and the non training group
(Con). Differences in the values with or without training could
be observed by comparing the FT and Con groups. Then, the
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differences caused by training experience could be evaluated
by comparing the FT and RT groups.

Compared to the RT and FT groups, the average age of
the Con group was significantly higher. However, as far as the
flow rate is concerned, the salivary glands seem to be fully
developed by the age of 15 [10]. In addition, a previous study
reported that children below the age of 7 years have lower sali-
vary IgA concentrations than children above 7 years of age or
adults and that there was a significant inverse relationship be-
tween saliva flow and salivary IgA concentration [11]. In the
present study, all subjects were older than 15 years of age, and,
thus, we believe that the differences in the ages between the
groups did not influence the SSR and SIgA secretion.

As for the SSR values, there was a significant difference
between the RT and Con groups, but there was no difference
between the RT and FT groups. Salivary glands are innervated
by both sympathetic and parasympathetic nerve fibers. Vari-
ous neurotransmitters and hormones stimulate different recep-
tors, different salivary glands and different responses [12, 13].
One of the reasons that the SSR values of the athletes and the
Con group were different was that the parasympathetic nerv-
ous system has been reported to be dominant over the sym-
pathetic nervous system at rest in well-trained athletes like
those in the RT and FT groups. One study reported that acute
hypoxia (2 days at 4,350 m) led to an increase in mean saliva
flow rates both at rest and after exercise [14], while SSR val-
ues were gradually decreased and maintained at lower values
several days after the ascent during the altitude training in this
study. The differences in the responses might be explained by
differences in the altitudes (1,900 m vs. 4,350 m) in part and
by other factors, such as mental and/or environmental stress.
However, hypobaric-hypoxic stress induced by altitude stimu-
lates the sympathetic nervous system. Studies from the sum-
mit of Pikes Peak (4,300 m) have indicated strong alpha- and
beta-adrenergic components in the regulation of immune func-
tion at high altitudes that can persist for weeks after the initial
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exposure. Specifically, interleukin-6 levels are increased with
acute altitude exposure, and this is primarily mediated by beta-
adrenergic stimulation. The levels remain increased for several
weeks as a result of alpha-adrenergic activation [15].

Moreover, hemoconcentrations that are induced by dehy-
dration were observed in the acute phase after ascent. In this
study, the decreases in SSR values were significant after day
6. Dehydration by diuretic effects that occur in response to hy-
poxia might not be prolonged, and the decrease in SSR was not
obviously influenced by dehydration.

In this study, SIgA-C values decreased immediately after
ascent and then gradually recovered after day 4. Moreover, the
SIgA-C values of the RT group were consistently high than
those of the FT or Con groups. These results might suggest that
the SIgA-C values of the RT group were influenced by the re-
peated experiences with the altitude and not by hypoxic stress.
While SIgA-V is determined by SSR and SIgA-C, this is rep-
resented by the actual focal mucosal immunity. In this study,
SIgA-V values were not changed statistically after the ascent,
while the values of the RT group were consistently higher than
those of the FT and Con groups. We suggest that the SIgA-V
was influenced mainly by the decrease in SIgA-C in the early
phase of the altitude training (just after ascent), and, after the
acute phase, it was influenced mainly by the decrease in SSR.

When the added stress of physical exercise is combined
with that of hypoxia, a more pronounced impact on immune
function is observed compared to that of either exercise or hy-
poxia alone [15], and exposure to hypobaric hypoxic stress by
high altitude training can induce a decrease in SIgA [9]. Infact,
exercise performed in the course of the different adventure
sport activities to date was not very intense, but was very pro-
longed and the long time duration of the activities performed
may account for the decrease of the salivary IgA levels [16].

The results of this study supported those of a study by
Tiollier et al [9], in which SIgA-C decreased in the live high
(above 2,500 m)-train low (1,200 m) group compared to the
live low-train low group whose decreasing rate was about 50%
compared to that before ascent. With respect to immunity in
altitude sports or training, ascent to high altitudes increases the
incidence of infection [17]. Bailey et al [18] reported that the
occurrence of symptoms of upper respiratory tract infections
or gastrointestinal infections occurred between 8 and 14 days
after ascent. One of the mechanisms thought to be involved
was a chronic reduction in the synthesis rate of glutamine dur-
ing a long-term stay at a high altitude, which in turn may lead
to gut atrophy, bacterial translocation, endotoxemia, muscle
protein catabolism and a weakened immune status [19]. Our
study showed a decrease in SIgA-C in the several days after
ascent and a significant decrease in SSR in the 8 - 14 days after
ascent. From these findings, we suggest that the acute phase
of altitude training may lead to immunosuppression, includ-
ing a decrease in SIgA-C, and the chronic phase may lead to
the failure of focal clearance by a decrease in SSR. However,
these findings highlight the potential for the misdiagnosis of
altitude illness due to the similarities in nonspecific constitu-
tional symptoms that are associated with infection and acute
mountain sickness [18]. Thus, clear conclusions are difficult
to make because of the overlap with the symptoms of acute
mountain sickness [20]. Another reason is that most infections
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at high altitudes are diagnosed clinically and do not have ob-
jective data to support the diagnosis.

As for the repetitive training, a study suggested that brief
daily intermittent altitude exposures at 4,300 m were equally
as effective as continuous altitude residence in inducing physi-
ological adaptations that are consistent with altitude acclima-
tization. However, this stimulus did not induce a hormonal
stress response and did no harm in terms of the activation of
the immune system at high altitude, as measured by white
blood cell and leukocyte subset counts [21].

The results of the present study indicated that the chrono-
logical trends between the FT and RT groups were similar with
respect to SSR changes. However, they were quite different
for the mucosal immune index, such as the SIgA-C. Thus, we
suggest that repetitive altitude training within a relatively short
interval can cause the same physical stress to athletes, even
though the stress of RT seemed to be less than that of FT. The
differences in the FT and RT groups can be explained by other
factors, such as training loads (quantity and quality), circum-
stances, or the individual. However, the training quantity was
similar, and the quality must have been higher in the RT group
than in the FT group because the RT group had the third training
in order to be ready for the domestic selection for the Olympic
Games. In addition, the mean age of Con group was different
from those FT and RT groups warranting further researches to
demonstrate any effect of age on the findings of current study.

The decreases in SIgA-C in the FT group during altitude
training were remarkable compared to that of the RT group, but
the trends in SIgA-C were similar. Limiting initial exposures
when training or competing in adverse environmental conditions
(heat, humidity, cold, altitude, or polluted air) and acclimatizing
where appropriate will reduce the effects of environmental stress
[22]. There are some reports that elite athletes that had engaged
in high-intensity training prior to competition showed either no
change or a moderate increase in cellular immune activation,
such as changes in the ratio of neopterin/creatinine [23]. When
we consider the conditioning of altitude training, we should pay
attention to the immune condition of the athletes, regardless of
their experiences with altitude training or the training interval.

Conclusions

We studied the effects of moderate altitude training and repeat-
ed experiences with such training on the response of SIgA.
SIgA secretion decreased after ascent, and there were differ-
ences according to the training experience. At the acute phase,
the decrease in the SIgA concentration rate was dominant.
Thereafter, the decrease in the SSR was dominant. While the
trend in the SIgA secretion during altitude training was similar
regardless of the level of experience, we should pay attention
to the athlete’s physical condition as an indication of immune
function during the altitude training.
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