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Abstract: Here we investigated the acute effects of an exhaustive intermittent exercise session on
immunological parameters of the elderly and the subsequent incidence of upper respiratory tract infections
and compare with the moderate-intensity. To do so, ixty-three old subjects were divided into three groups HIIT
(n=21) submitted at one High-intensity interval training, SCG (n=21) kept in a sedentary state, and MICT (n=21)
submitted at moderate intensity walking. Blood were collected at 5 time points, before, immediately after, 2h,
24h, and 48h after the intervention. In result the IL-6 and TNF-a were overexpressed immediately after the IL-
10 stood overexpressed and correlated with IL-17, denoting an inflammatory process, and evidencing an
immunologic competence without enhancement of the prevalence of upper respiratory infection tract (URTISs).
So a modulation in the balance of Th1/Th2/Th17 cytokines and leukocytes, these modifications did not cause
the effect characterized as an immunological window. Perhaps, the typical inflammation process, with IL-10
and IL-17 participation could also produce benefits to combat infections, a pertinent discussion during a post-
pandemic time; we consider it a safe exercise program for older adults.
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1. Introduction

Epidemiological shreds of evidence indicate that regular physical activity reduces the incidence
of many chronic diseases in older age, including communicable diseases such as viral and bacterial
infections, as well as non-communicable diseases such as cancer and chronic inflammatory disorders
[1,2], a very special condition during the Sars-Cov-2 infection due to the very high susceptibility of
older. Despite the apparent health benefits achieved by leading an active lifestyle, which implies that
regular physical activity and frequent exercise enhance immune competency and regulation, the
effect of a single bout of exercise on immune function remains a controversial topic which a vigorous
bout of exercise has been implicated in temporary suppression of immune function [3] which can be
undesirable.

Otherwise, prolonged, and intense exercises have been related to negative changes such as the
immediate reduction of defenses against viral infections and increased risk of diseases [4,5] resulting
in an increased incidence of infections [2], probably, including COVID-19. Additionally, about high-
intensity exercises authors state that there may be an increased risk of upper respiratory tract
infections possibly due to a high response of cytokines of the Thl and Th2 profile, which causes
significant stress on the immune system decreasing its ability to fight antigens and pathogens [6].
Furthermore, high-intensity exercises, e.g. High-intensity interval training (HIIT), may promote a
transient decrease in the INF-y/IL-4 ratio creates a possible immunological window for infections [7]
demonstrating the clinical importance of this discussion. However, this immunological window
hypothesis does not present scientific support due to the various methodological flaws in the studies
that fail to show robust and consistent results on the subject [3].

Aging is also associated with an increase in inflammatory proteins in the circulation such as
interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and C-reactive protein (CRP), with the
underlying development of chronic diseases [8,9]. Previous research has shown that chronic and well-
structured exercises can produce chronic anti-inflammatory effects [10] mainly mediated by IL-6,
however in an anti-inflammatory environment with interleukin 10 (IL-10) [11,12]. However, the
effects of HIIT on the immune system of the elderly are little explored due to the intensity of this type
of exercise, which often hinders its application in an elderly population leaving an important gap in
this field of study.

The pandemic is a complicated situation, and many doubts, like if we can, or cannot begin a
physical exercise program. In especial, the high-intensity interval training remains without robust
evidence. Previously, our group displayed that the HIIT causes acute inflammation like another kind
of exercise in the early stages of the program in young adults, however, the inflammation decreases
from seven to fifteen days, which allows us to suppose the hypothesis that at the end of acute
inflammation the subjects could be submitted for a new overload [13]. This notion became more
relevant due to the pandemic of COVID-19 because it seems correct to state that previous physical
exercise may play a role in infection and disease progression [14,15], however, beginning a physical
exercise program during the pandemic can weaken the older adult and expose them to the risk of
infection with unfavorable outcomes?

The hypothesis that guided or investigation states that the high-intensity, however, short time
exercise is safe to sedentary older adults. Thus, the present study aims to investigate the acute effects
of an exhaustive intermittent exercise session on the immunological parameters of the elderly and
the subsequent incidence of upper respiratory tract infections and compare with the moderate-
intensity.

2. Materials and Methods

2.1. Participants, design, and ethics of the study

Sixty-three volunteers of both sexes completed the study. All participants were required not to
participate in another exercise program for at least fifteen days before the study. The sample size was
calculated based on the effect size of previous intervention studies on healthy and sedentary older
adults submitted at physical exercise intervention [16-18]. Thus, considering a=0.05, 80% power,
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and an effect size of 0.22, a total sample of 54 individuals, 18 per group, was estimated. However, we
reached sixty-three subjects, 21 per group, with 87% of power, and an effect size of 0.33. The data
collection, and their processing was double blind to avoid bias risk.

The total group was divided randomically into three groups; High-Intensity Interval Training
(HIIT) (n=21) which was submitted to a single both of high-intensity intermittent exercise until
exhaustion, Sedentary Control Group (SCG) (n=21) kept without exercise practice, and Moderate-
Intensity Continuous Training (MICT) (n=21) submitted at 40 minutes of moderate-intensity walking.
Age, weight, and height were acquired by pattern tests and interviews. The participant’s
characteristics were shown in Table 1. To determine the homogeneity of the groups before the
division the ANOVA ONE WAY was set up at 5%. The participant’s characteristics are being shown
in table 1.

Body mass and height were obtained using the mechanical scale of the Filizolla brand (Brazil)
with a precision of 0.1 kg. All statistical procedures followed previously described protocols [19-22].
The Polar FT1 heart rate monitor was used for monitoring heart rate during the training session. All
participants signed the informed consent form in agreement with the Brazilian Ethics Committee.
This project was previously approved by the National Health Council under the number CAAE
44907715.2.0000.5653 on 27/07/2015 and followed all ethical and legal requirements. All participants
were assisted by medical services one time a week to determine the upper respiratory tract infections

incidence.
Table 1. Participant’s characteristics.
Participants Characterization HIIT (n=21) SCG (n=21) MICT (n=21) p value
Age (Years) 67.6+8.72 68.4+7.45 69.146.73 >0.05
Weight (Kg) 76.1+6.08 79.245.77 78.9+7.13 >0.05
Height (Cm) 1.68+0.91 1.66+0.84 1.67+0.93 >0.05
BMI (Kg/m?) 27.5+3.73 28.5+4.52 28.6+5.11 >0.05
VO: Max (ml/kg/min) 32.2+2.64 33.4+4.43 32.6+7.25 >0.05

Legend: HIIT= High-Intensity Interval Training; SCG=Sedentary Contol Group, and MICT Moderate-Intensity
Continuous Training.

Clinical and laboratorial health state of volunteers

Three consultations were performed with the physician who attended to the patients,
maintaining their monthly routine. These consultations occurred immediately before the intervention
period, four weeks later, and at the end of the intervention. During these consultations, routine
clinical measurements such as blood pressure, heart rate, cardiac auscultation, complete history
taking, orthopedic investigations and other medical investigations were carried out according to the
monthly routine of clinical consultations. These consultations served as support for the control of
health conditions and for reporting intercurrences and adverse clinical events that might be related
to the intervention proposed herein. The same proceeding were adopted previously for our
group[23-25].

We measured levels of glucose, total cholesterol, triglycerides, HDL, LDL, Ilactate
dehydrogenase, at baseline and after four and eight weeks of high-intensity intermittent exercise.
These tests were performed using a Konelab 60i model analyser and Wiener Lab kits, following the
protocol of the apparatus. The device was calibrated prior to performing the tests according to the
manufacturer's manual. At each collection, two blood samples were collected in EDTA tubes (4 mL
vacutainer tube, BD Vacutainer, Franklin Lakes, NJ, USA) and stored in a refrigerated container (4°
C) until measurement, which was performed in all cases within 1 h after venipuncture. All
proceedings here described was previously published [24].

Cardiorespiratory fitness assessment
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The determination of the maximal VO: and the exhaustive exercise protocol was performed by
the Shuttle Run test, which is a situation of intermittent, progressive exercise until the maximum
exhaustion, therefore, filling in the requirements for measuring the two factors determining physical
performance. The duration of the test would depend on the cardiorespiratory fitness of each person;
however, all tests were similar due to the homogeneity in the VO2 Max, and the group stopped at
the same level leading to a similar exercise challenge for all groups.

Blood sampling acquisition for immunological analysis

Peripheral blood was obtained by venipuncture to quantification of immunological parameters
before, immediately after, 2h after, 24h after, and 48h the single both of HIIT or MICT. The
immunologic parameter was quantified at all points of blood sampling. The white blood cells were
counted by differential counting in the optical microscope in duplicate. All reagents used originated
from the Human Cytokine Kit (Becton Dickinson Biosciences, San Jose, CA, USA) for Th1/Th2/Th17
cytokines. The cytometer was calibrated according to the manufacturer's recommendations. Standard
curves were calibrated for each cytokine (0.00 to 5000 pg/mL) and the samples were analyzed with
FCAP Array software (Becton Dickinson, San Jose, CA, USA), and the values were reported as pg/mL.
All experiments were performed in duplicate. The mean was calculated.

Upper respiratory tract infections assessment

The incidence of upper respiratory tract infections was assessed before, during, and until 3
months after the beginning of the physical exercise program across one survey submitted every week
for 12 weeks.

Statistical Analysis

The descriptive data were expressed by the mean, percentage, and standard deviation. To
determine the normality of the data the Shapiro-Wilks test was performed. Then, the ANOVA TWO-
WAY with Bonferroni’s posterior test was used to determine the difference between all-time points
of experiments. All tests had a significance of 5%.

3. Results

The URTI incidence don’t improved in response to the HIIT

The assessment of the incidence of upper respiratory tract infections displayed no infections to
HIIT and MICT with 0% of incidence to both. However, three (14.28%) infections suggested of
common cold were noted in the SGC during the three months of investigation after the beginning of
the exercise program. Finally, regarding the clinical significance, no common cold, another upper
respiratory tract infection, or other clinical intercurrences were related to all participants submitted
or not to both exercise regimes (0 occurrences).

Biochemical markers display good health conditions

The markers investigated are within the normal range, demonstrating that all subjects were in
good health conditions, which allows us to infer that all responses to exercise were not under
pathological conditions. Therefore, hepatic, kidney, cardiac, muscular, tissue, fasting glucose, and C-
reactive protein markers, not indicating muscle injury or systemic inflammation, as well as the four
hematological factors analyzed here, hemoglobin, mean corpuscular volume and platelets. As for
lipids, total cholesterol, low density lipoprotein and triglycerides are also within normal limits,
discarding possible metabolic syndrome and subclinical systemic inflammations that could influence
the findings of the present study.

Table 2. Laboratorial Health of Volunteers.
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Variables SGC HIIT MICT p value
AST (IU/mL) 39.0+25.6 40.5+13.1 39.25+20.3 >0.05
ALT (IU/mL) 23.67+4.16 23.98+2.35 24.0+7.2 >0.05
Creatinine (mg/dL) 0.75+0.13 0.74+0.43 0.73+0.1 >0.05
Urea (mg/dL) 21.25+2.5 26.64+6.1 27.25+5.8 >0.05
CK-MB (IU/mL) 10.75£2.2 10.33+6.7 10.25£5.4 >0.05
CK-Total (IU/mL) 91.0+12.6 91.3+23.5 91.5+38.5 >0.05
Cholesterol (mg/dL) 192.5+38.5 179.4+77.5 164.7£19.7 >0.05
Triglycerides (mg/dL) 184.5+38.7 176.5+38.7 163.7+19.7 >0.05
LDH (mg/dL) 358.7+124.2 358.7+124.2 331.5+70.2 >0.05
HDL(mg/dL) 41.5+3.7 46.4+1.9 46.5+2.97 >0.05
PCR (mg/dL) 3.75+4.7 3.11+1.9 2.75+3.6 >0.05
Glucose (mg/dL) 89.57.1 89.5+7.1 92.5+8.2 >0.05
Haematocrit (%) 43.4+0.2 43.740.1 44.2+0.2 >0.05
Haemoglobin (g/dL) 12.96+0.7 12.86+0.9 12.81+0.7 >0.05
MCV (fl) 86.1+1.3 87.9+1.1 88.2+1.2 >0.05
MCH (pg) 28.8+0.7 29.7+0.4 29.8+0.6 >0.05
Platelet levels (uL) 282650+22951.8 283760+22951.8 283830+15325 >0.05

Legend: Elderly (n=63), divided into three groups, namely, SGC, HIIT and MICT, of equal size (n=21) were
submitted to biochemical, hematological, lipid and glycemic profile. ALT (Alanine Amino Transferase), AST
(Aspartate Amino Transferase), CK-MB (Creatine Kinase type MB), CK-Total (Creatine Total Kinase), LDH
(Lactate Dehydrogenase), HDL (High Density Lipoprotein) and PCR (C-Reactive Protein), Vem (Medium
Corpuscular Volume), HCM (Middle Corpuscular Hemoglobin). The ANOVA ONE WAY with significance of
5% was used to point out the possible differences between GcS, HIIT and MICT (p>0.05).

The white blood cells display little stress in response to HIIT

To the cell count the segmented neutrophil (Fig. 1C), monocyte (Fig. 1D), and eosinophil (Fig.
1F) did not display modulation to all-time points (P<0.05). However, was observed consistent
enhancement of leucocyte (Fig. 1A) immediately after (P<0.05) if compared with baseline, and in 24h
(P<0.01) if compared with the baseline, SCG and MICT. The HIIT display of the basophil (Fig. 1B)
had enhancement immediately after (P>0.05), and the lymphocyte (Fig. 1E) shows enhancement in
2h (P<0.05).
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Figure 1. Leucogram. Sixty-three old persons were divided into three groups HIIT (n=21) which was
submitted to a single both of high-intensity intermittent exercise until exhaustion, SCG (n=21) kept
without exercise practice, and MICT (n=21) submitted at 40 minutes of walking in a moderate
intensity. Five-time points of blood by venepuncture to quantification of immunological parameters
before, immediately after, 2h after, 24h after, and 48h after the single both of HIIT or MICT were
acquired for immunologic parameters quantification. The ANOVA TWO-WAY with Bonferroni’s
posterior test at 5% was used to determine the differences between the points.

The immunologic markers display little stress in response to HIIT

Between the Th2, the IL-2 and IL-4 did not show modulation in all groups (P>0.05) (Fig 2A, and
2B), however, the IL-10 showed improvement in MICT and HIIT 24 and 48h after the exercise
challenge if compared with the baseline and SCG (p<0.0001) (Fig. 2C). The IL-6 showed improvement
in 2h (p<0.0001) if compared with before (Fig. 2E), and after decreased in all data points. The IFN-y
in HIIT was improved after, 2, 24 and 48h before the exercise (p<0.01) (Fig. 2D) if compared with the
baseline and back to previous levels 24h after. The TNF-a showed enhancement at 24h and 48h
(p<0.01). Similar behavior was found in the IL17-a showing enhancement 2, 24 and 48h after the


https://doi.org/10.20944/preprints202303.0160.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 March 2023
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Figure 2. Interleukin and immunoglobulin. Sixty-three old persons were divided into three groups
HIIT (n=21) was submitted to a single high-intensity intermittent exercise until exhaustion, SCG
(n=21) was kept without exercise practice, and MICT (n=21) submitted at 40 minutes of walking at a
moderate intensity. Five-time points of blood by venipuncture to quantification of immunological
parameters before, immediately after, 2h after, 24h after, and 48h after the single both of HIIT or MICT
was acquired to immunologic parameters quantification. The ANOVA TWO-WAY with Bonferroni’s
posterior test at 5% was used to determine the differences between the points.
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All cytokines analyzed were correlated

As shown in Table 2, is possible to observe that the Cytokines IL-6 x IL-10, IL-6 x TNF-a, and IL-
10 x IL-17 are positively associated. While IL-2 x IL-17 expressions are inversely proportional.

Table 2. Analysis of Correlation of Cytokines.

IL-4 IL-10 IL-6 IFN-Y TNF-a IL-17
IL-2 0.2839 0.9567 0.9744 0.1779 0.4750 (neg) 0.0050
1L-4 0.5244 0.9976 0.2435 0.4819 0.1446
IL-10 0.0002 0.5512 0.0816 0.0269
IL-6 0.7435 0.0355 0.0122
IFN-Y 0.1033 0.6270
TNF-a 0.1121

4. Discussion

The hypothesis that guided or investigation states that the high-intensity, however, short time
exercise is safe to sedentary older adults, so, to challenge this hypothesis we analyzed of the acute
response of white blood cells, and cytokine kinetics in two exercise models, high-intensity interval
training, and moderate-intensity interval training and compare both.

To do so sixty-three seniors started the study in the same condition: not previous physical
exercise practicing and not having any health impairments identified in clinical examinations and
laboratorial parameters. With that, to explore the hypothesis here established, blood collections were
acquired before the experimental situation, and immediately, 2h, 24h, and 48h after promoting a time
course overview. So, the biochemical tests, exhibited in Table 1 demonstrate that all groups were
equal between then. The main results presented showed that the physical exercises modify the
leukogram cell count and the cytokine kinetics of the Th1, and Th2 profile as expected, but, the Th17
cytokine expression was an unexpected finding because the literature on the relationship of the IL-7a
cytokine with exercise is very poor. Nonetheless, the clinical important about this is that the HIIT or
MICT produced a short term transitory immunologic stress in older adults. Together, we revisited
the importance of IL-6 and IL-10 importance as previously showed [26,27].

Here stood evident that both exercise regimes induced to an stress of the immune system,
already demonstrated by different authors [26,27], including, as previously demonstrated for our
group or HIIT [28]. Even more recently, a Th-17 immune response profile, also pro-inflammatory,
may be important for the long-term effects achieved by people who achieved HIIT[29-31], however,
we did not considered this stress so wide as to cause the classic effects related to strenuous exercise
where the immune system has difficulty recovering, which causes the phenomenon of the
immunological window with a pronounced ] curve of the immunological parameters which, at least
momentarily, leaves the subjects more susceptible to opportunistic infections as provoked by
marathon, triathlon of long term high-intensity athletic proves[32]. However, the classical strenuous
exercise beyond high-intensity has long term of exposition, which is a fundamental difference to the
approach here tested.

Following the logic rational before displayed, the infections, and diseases in older adults, in
many cases, are mediated for a subclinical pro inflammatory state[10,33,34]. This affirmation could
contribute against our data in a non-contextualized view, however, here, we discuss that the one
acute high-intensity stimulus led to a transient inflammatory state fast and non-prevalent, which is
the a desirable stimulus for beneficial adaptations. This same situation if repeated for several time,
will chronically provoke an anti-inflammatory state, and also a faster and more potent reaction of
immunological agents such as macrophages, neutrophils and natural killer cells[35], which has
already been demonstrated to be considerably beneficial such as demonstrated several times in
literature[7]. This considerations, allow us affirm that to start one exercise program even in a
pandemic state could be safe because the exercise to not injure the immune system of older adults.
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Specifically, the white blood cells of older adults showed a classical response to exercise
challenge here tested with a fast leukocytosis and lymphocytosis, however, the magnitude of this
reactions did not impact the immunity availability for the immune vigilance performed for this type
of cells[36], and the effect here observed were lost after 24h for lymphocyte, and basophil, but
although we had seemed a normalization in 2h and new increasing in the leucocyte levels in 24h,
after 48h all come back to baseline levels. This kind of response to exercise was previously
reported[37] and do not compound a inedited data.

In regards to the explication the mechanisms under the immune response here observed, a
conjunct of Th1, Th2 and Th17 cytokines were investigated in response to both exercises models here
tested. The data presented here show that physical exercises modify the leukogram cell count and
the cytokine kinetics of the Th1, Th2, and Th17 profile, including correlations between the cytokine
results. The importance of IL-6 and IL-10 has already been revisited[26,27]. This stress on the immune
system, already demonstrated by different authors [26,27], was also demonstrated in our study. Even
more recently, a Th-17 immune response profile, also pro-inflammatory, may be important for the
long-term effects achieved by HIIT [29-31].

Is important to remember that sometimes the inflammatory process are a necessary stimulus to
generate adaptations, for example, an important signal for muscle hypertrophy is mediated for
inflammation[38,39], many immunologic battle against intracellular parasitic disease[40] and
intracellular microorganisms has participation of pro inflammatory cytokines [41,42], as well as many
medicines effects are mediated for Thl cytokine profile[40]. In another hand, an incontrollable
inflammation could be catastrophic to human body, for example, very recently in human history, the
most important effects of COVIV-19 is linked to an exacerbated inflammatory[43], state that lead to
tissue destruction and organ impairments[44]. We highlight that even in COVID-19, the physical
exercise shown to be a valuable tool against the disease consequence[45], where, was proved that the
previous physical exercise practice confer protection[15]. Additionally, the this same approach could
help the fast recovery after the disease[45-47].

Our data suggest that exercise program, for the elderly population, produces an acute
inflammatory profile, with emphasis on the first hours of HIIT, suggesting that they would be able
to have a similar profile to other people who were experienced in terms of exercise, such as women,
healthy young men, and men managing opioid disorders[31]. We observed that IL-6 was expressed
in a behavior similar to that demonstrated for TNF-a, with a significant correlation, suggesting an
inflammatory process initiated by TNF-a.. A recent study demonstrated that the cytokines IL-6 and
TNF-a are indeed increased during exercise[48] but suggest that the role of TNF-a may be related to
an inflammation related to cell growth and proliferation[48].

Interestingly, we also emphasize that the correlation analysis, performed mainly with IL-10,
suggests a non-classical pro-inflammatory role for this cytokine mediated AMPK/STAT3 pathway as
displayed Islam and Cols.[27], which may help us to explain how immune system influences the
health success of the elderly.

It is noteworthy that all the results presented here demonstrated transience and immediate
recovery of baseline values quickly, however, demonstrating that there was stress in the immune
system of the elderly, although these system data suggest adequate immunocompetence. This
discussion is extremely timely given the situation in which the world has witnessed COVID-19, as it
is evident that this disease affects the cardiovascular, blood, and immune systems, all of which can
be affected by exercise at various stages of a training program. Here, the idea of immune
inflammation takes time was contested, which is pertinent at this point because exercise increases the
cytokine profile almost immediately.

Following this rationale, we challenge the idea about the upper respiratory tract infections
(URTI) in older adults in response to on HIIT session. Our data display that no improvement in
prevalence of URTI debunking the idea that the intensity of exercise is the most important factor to
development of opportunistic infections, but, we argue that the combination between the intensity
and volume can produce an unrecovered stress and expose older adults to diseases.
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These results corroborate previous data that affirm that the intensity alone do not is the villain
in this context[3]. Evidence pointed to the existence of a protective effect as observed in another study
8173233 but the impossibility of making a direct relationship between the immunological modifications
of the exercise with the protection of the upper respiratory tract is our main limitation. Therefore, it
is prudent to pursue the data with caution and to avoid further exposure to infections during the first
two weeks of the exercise program. Another factor to be considered is our study was performed in a
cohort with no presence of comorbidities or chronic diseases, so the subjects showed good
immunological competence to produce cytokines, which may not be the rule in this cohort.

Investigations with elderly people with immunodeficiency and inflammatory diseases such as
diabetes and obesity may be important and represent another limitation of our study. The control of
medications, daily sleep schedule, eating habits, and other daily behaviors was not carried out,
however, the random composition of the group and the control group reduced the influence of this
variable in our data. We cannot investigate the expression of RNA, enzymes, or proteins involved in
many pathways that could help us explain the results observed here, and only cell counts and
cytokine kinetics support our discussion. Another limitation example, is about the mechanisms under
the observations that do not were explored.

But, what does this article add and what is the clinical significance? First, we put into the
discussion that the laboratory tests related to good health did not change in a few hours, proving that
the groups formed were elderly people without pre-existing clinical conditions, it is a big limitations
of previous studies, however, in the acute phase it is already possible to detect that there are
significant differences between the cytokines that modulate the Th1/Th2/Th1 pattern and that these
cytokines are correlated with an inflammatory pattern. Studies suggest that the elderly population
may benefit from significant increases in IL-10, IL-6, and TNF-a, however, no important alterations
on white blood cells were noted despite the interleukin. That the presence of IFN-Y may also suggest
an improvement in susceptibility to tolerated in the upper administered tract, as well as the increased
presence of IL-17 may be something desirable [49].

Therefore, regardless of the patient's age, starting a physical exercise program, whether intense
and short-term or moderate for longer, seems to be safe and even desirable, as do other studies that
evaluated the benefits of exercise in other children. Finally, it is important to think about future
studies that use intense physical exercise in people who use anti-inflammatory drugs for long periods
to find out if the cytokines and inflammations released.

5. Conclusions

The data allow us to infer that starting a physical exercise program in elderly patients, who do
not have associated diseases, is safe and desirable because no deleterious acute effects in immune
system were noted. That the exercises promote a possible systemic inflammation, through cytokines
that are released a few hours after the end of the program and that HIIT causes greater intakes than
MICT. These findings have clinical implications, since, as we know that physical exercise participates
in several biological improvements of the entire human system, the interruption of its practice can
cause a decrease in the health, quality of life of the elderly, and an increase in the incidence of physical
illnesses.
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