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Abstract
Exercise is a stress stimulus for the human organism affecting the homeostatic mechanisms of the body, depending on the type, 
duration, intensity and frequency of exercise. The aim of this study was to determine the effects of a moderate aerobic exercise bout on 
the Hypothalamo-Pituitary-Adrenal (HPA) axis acute hormonal responses in healthy adult humans. Twelve healthy male and female 
volunteers (age: 30.6 ± 4.4 years), performed a single bout of a 30-minute aerobic exercise at 70% of VO2max on a treadmill, following 
standard diet. Blood samples were collected before (t0), at the end of the exercise bout (t30), and 30 min after the completion of exercise 
(t60). Serum adrenocorticotropic hormone (ACTH), cortisol (COR), aldosterone (ALDO) and renin (REN) were measured. One-way 
ANOVA was used for statistics. ACTH and COR decreased after exercise, reaching significance (p < 0.01) 30 min after the completion of 
the exercise bout. ALDO increased at the end of exercise and remained elevated 30 min after its completion. REN significantly increased 
at the end of exercise (p < 0.05) and remained elevated. The exercise regimen used in this study had beneficial effects on the stress axis, 
suggesting that specific exercise protocols can be characterised by mild physiological stress-inducing effects hence be prescribed for 
special diseased populations.
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Introduction

The human organism maintains stable internal environment 
to be able to function properly and adapt to various external 
stimuli and environmental conditions. Thus, during exercise, 
hormonal changes take place as part of homeostatic mecha-
nisms aiming to control the physiological stress of exercise 
(Barrett et al., 2016).

In particular, exercise results in the activation of the en-
docrine component of autonomic sympathetic system and the 
Hypothalamo-Pituitary-Adrenal (HPA) axis aiming to main-
tain a dynamic equilibrium during exercise (Chrousos and 
Gold, 1992; Jenkins, 1999; Mastorakos and Pavlatou, 2005; 
Mastorakos et al., 2005; Smith and Vale, 2006). The type of ex-
ercise, its intensity and duration play a key role in these endo-
crine changes (Duclos et al., 2007; Viru et al., 1996; Wideman 
et al., 2006; 1999). Specifically, aerobic exercise seems to be a 
stress stimulus for the human organism, which activates re-
sponses related to the HPA axis (Smoak et al., 1991). Exercise 
also involves changes in the Renin-Angiotensin-Aldosterone 

(RAA) system that lead to adjustments of blood pressure, to 
enable the organism to meet the exercise demands regarding 
the energy consumption and exercise-induced dehydration 
(Halapas et al., 2008; Powers and Howley, 2009).

The HPA axis is activated as a systemic reaction to the 
physiological stress of exercise once a certain threshold is 
reached, i.e. when exercise intensity exceeds 60–70% of  
VO2max and happens on the first minutes of exercise com-
mencement (Buono et al., 1987; Duclos et al., 1997; Viru, 
1985). Exercise training background plays a role, as more high-
ly trained individuals have a higher intensity threshold (Hill 
et al., 2008).

Adrenocorticotropic hormone (ACTH) of the HPA axis has 
been shown to significantly increase with prolonged moderate 
aerobic exercise (Bouissou et al., 1988; Duclos et al., 1997) and 
subsequently binds to high-affinity receptors of the adrenal 
cells membrane resulting in cortisol synthesis (Barrett et al., 
2016). Interestingly, a gender effect has been found regard-
ing the cortisol response to ACTH stimulation, with elderly 
men demonstrating a decreased responsiveness compared to 
women in the same age range (Lekkakou et al., 2013). COR in-

J Appl Biomed
DOI: 10.32725/jab.2018.004

  Journal of Applied Biomedicine



Dourida et al. / J Appl Biomed 41

creases immediately after the beginning of aerobic exercise of 
adequate intensity, as well as in prolonged exercise regardless 
of the exercise intensity (Kanaley et al., 2001). COR increased 
in healthy volunteers after endurance exercise of high intensi-
ty (85% of VO2max) (Kanaley et al., 2001) as well as resistance 
exercises (Izquierdo et al., 2009; Kraemer and Ratamess, 2005; 
Philippou et al., 2017; Smilios et al., 2007).

Aldosterone (ALDO) also increases as exercise intensity in-
creases. The main triggers for ALDO secretion are REN, K ions 
and to a less extent, ACTH concentration. Specifically, ALDO 
increased during aerobic exercise in healthy participants and 
its maximum levels were measured at the peak exercise in-
tensity (80% of VO2max), while it increased further within the 
following 15 min (Markou et al., 2015). Moreover, it has been 
established that although REN is regulated by the RAA sys-
tem (Barrett et al., 2016), it can be as well secreted locally in 
the kidneys during exercise (Maeda et al., 2005). For instance, 
REN was found to increase with 30-min exercise of moderate 
intensity (Stephenson et al., 1989). Subsequently, the inactive 
angiotensin is converted to angiotensin II that stimulates the 
secretion of ALDO (Fasola et al., 1968; Wolf et al., 1986).

The available data in the literature regarding the relation-
ship between exercise and stress-related hormonal responses 
is frequently conflicting because of the multifactorial elements 
that are involved in those responses and the particular char-
acteristics of the exercise regimens used. The aim of the cur-
rent study was to explore the HPA axis hormonal responses of 
healthy volunteers to a relatively short-term aerobic exercise 
regimen of moderate intensity.

 
Materials and methods

Participants 
Twelve healthy volunteers (8 male and 4 female, age: 30.6 ± 
4.4 years, body mass: 77.3 ± 12.3 kg and height: 1.77 ± 0.07 
m) participated in the study. The volunteers were asked to fill 
in a Medical Questionnaire and to sign the consent form. The 
participants were physically active but had not participated in 
any regular exercise program for at least 6 months before the 
study. These volunteers refrained from taking any nutritional 
supplementations or medications and were not allowed to per-
form any vigorous physical activities at least one week before 
their participation to the study. The female part of the sample 
was controlled for oral contraceptive use as levels of the meas-
ured hormones are affected by the use of contraceptives. They 
were also instructed to maintain their habitual diet, while on 
the day prior to the testing, they were asked to have a selected 
low fat diet.

Experimental design
After a short familiarization and warm-up period, the partic-
ipants performed a single bout of moderate aerobic exercise 
on a treadmill, at the same time of the day for all subjects, i.e. 
between 08.30–09.30. Blood samples were collected from each 
individual volunteer before, immediately after and 30 min af-
ter the completion of the exercise. The blood sampling time 
points were chosen to examine the effect of the aerobic exer-
cise regimen on the HPA axis responses.

Aerobic exercise regimen
Participants performed a 30-minute steady-state aerobic ex-
ercise at a target heart rate corresponding to each individu-
al’s 70% of VO2max using the formula: % MHR = 0.6463 × 
(%VO2max) + 37.182 (Swain et al., 1994). Maximum heart rate 

(MHR) was estimated using the equation proposed by Jackson 
(2007), while for cross-validation purposes, VO2max was also 
predicted using the Single-Stage Submaximal Treadmill Test as 
previously described (Ebbeling et al., 1991). Briefly, the sub-
jects walked on a treadmill at a 5% grade for 4 min at a speed 
of 4.8 km/h (3.0 m/h). Heart rate measurement was taken just 
prior to stopping the test using a heart monitor and VO2max 
was computed using the suggested formula (Ebbeling et al., 
1991).

Blood sampling
Blood samples were withdrawn prior to (baseline: t0), imme-
diately after (t30) and 30 min after the termination of exercise 
(after 30 min of recovery: t60). For the baseline blood sam-
pling, participants were seated quietly for 30 min and blood 
samples were taken before the familiarization and warm-up 
period. Ten ml of blood were drawn and allowed to clot at 
room temperature for 30 min, while samples for plasma ACTH 
measurements were collected into iced EDTA tubes. Then, se-
rum or plasma was collected after centrifugation at 4,000 RPM 
for 10 min at 4 °C, stored frozen in 0.2 ml aliquots at –80 °C 
and only thawed once for analysis.

Hematologic measurements
Hemoglobin and hematocrit measurements took place for 
plasma correction purposes (due to possible hemoconcen-
tration) using Hemosmart (Alis et al., 2015; Dill and Costill, 
1974).

Hormonal measurements
Plasma ACTH levels were determined by a solid-phase two-
site sequential chemiluminescent immunometric assay (Im-
mulite 2000, Siemens Healthcare Diagnostic Products Ltd, 
Glyn Rhonwy, Llanberis, Gwynedd LL55 4EL, UK). Samples 
were collected into iced EDTA tubes. REN was determined by 
electrochemiluminescent immunoassay (Liaison Direct Renin, 
CLIA, DiaSorin, S.p.A. Via Crescentino, 13040 Saluggia, Italy). 
COR and ALDO were measured by a chemiluminescent immu-
nometric assay (Advia Centaur XP, Siemens Healthcare Diag-
nostic Products Ltd, Glyn Rhonwy, Llanberis, Gwynedd LL55 
4EL, UK).

Statistical analysis
One-way analysis of variance (ANOVA) with repeated meas-
ures over time was used to evaluate changes in all blood meas-
urements (SPSS v. 24 statistical package). A non-parametric 
(Friedman) test was conducted where the data had violat-
ed the assumptions necessary to run the repeated measures 
one-way ANOVA (e.g. data not normally distributed). Where 
significant F ratio was found for main effect (p < 0.05), the 
means were compared using Wilcoxon signed-rank test with 
Bonferroni adjustment for non-parametric tests. Spearman’s 
correlation coefficient (r) was used to determine potential cor-
relations between variables. All data are presented as mean ± 
standard error of the mean (SEM). The level of significance was 
set at p = 0.05.

 
Results

Exercise acts as a stress stimulus to the body which leads to 
HPA axis responses depending on the intensity and duration 
characteristics of the exercise. In the current study we aimed 
to look at the effects of a single bout of aerobic exercise on 
hormonal changes by employing a moderate-intensity acute 
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exercise protocol. Data presented in this section refer to values 
after plasma correction process to account for hemoconcentra-
tion effect.

The chosen aerobic exercise regimen resulted in HPA axis 
responses immediately after exercise and 30 min after its com-
pletion. Specifically, ACTH decreased gradually reaching statis-
tical significance after 30 min of recovery (t60) in comparison 
to baseline levels (t0) (p < 0.05), as shown in Fig. 1.
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Fig. 4. REN response during an acute bout of aerobic exercise
REN increased 30 min after aerobic exercise (t30) on a treadmill and 
remained increased 30 min of recovery (t60) compared to pre-exercise 
concentration (t0). Significant difference compared to t0: * p < 0.05. 
Values are presented as mean ± SEM; n = 8.

ACTH induces COR changes, thus we additionally explored 
the acute effects of the selected exercise on COR levels im-
mediately after exercise completion (t30) and after 30 min of 
recovery (t60). Similarly to ACTH responses, serum COR de-
creased gradually reaching statistical significance after 30 min 
of recovery (t60, p < 0.001) compared to t0, as shown in Fig. 2.
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Fig. 2. Serum COR response during an acute bout of aerobic exercise
Serum COR decreased 30 min after aerobic exercise (t30) on a treadmill 
and decreased further after 30 min of recovery (t60) compared to pre-
exercise concentration (t0). Significant difference compared to t0: 
*** p < 0.001. Values are presented as mean ± SEM; n = 12.

Fig. 1. ACTH response during an acute bout of aerobic exercise
ACTH decreased 30 min after aerobic exercise (t30) on a treadmill and 
decreased further after 30 min of recovery (t60) compared to pre-exercise 
concentration (t0). Significant difference compared to t0: * p < 0.05. 
Values are presented as mean ± SEM; n = 12.
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ALDO levels increased immediately after the termination 
of exercise (t30) and remained elevated after 30 min of recov-
ery (t60), however without reaching significant difference p = 
0.327, as shown in Fig. 3.

As to REN, it increased significantly immediately after the 
termination of exercise (t30, p < 0.05) in comparison to base-
line levels and remained elevated after 30 min of recovery (t60), 
as shown in Fig. 4. Table 1 presents raw values for the four 
studied hormones (ACTH, COR, ALDO and REN). Moreover, 
we explored the interaction between selected hormones with 
correlation analyses, which did not reveal any significant asso-
ciations between the hormonal responses at any time point.

Fig. 3. ALDO response during an acute bout of aerobic exercise
ALDO increased 30 min after aerobic exercise (t30) on a treadmill 
and decreased 30 min of recovery (t60) compared to pre-exercise 
concentration (t0). Values are presented as mean ± SEM; n = 10.
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We explored possible differential responses between males 
and females within our sample. In relation to sex categori-
zation, it was found that males presented similar pattern of 
alterations compared to females for COR, which decreased 
gradually and reached significant difference after 30 min of 
recovery (t60, p < 0.01), for both groups, as shown in Table 1. 
ACTH decreased gradually (t30) and reached significant differ-
ence at t60, compared to baseline (t0, p < 0.01) for the male 
group, whereas in the female group ACTH was found to remain 
stable at the end of exercise (t30) and after 30 min of recovery 
(t60), compared to baseline (t0), as shown in Table 1. In regards 
with ALDO, both males and females showed increased levels 

after the completion of exercise (t30), compared to baseline 
(t0). For females, ALDO increased gradually (t30) reaching sig-
nificant difference after 30 min of recovery (t60, p < 0.05), com-
pared to baseline (t0), as shown in Table 1. REN increased after 
exercise completion (t30) in both males and females, reaching 
statistical significance only in the male group (t30, p < 0.001), 
compared to baseline (t0). Interestingly, in males REN levels 
exhibited a significant decrease after 30 min of recovery (t60), 
compared to baseline (t0), without reaching pre-exercise levels. 
In the female group, REN remained elevated after 30 min of 
recovery (t60) in comparison to baseline levels (t0), as shown 
in Table 1.

Table 1. Means and standard errors for the measured hormones after a single bout of moderate aerobic exercise in healthy adult humans,  
for all participants and female/male grouping

All Time points ACTH (pg/ml) COR (μg/dl) ALDO (pg/ml) REN (pg/ml)

t0 23.4 ± 2.3 13.9 ± 1.2 116.4 ± 27.1 16.8 ± 4.0

t30 21.5 ± 2.4 10.3 ± 1.1 152.2 ± 45.5 38.6 ± 8.0a

t60 16.9 ± 1.6a 7.1 ± 1.2c 144.4 ± 59.0 35.3 ± 8.2

Females t0 20.0 ± 10.0 15.1 ± 7.6 64.7 ± 32.4 8.9 ± 4.4

t30 22.3 ± 11.1 9.3 ± 4.7 130.2 ± 65.1 18.3 ± 9.2

t60 19.5 ± 9.8 7.0 ± 3.5b 230.7 ± 115.3a 23.4 ± 11.7

Males t0 25.2 ± 9.0 13.2 ± 4.7 138.6 ± 49.0 24.7 ± 8.7

t30 20.0 ± 7.1 10.8 ± 3.8 167.0 ± 59.0 50.8 ± 18.0c

t60 15.7 ± 5.5a 7.2 ± 2.5b 110.0 ± 38.9 37.4 ± 13.2a

ACTH, adrenocorticotropic hormone; ALDO, aldosterone; COR, cortisol; REN, renin.
The presented symbols show the time points. Symbol t0 represents the pre-exercise time point, t30 represents 30 min of exercise  
(completion of exercise) and t60 represents 30 min post-exercise.
Significant difference compared to t0: a p < 0.05; b p < 0.01; c p < 0.001.
Values are presented as mean ± SEM.

When post-exercise responses were analysed as percent 
changes of the baseline levels, a similar pattern with the orig-
inal values alterations was observed, in regards with ACTH 
and COR (data shown in Table 1). Correlation analyses did not 
reveal any significant associations between the hormonal re-
sponses at any time point (data not shown). In addition, ACTH 
changes exhibited significant further decrease after 30 min of 
recovery (t60, p < 0.01), compared to responses at the end of 
exercise (t30), as shown in Table 2. ALDO presented signifi-
cant increase after exercise completion (t30, p < 0.001) and 
significantly increased further after 30 min of recovery (t60, 
p < 0.001), compared to baseline (t0). REN increased signifi-
cantly after exercise completion (t30, p < 0.01) and remained 
increased after 30 min of recovery (t60, p < 0.05), compared to 
baseline (t0), as shown in Table 2.

 
Discussion

In the current study we examined the effects of a single bout 
of aerobic exercise on the acute hormonal responses associat-
ed with physiological stress in healthy male and female vol-
unteers. The hormones of interest were ACTH, cortisol (COR), 
aldosterone (ALDO) and renin (REN) in an attempt to deter-
mine alterations in the stress response system of HPA axis to 
a moderate-intensity exercise regimen. Interestingly, it was 
found that ACTH and COR significantly decreased while ALDO 
increased and REN significantly increased and remained ele-
vated, after the completion of the specific exercise regimen.

Table 2. Percent changes of the measured hormones after a 
single bout of moderate aerobic exercise in healthy adult humans 
compared to t0

Time 
points

Hormones

ACTH COR ALDO REN

t0 100 ± 0.0 100 ± 0.0 100 ± 0.0 100 ± 0.0

t30 91.8 ± 33.1 74.3 ± 29.8 177.6 ± 34.6c 240.2 ± 86.0b

t60 72.3 ± 21.5a, d 51.5 ± 32.4c 225.7 ± 64.0c 237.8 ± 76.0a

ACTH, adrenocorticotropic hormone; ALDO, aldosterone; COR, 
cortisol; REN, renin.
The presented symbols show the time points. Symbol t0 represents the 
pre-exercise time point, t30 represents 30 min of exercise (completion 
of exercise) and t60 represents 30 min post-exercise.
Significant difference compared to t0: a p < 0.05; b p < 0.01; c p < 0.001.
Significant difference compared to t30: d p < 0.01.
Values are presented as mean ± SEM.

The decreases in ACTH and COR following aerobic exercise 
observed in this study are in accordance with the data present-
ed by Kraemer et al. (1989) who studied the effects of a 30-min 
aerobic exercise on ACTH and COR responses. Interestingly, 
Luger et al. (1987) found that ACTH and COR did not change 
after 20 min of aerobic exercise at 50% of VO2max, however 
when they tested those hormones at the higher intensity of 
70% of VO2max they found that the HPA axis was activated, 
leading to non-significant increases of ACTH and COR. Simi-
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larly, Farrell et al. (1983) reported that ACTH increased with 
exercise and that a correlation between ACTH and COR was 
depended on the intensity of exercise. Specifically, they found 
that both HPA axis hormones increased non-significantly fol-
lowing 20 min of aerobic exercise at 65% of VO2max. These 
findings are in contrast with the significant decreases of both 
hormones post-exercise which were found in the current study. 
It is possible that ACTH and COR did not show a decrease in 
the aforementioned studies, because of the lower duration of 
exercise bout used, suggesting that the acute decrease of these 
hormones may not be exercise intensity only but also exercise 
duration-regulated.

In this notion, Duclos et al. (1997) showed that COR re-
mained unchanged after 20 min aerobic exercise at 80% HRmax 
(70% of VO2max) as well as after 120 min at the intensity of 
50% HRmax (40% of VO2max). In addition, Jacks et al. (2002) 
demonstrated that aerobic exercise with duration less than 
40  min did not elicit significant responses regardless of in-
tensity level, while exercise induced COR increase when its in-
tensity was high (70–80% of VO2max). In another study, COR 
was found to decrease in healthy women who participated in 
aerobic exercise at 60% of VO2max on cycle ergometer, when 
exercise took place in the afternoon as opposed to the morn-
ing in which case increased (Stephenson et al., 1989). In ad-
dition, Hill et al. (2008) showed that cycling aerobic exercise 
at 40% of VO2max resulted in decreased ACTH and COR levels 
while exercise at 80% of VO2max induced increases of these 
hormones. Similarly, both COR and ACTH circulating levels in-
creased after 10 min of exercise at 90% of VO2max (Deuster et 
al., 2000). Interestingly, ACTH seems to significantly increase 
with prolonged moderate aerobic exercise, such as 120 min 
at 80% of VO2max (Duclos et al., 1997), or 60 min at 65% of  
VO2max (Bouissou et al., 1988). It was also suggested that COR 
responses take place within the first minutes of the stimulus 
through the HPA axis and a rapid change (increase) of COR 
may not be mediated via the action of ACTH (Viru, 1985). The 
COR decline, which applies in the current study, may indicate a 
high metabolic clearance rate, as discussed by Hill et al. (2008). 
It has been suggested that COR decreases as the rate of its re-
moval from plasma increases at a specific intensity of aerobic 
exercise defined at the critical point of around 60% of VO2max 
(Davies and Few, 1973). A late onset increase of COR cannot 
be the reason for the discrepancy in findings, as the current 
study employed an aerobic protocol with the same or longer 
duration in comparison with the above reviewed studies. How-
ever, the conflicting findings may be a result of the different 
time of testing. Luger et al. (1987) conducted their testing in 
the evening as opposed to the morning testing of the current 
study. ACTH and COR secretion is pulsatile, modulated by cir-
cadian rhythm (Veldhuis et al., 1989). These hormones exhibit 
high circulating levels in the morning with a gradual decrease 
throughout the day, becoming low in the evening.

In this context, Kanaley et al. (2001) studied the relation-
ship between exercise and COR release, investigating the effect 
of time of the day, when exercise takes place, on the COR secre-
tion. Specifically, they measured serum cortisol levels after an 
acute bout of a 30-min aerobic exercise at high intensity (85% 
of VO2max), in ten healthy males and found that serum COR 
release was dependent on the time of the day when exercise 
was taking place. COR release was higher in the morning as 
opposed to the afternoon and evening therefore the relative 
increase is expected to be higher in the evening (Kanaley et 
al., 2001).

Another finding of the present study was that ALDO in-
creased at the end of the 30-min exercise and remained el-

evated after 30 min of recovery, or showed further increase 
when percent changes were calculated. Stephenson et al. 
(1989) studied the effects of aerobic exercise on ALDO levels 
in healthy females and found that circulating ALDO increased 
during exercise while the time of the day did not influence 
the hormone release. In the current study, the female sam-
ple group was limited in size hence the effects of exercise on 
female population cannot be generalized. In addition, Buono 
and Yaeger (1991) showed that ALDO significantly increased 
by exercise at the intensity of 60% of VO2max. This increase 
preceded that of COR. Freund et al. (1991) suggested that ex-
ercise at 40% of VO2max or above was an adequate stimulus to 
activate ALDO secretion in healthy volunteers. Patlar (2009) 
studied the effect of a thirty-minute treadmill submaximal 
acute exercise (70% of VO2max) on ALDO and REN secretion 
and they found that they increased significantly after exercise 
and remained elevated for two hours post exercise. This is in 
consistency with the findings of Bocqueraz et al. (2004) who 
performed a cycling protocol of moderate intensity. Yamauchi 
et al. (1998) suggested that ALDO increased after high-in-
tensity aerobic exercise as a result of the increase of plasma 
hydrogen ion concentrations, as opposed to REN release. The 
specific authors suggested that ALDO increased with exercise 
independently of the HPA axis and the RAA system. Neverthe-
less, increased REN activity was suggested to be a stimulus for 
ALDO release during exercise (Stephenson et al., 1989), which 
is consistent with our findings.

Geyssant et al. (1981) found that both ALDO and REN 
circulating levels increased after one hour of aerobic exercise 
at 87% of VO2max. In addition, Wolf et al. (1986) found that 
cycling exercise at 40–50% of VO2max raised blood levels of 
ALDO and REN and similarly, Stephenson et al. (1989) report-
ed that ALDO and REN increased immediately after 30 min of 
cycling at 60% of VO2max. Increased REN release has also been 
reported after prolonged exercise (Sundsfjord et al., 1975). Ex-
ercise-induced REN increases are thought to reflect the needs 
for increased vasoconstriction during exercise, as the blood 
volume decreased in circulation (Barrett et al., 2016). Exer-
cise-induced vasoconstriction and decrease in blood flow in 
the kidneys enable increased blood flow in the muscles during 
exercise so as to reach equilibrium of electrolytes level, water 
balance and blood pressure (Maeda et al., 2005). Overall, the 
findings of our study are in accordance with the results of the 
above studies, suggesting that the aerobic exercise regimen 
used in the present study constitutes not only a mild physio-
logical stress-inducing stimulus but also an adequate one for 
triggering efficient homeostatic reactions of the exercising 
body. This could have important clinical implications associat-
ed with exercise prescription for specific diseased populations 
that need to avoid excess physiological stress.

 
Conclusions

The main findings of the study were that ACTH and COR de-
creased while ALDO and REN increased following the specific 
aerobic exercise bout. These findings indicate that such aerobic 
exercise protocols do not constitute a stressful stimulus for 
the human body therefore exercise benefits are gained with-
out the potential side effects of exercise. The exercise-induced 
decreases in ACTH and COR levels make the specific exercise 
regimen optional for sedentary individuals as well as diseased 
populations who need to exercise without increasing physio-
logical stress. It would be of particular interest to determine 
the optimum exercise protocol that offers the exercise benefits 
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without its stressful effects. Hence, more research is required 
that will determine specific exercise protocols which can be 
recommended and prescribed for specific diseased populations 
and various age groups.
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