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Abstract  
This study aimed to determine the effect of yoga stretching on 
salivary stress hormones and cardiac autonomic nervous system. 
To our knowledge, this study is the first to investigate changes in 
cardiac autonomic nervous system after yoga stretching. In this 
crossover design study, 10 adult men (age, 26.3 ± 2.5 years) with-
out yoga experience participated in the rest and yoga trials for 90 
min. Measurements were carried out before (pre), immediately 
(post), 60 min, and 120 min after rest or yoga stretching. Saliva 
samples were collected by chewing a sterile cotton ball at a fre-
quency of 60 cycles per minute. Salivary cortisol and testosterone 
concentrations were measured using an enzyme-linked immuno-
sorbent assay. With the subjects in the sitting position, heart rate 
variability was measured using pulse analyzer plus for 150 sec-
onds. As regards rate changes, salivary testosterone level tended 
to increase (p = 0.088), testosterone/cortisol ratio significantly in-
creased (p < 0.05), and cortisol level significantly decreased (p < 
0.05) at 120 min after yoga stretching. The square root of the 
mean-squared differences of successive normal-to-normal inter-
vals and natural logarithm high-frequency component, which are 
indicators of parasympathetic nerve activity, increased at 60 min 
(p < 0.05) and 120 min (p < 0.05) in the yoga trial, respectively. 
In conclusion, yoga stretching can enhance parasympathetic 
nerve activity and improve stress hormones. Therefore, yoga 
stretching may be useful to compensate for physical inactivity and 
increase life expectancy in the general population. 
 
Key words: Relaxation, mental state, autonomic nervous sys-
tem, recovery, testosterone, cortisol. 

 
 

Introduction 
 
Stress is a state of threatened homeostasis casued by ex-
trinsic or intrinsic stressors, which activate the hypotha-
lamic–pituitary–adrenal axis and the autonomic nervous 
system (Ader et al., 1995; Chrousos and Gold, 1992). An 
extreme amount of stress and imbalance in the autonomic 
nervous system are known to adversely affect the immune, 
cardiovascular, and neuroendocrine systems and cause de-
pressive psychosis and lifestyle-related diseases (Ander-
son, 1998; Rosengren et al., 2004; Won and Kim, 2016). 
These factors are also associated with overreaching and 
overtraining syndrome in athletes (Djaoui et al., 2017; Ga-
ret et al., 2004; Kellmann, 2010; Maso et al., 2004).  

Cortisol and testosterone are steroid hormones that 
change in response to psychological and physical stress 
(Papacosta and Nassis, 2011). Additionally, the testos-
terone/cortisol (T/C) ratio has been used to more clearly 
emphasize the variations in these two hormones (Elloumi 
et al., 2003; Passelergue and Lac, 1999). The T/C ratio is 

considered valuable in the assessment of tiredness and pre-
vention of overtraining syndrome (Maso et al., 2004). Ab-
normalities in the cardiac autonomic nervous system have 
been suggested as potential mechanisms linking depression 
and poor cardiovascular health in the general population 
(Grippo and Johnson, 2009). Additionally, the cardiac au-
tonomic nervous system is also useful to assess the condi-
tion and performance of athletes (Djaoui et al., 2017; Garet 
et al., 2004; Kellmann, 2010). A previous study in swim-
mers has reported that a decrease in parasympathetic nerve 
activity during intensive training is associated with the loss 
in performance (Garet et al., 2004). Additionally, the same 
study showed a correlation between the rebound in para-
sympathetic nerve activity during a tapering period and the 
gain in performance (Garet et al., 2004). Therefore, the 
maintaining a better balance in the cardiac autonomic nerv-
ous system is important for public health and athlete’s con-
ditioning. 

Previous studies found beneficial effects of yoga on 
physical fitness, cognitive function, psychological disor-
ders, cardiovascular conditions, and immune function 
(Field, 2011). Yoga is an integrated mind–body practice, 
and some of its styles are Hatha yoga (a relaxing, restora-
tive form that is sometimes used as an overarching term for 
all forms of yoga), Ashtanga (strenuous series of poses 
sometimes referred to as “power yoga”), Iyengar (holding 
poses longer and some very strenuous positions), and oth-
ers (Field, 2011). In recent years, yoga has been gradually 
investigated and utilized for athlete’s conditioning and re-
habilitation (Bühlmayer et al., 2017; Evans et al., 2018). 
However, these yoga styles are often difficult for beginners 
because of pranayama (yoga breathing) and meditation.  

On the contrary, yoga stretching, which involves 
holding relaxed poses with a natural breathing rhythm 
without pranayama or meditation, can be performed com-
fortably and easily by beginners. Previous studies reported 
that a single bout of yoga stretching could enhance salivary 
immune functions and improve stress hormones and men-
tal states (Eda et al., 2013; 2018). It is possible that a relax-
ation effect of yoga stretching is associated with cardiac 
autonomic nervous system, especially parasympathetic 
nerve activity. However, to our knowledge, no study has 
investigated this speculation. Prior to investigating ath-
letes, it is necessary to assess the beneficial effects of yoga 
stretching in non-athletes. Thus, this study aimed to deter-
mine the effect of yoga stretching on salivary stress hor-
mones and cardiac autonomic nervous system in adult men 
who are not athletes. Therefore, our hypothesis is that yoga 
stretching will improve stress hormones and enhance     
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parasympathetic nerve activity, and the beneficial effects 
will persist even after yoga stretching. 
 
Methods 
 
Subjects 
Ten adult men (age, 26.3 ± 2.5 years; height, 1.74 ± 0.06 
m; body mass, 68.3 ± 9.3 kg; body mass index, 22.7 ± 2.7 
kgꞏm-2; body fat percentage, 19.4 ± 4.0%) without yoga ex-
perience participated in this crossover design study. The 
sample size was estimated using G*Power 3 (Faul et al., 
2007). To detect an enhancement of parasympathetic nerve 
activity with a power of 80% and alpha level of 5%, a sam-
ple size of ≥6 participants was required. All subjects had 
passed a complete medical examination within the preced-
ing year. No subjects had been treated with any drugs that 
were known to affect immune function, and none reported 
allergies or recent infections within the prior 3 months.  

 
 

 
 

 
 

Figure 1. Experimental procedure. 
 
Experimental approach to the problem  
Subjects rested for 90 min in a seated position in the control 
trial (CON) and performed yoga for 90 min in the yoga trial 
(YOG) in random order (Figure 1). Measurements were 
carried out before (pre), immediately (post), 60 min, and 
120 min after rest or yoga. The CON and YOG trials were 
performed at the same time of day by all subjects. During 
the rest period, participants were only allowed to read 
books and were prohibited from sleeping or using a com-
puter. Only mineral water was permitted for drinking dur-
ing these trials.  

This study was approved by the Ethics Committee 
on Human Research of Waseda University, and experi-
ments were conducted in accordance with the Declaration 
of Helsinki. Subjects were given a detailed explanation of 
the risks, stress, and potential benefits of the study before 
they signed an institutionally approved informed consent 
document to participate in the study. 

 
Procedures  
Yoga exercise 
Subjects engaged in yoga stretching for 90 min using the 
methods described previously (Eda et al., 2013; 2018). A 
male instructor taught yoga stretching for all trials. Briefly, 
they massaged their legs and applied pressure to acupres-
sure points for 20 min, followed by executing various yoga 
poses, such as the warrior, extended triangle, and down-
ward-facing dog poses, for 65 min. Finally, the corpse 
pose, which involves lying in a supine position, was held 
for 5 min. 

Salivary sample measurements 
Saliva samples were collected as described previously 
(Akimoto et al. 2003). Subjects sat and rinsed their mouths 
with distilled water for 30 s three times and then rested for 
5 min. Saliva production was stimulated by chewing a ster-
ile cotton ball (Salivette; Sersted, Vümbrecht, Germany) at 
a frequency of 60 cycles per minute. Obtained saliva sam-
ples were separated from the cotton by centrifugation at 
3500 rpm for 10 min. The saliva volume secreted by chew-
ing for 1 min was measured and expressed as saliva flow 
rate (mL/min). After measurement of the sample volume, 
saliva samples were frozen at −80°C and stored until the 
end of the study period. Cortisol and testosterone concen-
trations were measured using enzyme immunoassay kits 
(Salimetrics, Carlsbad, CA) according to the manufac-
turer’s protocol. The intra- (coefficient of variation: 3-7% 
[cortisol] and 2.5-6.7% [testosterone]) and inter-assay (co-
efficient of variation: 3-11% [cortisol] and 5.6-14.1% [tes-
tosterone]) precision and control samples (cortisol: high 
[1.011 ± 0.253 μg/dL] and low [0.104 ± 0.026 μg/dL]; tes-
tosterone: high [215.62 ± 53.91 pg/mL] and low [20.49 ± 
8.20 pg/mL]) were provided by Salimetrics. The ELISA 
results of the present study showed a high (0.914 μg/dL) 
and low (0.088 μg/dL) control for cortisol, and high 
(190.27 pg/mL) and low (14.59 pg/mL) control for testos-
terone. The T/C ratio was obtained by dividing the testos-
terone concentration by the cortisol concentration. 

 
Heart Rate Variability (HRV) 
HRV was measured using pulse analyzer plus (TAS9; 
YKC, Tokyo, Japan) for 150 s in the sitting position. Pre-
vious studies have suggested that HRV analyses over 
shorter periods are useful for monitoring dynamic changes 
in autonomic nerve activity (Smith et al., 2013), and that a 
recording time of at least 120 s may be appropriate (Ahn, 
2013). The breathing rate was controlled to 15 times per 
minute (inspiration in 2 s and expiration in 2 s) during the 
measurement. The mean heart rate (HR), the standard de-
viation of normal-to-normal interval (SDNN), and the 
square root of the mean-squared differences of successive 
normal-to-normal intervals (RMSSD) were measured by 
time-domain analysis. Total power (TP, 0–0.40 Hz), high-
frequency component (HF, 0.15–0.40 Hz), low-frequency 
component (LF, 0.04–0.15 Hz), and the ratio of LF to HF 
(LF/HF) were quantified as frequency domain parameters 
of HRV. Natural logarithm (Ln) values were calculated for 
TP, LF, and HF components. 

 
Mental state 
Mental state was assessed using the Profile of Mood States 
(POMS)-Brief Form (Kanekoshobo, Tokyo, Japan) (Yoko-
yama et al. 1990). The POMS questionnaire rated tension-
anxiety (T-A), depression (D), anger-hostility (A-H), vigor 
(V), fatigue (F), and confusion (C) on a 5-point scale, and 
the standardized points (t points) were computed. Total 
mood disturbance (TMD) was calculated by subtracting the 
mood subscale V from the five mood subscales (T-A, D, 
A-H, F, and C). 

 
Statistical analyses 
Data  are  presented  as  mean ± SD values. Statistics were  
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computed using SPSS computer software (Version 25.0; 
SPSS Japan, Inc., Japan). Analysis of variance for 2 (day; 
CON and YOG) × 4 (time; pre, post, 60 min, and 120 min) 
repeated measures was used to determine the effect of yoga 
stretching. As post hoc analysis, Dunnett test was used to 
compare specific differences when significance was found. 
An intraclass correlation (ICC Rs) was calculated for each 
measurement to assess the reliability of each test. Reliabil-
ity ICC Rs for the dependent variables was 0.77-0.98. The 
effect size is estimated as f values. For all analyses, p < 0.05 
was set for statistical significance.  
 

Results 
 
The saliva flow rate, testosterone levels, cortisol levels, and 
T/C ratio are shown in Table 1. Change (%) rates in saliva 
flow rate, testosterone levels, and cortisol levels showed no 
significant change in the CON trial (Figure 2). As regards 
change rates, salivary testosterone level tended to increase 
(p = 0.088, 95% confidence intervals (CI): -1.2 to 21.2, f = 
0.48) and cortisol level significantly decreased (p < 0.05, 
95% CI: -86.5 to -8.4, f = 0.61) at 120 min compared with 
those at pre. In the CON trial, the T/C ratio at 120 min was 
significantly higher than that at pre (p < 0.01, 95% CI: 37.8 
to 207.6, f = 0.72). On the contrary, in the YOG trial, the 
T/C ratio increased at post (p = 0.071, 95% CI: -8.0 to 
235.1, f = 0.69), 60 min (p < 0.01, 95% CI: 37.5 to 280.6), 

and 120 min (p < 0.05, 95% CI: 18.2 to 261.3). At post, the 
T/C ratio in the YOG trial tended to be higher than that in 
the CON trial (p = 0.097, 95% CI: -16.9 to 168.8, f = 0.59). 

HRV changes are shown in Figure 3. HR decreased 
at post (p < 0.05), 60 min (p = 0.051), and 120 min (p < 
0.05) in the CON trial and at 60 min (p < 0.05, 95% CI: -
6.8 to -0.2, f = 0.74) and 120 min (p < 0.01, 95% CI: -7.6 
to -1.0) in the YOG trial. Significant interactions were 
found in the SDNN (p < 0.05, f = 0.68), RMSSD (p < 0.01, 
f = 0.79), Ln TP (p < 0.05, f = 0.67), and Ln HF (p < 0.01, 
f = 0.74) between CON and YOG trials. The SDNN at 120 
min in the YOG trial was significantly higher than that at 
pre in the YOG trial (p < 0.05, 95% CI: 2.0 to 30.5, f = 
0.66) and that at 120 min in the CON trial (p < 0.05, 95% 
CI: 3.8 to 23.0, f = 0.33). The RMSSD increased at post in 
the CON trial (p < 0.05, 95% CI: 1.1 to 21.3, f = 0.55) and 
at 60 min (p < 0.05, 95% CI: 1.6 to 34.0, f = 0.76) and 120 
min (p < 0.05, 95% CI: 2.8 to 35.2) in the YOG trial. The 
RMSSD values in the CON trial were significantly higher 
at post (p < 0.05, 95% CI: 0.8 to 14.0, f = 0.60) and lower 
at 120 min (p < 0.05, 95% CI: -32.3 to -2.5) than those in 
the YOG trial. Ln TP increased at post (p < 0.05, 95% CI: 
0.02 to 0.52, f = 0.63), 60 min (p < 0.05, 95% CI: 0.01 to 
0.51), and 120 min (p < 0.05, 95% CI: 0.03 to 0.53) in the 
CON  trial  and  at 60 min (p < 0.05, 95% CI: 0.07 to 0.75, 
f = 0.91) and 120 min (p < 0.01, 95% CI: 0.12 to 0.79) in 
the YOG trial. Ln LF  significantly  increased  at  120 min

 

Table 1. Changes in saliva flow rate and salivary hormones in the CONTROL and YOGA trials. Data indicated mean [±SD] values.  

 
CONTROL YOGA 

pre post 60min 120min pre post 60min 120min 
Saliva flow rate (mL/min) 1.56 [0.34] 1.49 [0.47] 1.48 [0.36] 1.39 [0.41] 1.51 [0.45] 1.62 [0.42] 1.53 [0.32] 1.57 [0.33] 
Testosterone (pg/mL)  203.4 [44.7] 191.9 [41.0] 206.2 [39.4] 207.9 [39.2] 179.7 [44.5] 178.1 [35.6] 182.1 [45.3] 193.7 [44.1]
Cortisol (ng/mL) 1.30 [0.76] 1.30 [1.33] 0.90 [0.53] 0.70 [0.34] 1.71 [0.76] 1.06 [0.55] 1.14 [1.04] 0.82 [0.35] 
T/C ratio 228.1 [177.8] 296.3 [187.1]314.1 [202.4]389.1 [304.7] 124.3 [56.5] 209.0 [115.6] 258.5 [184.1] 261.2 [76.8]

 
 

 
 

 
 

Figure 2. Change (%) rates in saliva flow rate, testosterone levels, cortisol level, and T/C ratio before (pre), immediately 
(post), 60 min, and 120 min after rest or yoga. Data are expressed as mean ± SD values. * p < 0.05, ** p < 0.01 vs pre. CON, control 
trial; YOG, yoga trial. 
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Figure 3. Changes in the mean heart rate (HR), standard deviation of normal-to-normal interval (SDNN), square root 
of the mean squared differences of successive normal-to-normal intervals (RMSSD), natural logarithm total power (Ln 
TP), Ln low-frequency component (LF), Ln high-frequency component (HF), and Ln LF/HF before (pre), immediately 
(post), 60 min, and 120 min after rest or yoga. Data are expressed as mean ± SD values. * p < 0.05, ** p < 0.01 vs pre, † p < 0.05, †† p 
< 0.01; CON vs YOG. CON, control trial; YOG, yoga trial. 

 
(p < 0.05, 95% CI: 0.03 to 1.45, f = 0.52) in the CON trial 
and at 60 min (p < 0.05, 95% CI: 0.07 to 1.55, f = 0.79) in 
the YOG trial. Ln HF significantly increased at 60 min (p 
< 0.05, 95% CI: 0.15 to 1.20, f = 0.91) and 120 min (p < 
0.05, 95% CI: 0.11 to 1.16) in the YOG trial alone. Addi-
tionally, Ln HF values in the YOG trial were significantly 
higher at 60 min (p < 0.05, 95% CI: 0.1 to 1.1, f = 0.75) 
and 120 min (p < 0.01, 95% CI: 0.2 to 1.0) than those in 
the CON trial. Ln LF/HF showed no significant change in 
both trials. 

No  significant  difference was found in the mental  

state of the participants during the CON trial (Table 2). In 
the YOG trial, POMS scores of T-A and TMD significantly 
decreased at post (T-A; p < 0.01, 95% CI: -7.1 to -2.0, f = 
1.10, TMD; p < 0.05, 95% CI: -7.23 to -0.37, f = 0.66), 60 
min (T-A; p < 0.01, 95% CI: -7.6 to -2.5, TMD; p < 0.05, 
95% CI: -7.53 to -0.67), and 120 min (T-A; p < 0.01, 95% 
CI: -7.4 to -2.3, TMD; p < 0.05, 95% CI: -7.03 to -0.17). 
Additionally, POMS scores of D (p < 0.05, 95% CI: -5.34 
to -0.26, f = 0.56) and A-H (p < 0.05, 95% CI: -5.28 to -
0.12, f = 0.53) at 120 min were significantly lower than 
those at pre. At post, the scores of V (p < 0.01, 95% CI: 2.2 
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to 10.6, f = 0.67) and F (p < 0.05, 95% CI: 1.3 to -0.26, f = 
8.9) in the YOG trial were significantly higher than those 
in the CON trial. Interactions between rest and yoga 

stretching were seen in T-A (p = 0.097, f = 0.57) and F (p 
= 0.067, f = 0.54). 

 
Table 2. Changes of POMS scores in CON and YOG trials. Data indicated mean [±SD] values. 

 
CONTROL YOGA 

pre post 60min 120min pre post 60min 120min 

Tension-Anxiety 36.8 [6.2] 35.0 [3.5] 35.9 [5.0] 34.4 [3.0] 39.9 [7.2] 35.4 [4.6] ** 34.9 [4.2] ** 35.1 [4.1] **
Depression 41.3 [1.6] 41.5 [2.8] 41.5 [2.4] 42.0 [2.9] 44.8 [4.9] 43.3 [5.9] 42.6 [5.2] 42.0 [4.2] *
Anger-Hostility 38.1[2.6] 37.6 [1.3] 37.6 [1.3] 37.6 [1.3] 40.5 [4.2] 38.7 [3.5] 38.4 [3.5] 37.8 [2.5] *
Vigor 37.7 [13.4] 37.9 [10.7] 37.7 [11.2] 37.3  10.2] 42.1 [12.1] 44.3 [8.9] †† 42.2 [10.7] 38.7 [11.7] 
Fatigue 39.7 [5.5] 38.4 [3.8] 39.1 [5.5] 39.0 [4.4] 41.5 [6.2] 43.5 [6.4] † 42.3 [6.6] 40.9 [5.9] 
Confusion 46.9 [5.2] 45.6 [4.0] 44.8 [6.0] 44.1 [2.9] 47.6 [7.1] 45.4 [4.1] 45.3 [3.6] 45.4 [4.6] 
Total Mood Disturbance 4.6 [10.3] 2.6 [6.9] 3.1 [8.8] 2.6 [6.7] 7.3 [7.8] 3.5 [8.1] * 3.2 [6.3] * 3.7 [6.1] * 

* p < 0.05, ** p < 0.01 vs pre in the YOGA trial. † p < 0.05, †† p < 0.01 vs CONTROL trial.  

 
Discussion 
 
In this study, we examined the effect of yoga stretching on 
salivary stress hormones and the autonomic nervous sys-
tem. To our knowledge, this is the first to investigate 
changes in cardiac autonomic nervous system after yoga 
stretching. We confirmed that salivary cortisol concentra-
tion decreased and T/C ratio increased after yoga stretch-
ing. As the major finding of this study, yoga stretching for 
90 min significantly enhanced parasympathetic nerve ac-
tivity, and the beneficial effect was observed much later, at 
approximately 60 min after yoga stretching. 

Testosterone, the primary steroid hormone within 
the androgen family, is regulated by the hypothalamic–pi-
tuitary–gonadal axis (Papacosta and Nassis, 2011). Testos-
terone is produced by the testis in men and the adrenal cor-
tex and ovaries in women, and the level of testosterone in 
men is higher than that in women (Le Panse et al., 2010). 
Additionally, changes in testosterone owing to stress are 
common in both men and women (Lennartsson et al, 2012). 
In addition, 2–5% of all testosterone in the blood remains 
free or unbound, and the remaining 95–98% is bound to 
albumin and sex-binding globulins (Papacosta and Nassis, 
2011). Salivary testosterone is free or unbound testosterone 
and shows biological activity (Papacosta and Nassis, 
2011). In men, salivary and blood testosterone concentra-
tions have showed significant correlations (Sannikka et al., 
1983; Vittek et al., 1985). Salivary testosterone is known 
to increase in response to acute high-intensity exercise 
(Budde et al., 2010a; 2010b), but it remains unchanged af-
ter acute low- or moderate-intensity exercise (Budde et al., 
2010b). However, in the present study, the testosterone 
level tended to increase at 120 min after yoga, and this in-
crease in testosterone level was confirmed in a previous 
study (Eda et al., 2018). Testosterone contributes to an in-
crease in protein synthesis and a decrease in protein degra-
dation and thus enhances muscle growth and strength-re-
lated performance (Crewther et al., 2006; Papacosta and 
Nassis, 2011). On the other hand, testosterone levels are 
known to decrease with age, and previous studies have re-
ported that lower testosterone levels are associated with a 
higher risk of metabolic syndrome, cardiovascular disease, 
type 2 diabetes, and mortality (Haring et al., 2010; Jones, 

2010). The increase in the testosterone level in the present 
study indicates that yoga stretching may promote muscle 
growth and strength-related performance in athletes and 
decrease the risks of lifestyle-related diseases and mortality 
in the general population. 

Cortisol is a member of the glucocorticoid family 
and is secreted from the adrenal cortex via the hypotha-
lamic–pituitary–adrenal axis (Papacosta and Nassis, 2011). 
The level of cortisol is known to increase in response to 
mental and physical stress and decrease in response to re-
laxation. Cortisol concentrations in the blood and saliva 
have showed significant correlations (Cadore et al., 2008; 
O'Connor and Corrigan, 1987). In a previous study, Afri-
can dance for 90 min increased and yoga for 90 min de-
creased salivary cortisol concentration significantly (West 
et al., 2004). A previous study also showed that salivary 
cortisol concentration decreased after yoga stretching (Eda 
et al., 2018). In the present study, the cortisol level de-
creased at 120 min compared with that at pre in the YOG 
trial. This finding is consistent with those in previous stud-
ies, and the significant decrease in cortisol after yoga in the 
present study may demonstrate the relaxing effect of yoga 
stretching. 

The T/C ratio is known to reflect anabolic and cata-
bolic balance and considered useful for an athlete’s condi-
tioning (Elloumi et al., 2008; Passelergue and Lac, 1999). 
A previous study of powerlifting athletes reported that the 
T/C ratio decreased at weighing-in and immediately after 
the competition, which was considered a catabolic phase 
(Le Panse et al., 2010). A previous study of rugby players 
reported that the T/C ratio might be useful for assessing the 
level of tiredness and preventing the development of over-
training syndrome (Maso et al., 2004). Another study re-
ported that a decrease in the T/C ratio could be associated 
with a reduction in soccer’s performance during the season 
(Kraemer et al., 2004). A previous study has shown a sig-
nificant increase in the T/C ratio immediately after yoga 
stretching (Eda et al., 2018). In the present study, the T/C 
ratio increased at post, 60 min, and 120 min in the YOG 
trial. Additionally, at post, the T/C ratio in the YOG trial 
tended to be higher than that in the CON trial. Therefore, 
the present study showed the potential for promoting ana-
bolic action after yoga stretching in the general population. 
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These findings indicate that yoga stretching may increase 
training effects and enhance an athlete’s condition and per-
formance; however, further study in athletes is needed. 

In this study, cardiac vagal activity was assessed by 
measuring HRV. Ln TP and SDNN, which reflected over-
all activity of the cardiac autonomic nervous system, were 
higher after yoga stretching than those after rest. The 
RMSSD and Ln HF increased at 60 min and 120 min after 
yoga stretching; thus, we suggested that yoga stretching 
might enhance parasympathetic nerve activity. Parasympa-
thetic nerve activity is known to decrease after an acute ex-
ercise such as resistance training (Kingsley and Figueroa, 
2016), endurance exercise (Heffernan et al., 2006), and 
high-intensity interval training (Perkins et al., 2017). On 
the contrary, acute static stretching exercise was reported 
to promote parasympathetic nerve activity (Wong and 
Figueroa, 2019). A previous study suggested three poten-
tial mechanisms of the effect of stretching exercise on 
HRV, namely, an improved baroreflex sensitivity, psychic-
physical relaxation response, and a rise in nitric oxide lev-
els (Wong and Figueroa, 2019). Especially, in acute 
stretching exercise, the psychic–physical relaxation re-
sponse was speculated to contribute mainly to an enhance-
ment of parasympathetic nerve activity. Previous studies 
have reported a decrease in parasympathetic nerve activity 
and activation of sympathetic nerve activity during acute 
stretching exercises (Farinatti et al., 2011; Wong and 
Figueroa, 2019); thus, it was suggested that the present 
study showed a delay in the enhancement of parasympa-
thetic nerve activity due to fact that the effects of exercise 
on autonomic nerve activity remained even after yoga 
stretching. 

Recent studies have reported both chronic (Hartfiel 
et al. 2011; Uebelacker et al. 2010) and acute (Eda et al., 
2013; 2018; Telles et al. 2009) relaxation effects of yoga. 
As an example of chronic effects, 60 min of yoga per week 
for 6 weeks was reported to significantly improve the men-
tal scores in the POMS Bipolar scale and the Inventory of 
Positive Psychological Attitudes scale (Hartfiel et al. 
2011). Previous studies reported acute relaxation effects 
such as improvement in the POMS scores (T-A, D, A-H, 
and F) (Eda et al., 2013; 2018) and decrease in tension 
(Telles et al. 2009) after yoga. In the present study, the 
POMS scores on the T-A, D, A-H, and TMD were signifi-
cantly improved after yoga and a relaxation effect of yoga 
was confirmed. These results are mostly consistent with the 
results of previous studies (Eda et al., 2013; 2018).  

Improvements in stress hormones, autonomic nerve 
activity, and mood states are effective in preventing de-
pressive psychosis and lifestyle-related diseases. In this 
study, these parameters improved after yoga; therefore, we 
suggested that yoga may be useful to compensate for phys-
ical inactivity and increase life expectancy in the general 
population.  

This study has some limitations. This study has no 
active control trial such as general stretching, and athletes 
or yoga practitioners were not included. However, this 
study indicates the possibility of yoga’s usefulness for ath-
lete’s conditioning; thus, the next study needs to investi-
gate the effects of yoga on athlete’s recovery after acute 
high-intensity exercise or during a training camp.               

Additionally, yogic breathing method was not used and 
subjects performed a natural breathing style. However, a 
previous study reported that yogic breathing might be as-
sociated with psychic–physical response (Saoji et al., 
2019); therefore, it is necessary to investigate the effects of 
yoga with yogic breathing on athlete’s conditioning and 
performance. 

 
Conclusion 
 
Yoga stretching for 90 min can enhance parasympathetic 
nerve activity and improve stress hormones and mental 
states in healthy adult men without yoga experience. These 
parameters were reported to be effective in preventing de-
pressive psychosis and lifestyle-related diseases. There-
fore, yoga stretching, which can improve these parameters, 
may be useful to compensate for physical inactivity and in-
crease life expectancy in the general population. 
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Key points 
 
 We confirmed that salivary cortisol concentration de-

creased and testosterone/cortisol ratio increased after 
yoga stretching.  

 As major finding of this study, yoga stretching for 90 
min is associated with a significant enhancement in 
the parasympathetic nerve activity. 

 Yoga stretching, which is a low-intensity exercise 
aimed at relaxation, may be useful for recovery after 
high-intensity training and athlete’s conditioning. 
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