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Background:  
 
Normal levels of the hormone cortisol are essential to life in humans. As a major 
secretory product of the adrenal cortex, cortisol plays a key role in glucose 
metabolism, growth and circadian rhythm. Additionally, cortisol functions as a 
stress hormone, acting synergistically with the catecholamines to prepare the body 
for the “fight-or-flight” response. With acute stress, this cortisol excess equips the 
body to respond quickly to threatening situations. With chronic stress however, 
this cortisol excess can have damaging effects on the body over time. Some 
examples of these damaging effects include muscle atrophy, cerebral atrophy, 
breakdown of connective tissue, increased risk of cardiovascular disease, 
decreased bone mass, and immunosuppression.1  
 
Cortisol excess can manifest from a number of etiologies, many due to over-activity 
of the hypothalamic-pituitary-adrenal (HPA) axis.2 Neoplastic etiologies of 
hypercortisolism include pituitary, adrenal or ectopic tumors resulting in Cushing 
syndrome. Individuals with such tumors are often candidates for surgical 
treatment.1  

 

More commonly, cortisol secretion is increased due to repeated firing of the HPA 
axis from non-neoplastic etiologies.2 Some of the most common causes include 
depression, obesity, alcoholism, and psychological/physical stress.1 While 
individuals with non-neoplastic causes of hypercortisolism are not candidates for 
surgical treatment, there is evidence that these individuals may be able to reduce 
their HPA activity through stress reducing practices.3 

 
One stress-reducing practice that has gained popularity since the late 1990’s is yoga. 
Yoga is an ancient Indian mind-body discipline that classically incorporates 
postures (asanas), breath control (pranayama), and meditation (Dhyana).4  While a 
number of studies have reported the stress reducing effects of yoga, most studies 
have relied on self-reported measures like perceived stress, anxiety, well-being, and 
pain rather than on an objective biomarker such as cortisol.5  

 
As a major downstream product of HPA axis activity, cortisol stands as a feasible 
neuroendocrine marker for measuring the stress response. Salivary cortisol is of 
particular value because it more accurately reflects the level of serum free cortisol 
in humans compared to measures of total serum cortisol.6 This is because the 
cortisol binding proteins, including albumin and corticosteroid-binding globulin 
(CBG), contribute to total cortisol content in blood, but do not contribute to cortisol 
content in saliva. In ill patients, these cortisol-binding proteins can be elevated such 
that total serum cortisol values may not be an accurate measure of adrenal 
function.6 This literature review analyzes some of the most recent studies that use 
salivary cortisol as a biomarker of stress, to measure change before and after yoga 
interventions.  



 

Research Question:  
The question that this literature review attempts to answer is whether yoga 
interventions are effective in significantly (P <0.05) reducing salivary cortisol in 
adults.  

Important variables:  
Independent variable: Yoga intervention  
Dependent Variable: Salivary cortisol  

Definitions:  
Cortisol: a steroid hormone produced by the adrenal cortex, which mediates 
glucose metabolism and the stress response.  
HPA Axis: hypothalmic-pituitary-adrenal axis.  
MBSR: Mindfulness Based Stress Reduction – a meditative practice in which an 
individual seeks to cultivate a non-judgmental awareness with the goal of improving 
their physical and emotional wellbeing.  
Stress: state of physical, mental or emotional strain resulting from adverse or very 
demanding circumstances. 
Yoga: an ancient Indian mind-body discipline that incorporates postures (asanas), 
breath control (pranayama) and meditation (Dhyana).  
 

Methods:  
 
Literature Search. A literature search was carried out using the database PubMed, 
Medline and Google Scholar. Reference information regarding salivary cortisol 
measuring techniques was acquired on UptoDate. The search terms used were “yoga 
and cortisol,” and “yoga and glucocorticoids” 

Inclusion/Exclusion Criteria:  
 

1. Dates of publication: Studies earlier than 2004 were excluded, however 
most were published by 2009 or later.  
 

2. Participants: Adults (age ≥ 18 years). To reveal any cortisol-attenuating 
pattern, studies performed on ill, recently ill, emotionally stressed, as well as 
healthy subjects were analyzed.  

 
3. Intervention criteria: Studies were limited to yoga interventions of at least 5 

weeks duration with a frequency of at least 1 one-hour session per week.  
 

4. Outcome measures: Changes from baseline in salivary cortisol levels was the 
only outcome measure of interest. Studies that did not provide this outcome 
measure were excluded.  



 

RESULTS:  
 
Literature acquired. An initial PubMed search yielded 46 potentially eligible 
articles, of which 15 were available as free full text articles. After a full text review, 7 
were excluded due to failure to meet pre-determined inclusion criteria. Three 
articles were identified through other sources including Google Scholar and 
MedLine for a total of 11 studies.  
 
Following yoga interventions, five studies reported no significant change 8,9,10,11,12, 
and five a significant decrease in salivary cortisol 2,3,13,14,15 with one study reporting 
a significant increase.7 
 
Figures presented:  
Table 1. Characteristics of Studies  
Table 2. Quality Control Characteristics  
Table 3. Cortisol outcome by Population 
Chart 1. Cortisol outcome by mean intervention hours 
Chart 2. Quality control characteristics by outcome



 

 
 

Table 1: Characteristics of Studies 
Author, 

Date, 
Location 

Sample 
size: 
yoga, 

control 

Number 
completed 

(yoga, 
controls) 

Study 
population 

Yoga Intervention 
description 

Control group 
or comparison 

group 
description 

Duration of 
sessions/ 

weekly 
frequency/ 
total weeks 

Δ in Salivary 
Cortisol (pre vs. 

post yoga 
Intervention)? 

Comments 

Banasik et 
al., 2011, 
Spokane 
WA  

9, 9  7, 7  Stage II-IV 
breast cancer 
survivors, mean 
age 63.3±6.9, 
who were at 
least 2 months 
post-treatment  

Iyengar Hatha yoga 
routines that were 
gradually increased 
in difficulty as 
participants 
acquired more 
strength and 
flexibility.  

Wait-listed to a 
future yoga 
program.  
(randomized) 

90 min 
sessions / 
2x weekly/  
8 weeks 
 
 

YES: Yoga group’s 
morning and 
evening cortisol 
decreased (p = 
0.018), (p = 0.028) 
respectively. P > 
0.05 for all control 
cortisol measures  

Iyengar 
instructors 
were 
available to 
help 
individualize 
poses for 
safety  

Beddoe et 
al., 2009, 
San 
Francisco, 
CA   

19, 0  16, 0  Pregnant 
women 12 – 32 
weeks gestation 
when the 
intervention 
began, mean age 
30.4 yrs.  

Combined Iyengar 
Hatha yoga with 
mindfulness-based 
stress reduction 
(MBSR). Subjects 
were paid $100 for 
participation at the 
end of the program  

None  75 min 
sessions/ 
1x weekly/ 
7 weeks 
 
  

YES: Yoga groups 
average morning 
cortisol increased 
(p<0.01)  

Pregnancy is 
associated 
with modest 
increased 
free cortisol  

Bosch et 
al., 2009, 
Mesa AZ   

11, 9  9, 7  Postmenopausal 
females, age 45-
75 with 
rheumatoid 
arthritis  

Hatha Yoga that 
included supine 
breathing, 
traditional 
postures/stretches 
followed by 
meditation  

Individuals 
interested but 
unavailable due 
to scheduling 
conflicts  
(non-
randomized)  

75 min 
sessions/ 
3x weekly/ 
10 weeks  
 
 

NO: Yoga groups 
morning and 
evening salivary 
cortisol did not 
change (P >0.5), 
neither did the 
control’s cortisol  

Researchers 
modified a 
protocol for 
kits intended 
for analysis of 
plasma 
cortisol.  

Bowden et 
al., 2012, 
New Cross 
London, 
UK  

15, 15, 
15  

9, 12, 12 Healthy college 
students, age 18-
50yrs recruited 
at the University 
of London  
Females: 21 
Males: 12  

Iyanger Hatha yoga 
with emphasis on 
building strength, 
balance, 
coordination and 
meditation  

Two different 
control groups: 
“mindfulness “ 
or “Brain Wave 
Vibration” 
training   
(randomized) 

75 min 
sessions/ 
2x weekly/ 
5 weeks  
 
  

NO: There was no 
significant change 
in salivary cortisol 
in any of the groups 
(P>0.05)  

Time of 
cortisol 
collection 
time ranged 
from 11 – 
3pm.  



 

 

 
Table 1: Continued. 
Author, 

Date, 
Locatio

n 

Sample 
size 

(yoga, 
control) 

Number 
completed 

(yoga, 
controls) 

Study 
population 

Yoga Intervention 
description 

Control 
group or 

comparison 
group 

description 

Duration of 
sessions/ 

weekly 
frequency/ 
total weeks 

Δ in Salivary 
Cortisol (pre vs. 

post yoga 
Intervention)? 

Comments 

Carlson 
et al., 
2004, 
Alta, 
Canada 

58, 0  42, 0  Early Stage I-II 
breast and 
prostate 
cancer 
outpatients, 
mean age 
54.5±11yrs at 
least 3 months 
post-surgery 
Females: 33  
Males: 9 

MBSR program 
involving yoga, 
meditation, 
relaxation and mind-
body connection  

None  90 min 
sessions/ 
1x weekly/ 
8 weeks  
 
  

NO: Although 
participants with 
high initial cortisol 
displayed 
decreased cortisol 
after intervention: 
8am (p <0.001), 
2pm (p<0.05), 8pm 
(p<0.05)  

 

Curtis et 
al., 2011, 
Toronto, 
Canada  

24, 0  19, 0  Women, mean 
age 47.4±13.7 
yrs with 
documented 
Fibromyalgia 
diagnosis by a 
physician  

Hatha yoga, which 
included postures, 
breathing exercises 
and meditation.  
Postures were 
modified to 
accommodate for 
individual physical 
limitations.  

None  75 min 
sessions/ 
2x weekly/ 
8 weeks  
 
  

NO: Although 
intention-to-treat 
analysis indicated 
post-intervention 
cortisol was 
greater than pre-
intervention 
cortisol (P<0.05)  

Fibromyalgia 
patients often 
exhibit 
hypocortisolism, 
particularly in 
the morning.  

Danucalo
v, 2013, 
Sao 
Paulo, 
Brazil  

27, 26  25, 21  Familial 
caregivers of 
Alzheimer’s 
Disease 
Patients, at 
least 18 years 
of age; 
females: 41 
males: 5  

Hatha Yoga including 
body poses, 
controlled breathing 
and compassion 
meditation 

Waiting list 
control 
(randomized)  

75 min 
sessions/ 
3x weekly (1 
live and 2 @ 
home with the 
aid of a DVD)/ 
8 weeks  
 
  

YES: Yoga group’s 
morning cortisol 
decreased 
(P<0.05). Control 
groups morning 
cortisol did not 
change 

 



 

 

 
Table 1: Continued. 
Author, 

Date, 
Location 

Sample 
size 

(yoga, 
control) 

Number 
completed 

(yoga, 
controls) 

Study 
population 

Yoga 
Intervention 
description 

Control group or 
comparison 

group 
description 

Duration of 
sessions/ 

weekly 
frequency/ 
total weeks 

Δ in Salivary 
Cortisol (pre vs. 

post yoga 
Intervention)? 

Comments 

Michalsen
, 2005, 
Essen, 
Germany  

16, 9  16, 8  Female 
volunteers, 
mean age 38±7 
with self 
perceived 
emotional stress.  

Iyengar postures 
for stress 
reduction. A 
participation fee 
of 55 €/mo was 
required  

Waiting list 
control  
(non-randomized)  

90 min 
sessions/ 
2X weekly/ 
12 weeks  
 
 

YES: Salivary cortisol 
decreased in the yoga 
group (P = 0.03), 
controls cortisol was 
not measured 

Cortisol 
samples 
measured 
immediatel
y before & 
after the 
sessions 

Rocha, 
2012, 
Natal, RN 
Brazil  

17, 19 17, 19  Healthy male 
volunteers, age 
20-40 from the 
Brazilian Army  

Yoga twice weekly 
plus two physical 
exercises twice 
weekly  

Attended 4 
physical exercises 
weekly  
(non-randomized) 

60 min/ 
2x weekly/ 
25 weeks  

YES: Yoga group’s 
morning cortisol 
decreased (p<0.001), 
control groups 
cortisol increased (p 
< 0.001) 

Rigorous 
exercise 
can 
increase 
cortisol 
secretion  

Vadiraja, 
2009, 
Bangalore 
India 

44, 44  27, 29  Stage II-III 
breast cancer 
patients 
undergoing 
adjuvant 
radiotherapy, 
mean age 46±9.1 
years 

Integrated 
postures, 
breathing, 
meditation and 
relaxation 
techniques  

Received 3-4 
supportive 
counseling 
sessions during 
the 6 week period 
(randomized)  

60 min/ 
3x weekly/ 
6 weeks 

YES: Yoga groups 
morning cortisol 
decreased (p < 0.001) 
but not in the control 
groups (p < 0.74)  

Dexametha
some 
challenge 
suggested 
for future 
studies 

Woolery, 
2004, Los 
Angeles, 
CA 

13, 15 10, 13  Young adults, 
ages 18-29 
displaying mild 
levels of 
depression of 
Beck Depression 
Inventory (BDI) 
of 10-15  

Iyengar Hatha 
yoga which 
entailed vigorous 
poses intended to 
improve posture 
and asanas  

Control group 
maintained 
routine activities 
without beginning 
yoga or other 
mind-body 
program 
(randomized)  

60 min/ 
2x weekly/ 
5 weeks 

NO: Yoga and control 
groups did not 
display a significant 
difference in cortisol 
at any stage of the 
intervention 

 



 

 

* Author color-coding: Blue = study displayed a decreased-cortisol outcome, green = study displayed an increased-cortisol 
outcome, red = study displayed an unchanged-cortisol outcome

 2Table 2: Quality Control Characteristics  
 Sample 

size >30 
Inclusion 
of a 
control 
group  

Random 
allocation 
to control 
and yoga 
group 

Cortisol 
measures at 
each 
assessment 
period 
involved 
multiple 
saliva 
samples  

Blinding 
of 
personnel 
   

< 20% 
Attrition 
rate 
(attrition 
bias)  
 

Cortisol 
measuring 
technique 
conferred high 
sensitivity to 
cortisol (enzyme 
immuno-assay or 
HPLC)  

Total hours of 
yoga 
intervention 
> 20hrs  

Controlled for 
confounding 
variables in 
cortisol 
collection (e.g. 
food intake, 
smoking, caffeine 
consumption, 
exercise  

Banasik et 
al *  

- + + + - - 
 

+  +  - 

Beddoe et 
al 

- - N/A - - + 
 

-  –  + 

Bosch et 
al  

- + - + - + 
 

- +  - 

Bowden 
et al  

+ + + + - - 
 

- - + 

Carlson et 
al  

+ - N/A + - - 
 

- - + 

Curtis et 
al  

- - N/A + - - 
 

+  
 

- + 

Danucalov 
et al 

+ + + + - + 
 

- +  + 

Michalsen 
et al  

- + -  - 
 

- + 
 

- + 
 

- 

Rocha - + - - 
 

+ + 
 

+ 
 

+  + 

Vadiraja  + + + + - - 
 

+  
 

- - 

Woolery - + + + - + 
 

- - - 



 

 

 
Table 3: Cortisol outcome by population:  

 
Ill/recovering from illness   

Banasik  Sage II-IV breast cancer   
Bosch  Rheumatoid arthritis  −  
Carlson  Stage I-II breast cancer     − * 
Curtis  Fibromyalgia  − 
Vadiraja  Stage II-III Breast cancer   
Vadiraja  Stage II-III Breast cancer   

     Emotionally stressed    

Danucalov  
Caregivers of a family 
member with Alzheimer’s   

Michalsen  Emotionally stressed   
Woolery  Depressed young adults  − 

     Healthy    
Beddoe  Pregnant women     
Bowden  College students  − 
Rocha  Brazilian soldiers   

* Subjects in this study with high initial cortisol displayed 
decreased cortisol after the yoga intervention 

 
 

 
 
 
 

 



 

 

 
 

Discussion of Evidence: 
Cortisol outcome by mean intervention hours: 
As shown in Chart 1, subjects in studies with decreased-cortisol outcomes received 
more yoga intervention hours on average compared to studies that demonstrated 
no cortisol changes in subjects. Thus, there appears to be a positive relationship 
between more extensive yoga exposure and a significant decease in cortisol.  

Cortisol Outcome by population: 
As shown in Table 3, cortisol outcomes varied across populations. Studies involving 
emotionally stressed subjects were more likely to report decreased-cortisol 
outcomes, followed by ill subjects, then healthy subjects. These results seem to 
indicate that emotionally stressed subjects may exhibit greater cortisol attenuation 
in response to yoga compared to subjects that are not emotionally stressed.  
 
The study performed by Beddoe et al (2009) was unique in finding a significant 
increase (P<0.01) in salivary cortisol after the yoga intervention. The authors 
pointed out that this outcome was expected since pregnancy is associated with 
modest increased levels of free cortisol and all study subjects were pregnant. 
Therefore, this study was treated as an outlier and excluded from Charts 1 and 2.  
 
Two of the three cancer survivor groups 2,15 displayed a reduction in salivary 
cortisol after yoga interventions. The study involving cancer survivors that did not 
display a reduction in cortisol10 observed a significant cortisol reduction in the 
subset of subjects with high baseline pre-intervention cortisol levels. Cancer 
survivors reportedly experienced an increase in psychosocial stress with fear of 



 

 

relapse being cited as a major stressor. Increased cortisol secretion may alter 
inflammation and immunity in ways that promote risk of cancer relapse2 so cancer 
survivors may especially benefit from the reportedly stress reducing benefits of 
yoga.  

Quality Control Characteristics 
Studies reporting a decreased-cortisol outcome were overall higher quality in 
design compared to those with unchanged-cortisol outcome across 6 of 8 quality 
control characteristics as shown in Table 2 and Chart 2.  
 
Sample size. Small sample size was a methodological weakness shared by most of 
these studies. Mean sample sizes were smaller in the studies with an unchanged-
cortisol outcome (mean n = 26.4) compared to studies with a decreased-cortisol 
outcome (mean n = 35.2).  
 
Vadiraja et al studied the largest sample of 56 participants.15 Participant 
recruitment spanned a 2.5-year period at two comprehensive cancer centers. This 
study demonstrates how time-consuming it can be to recruit interested subjects, 
review records for eligibility, and confirm feasible participation.  
 
While there is preliminary evidence that yoga interventions may decrease cortisol 
levels, many of these studies are limited by their small sample size. Greater 
statistical power could be achieved to answer this research question with studies 
containing larger sample sizes. Larger studies would produce more narrow 
confidence intervals and thus more precise results.  
 
Use of a control group and randomization. Inclusion of a control group was 
achieved in all of the studies with a decreased-cortisol outcome 2,3,13,14,15 and in 
three of the five studies with an unchanged-cortisol outcome8,9,12. The use of a 
control group has important bearing on the validity of results since spontaneous 
changes in cortisol levels can occur. Statistically, it is not unusual for extreme values 
(i.e. elevated cortisol levels) to display regression towards a mean value over time. 
Attributing such a change in cortisol to the yoga intervention as opposed to 
statistical artifact can be better distinguished with the aid of a control group.10  
 
Two of the five studies with an unchanged-cortisol outcome randomized subjects to 
either a yoga group or control group.9, 12 Three of the five studies with a decreased-
cortisol outcome randomized subjects.2, 13, 15 Unknown differences between the 
control and yoga intervention groups cannot be ruled out in non-randomized 
studies.  
 
Of the five randomized controlled trials (RCT’s), three displayed a decreased-
cortisol outcome 2,13,15 while two displayed an unchanged-cortisol outcome.9, 12 
RCT’s stand as an optimal research approach in identifying a cause and effect 
relationship. Given this preliminary evidence that yoga interventions may reduce 



 

 

stress through cortisol modulatory mechanisms, future RCT’s addressing this 
research question are warranted.  
 
Collection of multiple cortisol measurements at each assessment period. As 
shown in Table 2, three of the five studies with a decreased-cortisol outcome 
acquired multiple saliva samples at each assessment period 2,13,15. In contrast, all of 
the studies with an unchanged-cortisol outcome measured multiple saliva samples 
at each assessment period. 8,9,10,11,12 This is the first of two quality control 
characteristics more consistently met in studies with an unchanged-cortisol 
outcome compared to studies with a decreased-cortisol outcome as can be seen in 
Chart 2.  
 
Given the diurnal variation of cortisol secretion, multiple samples are more likely to 
accurately model an individual’s cortisol secreting rhythm.6 This can be garnered by 
either collecting multiple saliva samples throughout the day or by repeated 
measures of salivary cortisol within 60 minutes of awakening. While perhaps 
tedious for participants, maximal accuracy can be further achieved by following 
such a protocol over several days during each assessment period.5   
 
Blinding of subjects: Given the participatory nature of yoga, blinding of subjects 
was not possible and is not included in the analysis.  
 
Blinding of Personnel: Blinding of personnel assessing the outcome data could 
have been achieved, but was accomplished in only Rocha et al. This is an important 
limitation characteristic.  
 
Retention rate. A practical challenge was ensuring that subjects completed the 
yoga intervention. The mean retention rate for the studies with unchanged-cortisol 
outcomes was 77.0% compared to 84.8% in the studies with a decreased-cortisol 
outcome.  
 
Rocha et al had a 100% retention rate.3 All subjects in this study were healthy 
soldiers in the Brazilian army who had signed a consent form to participate in the 
study. In addition, all had the same military quarter’s routine, work schedule and 
conditions. While such a “captured audience” can rarely be achieved in most 
populations, retention rate may be fostered through incentives like in Beddoe et al 
providing $100 to participants at the completion of the intervention.  
 
Conflicting work schedules and difficulty with transportation were among the 
leading causes of attrition. Future researchers might achieve a greater retention rate 
by recruiting at a specific establishment with a built in recreation facility such as at a 
hospital or business outfit. In this way, sessions could be conveniently held at the 
worksite, thus offsetting the need for subjects to make trips solely for the purpose of 
the yoga sessions. Future researchers may also wish to offer transportation to their 
subjects to foster compliance.  
 



 

 

Cortisol measuring technique. All but one study employed assays to measure 
changes in salivary cortisol. Bosch et al modified a protocol initially designed for 
measuring serum cortisol.8 For studies that included a control group, the same 
method of cortisol measurement was applied to both groups. The only exception to 
this was the study performed by Michalsen et al, where the control group’s cortisol 
was not measured at all.14 
 
The three assay techniques currently available to measure salivary cortisol include 
protein-binding assay, radioimmunoassay, or enzyme immunoassay. Non-cortisol 
steroids like progesterone may cross react in the first two methods, artifactually 
increasing cortisol values.6 Enzyme immunoassay is the most specific assay and was 
used in four studies, three of which displayed a decreased-cortisol outcome. 2, 3, 15  
 
High-affinity antisera in the immunoassays and HPLC (High Performance Liquid 
Chromatography) separate cortisol from other steroids enabling greater specificity. 
Neither of these techniques was employed in these studies.  
 
Controlling for confounding variables. While not presented as a measure of bias 
in Table 2, certain drugs can modify cortisol levels such as tamoxifen, SSRI’s, and 
steroid hormone analogues. Of the five studies with an unchanged-cortisol outcome, 
three reported to have either excluded such subjects from their studies or had 
ensured that participants had started their medication at least one month prior to 
participation in the program (Bosch, Carlson, Curtis). In contrast, all of the 
decreased-cortisol outcome studies reported to take the aforementioned approach 
to control for these drug-related confounding factors.   
 
Only two of the five studies reporting a decreased-cortisol outcome took measures 
to avoid dietary and activity related confounding factors affecting salivary cortisol 
levels 3,13. In comparison, three of the five studies with an unchanged-cortisol 
outcome did employ this quality control measure 9,10,11.  Specifically, participants 
were instructed to abstain from food, alcohol, caffeine and exercise within at least 2 
hours of sampling which are all known to interfere with the measurement of 
salivary cortisol.5 This is the second quality control characteristic that was more 
consistently met in studies with an unchanged-cortisol outcome compared to 
studies with a decreased-cortisol outcome as can be seen in Chart 2.  
 
By allowing participants to collect cortisol samples independently, immediately 
upon awakening, samples can be collected in a standardized and consistent manner 
across a variety of individual sleep schedules. For instance, an individual who 
awakens for work at 6am will display a different diurnal cortisol-secreting pattern 
compared to a retiree who may awaken later in morning. All but two studies 
(Bowden and Michalsen) relied on participants to collect their own saliva samples from 
home.9,14  
 
This approach relies heavily on compliance of the participants. Banasik et al took 
measures to enhance compliance by providing subjects with preset multi-alarm 



 

 

wristwatches.2 Another potential approach to enhance compliance is actigraphy16 
which involves motion sensor detection of the delay between wakening and sample 
collection. Delays of only 15 minutes between waking and sampling can yield a 
waning cortisol awaking response.17   
 

Conclusion: 
 
Some interesting trends can be identified in the studies. First, studies that displayed 
decreased-cortisol outcome, on average, employed nearly twice the number of 
intervention hours compared to studies with an unchanged-cortisol outcome. A 
minimum level of yoga activity may be necessary before any cortisol-attenuating 
pattern can be observed.  
 
Secondly, the studies involving emotionally stressed subjects displayed the largest 
fraction with decreased-cortisol outcomes. Emotionally stressed subjects may 
experience more significant cortisol attenuation in response to yoga compared to 
subjects that are not emotionally stressed. Considering the damaging effects that 
prolonged cortisol excess incurs on multiple organ systems, interventions that 
attenuate it’s overproduction may have therapeutic value.  
 
In conclusion, the most recent studies involving yoga as a stress-intervention have 
not substantiated the possibility of yoga being effective in reducing salivary cortisol. 
Presently, a comparable number of studies report that yoga interventions are 
effective in attenuating cortisol as there are studies reporting no significant effect.  
 
Overall, the studies reporting cortisol-attenuating outcomes exhibit higher quality 
control characteristics in study design. Nevertheless, most of these studies are 
limited by their lack of rigorous cortisol collection and processing techniques, 
blinding of outcome assessors and controlling for confounding variables. Future 
studies seeking to investigate the potentially cortisol attenuating effects of yoga may 
yield more robust findings by incorporating more of these quality control 
characteristics in their methodology.  
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