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Abstract

Background Hot yoga is a collective term used to classify any form of yoga undertaken in warm to hot ambient
conditions (=25 °C). This study systematically reviewed the literature concerning hot yoga, with particular focus
on acute responses to a single session and identifying prospective health benefits associated with physiological,
functional and psychology adaptations following chronic practice.

Methods The review was conducted in accordance with the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA), with searches performed across two main databases (PubMed and SCOPUS). Studies were
included if they met the Population, Intervention, Comparison, and Outcome (PICO) criteria, were of English language,
peer-reviewed, full-text original articles, and using human participants.

Results Forty-three studies investigated the effects of hot yoga (both acute and/or chronic), totalling 942
participants (76% female). The most common method of yoga performed in hot conditions was Bikram (74%),
followed by generalised hot yoga (19%), Hatha (5%) and then Vinyasa (2%). Typical session duration ranged 20-90 min
and occurred within 30-52 °C and 20-60% relative humidity. Hot yoga training interventions consisted of 6-36
sessions, that were completed 2-6 times per week, over 1-16 weeks. Acute hot yoga increased body temperature
and heart rate, but not the energetic demands when compared to other forms of non-heated yoga. Chronic hot yoga
appeared to elicit cardiometabolic (e.g. body composition, lipid profiles and macrovascular function) and functional
adaptations applicable for health (e.g., bone mineral density, balance and flexibility) as well as physical performance
(e.g., submaximal exercise thresholds). Adaptations appear to occur without negatively impacting kidney function or
sleep quality across healthy, sedentary and athletic populations. Hot yoga also presents promising, albeit inconclusive
findings concerning the alleviation of psychological and affective disorders, and optimising markers of cognitive
function. However, caution is advised as case studies report ill-health following hot yoga practice. Some literature
lacks rigorous, high-quality experimental designs and sophisticated measurements that allow for mechanistic
investigation.
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Conclusion Investigations into hot yoga demonstrate intriguing health and functional benefits. However, claims
that hot yoga provides greater health benefits than other forms of yoga or traditional exercise are at present
unsubstantiated. Studies describing beneficial effects of hot yoga often do not utilise robust experimental designs
or methods that facilitate mechanistic insights. Hot yoga warrants further investigation as a tool to improve health
and wellbeing. Researchers should consider the highlighted methodological limitations and recommendations to

strengthen experimental work within future research.
Key Points

1. A single session of hot yoga increases core temperature and heart rate, but not energetic demands, compared
to non-heated yoga. However safe practice recommendations (e.g. hydration strategies) should be followed when
undertaking this form of physical activity in heat stress, as cases of ill-health and heat illness have been reported.

2. Repeatedly practising hot yoga appears to promote some beneficial adaptations compared to non-exercise and
non-heat yoga, including improvements to physiological and functional health (e.g.,, body composition, balance
and flexibility) as well as potential physical performance improvements (e.g., strength). Long-term hot yoga practice
may also promote psychological and cognitive function improvements.

3. The hot yoga literature is largely comprised of female participants, which represents a novel area for thermal
physiology research to explore. Researchers should however report menstrual cycle status and include non-heated
control comparisons to address experimental issues within future research designs.

Keywords Hot yoga, Yoga, Bikram, Exercise, Heat stress, Health, Physical activity

Background
Yoga is a widely practised form of physical activity (PA)
consisting of transitions between postures, with evi-
dence supporting the potential to enhance individuals’
health and wellbeing across healthy and diseased popu-
lations [1]. Hot yoga, however, is a collective term used
to classify any form of yoga undertaken in warm to hot
ambient conditions (typically within air temperatures
of 225 °C [2]). The overarching premise of hot yoga is
that the superimposed heat stress provides a concur-
rent additional stressor, to potentiate greater beneficial
responses to the physical training component of yoga.
The traditional form of hot yoga, known as Bikram yoga
or also commonly referred to as “26/2’, was developed
in the early 1970s and involves a 90 min instructional
class, with 26 fixed postures and two breathing exercises
(pranayama), which are repeated twice per session in hot
conditions (~40 °C and ~40% relative humidity [RH]).
Contemporary forms of hot yoga, including Yin, Hatha,
Ashtanga or Vinyasa, that typically allow free selection
of yoga poses, are characteristically shorter in duration
and similarly occur within a range of warm to hot condi-
tions (~25-40 °C). A hot yoga session has been classified
according to American College of Sports Medicine crite-
ria [3] as being light- (<3 metabolic equivalents [METs])
to moderate-intensity exercise (3—6 METs [4]) and may
be considered an appropriate form of PA by the World
Health Organisation guidelines [5]. Despite this, evidence
supporting the use of hot yoga as a PA intervention is
lacking relative to other modalities.

Around a decade ago, Hewett et al. [2] critically
reviewed Bikram yoga literature (#=10 investiga-
tions), providing recommendations for clinical trials

and highlighting areas for further investigation. Since
then, research studies have investigated hot yoga’s effi-
cacy across physiological, functional and psychological
adaptations, demonstrating promising health and per-
formance benefits to a range of populations (e.g. obese,
elderly, depressed individuals and athletes). Numerous
reviews and meta-analyses have highlighted the poten-
tial health benefits associated with non-heated yoga,
yet there is limited literature that has systematically
reviewed hot yoga research [2]. To this end, evidence has
highlighted that hot yoga has the potential to positively
modify a range of health outcomes that can be broadly
divided into physical (e.g., cardiovascular and metabolic
health), functional (e.g. bone mineral density and flex-
ibility), and psychological benefits (e.g., cognitive and
functional health, and mood and wellbeing). Given the
widespread popularity of hot yoga, there is the potential
that scientific evidence is not distinguished from wide-
spread media views (e.g., websites and social media) or
commercial yoga studios. Synthesised evidence-based
research can help appraise the validity of claims made
in these settings, as well as improving the knowledge of
teachers and users of hot yoga. However, accessible data
and/or a systematic review of the current literature are
lacking.

Despite the proposed benefits of hot yoga, it is impor-
tant to recognise potential risks of heat-related illness
(HRI) associated with undertaking this form of PA within
heat stress [6]. This may be especially pertinent for those
unaware of the signs/symptoms of HRI and/or with com-
promised health. Thus, developing evidence-based health
and safety recommendations is necessary. Furthermore,
whilst female-focussed research is lacking across sport,
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health and exercise science disciplines [7, 8] as well as
thermal physiology literature [9, 10], yoga is more com-
monly practiced amongst females [11]. However, com-
prehensive reporting of participant characteristics within
experimental cohorts participating in hot yoga research
is absent. This study therefore aimed to systematically
review the literature concerning hot yoga, with particu-
lar focus on the acute responses to a single session and
appraising health benefits associated with chronic prac-
tice across physiological, functional and psychological
domains. In addition, we sought to characterise the par-
ticipants associated with hot yoga research and outline
relevant health and safety considerations, with a view to
understanding potential risks and providing recommen-
dations for safe and effective teaching and practice.

Methods

Search Strategy

This review was conducted in accordance with the Pre-
ferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) [12]. A search strategy was
formulated, consisting of main syntax features medical
subject headings (MeSH): (1) “hot yoga” OR “warm yoga”
OR “heat yoga” OR “heated yoga”; OR (2) “Bikram yoga”
OR “Moksha yoga” OR “Modo Yoga” OR “hot flow yoga”
OR “Baptiste Power Vinyasa” OR “CorePower Yoga” OR
“Evolation Yoga” The study selection process was con-
ducted independently in two stages, by two authors (AW,
FB). Searches were performed across two main data-
bases, PubMed and SCOPUS, between 1st December
2023 and 1st September 2024. Other sources included
reference lists and associated studies outlined in the
selected articles.

Screening and Selection Criteria

Following the searches, studies were initially screened
for inclusion, through assessment of title, abstract and
access to the full-text article, before removing dupli-
cates. A Population, Intervention, Comparator and Out-
come model (PICO) was created and then undertaken
to assess the studies’ suitability, with those that did not
meet the following criteria being excluded [13]: Popula-
tion: male or female adults aged > 18 years-old; Interven-
tion: yoga performed in warm to hot ambient conditions
(225 °C) for a minimum duration of 20 min, in a single
session (acute) and/or repeated over a minimum of 4 ses-
sions (chronic); Comparator: pre-to-post change in an
outcome measure(s) for a single hot yoga session (acute)
and/or exercise/training period (chronic); and Outcome
measure(s): physiological (e.g., cardiovascular, pulmo-
nary, metabolic, renal, haematological, thermoregulatory,
sudomotor), psychological (e.g., psychological well-being,
anxiety, depression, stress, distress tolerance and pain
perception), functional (e.g., strength, balance, flexibility,
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well-being factors and sleep) and/or performance (e.g.,
maximal aerobic capacity, metabolic thresholds, time
trial, peak power). Only experimental, observational and
interventional research studies and individual case stud-
ies written in English were included. Opinion statements,
reviews, books (and chapters), theses and surveys were
excluded.

Data Extraction and Analysis

Relevant data were extracted from included studies and
separated into two sections: (1) participant characteris-
tics (i.e., number of participants, sex, age, height, mass,
experience and aerobic capacity); and (2) yoga interven-
tions (i.e., method, number of sessions, duration, ambient
temperature, RH, activity, design, and purpose of study).
Outcome measures for acute responses and chronic
adaptations to hot yoga were not extracted and only syn-
thesised within the text due to the large variance/dispar-
ity in a range of outcome measures. Data were extracted
manually into a custom Excel spreadsheet ([AW] Micro-
soft, USA) and independently cross-checked by four
authors (FB, OG, CJ, MJ). Descriptive data are reported
as meanz*standard deviation (SD) and frequency or
where unattainable, reported as found within the studies
(e.g., mean, range).

Results

Search Strategy Outcome

Figure 1 illustrates the stages of the selection criteria in
accordance with the PRISMA guidelines, which resulted
in 43 studies being included in this systematic review.

Participant Characteristics

In the 43 studies investigating the effects of hot yoga
(both acute and chronic), 942 participants were found
(20+21 per study [range: 1-137]), of which 76% were
female (n=718). However, multiple studies appeared to
use a similar cohort of participants across their studies
(e.g., “double counting”) and thus, the level of participant
independence in the current analysis cannot be ascer-
tained. Nonetheless, participant characteristics and their
hot yoga experience are presented in Table 1.

Hot Yoga Methods

A summary of hot yoga methods is presented in Table 2.
The most common method of yoga was Bikram (74%),
followed by generalised hot yoga (19%), Hatha (5%)
and then Vinyasa (2%). Most studies reported only
ranges and/or the initial prescriptive methodological
data, neglecting adherence or session completion rates
(Table 2). Thus, we provide herein the data reported
within the proposed methods of included studies. Read-
ers are directed to individual studies for further infor-
mation. Nonetheless, across all the hot yoga studies, a
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v

* Duplicates removed (n = 44)

Identification

Records removed before screening:

Records identified from:
« Citation searching (n = 3)

M) i

Records excluded after human
screening of title and abstract.
(n=181)
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l

v

g Reports sought for retrieval (n = 80) _ | Reports not retrieved (n = 0) Reports sought for retrieval (n = 3) »| Reports not retrieved (n = 0)
g »
2
3 | |
Reports excluded (n = 40):
Reports assessed for eligibility (n = 80) * Not hot yoga related (n = 13) Reports assessed for eligibility (n = 3) »| Reports excluded (n = 0)
o * Survey related (n = 8)
* Review article (n = 6)
* Book chapter (n = 3)
* Clothing related (n = 3)
* Consumer related (n = 2)
— « Heating control systems (n=1)
) r « Culture related (n = 1)
° . _ * Sociological related (n = 1)
2 f°'as't'3§i"e’§ ?:cg[:d_egair)w review (n = 40) *  Motherisk update (n = 1)
2 « Reports of included studies (n = 3) * No methodological data (n = 1)

Fig. 1 The stages of the selection criteria in accordance with the PRISMA guidelines [12]

typical session duration ranged 20-90 min and occurred
within 30-52 °C and 20-60% RH. Chronic hot yoga
interventions consisted of 6-36 sessions, completed
2—-6 times per week, over 1-16 weeks (Table 2). Most
study designs were experimental (81%), followed by case
reports (14%) and longitudinal monitoring (7%). In the
acute studies, only 30% (7 =3/10) used non-heated yoga
as a control condition. Whereas, within chronic studies,
67% (n=18/27) used one or two control groups, ranging
from non-heated yoga, high-intensity interval training
(HIIT), or aerobic training, as well as non-exercising con-
trol groups that maintained routine lifestyle practices or
were placed on a “wait list” Slightly more than half of the
chronic studies (56%, n=15/27) employed a randomised
controlled trial (RCT) design.

The following sections of this systematic review outline:
(1) the acute responses to a single session of hot yoga; (2)
the physiological, functional and psychological responses
and adaptations following repeated hot yoga; and (3) sin-
gle participant case studies associated with hot yoga.

Acute Responses To Hot Yoga

Ten studies have investigated the acute responses to
hot yoga. Within these, physiological strain during
hot yoga appears modest, with exercise intensity hav-
ing been classified as light-to-moderate [4]. Many yoga
postures require forceful, upper- and lower-limb iso-
metric contractions. During Bikram yoga, this has been
shown to elicit an oxygen uptake (VO,) of 6-13 mL.kg.

min~! (mean: 9.5+ 1.9 mL.kg '.min™! [4]), which corre-
sponds to 25-31% VO, [4, 15, 19]. Greater intensity
has been observed during standing (14.2+1.6 mL.kg ™.
min~!) compared to floor postures (11.4+1.0 mL.kg™".
min~!), with similarly higher heart rate (HR: +21 b.min™
[17]) during standing postures. Energy expenditure (EE)
reported during 60 min of Bikram yoga has been reported
as 156+ 7 [19], up to 286+ 72 kcal.hr™! (range of individ-
ual responses: 179-478 kcal.hr™, [4]). A higher total EE
of 378+ 78 kcal has been recorded during longer 90 min
sessions (range: 278—-541 kcal, female: 333 + 46 kcal, male:
459+ 55 keal [17]). Some of the variance in EE may be
explained by yoga competency, with higher observed EE
(4.7+0.8 vs. 3.7+0.5 kcal.kg™!), HR (86+5 vs. 72+10%
HR,,.,), oral temperature (+1.0£0.8 vs. +0.6 £0.7 °C) and
sweat response (1.1£0.5 vs. 0.5+0.2 kg.hr™!) in experi-
enced, compared with novice participants, respectively
[4]. This may reflect experienced hot yoga users achiev-
ing a larger range of motion (ROM) and greater muscle
mass recruitment [4]. Further variance in physiological
responses may reflect individual characteristics, such as
age, clothing, muscle mass and body surface area, which
influence human heat exchange [55]. Session design (i.e.,
floor vs. standing postures) and tempo of activity (i.e.,
exercise intensity) are also contributing factors to vari-
able responses within the literature. Clear evidence is
lacking that exercise intensity and EE during hot yoga dif-
fers to non-heated yoga [15]. Notably, hot yoga does not
appear to increase joint ROM above other forms of yoga,
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considering only one of thirteen ROM measures was
found to be different [19]. Lambert et al. [19] suggested
the demands of the predominantly static poses appear
insufficient to elevate EE during hot yoga. However, the
mechanistic basis for greater EE during low-intensity
activity is unclear. A greater energetic cost of equivalent
exercise in the heat versus temperate conditions is not
routinely observed [56]). Hyperventilation may be one
mechanism eliciting enhanced EE demands within heat
stress [57]. However this is unlikely to occur during yoga,
and it should also be noted that a warmer muscle displays
greater efficiency (i.e., the level of force for a given quan-
tity of neural drive [58, 59]). Overall, hot yoga does not
consistently or meaningfully appear to elevate acute EE
or VO,, although perceived exertion may be greater [15].

Peak core temperatures (Tcqpg) during 90 min of
Bikram yoga have ranged between 38.2 and 40.1 °C
(females: 38.9 0.5 °C, males: 39.6 £0.4 °C [6]). Fritz et al.
[17] reported that peak Tnrg (38.2+0.3 °C, + 0.8 °C from
baseline), typically occurred at the end of the standing
postures (~ 50 min). Thereafter, activity may be thermally
compensable (i.e., a steady state T can be achieved),
although this finding is not universal [6]. Elevated Tnre
may contribute to seemingly altered substrate utilisa-
tion, through a lower respiratory exchange ratio (RER:
-0.06 A.U.) and indicated inflammatory response (serum
interleukin-6: increased~+2.0 pg.dL™! at 41.5 °C vs.
~+0.2 pg.dL™! at 23.5 °C [19]). Quandt et al. [6] reported
average HR to be 75% of predicted maximum (females:
72+ 8%, males: 80+8%), with peak HR of 85+6% and
92+8% HR,,, for females and males, respectively. Sweat
losses from 90 min of Bikram yoga were 1.5+0.7 L, with
04+0.2 L of water consumed (~25% replenishment)
[14]. Despite a 9.7% decrease in extracellular fluid, there
were no changes in serum sodium or osmolality, indicat-
ing a shift in fluid compartments, rather than dehydra-
tion per se. This would likely be restored within ~24 h
with adequate rehydration or, avoided with 45% replen-
ishment during the session [14].

Acute hot yoga may reportedly decrease acute state-
anxiety and negative affect (ie., negative emotional
states) and increase positive affect [21], similar to stren-
uous exercise (e.g. spin class) [60] or other forms of
non-heated yoga (e.g., Vinyasa [61], Hatha [62]). Acute
psychological changes demonstrate associations with
those experiencing stress in daily life [21]. However, it
should be acknowledged that evidence pertaining to psy-
chological effects is limited. Moreover, individuals often
engage in hot yoga with an expectation of perceived ben-
efits, meaning a placebo effect cannot be discounted. In
summary, acute hot yoga may increase Tenrp, HR and
sweat rate, but not the energetic demands of the activity
compared to other forms of yoga, performed in cooler
environments. However, acute hot yoga does influence
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the psychological experience, and participants’ experi-
ence may further modify the physiological responses.

Cardiovascular, Metabolic and Renal Responses and
Adaptations To Hot Yoga

Fourteen studies examined the efficacy of chronic hot
yoga on cardiovascular, metabolic and/or kidney func-
tion outcomes. In one of the first studies examining these
outcome measures following 8 weeks (3 sessions per
week) of Bikram yoga, reductions in body mass (-1.2 kg)
and body mass index (BMI: -0.6 kg.m?) in obese partici-
pants were reported [34]. Subsequent studies reported
improvements in sit and reach flexibility (+33%), total
(-16 mg.dL™!) and low-density lipoprotein (LDL) choles-
terol (-18 mg.dL™!), insulin concentration (-7 ulU.mL™?)
and decreased homeostatic model assessment for insulin
resistance (HOMA-IR: -2.6 A.U.) in older adults, whereas
younger adults reported increased flexibility (+ 16%), and
reduced total (-13 mg.dL ') and high-density lipoprotein
(HDL) cholesterol (-6 mg.dL™!) [35]. Body mass, body
fat percentage, blood pressure, fasting blood glucose and
triglyceride concentrations did not significantly change
following Bikram yoga in either group [35]. These data
indicate that Bikram yoga may positively enhance the
metabolic profile of younger and older adults, and body
composition of obese individuals, although additional
research is warranted to support these findings.

In addition to these metabolic responses, hot yoga has
also been reported to induce several positive cardiovas-
cular adaptations. Hunter et al. [35] reported functional
cardiovascular adaptations, such as increased carotid
artery compliance (+0.02 mm%mmHg) and B-stiffness
(~1 U) in young but not older adults. Regrettably this
study was unable to identify why adaptation was not pos-
sible with the older cohort, despite inferior cardiovascu-
lar profiles at baseline (thus possessing a greater potential
to adapt relative to the young). Reduced arterial stiff-
ness (i.e., decreases in brachial-ankle pulse wave velocity
[PWV]) of -45 cm.s~! has been evidenced in overweight/
obese adults, but not adults with normal BMI undertak-
ing Bikram yoga [36]. Additional macrovascular adapta-
tions following hot yoga have also been identified using
brachial artery flow mediated dilatation (FMD), with
significant increases in FMD (+1.4%) in middle-aged/
older adults, yet no response occurring in a young cohort
[37]. Interestingly, hot yoga increased FMD during a
sodium loading challenge relative to the pre-intervention
state, where FMD decreased [40]. This post-intervention
response occurred in the absence of changes in blood
pressure.

More recently, hot yoga (75 min, 3 sessions per week
for 4 weeks) has been used to increase VO,,.. by 7%
in healthy but untrained participants (3.22+0.76 vs.
3.46+0.79 L.min™'). Thermotolerance, as quantified by a
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23% increase in intracellular heat shock protein (HSP) 70,
was also found following hot, but not non-heated yoga
[23]. The increase in VO, ,, can be viewed as a positive
outcome given the importance of the variable in both
cardiorespiratory fitness and morbidity and mortality
contexts [63]. The relevance of enhanced HSP is presently
less clear, but this molecular adaptation has the potential
to positively enhance several disease states. A number of
studies however have reported no beneficial outcomes to
cardiovascular and metabolic health following hot yoga.
No changes in HR variability or a panel of cardiovascular
risk factors (i.e., HR and blood pressure, lipid profile and
fasted glucose, body mass and body composition) were
reported in stressed and sedentary adults undertaking
16 weeks (3-5 sessions per week) of Bikram yoga [30].
Additionally, brachial-ankle PWV was unaltered by hot
and non-heated Bikram yoga (12 weeks, 3 sessions per
week) in sedentary older adults [39]. It is noteworthy that
one experiment has also identified that non-heated yoga,
but not hot yoga (both 12 weeks, 3 sessions per week),
increased brachial artery FMD in healthy older adults
[38]. This may imply that yoga postures alone, rather than
in conjunction with heat stress, are the more potent stim-
ulus for vascular adaptation.

Contrary to acute EE differences, hot yoga experi-
ence level does not appear to confer additional benefit,
as practitioners with ~4 years of training did not dem-
onstrate different cardiopulmonary outcomes or have
a greater VO, .. than novices of ~4 weeks of training
[22]. Furthermore, it has been reported that 8 weeks (2
sessions per week) of Bikram yoga reduced cortisol reac-
tivity to stress as well as affective eating among females
intentionally restricting food intake to control weight
[31]. Finally, within a single observational study, no sig-
nificant effects were found when investigating kidney
function acutely or over a 12 month period within prac-
titioners undertaking hot yoga (2-5 sessions per week),
nor were differences found between hot and non-heated
yoga during the same timeframe [24].

Overall, whilst acknowledging the null effects reported,
hot yoga appears to elicit some cardiovascular and met-
abolic adaptations in young, lean adults, with positive
modifications to body mass, lipid profile, macrovascular
function, and aerobic capacity also observable in some
older and obese cohorts, without affecting kidney func-
tion. These outcomes are not ubiquitous across experi-
mental studies, with a need for more robust experimental
designs (e.g. matched exercise controls and RCT) to be
implemented to generate more compelling data support-
ing the advantages of hot yoga, or otherwise.
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Functional Health, Performance and Sleep Responses and
Adaptations To Hot Yoga

Among healthy adults and populations at risk of chronic
disease (e.g., obesity), hot/Bikram yoga may provide acute
and chronic functional health benefits (e.g., improved
physical fitness, sleep quality, bone mineral density
[BMD]). This premise is based on improved blood flow
[34, 35, 46] as well as greater focus and awareness on
breathing [28], supposed to maximise mindfulness, calm-
ness and determination. In reference to physical fitness,
8 weeks (3 sessions per week) of Bikram yoga signifi-
cantly improved strength (isometric deadlift: +13% for
hot yoga vs. -4% for non-exercising control, isometric
maximal voluntary contraction: +14% vs. -10%), balance
(single-leg balance test: +228% vs. +29%) and flexibility
(range of motion of lower back: +33% vs. -1%, hamstrings
and shoulders: +17% vs. +3%) compared to non-exercis-
ing control groups [27, 48]. No changes however were
observed in upper-body strength (isometric handgrip
strength, elbow flexor strength and steadiness) and car-
diovascular measures or maximal aerobic fitness, despite
a slight decrease in body fat [27, 48]. These RCTs support
previous studies reporting improved flexibility (+ 16—33%
[28, 34]) and balance (+73% [28]) but not body composi-
tion [28, 34, 35], resting hemodynamic, pulmonary func-
tion or cardiorespiratory fitness [22].

Hot yoga has been utilised as an intervention pur-
ported to provide ergogenic benefit for sports perfor-
mance. Ten elite female field hockey players completed
six, 60 min hot yoga sessions prior to a national train-
ing camp [46]. Following the intervention, moderate
hypervolaemia (via plasma volume [PV] expansion:
+5.0+6.4%) occurred alongside small improvements
in running speed at the first (+0.3 km.hr™!) and second
(+0.5 km.hr™!) ventilatory threshold [46]. Trivial effects
were also found in maximal aerobic fitness (+0.4%) and
running time to exhaustion (+0.8%), as well as small
meaningful improvements in the RER ratio during high-
intensity exercise (+1%) [46]. The long-term practice
of Bikram yoga (taught and participated 3 sessions per
week over 5 years) has also been shown to increase BMD
(femoral neck: +7%, total hip: +2%, lumbar spine: +1%)
in premenopausal female Bikram yoga teachers [47].
While total sleep time, sleep latency and stages of sleep
were unaffected by Bikram yoga [41], the beneficial effect
on physical fitness and health indicators are dependent
on adherence, which has been associated with variable
predictors (e.g., older age, less pain, fewer physical limi-
tations, poorer blood lipid profile and higher HR variabil-
ity) and barriers to participation (e.g., lack of enjoyment,
time commitment and adverse events) among stressed
and sedentary participants [31].

Overall, hot yoga appears to improve functional health
(e.g., BMD, balance and flexibility) as well as some
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indices of physical performance (e.g., submaximal exer-
cise thresholds) without negatively impacting sleep qual-
ity across healthy, sedentary and elite athlete populations.

Psychological, Cognitive Function and Wellbeing
Responses and Adaptations To Hot Yoga
Most studies included in this systematic review assessed
the efficacy of hot yoga on psychological and cognitive
outcomes (n=9), exploring chronic (n=7) rather than
acute (n=2) effects. The limited work investigating the
effect of acute interventions is varied in focus (i.e., anxi-
ety [50%] and psychological well-being [50%]), whereas
chronic interventions have investigated affective disor-
ders, including depression (43%), stress (14%) and anxiety
(14%). In the remaining two articles, the authors exam-
ined the effect of chronic hot yoga on distress tolerance
(14%) and perceptions of pain (14%). The chronic effects
of 8—16 weeks of hot/Bikram yoga on psychological vari-
ables are indicative of healthy functioning, psychological
wellbeing and cognitive function, providing promising
albeit inconclusive evidence. Six weeks (4 sessions per
week) of Bikram yoga demonstrated beneficial effects on
a range of “wellbeing” outcome measures, with reported
improvements across life satisfaction, general health,
mindfulness, peace of mind, and eudaimonic wellbeing,
but not flourishing [33]. For psychological outcomes,
the limited evidence concerns emotional responses to
pain, elevating distress tolerance and managing affec-
tive disorders, which yield mixed findings. Medina et
al. [43] concluded that 8 weeks of twice-weekly Bikram
yoga improved distress tolerance and associated affective
experiences. Flehr et al. [25] found 8 weeks (3 sessions
a week) of Bikram yoga yielded significant reductions
in pain indexed through increased physical functioning
(80.9 vs. 69.0 A.U.) and improved mental health (63.9 vs.
49.4 A.U.) compared to a high-intensity exercise training
group after controlling for baseline physical functioning
and mental health indices as a covariate in data analysis.
Research has also examined the efficacy of Bikram yoga
compared to control conditions in individuals with mild,
moderate and severe affective disorders (such as stress
and depression), and reported attenuations in the severity
of these characteristics [28-30, 42, 44, 45]. Following a 16
week (3-5 sessions per week) parallel-arm RCT, Bikram
yoga resulted in significant attenuations in perceived
stress (20.7 A.U. at baseline vs. 12.9 A.U. post-interven-
tion) and alleviated general self-efficacy (29.5 A.U. at
baseline vs. 32.6 A.U. post-intervention) in adults with
mild to moderate stress compared to a non-treatment
control group [28, 29]. A shorter 8 week (>2 sessions per
week) Bikram yoga RCT in adults with moderate-severe
depression also resulted in significantly greater reduc-
tions in depression (36.9 A.U. at baseline vs. 19.9 A.U.
post-intervention) compared to a waiting-list control
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group, although Bikram yoga was not associated with
attenuated consumption of anti-depressant medication
[45]. Findings also appear to hold true following similar
methods in individuals with milder cases of depression
[44]; however, inadequate experimental controls mean
conclusions concerning the efficacy of Bikram yoga for
milder depressive states are tenuous and require further
investigation. At present, the limited literature examin-
ing the efficacy of Bikram yoga on healthy functioning
and psychological wellbeing demonstrates encourag-
ing findings, but requires further research with suitable
experimental control, compared against other relevant
alternative treatment methods (e.g., aerobic exercise
such as jogging or cycling). Indeed, one study [42] com-
pared the efficacy of Bikram yoga alongside the effects
of aerobic exercise on depressive symptoms in females
and found both interventions held similar descriptive
efficacy. Here, La Rocque et al. [42] assigned 53 females
with unipolar depressive disorder to one of three condi-
tions: intention-to-treat, Bikram yoga or aerobic exercise.
The findings showed similar clinically significant reduc-
tions in depression symptoms in both the Bikram yoga
(12.9 A.U. at baseline vs. 6.7 A.U. post-intervention) and
aerobic exercise groups (11.8 A.U. at baseline vs. 4.8 A.U.
post-intervention). Consequently, Bikram yoga twice
a week for 8 weeks appears equally efficient as, but no
better than, traditional aerobic exercise in attenuating
depressive symptoms in a clinically depressed population.

In comparison to research investigating the efficacy
of Bikram yoga on affective psychological response,
research investigating the effect of Bikram yoga on mark-
ers indicative of cognitive function are in their infancy.
To date and to the best of the authors’ knowledge, only
one study has assessed the efficacy of Bikram yoga on
markers of cognitive function. Fritz and O’Connor [26]
recruited 32 females with attention deficit hyperactiv-
ity disorder (ADHD) and asked half to complete 6 weeks
(twice a week) of Bikram yoga. No changes in inhibitory
control, cognitive flexibility and working memory were
found compared to a wait-list control group; however,
direct and conceptual replication is required for stronger
assertions concerning the utility of Bikram yoga on cog-
nitive variables.

Taken together, on a psychological and cognitive level
and within a limited evidence base, Bikram yoga presents
promising, yet inconclusive findings concerning its util-
ity in alleviating psychological and affective disorders and
optimising markers of cognitive functions. However, sus-
tained research efforts would benefit from ensuring ade-
quate experimental controls and from testing the effects
of Bikram yoga on psychological and cognitive variables
in comparison to other alternative exercise treatment
methods.
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Case Studies Related To Hot Yoga

As outlined by Racinais et al. [64] and Gibson et al. [65],
PA in heat stress presents an increased risk of health
complications and performance impairments to end
users. Whilst there are limited reports of widespread ill-
ness and/or injury incidence attributed to hot yoga prac-
tice, there are several case studies which outline reports
of ill-health observed during and/or following this type
of exercise. Cardiac issues have been reported by way
of sudden cardiac arrest during hot yoga in a 35 year-
old female [49], with authors suggesting the patient may
have experienced a compromised ejection fraction due
to post-arrest myocardial dysfunction and hyperther-
mic cardiac injury. Whilst Tore Was not recorded until
80 min after the initiation of cardiopulmonary resus-
citation (36.6 °C), it is suggested the patient likely had a
higher Tcogg at the onset of cardiac arrect, which then
decreased. The report also highlights the potential for
some individuals to experience heat stroke symptoms,
even when Ty is below 40 °C.

Acute myocardial infarction has also been observed
within a 53 year-old male during Bikram yoga [50]. Exer-
cise-associated hyponatremia (EAH) has been reported
in a 34 year-old female following the consumption of
3.5 L of water after her first Bikram yoga session (90 min
at 40.6 °C [52]). The patient arrived at an emergency
department with signs/symptoms of HRI and EAH (e.g.,
breathlessness, muscle cramps, nausea and general mal-
aise) before experiencing a tonic-clonic seizure, which
resulted in transfer to the intensive care unit for intuba-
tion, before full recovery and discharge 5 days later. Der-
matological issues (e.g., itching and weals on the neck
and face) have been reported in a 23 year-old female hot
yoga instructor, whereby photo urticaria (i.e., a type of
urticaria in response to exposure of various wavelengths
of light) was diagnosed and contributed to by the repeti-
tive exposure to red-light sources (633 nm wavelength
light) during modified hot yoga with “light treatment” for
de-aging purposes [54].

Finally, there is a report of a 33 year-old male experi-
encing psychosis (e.g., auditory and visual hallucina-
tions, and paranoia) during a Bikram yoga instructors’
training program, which lasted several days and required
hospital admission [51]. In contrast to these negative
consequences of hot yoga, one case study outlined the
benefits of reducing depressive symptoms following 8
weeks of Bikram yoga (12 sessions, 90 min, 40.6 °C) in a
28 year-old female with major depressive disorder [53].
Whilst these case studies report individual findings, it is
important to recognise the potential side effects of par-
ticipating in hot yoga (as discussed below for HRI pur-
poses) as well as understanding the range of contributing
factors to cardiovascular, fluid/electrolyte balance and

Page 14 of 20

dermatological issues (e.g., health status, underlying
issues, diet, education).

Discussion

The primary aim of this study was to systematically
review the literature concerning hot yoga, with particu-
lar focus on both the acute responses to a single hot yoga
session and chronic adaptations of repeatedly practising
hot yoga. The systematic review identified 43 studies that
investigated the effects of hot yoga and included 942 par-
ticipants, 76% of whom were female.

Acute Responses To Hot Yoga

A single session of hot yoga corresponds to an exer-
cise intensity of ~25-31% of VO,,,,, with an EE rang-
ing from 156 to 478 to 278-541 kcal for 60 and 90 min
durations, respectively [4, 15, 17, 19). These outcomes do
not appear to differ from non-heated yoga. Nonetheless,
Bikram yoga increases both Tcnge (females: ~38.9 °C,
males: ~39.6 °C) and HR (females: ~85%, males: ~92%
HR, .« [6]), whilst inducing sweat losses of ~1.5 L [14].
The variances within physiological responses may reflect
an individual’s level of experience/characteristics and/or
session design/intensity. Furthermore, a single session
of hot yoga may decrease acute state-anxiety and nega-
tive emotional states, as well as increasing positive affect,
similarly shown following strenuous exercise or other
forms of yoga [21, 61, 62]. The potential for an acute pla-
cebo effect is also emphasised, as individuals may engage
in hot yoga with prior expectations of its “perceived”
benefits. Based upon these acute responses to hot yoga,
repeatedly undertaking this form of PA in heat stress is
likely to induce an array of beneficial health, functional
and performance adaptations, as discussed below.

Chronic Responses To Hot Yoga

At the chronic level, the most common methods were
Bikram and generalised hot yoga, which widely varied
in weekly frequency, duration and ambient conditions.
The efficacy of hot yoga to induce beneficial physiologi-
cal and functional adaptations has been examined across
different cohorts with a comprehensive array of variables
(including cardiovascular, pulmonary, metabolic, haema-
tological, renal, thermoregulatory and sudomotor func-
tion, as well as strength, balance, flexibility, BMD and
athletic performance). Data support the efficacy of hot
yoga to enhance the metabolic profile of younger and
older adults [34]. Macrovascular adaptations have also
been observed [35], with one study reporting increased
cardiorespiratory fitness (e.g., VO, [23]). How-
ever, there are limited improvements observed in body
composition [28, 34, 35] and cardiorespiratory fitness
measures elsewhere in the literature [22, 27, 48]. None-
theless, compared to non-exercise control conditions,
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longer-term practice of hot yoga (>6 weeks) has been
found to significantly improve participants’ strength, bal-
ance and flexibility [27, 48], with concomitant improve-
ments in BMD [47] and reduced cortisol reactivity to
stress [32]. Furthermore, sleep quality/pattern appears
unaffected by hot yoga [41], which is advantageous for
athletic populations who prioritise sleep/recovery. Six
daily hot yoga sessions demonstrated increased running
speed at submaximal ventilatory thresholds within elite
populations, which is likely mediated by heat acclimation
induced physiological processes (e.g., PV expansion [46]).
A critique of the existing literature in this domain is that
hot yoga is rarely compared to other exercise or passive
heating interventions (heat/thermal-therapy [66, 67]),
both of which can elicit comparable adaptations, inde-
pendently. Indeed, one study reported that non-heated
yoga induced greater macrovascular adaptations than
those observed following hot yoga [39]. This suggests that
more comprehensive experimental efforts are required to
fully elucidate the combined stressors associated with hot
yoga against the independent effects of yoga exercise and
thermal strain. In addition, comparing adaptations aris-
ing from hot yoga against other common exercise inter-
ventions requiring similar time commitments will assist
individuals with making decisions regarding PA choices.
Aside of the concerns regarding adherence and barri-
ers to hot yoga (as outlined above), pre-existing condi-
tions and individual training responses likely contribute
to the limited evidence-based conclusions that can be
drawn [68]. This highlights the need for further inten-
sity-matched controlled studies, to elucidate whether
the additional heat stress during yoga plays a key role in
physical and functional health and wellbeing.

All forms of hot yoga currently show apparent prom-
ising, yet inconclusive, effects on psychological wellbe-
ing and cognitive function. Bikram yoga demonstrates
improvements across a range of wellbeing measures
(including life satisfaction mindfulness, peace of mind,
and eudaimonic wellbeing [33]) and attenuates affective
disorder symptoms (ranging across mild [29, 30], moder-
ate [44] and severe [45]), whilst also promoting increased
distress tolerance [43] and reducing pain. Together, these
findings may provide facilitative adaptations to mental
health [25]. However, literature assessing the efficacy of
hot yoga on psychological variables may be restricted by
inadequate experimental controls and will benefit from
comparison to additional or concurrent traditional treat-
ment modalities (e.g., aerobic exercise [42]). Existing data
tentatively suggest hot yoga to be as effective, but not
superior to traditional treatments. To date, interventions
testing the efficacy of hot yoga on cognitive function are
in their infancy, with only one known study [26] conclud-
ing no effect of 6 weeks of Bikram yoga on inhibitory con-
trol, cognitive flexibility and working memory, although
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direct and conceptual replication attempts are required.
Collectively, and in the presence of considerable variabil-
ity in a small evidence pool, research may benefit from a
consistent approach to identify the most efficient, advan-
tageous hot yoga intervention method and duration on
psychological and cognitive outcomes, e.g., standardised
hot yoga protocols, comprehensive participant data, vali-
dated outcome measures, robust experimental designs,
adherence monitoring, consideration of inter-individual
differences, and transparent reporting to ensure reliable
and generalisable findings are required. In summary, the
proposed benefits of hot yoga and areas of unknown/
future research are presented in Fig. 2.

Case Studies Associated with Hot Yoga

Although most hot yoga research details experimental
investigations of the acute responses and chronic adap-
tations, there are several case studies which outline the
negative consequences attributed to PA in hot condi-
tions. These episodes of ill-health include cardiovascular
dysfunction (e.g., sudden cardiac arrest [49] and acute
myocardial infarction [50]) experienced during hot yoga.
Hyponatremia has also been reported following hot yoga
and the likely uneducated/misinformed consumption
of 3.5 L of water [52]. Dermatological issues (e.g., photo
urticaria) have been reported, likely due to the repetitive
exposure to red light during modified hot yoga [54], as
well as an account of psychosis (e.g., auditory and visual
hallucinations, and paranoia) during a Bikram yoga
instructors’ training program [51]. Whilst these stud-
ies provide an insight into the negative aspects associ-
ated with PA in heat stress, it is acknowledged there are
few published reports and direct causes linked to the
exercise/conditions are in some cases speculative. How-
ever, as with all forms of PA, many more hot yoga users
likely experience minor incidences/illnesses which do not
require hospitalisation/treatment (e.g., musculoskeletal
issues, fatigue, headache, dizziness). Likewise, there are
many contributing factors to these unfortunate circum-
stances, for example, underlying cardiac health problems
and/or history of psychological issues, and thus future
research should comprehensively document participant
characteristics. Some illnesses outlined within these case
studies may have been preventable with education and
thus we provide evidence-based health and safety recom-
mendations below to support safe and effective teaching
and practice of hot yoga.

Evidence-Based Health and Safety Recommendations

Despite the proposed benefits of hot yoga, additional
heat stress during exercise has the potential to pose a risk
to health, such as HRI. Those inexperienced or unaware
of HRI symptoms, or who have pre-existing health con-
ditions (e.g., cardiometabolic disease), likely face the
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greatest health risks and should seek general practitio-
ner clearance prior to undertaking this form of exercise.
Despite limited supporting research, survey data dem-
onstrate adverse effects from practicing hot yoga, with
symptoms including dizziness (60%), light-headedness
(61%), nausea (35%) and dehydration (34%) in 157 par-
ticipants [68]. Each of these symptoms may be precursors
to exertional heat illnesses (EHI). The authors therefore
advocate training and educating both participants/stu-
dents and instructors/teachers of hot yoga on the pre-
vention, symptom recognition and treatment of HRI
and associated illnesses (e.g., EHI, EAH). Instructors/
teachers have a duty of care to monitor the health of their
participants during hot yoga and are well positioned to
raise awareness of HRI and preventative strategies, such
as encouraging adequate hydration practices prior to and
following hot yoga [69]. We provide the following recom-
mendations for safe hot yoga practice:

+ Aswith all PA in hot and humid conditions,
commencing yoga hydrated is recommended. Prior

to commencing hot yoga, teachers and students

are guided to drink approximately 5 mL per kg

BM (i.e., 300—400 mL [70]) to ensure they are
adequately hydrated. Individuals should familiarise
themselves with their tolerance of pre-exercise fluid
intake to ensure gastric comfort once exercise has
commenced. Teachers and venues can support this
practice with verbal reminders prior to classes and
placing signs at the entrance to the venue.

+ Following hot yoga, teachers and students should
rehydrate, which may include electrolytes, to
replenish those lost through sweating [71]. It is
unnecessary to drink large volumes of fluid (i.e.,
>3 L) during or immediately following hot yoga,
given the sweat rates typically observed (1.5+0.7 L),
and cases of hyponatremia following excessive
rehydration have been reported [52, 72]. Matching
fluid intake to sweat loss, or up to 1.5 times sweat
loss, is recommended in the hours following the
class.
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+ Hydration behaviours before and during hot yoga
are related to instructional encouragement [69].
Instructors therefore have a role in optimising
hydration practices and helping to minimise the risk
of adverse heat-related outcomes [69]. Instructors
should be aware of the guidelines and monitor
participants, in particular new students, reminding
them of recommended drinking behaviours.

+ During hot yoga, participants experiencing high
levels of thermal discomfort (e.g., they feel “as hot
as they can stand”), may prefer to take ‘savasana’

- a relaxing posture in a supine position. This may
enable the individual to remain in the heat until the
class is finished, but with a lower physiological strain
and associated discomfort. Remaining in the heat
will enable students to passively adapt to the thermal
strain they are experiencing and support improved
heat tolerance in subsequent classes [73].

+ The class should be terminated with immediate
removal from the heat source if intolerance
symptoms arise, including dizziness, headaches or
nausea. If symptoms persist, immediate cooling
should be initiated. The most effective form of
cooling is cold water immersion, with the objective
of maximising the skin surface area being cooled
[74].

+ As with heat training within athletic populations,
novice practitioners should ensure a gradual build
up over the first ~7—14 sessions of hot yoga, and
increase their level of effort as they become adapted
to the hot ambient conditions [64, 65]. Individuals
who are obese and/or have low fitness, sweat gland
dysfunction, viral illness or diarrhoea, are at greater
risk of developing EHI [74] and should seek medical
approval prior to undertaking a hot yoga class.

+ Fluctuations in females’ hormones across the
menstrual cycle (possibly due to higher initial
Tcore Within the luteal phase [75]), perimenopause,
menopause, and post-menopause may cause
differences in heat tolerance and heat sensitivity and
thus, females may need to modify the intensity of the
class to support adherence [76].

+ Scientific evidence regarding the risks and benefits of
practicing hot yoga is lacking [77]. As such, pregnant
women should seek general practitioner advice prior
to undertaking hot yoga, ensuring they are aware
of environmental limits for exercise and heat stress
during pregnancy (e.g. ensuring T e does not
rise by 2 °C from resting [78]) and be mindful of the
impacts of heat exposure on foetal development
[79]. If pregnant women are medically cleared to
participate in hot yoga, they should consider class
modifications (e.g., lower intensity, shorter duration,
location within class to cooler regions) to minimise
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the elevations in T g, especially in the first
trimester [80].

Hot yoga research primarily utilises female participants,
who represent>75% of the reported population, as is
found in non-heated yoga literature [11]. This is notable,
as it contrasts with a wider trend within the field of sport
and exercise science [7, 8] and thermal human biology lit-
erature [9, 10], which primarily utilise male participants.
Hot yoga therefore presents an alternate heat-based exer-
cise approach, supporting investigation of the physiologi-
cal, psychological and functional responses of females to
heat stress. We recommend researchers routinely moni-
tor and report females’ menstrual status and any impact
on study outcomes when conducting hot yoga research.
It should also be made clear during which phase of the
menstrual cycle testing occurred and where possible,
conduct trials using the four-phase approach [81]. We
direct readers to the working guidelines for standards of
practice for research on females [81] and where possible
adopt gold standard procedures [82].

Future Research Considerations

Whilst studies have investigated the responses to and
adaptations following hot yoga, some weak experimental
designs have been identified (e.g. studies forgoing non-
heated exercise control group comparisons, crossover
designs and RCT design). The existing evidence lacks
measurements that provide mechanistic insights and
validated procedures. Not all studies reported full data
sets (e.g., for outcome measures, participant character-
istics or adherence/completion statistics of prescribed
hot yoga session duration/frequency), and/or considered
the effects of participant bias or experience levels. Hot/
Bikram yoga has not been comprehensively evaluated
against other established thermal or exercise interven-
tions, and thus the combined benefit of the exercise and
thermal stress cannot be quantified against these ele-
ments independently. Related to this, the mechanistic
basis for the thermal superimposition of the intervention
is not well evidenced. At the current time experimental
studies have not fully characterised the influence of exer-
cise intensity or situational factors, such as the control of
ambient conditions, size of the room and number of par-
ticipants undertaking hot yoga at once, on the efficacy of
the intervention. Each of these factors can influence an
individual’s heat exchange with the environment and thus
alter the physiological and/or psychological responses
[55]. Future research investigating hot yoga should
address these highlighted limitations and include cur-
rent and former [2] emphasised recommendations within
future research designs.
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Conclusion

Acute hot yoga increases core temperature and heart
rate, but not energetic demands compared to other forms
of non-heated yoga. Repeated (chronic) hot yoga practice
appears to elicit some cardiometabolic (e.g., body com-
position, lipid profiles and macrovascular function) and
functional adaptations applicable for health (e.g., bone
mineral density, balance and flexibility) as well as poten-
tial physical performance improvements (e.g., submaxi-
mal exercise thresholds), although further confirmatory
research is required. These effects occur without appar-
ently impacting kidney function or sleep quality across
healthy, sedentary and elite athlete populations. Hot
yoga also presents promising, albeit inconclusive find-
ings concerning its utility in alleviating psychological and
affective disorders, and optimising markers of cognitive
function. However, caution is advised following cases of
ill-health and reports of heat illness. Accordingly, we pro-
vide evidence-based health and safety recommendations
for safe and effective teaching and practice. Finally, hot
yoga offers a large representation of female participants
(76%), which provides a novel area for thermal physiol-
ogy research to explore. Researchers should consider
the highlighted limitations/recommendations to address
experimental issues within future research designs.
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