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Human research study explores effects of hot
yoga
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Abstract

Ith that sweating tansity exercise causes a
disruption in calcium 1 and low b |
densily (BMD) in endurance athletes. PURPOSE: In order lo investigate the acule
effect of calcium loss during excessive sweating, biochemical markers of bone
remodeling were measured before and after a 90 min session of Bikram hot yoga.
The purpose of this study was to separate the effect of vigarous exercise and the
effect of a bout of excessive swealing on markers of bone resorplion by measuring
serum ionized calcium (Ca2+), cutangous calcium, and parathyroid hormane (PTH)
before and after a Bikram hot yoga session. METHODS: Participants were female
yogis (N = 8), who attended a mean (+SD) of 4.3 (1.3) Bikram yoga sessions weekly
for the last 2.6 (1.6) years. A Bikram hol yoga session consists of performing 26
postures in 90 min at 105 “F and 40% humidity. Nuda body weight was measured
before and after the yoga session. Serum concentrations of PTH, and Ca2+ were
measured before and after the yoga session (n = 5). Sweat was collected after the
session by 9 paper with sweal from thigh
during the final yoga pose, while participants were inside the sludio. To estimate the.
total amount of calcium loss during exercise, an estimate of the volume of sweat and
sweat calcium concentration were obtained. RESULTS: Participants mean age was
47.4 (3.7) years. Mean estimated sweal loss was 1.6 (6) L eliciting a -1.5% to -3.8%
(M =-2.3+ 92%) decrease in participants’ body weight. Mean Ca2+ in sweal was
3.78 + 1.8 mgidl and the mean lotal calcium lost was 63.1 + 32.8 mg. PTH did not
increase from pre (17.0 = 1.7) pg/mi to post (16.7 = 1.6} pgiml yoga session, t(4) =
047, p = .67, 95% CI [-1.0, 1.4]. A Wilcoxon test for nonparametric data indicated
that serum Ca2+ increased from pre- (mdn = 10,7 mg/dl) ta post- (mdn = 11.5 mgdl)
yoga session, z 20, p = .04. CONCLUSION: A disruption in calcium homeostasis
was not abserved in a bout of excessive sweating during a 90 min Bikram hot yoga
session, Sweat loss did not trigger an increase in PTH. This data suggests that the
isolated effect of cutaneous calcium loss during low to moderate intensity exercise
does not stimulate markers of bone resorption. Thus, high-intensity, non-foading
exercise must play a role in remodeling.

Background
Bikram Yoga is a sequence of 26 Hatha yoga asana and two breathing exercises
performed at 105 °F and 40 % humidity in 90 min (Fig. 1)
Health of Bi increased strength and flexibility
Exercise in a hot and humid environment causes a large loss of calcium in sweat
A detrease in serum calcium concenliration is detected by the parathyroid glands.
In response, parathyroid hormone (PTH) is released
PTH stimulates osteaciasts lo break down bones, releasing calcium back inla the
extracellular fluid compartment
PTH also causes the kidneys and the gastrointestinal tract to reabsorb more
calcium (Fig. 2)
The disruption in calcium
low BMD
Further, Bikram Yoga is becoming increasingly popular with pre-menopausal
women
Premenopausal women generally show a loss in BMD of 0.25-1% per year
caused by hormonal changes that alter calcium levels
Additional losses of calcium in sweat caused by multiple sessions of hot yoga per
week may further decrease BMD and increase the risk for bone fractures
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Calcium Lost Through Sweat: Is There Evidence of Bone Remodeling

Due to Cutaneous Calcium Loss during Bikram Hot Yoga?
Shannon L. Mathis!, Hasan Alrefai?, Carmeladell J. Watkins®, Gordon G. MacGregor?
'Department of Kinesiology and 2Department of Biological Sciences. *Bikram Hot Yoga Huntsville

Purpose
The purpose of this study was lo measure the iransdermal cutaneous calcium loss from
thermal swealing in premencpausal women parlicipating in Bikram Hot Yoga.

This wil allow s to determine whether this elicits a bone resorption response by
measring changes in PTH, a biochemical marker of bone remodeling.
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Figure 1. Tho 26 Asana of Bikram Yoga

Methods
Study participants

Participants were female yogis (n = 8) with a mean age of 47.4 (SD = 3.7) years who
contacted research persannel from a fiyer posted i Bikram Hot Yoga of Huntsville
studio (Madison, Al). Subjects with kidney disease, who use any medication known to
affect bone metabolism, and who use blood thinners were excluded from the study.

Study measurements

* Nude body weight (Withings Body Scale)

* Fluid intake :mgha\ kitchen scale, Hario)

* Sweat was collected using 5 cm? filer paper (Whatman No. 3, GE Healthcare Bio-
Sciences) pressed against the thigh during the final Savasana posture

* Blood samples were collected pre- and post-90 min Bikram hot yoga

Serum and sweat analysis

Serum and sweal calcium concentrations were measured using a Calcium Colorimetric
Assay Kit Cat. No, K380 (BioVisien Inc., Milpitas, CA). Serum sodium was measured
using a colorimelric sodium assay Calalog No. DZ1148-K (Diazyme Laboratories, Inc.,
Poway, CA). Serum PTH was measured using enzyme-linked immunoassay Calalog
No. EIA-PTH (RayBiotech, Inc, Norcross, GA). Serum osmolarity was measured using
Micro-Osmometer Model 3300 (Advanced Instruments, Inc, Norwood, MA). Sweat
sadium chioride concentration was calculated using a sweat conductivity analyzer
Model 3120 (Wescor Inc, Logan, UT). In all cases, manufacturer's instructions were
followed for assays. All assays were performed in triplicate.

Body volume fluid shift calculations
For body volume fluid shift calculations, tolal body water was assumed lo be 50% of
body weight. The extracellular fluid compartment (ECF) was estimated to be 40% of
total body water and the plasma volume estimated to be 25% of the extracellular fluid
compartment. Theoretical changes in plasma sodium, calcium and PTH levels were
calculaled using the waler, sodium and calcium losses measured in sweat. The general
rssumed were that i solutes did not shift between the ECF and
ICF compartments and that all electralyte and fluid losses come from the ECF.
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Results

Atheoretical body water used to d i cha
could be explained by a decrease in plasma volume. The theoretical extracellular

compartment (ECF) concentration for calcium using the observed sweat loss
and calcium lost in sweat was 11.57 + 1.17 mgidl, This is not different from the
observed measurement 11.27 = 0.75 mg/dl (p = .31), but 10.1% higher than the
measured pre-yoga serum calcium concentration which was 10.40 = 0.76 mgid| (p =
-02). This suggests that the observed small increase in serum calcium concentration
after hot yoga can be explained by the sweat loss and decrease in plasma volume
However, the theoretical concentration of PTH was 19.6: .03 pg/mi after plasma
volume reduction from sweating, whereas measured PTH concentration was only
16.75 = 1.63 pg/mi. This implies that the amount of PTH in the circulation decreased
by about 13% (5 = .045).

Participant " Mean + SD
aracteristics (n

1206
19+09

Reduction in nude body weight (kg)
Reduction in nude body weight (%)
Fluid intake during yoga (L) 04+02
Sweat loss adjusted fluid intake (L) 15207
Sodium chioride lost in sweat (mmoliL) 113.9 £ 26.
Total calcium lost in sweat (ma) 436+ 168

Lrsa

Water Loss

Participant
Mean + SD

2764+ 4.8
1355:+11.0

Figure 3. Fiuid balance in yogis parforming 90
min of Bikram. o= 8.

Conclusions
There is no evidence that sweal loss during Bikram Yoga stimulates bone loss.
Bikram yoga appears lo be a safe praclice for premenopausal women.
‘Our data does suggest that a large amount of fluid and sodium is lost and a
moderate amount of calcium is lost.
it is recommended that fluid, sodium, and calcium is replenished after hot yoga
praclice.
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The pair presented their findings at the American College of Sports Medicine’s
annual meeting this past spring. Credit: University of Alabama in Huntsville
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Bikram yoga, the most commonly practiced type of hot yoga, offers
practitioners a vigorous workout in a studio kept at 100°F or more. But
is working out in that much heat good for you? That's what Dr. Shannon
Mathis and Dr. Gordon MacGregor, two professors at The University of
Alabama in Huntsville (UAH), decided to find out with a cross-college
research project entitled "Calcium Lost Through Sweat: Is There
Evidence of Bone Remodeling Due to Cutaneous Calcium Loss during

Bikram Hot Yoga?"

As a regular practitioner, it was Dr. MacGregor's yoga practice that first
got him thinking about the study. "When you do hot yoga, you sweat a
lot, and I wanted to know exactly what was lost in that sweat," says the
assistant professor of biological sciences. "Then Shannon joined the
faculty, and she is an expert on calcium, bone loss and exercise."

Indeed, as an assistant professor in the Department of Kinesiology, Dr.
Mathis brought not only a Ph.D. in health and human performance to the
partnership, but also a strong research background on the topic of bone
mineral density (BMD); her dissertation, entitled "Osteogenic Effect of
Endurance Cycling," investigated the factors that contribute to low BMD
in male competitive cyclists.

From that study, Dr. Mathis had established that sweating during high-
intensity exercise causes a disruption in calcium homeostasis leading to
bone resorption and low BMD in endurance athletes. But was the same
true of people who practice hot yoga? To find out, she and Dr.
MacGregor decided to focus on one specific group already at risk for
calcium loss but among whom the practice has become an increasingly
popular form of exercise — premenopausal women.

"We know that exercise in a hot and humid environment causes a large
loss of calcium in sweat, and that premenopausal women already show

an average loss of 0.25-1 percent annually due to hormonal changes that
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alter calcium levels," says Dr. Mathis, who received a 2017/2018 New
Faculty Award earlier this month. "What we wanted to find out was
whether additional losses of calcium in sweat caused by multiple sessions
of hot yoga per week would further decrease their BMD and increase the
risk for bone fractures."

Funded with a cross-college faculty research award from the university
for $5,000 and in partnership with Carmeladell Watkins, owner of
Bikram Hot Yoga Huntsville, they enlisted eight premenopausal women
with a mean age of 47.4 years who had practiced hot yoga for about two
years. "We measured their nude body weight, fluid intake, and blood
samples before and after a session of Bikram yoga, which consisted of
performing 26 postures in 90 minutes at 105°F and 40 percent
humidity," says Dr. MacGregor. "We asked participants to press
chromatography paper against the thighs to collect sweat after the final
yoga pose, while participants were still inside the studio."

By taking measurements both before and after, they were then able to
determine the amount of cutaneous calcium lost through sweating and to
use the blood collected to measure both the total calcium and levels of
serum parathyroid hormone (PTH), a biochemical marker of bone
remodeling.

As Dr. Mathis explains, PTH is released by the parathyroid glands when
they detect a decrease in calcium, stimulating osteoclasts to break down
bones and release calcium back into the extracellular fluid compartment.
It also causes the kidneys and the gastrointestinal tract to reabsorb more
calcium, resulting in what's known as a disruption in calcium
homeostasis, which in turn can lead to bone resorption and ultimately
low BMD.

What they found, however, surprised them both. "Our original idea was
that people were going to be sweating out a lot of calcium and their
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bones would start to break down for the body to maintain its calcium
levels," says Dr. MacGregor. "But as it turns out, while there's a lot of
salt lost in sweat, only just a little bit of calcium is lost. So it was the
opposite — hot yoga is actually really good for your bones." Dr. Mathis
concurs. "Bikram yoga appears to be a safe practice for premenopausal
women," she says, "though we still recommend that fluid, sodium, and
calcium are replenished after hot yoga practice."

The pair presented their findings this past spring at the American
College of Sports Medicine's annual meeting in Denver, Colo., and will
soon submit them for publication. They also hope to conduct a follow-up
study to determine if there's some sort of "protection mechanism" that
the body is able to deploy to prevent bone damage and retain bone mass.
"Other researchers across the country have come to the same conclusion
that we have, that it's not the calcium lost through sweating that is
causing low BMD in these otherwise very healthy people,” says Dr.
Mathis. "So that may be what's next for us."

Provided by University of Alabama in Huntsville
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