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ABSTRACT

Background : One of risk factors for increased rate of cardiovascular
diseases and development of menopausal symptoms in
perimenopausal/postmenopausal women is reduced estrogen
production. Yoga practice improved menopausal symptoms in
postmenopausal women. Whether yoga practice had effect on
estrogen in perinomopausal/postmenopausal women was not
known. Thus, this study was conducted to assess the effect of yoga
on female hormones; estrogen, progesterone, luteinizing hormone
(LH), and follicular stimulating hormone (FSH) in perimenopausal
women.

Methods : The study included 60 perimenopausal women, grouped
into yoga (n=30, age 44+2.64 years) and control (n=30, age 46+5.09
years) groups. The yoga group practiced meditation, pranayama
and few simple asanas for 40 min/day, 6 days/week for 4 weeks. The
control group did not practice any kinds of exercise. Levels of female
hormones were assessed in all subjects at the beginning of the
study and after four weeks of the study, and compared statistically.
Institutional Ethical Committee approved the study.

Results : Age, body mass index (BMI), blood pressure (BP), Heart
rate (HR), and respiratory rate were comparable between the groups
at the beginning of the study. Hormones LH and FSH showed
no significant changes within and between group comparisons.
Serum estrogen [11.95 (5.05-41.32) vs 24.47 (12.54-64.90) pg/ml,
p=0.036] and progesterone [0.24 (0.10-1.02) vs 2.0 (0.25-9.73) ng/
ml, p=0.012] increased in yoga group after yoga practice in within
group comparisons, whereas, the control group showed no changes.

Conclusion : Estrogen and progesterone levels increased in
perimenopausal women after four weeks of yoga practice, whereas,
LH and FSH showed no changes. It reveals that yoga practice can
have cardio protective effects in perimenopausal women.

Keywords: perimenopause, heart rate variability, estrogen,
progesterone, yoga
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INTRODUCTION

Perimenopause is a phase of transition in woman's
reproductive life. It begins with less production
of estrogen from ovaries at the age of 40 years
and onwards.! During this phase, women start
experiencing several peimenopausal symptoms
like hot flases, mood swing, irregular menses, and
palpitations. The average length of perimenopause
is four years, but in some women this stage may
last only for a few months, whereas in some
women it may continue for 10 years or even more.
Perimenopause ends after first year of cessation of
menses.’

The cardiovascular diseases are reported in peri-
and postmenopausal women**. Rate of death with
cardiovascular diseases (CVD) was found higher in
women in this phase of life than men.” A number
of studies have reported that women between age
40-49 i.e. at the time of the menopause transition
or perimenopausal period, had significantly
greater risk of mortality.*” Peri-menopausal/post-
menopausal women had generally higher lipid
level.>*® Tt is suggested that the ovarian function
i.e. reduced production of estrogen might be one
of the causative factors for the development of
cardiovascular diseases in this period of life in
female.® Estrogen has effect on lipid metabolism
and neuro-hormonal release.” Thus, production
of estrogen during early phase of reproductive
life might be reducing the development of
atherosclerosis and body fat, and helpful in
reducing the risk of cardio-vascular diseases in
premenopausal women. Perimenopausal women
with serious symptoms are treated with estrogen
therapy (ET). The ET is said to have cardio-
protective effects and studies have recommended
ET to reduce the risk of cardiovascular diseases
in peri-menopausal/postmenopausal women.®"
However, estrogen has disadvantageous effects i.e.
proliferative effects on breast and long-term use can
cause breast cancer.® It is increasingly recognized
that hormone therapy is inappropriate for older
post-menopausal women.® Therefore, there is a
need for exploring some alternative therapy that
can improve the condition of peri-menopausal
women and can act as a cardio-protective measure.

Yogic intervention is known to act as an adjuvant
therapy in several stress related diseases'"'. It has a
definite role in the management of hypertension'*'?
and diabetes mellitus."*'® Both hypertension and
diabetes mellitus are reported as the important
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risk factors for the development of cardiovascular
diseases in  peri-menopausal/postmenopausal
women.® Yogic exercises are also reported to
decrease LDL-cholesterol” and increase HDL-
cholesterol,'® which lower the risk of cardiovascular
diseases. Yoga practice improved menopausal
symptoms in postmenopausal women'** How yoga
practice could improve menopausal symptoms?
Whether yoga had effect on female hormones in
perinomopausal/postmenopausal women was not
known. Therefore, we aimed to study the effect
of combined yoga practice on female hormones;
estrogen, progesterone, luteinizing hormone (LH),
and follicular stimulating hormone (FSH) in
perimenopausal women.

MATERIALS AND METHODS

This is the part of a study in which effect of yoga
was assessed on heart rate variability, lipid profile
and other biochemical parameters, and female
hormones in perimenopausal women. The part;
effect of yoga on heart rate variability, lipid profile,
and other biochemical parameters has been already
published.?! The effects of yoga on female hormones
are included in this study.

Sixty women between age 42-52 years with
irregular periods and one or more than one of the
major symptoms of perimenopause like hot flases,
mood swing, palpitation, and sleep disturbance
were included in the study. All the subjects were
recruited from the department of Obstetrics and
Gyanecology, BP Koirala Institute of Health Sciences
(BPKIHS) after clinical examination. Institutional
Ethical Review Board, BPKIHS approved the study.
All subjects gave informed written consent before
start of the study.

A standardized proforma was used to record clinical
sign and symptoms, past history, family history,
medication (if any) and demographic data of all
women. Patients with frequent ventricular ectopics
and arrhythmia, diseaseslike diabetes mellitus, renal
failure, severe physical and mental disorders, severe
hypertension (SBP >160 & DBP >100, according to
JNC-7, 2003 guidelines),”* patients on estrogen or
progesterone therapy, patients previously engaged
in any kind of relaxation therapy or other exercises,
smokers and alcoholics were excluded from the
study.

All subjects were grouped into control (n=30) and
yoga (n=30) groups using computer based random
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number table method. In both the groups, two
recordings were taken; first recording (baseline
recording) at the beginning of the study (visit 1) and
second recoding after four weeks of the study (visit
2). During the four weeks of period, the control
group led their usual life. They did not practice
any kind of exercise. The yoga group practiced
combined yoga practice (given below) for four
weeks about 40 min/day and 6 days/week. They
learnt yoga practice properly at Yoga and Lifestyle
Clinic, BPKIHS, Dharan for one week. After they
learnt yoga practice properly, they continued it at
home. Yoga practice related protocol was given to
all subjects of yoga group and they were regularly
followed up for their practices. They were asked to
maintain a diary for it.

The blood sample was collected from the antecubital
vein in the fasting state between 8:30 and 9:30 AM
for estimation of female hormones. The collected
blood samples were allowed to clot and serum
was separated after centrifugation at 3000 RPM.
The serum of blood samples was stored at minus
20 degree. The estimation of female hormones;
estrogen, progesterone, LH, and FSH was done by
ELISA method in the Department of Biochemistry,
BPKIHS using an ELISA reader (HumanReader
HS, Wiesbaden, Germany) and standard protocol.
All the recorded data were analyzed and compared
between the groups using statistical tools.

Yoga practices consisted of '*

«  Warming-up exercises (for 5 min): Consisted of
Manibadha Vikash, Shakti Vikash, Ardhabhuja
Shakti Vikash, Purnabhuja Shakti Vikash,
Anjuli  Shakti Viksh, Kamar Chakrasana,
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Vakshasthal Shakti Vikash and Uder Shakti
Vikash. Each exercise for 2 to 3 times.

o Yogic asanas (for 6-7 min): Consisted of
Tarasana, Trikonasana, Gomukhasana,
Shashankasana, Padmasana, Bhujangasana,
Hradhayastambhasana, = Naukasana, and
Makarsana. Each for 2 to 3 times.

o Shavasana, for 5 min.
o Meditation in a comfortable posture for 5 min.

o Pranayama: Same nostril breathing and
alternate nostril breathing, each for 2 min.

Statistical Analysis: The data was analyzed using
software SPSS 11.5. Anthropometric and cardio-
respiratory variables were normally distributed.
Thus, data were compared within the groups using
paired t test and between the groups using unpaired
t test. Data are expressed as mean+SD. Levels of
female hormones were non-normally distributed.
Thus, data were compared within the group using
Wilcoxon-sign test and between the groups using
Mann-Whiteny U test; and the data are expressed
as median (inter-quartile range). The p<0.05 was
considered statistically significant.

RESULTS

Comparison of anthropometric and cardio-
respiratory variables within and between the yoga
and the control groups

Both the groups were comparable for their age,
body mass index (BMI), systolic blood pressure
(SBP), diastolic blood pressure (DBP), heart rate

Table 1. Comparison of anthropometric and cardio-respiratory parameters within and between the groups

Yoga group (n=30, mean+SD) Control group (n=30, mean+SD)
Parameters Within group comparison Within group comparison
Visit 1 Visit 2 p value Visit 1 Visit 2 p value
Age, years 46+4.9 - - 44.8+4.21 - -
BMI, Kg/m* 24.49+4.9 22.18+2.4 0.021* 25.20+6.21 | 24.98+4.21 0.393
SBP, mmHg 12145.0 110£12.0 0.019 121.0+£11.0 121.3+10.0 0.893
DBP, mmHg 74.8+7.7 73.947.2 0.073* 72.947.9 76.8+10.0 0.079
HR, bpm 78.8+7.7 71.445.7 0.032* 78.248.0 77.4%9.0 0.745
RR, breaths/min 17.6+2.4 16.4+2.4 0.063 16.6+2.3 16.9+2.1 0.543
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Table 2. Comparison of female hormones within and between the groups
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Yoga group (n=30, Median (q1-q3) Control group (n=30, Median (q1-q3)
Hormones Within group comparison Within group comparison
Visit 1 Visit 2 p value Visit 1 Visit 2 p value
11.95 24.47 12.07 16.54
0.036 0.214
Estrogens, pg/ml (5.05-41.32) | (12.54-64.09 (10.14-15.94) | (9.04-19.31
0.24 2.0 0.08 0.56
P t , 1 0.012 0.061
rogesterone, ng/m (0-1.02) (0.25-9.73) (0.06-020) | (0.13-0.69)
Luteinizing hormone, 7.62 4.74 0.798 17.65 13.47 0767
mIU/ml (2.7-12.78) (3.01-11.77) (2.59-24.61) (2.98-22.64)
Follicular stimulating 12.6 11.01 26.15 56.54
0.401 0.441
hormone, mIU/ml (8.58-65.88) (10.01-41.02) (11.79-66.01) | (8.66-74.36)

(HR), and respiratory rate (RR) in visit 1 (at the
beginning of the study). In visit 2 (after one month
of the study), the yoga group showed significant
decrease in BMI, DBP and HR as compared to the
control group (Table 1).

In within group comparison, the control group
did not show any differences in any of the
anthropometric and cardio-respiratory variables,
whereas, the yoga group showed significant
decrease in BMI, SBP and HR as compared to the
control group (Table 1).

Comparison of level of female hormones within
and between the yoga and the control groups

Level of all four female hormones; estrogen,
progesterone, LH, and FSH were comparable
between the groups at the beginning of the study,
visit 1 (Table 2). In visit 2, no changes were
found in any of the female hormones between the
groups. In within group comparison, the control
group showed no significant changes in any of
the hormones, whereas, the yoga group showed
significant increase in the level of estrogen and
progesterone hormones after four weeks of yoga
practice (Table 2). Both LH and FSH hormones
were found decreased in yoga group in visit 2,
however, it was not statistically significant.

DISCUSSION

The study assessed the effect of yoga on female
hormones; estrogen, progesterone, LH, and FSH in
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peri-menopausal women, not suffering from any
diseases, and not on any medication. They were
randomized into yoga and control groups. The
yoga group practiced combined yoga (meditation,
asanas, pranayama, relaxation practice) for 40
min/day for four weeks. The control group did not
practice any exercise.

Both the groups were comparable for their age,
BM]I, resting HR and resting BP. After one month of
the study, the control group showed no changes in
any of the parameters in within group comparison,
whereas, the yoga group showed significant
reduction in BMI, SBP, and HR in within group and
BMI, DBP, and HR between the group comparisons.
Yoga practice was found effective in reducing SBP,
DBP, and HR in hypertensive patients."*'*

There are studies”™* which showed that simple
yogic asana and pranayama decreased BMI, total
cholesterol, triglycerides in obese individuals.
We found decrease in BMI after yoga practice
in essential hypertensive patients”® and in
perimenopausal women.”> We also found a
decrease in total cholesterol, LDL cholesterol and
triglycerides, and an increase in HDL cholesterol
after yoga practice in perimenopausal women.*
It suggests that yoga is effective in reducing BMI
and lipid profile in perimenopausal condition also,
in which there is a definite decrease in production
of estrogens. It is well known that estrogens have
effect on lipid metabolism® and decrease the lipid
levels during reproductive ages of females.
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Interestingly, the present study showed significantly
increased estrogen and progesterone levels in
perimenopausal women after 4 weeks of yoga
practice. The increase in levels of estrogen and
progesterone might have improved the lipid
metabolism causing reduction in BMI, SBP, DBP,
and HR in perimenopausal women in the present
study.

The query was how yoga practice increased estrogen
and progesterone levels. Several published studies
showed that yoga practice influenced endocrine
functions.** Eightweeks of yoga training showedan
increase in adrenocorticotropic hormone (ACTH)
in female patients with multiple sclerosis.”” Glaser
et al?* found elevated dehydroepiandrosterone
sulfate (DHEAS) in female transcendental
meditation practitioner by 28% in the age group
40-44-year; 34% in the 45-49-year; and 54% in the
50-54-year. Elevation in DHEAS might be due to
increased secretion of ACTH after yoga practice
because synthesis and secretion of the DHEA and
DHEAS are regulated by pituitary ACTH. A 12-
week of combined yoga practice (Asanas, surya
namaskar, meditation and pranayama) increased
growth hormone level.”” It reveals that yoga practice
influences hypothalamus and pituitary gland. It
is supported by a traditional Chinese meditation
study. The study showed positive activation in
pineal gland and the hypothalamus during the first
and second stages of meditation on fMRIL* The
DHEA has been reported in a review to increase
estrogen production in adipose tissue, skin, and
adrenal medulla locally or intracrinologically.® It
was found that locally produced estrogen normally
did not increase circulatory levels of estrogen.*

In the present study perimenopausal women
practiced meditation along with easy asanas,
pranayama, and relaxation practice; and the age
group was 42-52 years. Possibly in the present study
ACTH and DHEAS might have increased and that
increased estrogen production locally. However,
it may not be only mechanism for the increase in
estrogen in the present study. Locally produced
estrogen does not increase circulatory levels of
estrogen.” In the present study both estrogen and
progesterone hormones increased in the blood
after 4 weeks of combined yoga practice. Levels
of LH and FSH were also assessed in the present
study. Both LH and FSH showed a decreasing
trend but not statistically significant. It seems
that the present set of yoga practice stimulated
ovarian follicular cells in perimenopausal women
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for the production of estrogen and progesterone
and a trend of feedback inhibition of LH and FSH
(but not statistically significant). It reflects the
involvement of hypothalamic-pituitary-gonadal
axis. It needs further studies for exploring the
underlying mechanisms.

CONCLUSION

In perimenopausal women, four weeks of combined
yoga practice (meditation, pranayama, easy asanas,
and relaxation practice) decreased BMI, SBP, HR,
and increased levels of estrogen, and progesterone,
and a decreasing trend in LH and FSH hormones.
The results suggest that combined practice of yoga
even for 4 weeks is effective in increasing estrogen
and progesterone levels in perimenopausal women.
We also found increase in cardiac parasympathetic
activity and HDL cholesterol, and decrease in
total and LDL cholesterol with the same set of
yoga practice” in perimenopausal women. Thus,
results strongly suggest that combined yoga
practice can reduce cardiovascular risk factors in
perimenopausal women.

FUNDING

This research received research grant "NIC fund"
from BP Koirala Institute of Health Sciences,
Dharan, Nepal.

CONFLICT OF INTEREST

None.

REFERENCES

1. Santoro N , Brown ] R, Adel T, Skurnick ] H
Characterization of reproductive hormonal dynamics
in the perimenopause. 1996 Apr;81(4):1495-501. doi:
10.1210/jcem.81.4.8636357.

2. Gold EB. The timing of the age at which natural
menopause occurs. Obstet Gynecol Clin North Am. 2011
Sep;38 (3):425-40. doi: 10.1016/j.0gc.2011.05.002.

3. Matthews KA, Kuller LH, Sutton-Tyrrell K, Chang
YE Changes in cardiovascular risk factors during
the perimenopause and postmenopause and carotid
artery atherosclerosis in  healthy women. Stroke.
2001;32(5):1104-11.

4. Carr MC. The emergence of the metabolic syndrome with
menopause. ] Clin Endocrinol Metab. 2003; 88:2404-11
doi: 10.1210/jc.2003-030242

http://psnnepal.org.np/



Effect of yoga on female hormones. .. ..

10.

11

12.

13.

14.

15.

16.

17.

Song HK, Grab D, O'Brien SM, Welke KE, Edwards
E Ungerleider RM. Gender differences in mortality
after mitral valve operation: evidence for higher
mortality in perimenopausal women. Ann Thorac Surg.
2008;85(6):2040-4.

Collins B Rosano G, Casey C, Daly C, Gambacciani
M, Hadji B, Kagja R, Mikkola T, Palacios S, Preston R,
Simon T, Stevenson ], Stramba-Badiale M. Management
of cardiovascular risk in the perimenopausal women:
a consensus statement of European cardiologists and
gynecologists. ~ Climacteric.  2007;10(6):508-26.  doi:
10.1093/eurheartj/ehm296.

Peterson S, Peto V, Rayner M, Luengo-Fernandez R, Gray
A. European Cardiovascular Disease Statistics. 2nd ed.
London: British Heart Foundation; 2005.

Graff-Iversen S, Thelle DS, Hammar N Serum lipids, blood
pressure and body weight around the age of the menopause.
Eur J Cardiovasc Prev Rehabil. 2008;15(1):83-8.

Ushioda M, Makita K, Takamatsu K, Horiguchi E, Aoki D.
Serum Lipoprotein(a) Dynamics before/after Menopause
and Long-term Effects of Hormone Replacement Therapy
on Lipoprotein(a) Levels in Middle-aged and Older
Japanese Women. Horm Metab Res. 2006;38(9):581-6.

Valdiviezo C, Lawson S, Ouyang P. An update on
menopausal hormone replacement therapy in women
and cardiovascular disease. Curr Opin Endocrinol
Diabetes Obes. 2013 Apr;20(2):148-55. doi: 10.1097/
MED.0b013e32835ed58b.

Yang K. A review of yoga programs for four leading risk
factors of chronic diseases. Evid Based Complement
Alternat Med. 2007;4(4):487-491.

Khadka R, Bhattachary N, Paudel BH. Effect of yoga on
health and disease status. In: Bhattacharya N & Paudel
BH (eds). Emerging concepts in Yoga & lifestyle. Ist ed
India: Ajanta creations; 2004. P 61-71.

Bijlani RL, Vempati RB Yadav RK, Ray RB, Gupta
V, Sharma R, Mehta N, Mahapatra SC. A brief but
comprehensive lifestyle education program based on yoga
reduces risk factors for cardiovascular disease and diabetes
mellitus. ] Altern Complement Med. 2005;11(2):267-74.

Sunder S, Agrawal SK, Singh VP, Bhattacharya SK, Udupa
KN, Vaish SK. Role of yoga in management of essential
hypertension. Acta Cardiologica 1984;39(3):203-208.

Khadka R, Paudel BH, Sharma VB Kumar S, Bhattacharya
N. Effect of yoga on cardiovascular autonomic reactivity
in essential hypertensive patients. Health Renaissance
2010; 8(2):102-109.

Innes KE, Vincent HK. The influence of yoga-based
programs on risk profiles in adults with type 2 diabetes
mellitus: a systematic review. Evid Based Complement
Alternat Med. 2007;4(4):469-86.

Yogendra ], Yogendra HJ, Ambardekar S, Lele RD, Shetty
S, Dave M, Husein N.Beneficial effects of yoga lifestyle

Journal of Physiological Society of Nepal
Vol. 3 | No. 1| Issue 5 | Jan-Jun 2022
ISSN 2773-7853 (Online)

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Khadka R et al.

on reversibility of ischaemic heart disease: caring heart
project of International Board of Yoga. ] Assoc Physicians
India. 2004;52:283-9.

Maharjan AS, Reddy KS, Sachdeva U. Lipid profile of
coronaryrisk subjects following yogic life style intervention.
Indian ] Physiol Pharmacol 1999;51(1):37-40.

Vaze N, Joshi S. Yoga and menopausal transition. | Midlife
Health. 2010;1(2):56-8. doi: 10.4103/0976-7800.76212.

Cramer H, Lauche R, Langhorst ], Dobos G. Effectiveness
of yoga for menopausal symptoms: a systematic review
and meta-analysis of randomized controlled trials. Evid
Based Complement Alternat Med. 2012; 2012:863905.
doi: 10.1155/2012/863905.

Khadka R, Paudel BH, Lamsal M, Shrestha N, Regmi MC,
Chbhetri S, Karki P. Effect of yoga on cardiac autonomic
tone and lipid profile in perimenopusal women. JPSN
2021; 2(2):9-16. https://doi.org/10.3126/jpsn.v2i2.50174.

JNC 7 Express. Prevention, detection, evaluation and
treatment of high blood pressure. USA: NIH publication;
2003.p.1-52. JNC 7 Express. Prevention, detection,
evaluation and treatment of high blood pressure. USA:
NIH publication; 2003.p.1-52.https.//www.nhlbi.nih.gov/
sites/default/files/media/docs/jnc7full. pdf

Siu PM, Yu, Benzie IE, Woo J. Effects of 1-year yoga on
cardiovascular risk factors in middle-aged and older
adults with metabolic syndrome: a randomized trial.
Diabetol Metab Syndr. 2015; 30 (7): 40-52. DOI 10.1186/
$13098-015-0034-3.

Netam R, Yadav RK, Khadgawat R, Sarvottam K, Yadav
R. Interleukin-6, vitamin D & diabetes risk-factors
modified by a short-term yoga-based lifestyle intervention
inoverweight/obese individualsIndian ] Med Res 2015;
141: 775-782.

Najafi B, Moghadasi M. The effect of yoga training on
enhancement of Adrenocorticotropic hormone (ACTH)
and cortisol levels in female patients with multiple
sclerosis. Complement Ther Clin Pract 2017 Feb;26:21-25.
doi: 10.1016/j.ctcp.2016.11.006.

Glaser JL, Brind JL, Vogelman JH, Eisner MJ, Dillbeck
MC, Wallace RK, Chopra D, Orentreich N. Elevated
serum  dehydroepiandrosterone  sulfate  levels  in
practitioners of the Transcendental Meditation (TM) and
TM-Sidhi programs. ] Behav Med. 1992 Aug;15(4):327-
41. doi: 10.1007/BF00844726.

Chatterjee S, Mondal S. Effect of regular yogic training
on growth hormone and dehydroepiandrosterone
sulfate as an endocrine marker of aging. Evid Based
Complement Alternat Med. 2014;2014:240581. doi:
10.1155/2014/240581.

Liou CH , Hsieh CW, Hsieh CH, Chen JH, Wang CH,
Lee SC. Studies of chinese original quiet sitting by using
functional magnetic resonance imaging. Conf Proc IEEE
Eng Med Biol Soc. 20052005:5317-9. doi: 10.1109/

http://psnnepal.org.np/



Effect of yoga on female hormones. . . .. Khadka R et al.
O . S

IEMBS.2005.1615681. 2001 Jul;22(3):185-212. doi: 10.1006/frne.2001.0216.
29. Labrie F Luu-The V, Labrie C, Simard ]. DHEA and its 30. Simpson ER. Sources of estrogen and their importance. |

transformation into androgens and estrogens in peripheral Steroid Biochem Mol Biol. 2003 Sep;86(3-5):225-30. doi:
target tissues: intracrinology. Front Neuroendocrinol. 10.1016/50960-0760(03)00360-1.

Journal of Physiological Society of Nepal
Vol. 3 | No. 1| Issue 5 | Jan-Jun 2022
ISSN 2773-7853 (Online) 21

http://psnnepal.org.np/



