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Yoga and its effect on sperm
genomic integrity, gene
expression, telomere length

and perceived quality of life in early
pregnancy loss

Vidhu Dhawan?, Neena Malhotra?, Neeta Singh?, Vatsla Dadhwal? & Rima Dada***

Achieving successful pregnancy outcomes is a delicate interplay between the maternal and the fetal
counterparts. Paternal factors play a critical role in health and disease of offspring. Early pregnancy
loss (EPL) is a psychologically devastating condition affecting the quality of life (QOL). Thus, it needs
to be managed by a mind body integrated approach like yoga.The prospective single arm exploratory
studyincluded male partners of couples experiencing recurrent pregnancy loss (RPL, n=30), and
recurrent implantation failure (RIF, n=30) and semen samples wereassessed at the beginning and
completion of yoga (6 weeks) (WHO 2010).

A significant increase in the sperm concentration, motility, decrease in seminal ROS, DFI and increase
in relative sperm telomere length was found at the end of yoga. The relative expression of genes
critical for early embryonic developmentnormalized towards the levels of controls. WHOQOL-BREF
questionnaire scores to assess QOL also showed improvement.

Integration of regular practice yoga into our lifestyle may help in improving seminal redox status,
genomic integrity, telomere length, normalizing gene expression and QOL, highlighting the need to
use an integrated, holistic approach in management of such cases. This is pertinent for decreasing
the transmission of mutation and epimutation load to the developing embryo, improving pregnancy
outcomes and decreasing genetic and epigenetic disease burden in the next generation.
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A significant increase in complex lifestyle diseases has been witnessed in the last decade with a dramatic impact
on the reproductive potential. Paternal factors have been cited as an important contributor in the normal embry-
onic development and associated as a causal factor for early pregnancy loss (EPL). Paternal factors play a role
in each stage of embryo development from fertilization, with early and late paternal effects and implantation.
Integration of yoga a mind body energy medicine for the management of complex chronic lifestyle condi-
tions as an adjunct in the management of infertility and EPL has been documented and is highly effective in
these psychosomatic disorders. Advancing paternal age at childbirth due to various social, psychological, career
advancements, delayed age at marriage, increase in life expectancy are among a few factors to initiate family at
a later age. The delayed parenthood results in poor reproductive outcome due to cumulative damage to germ
cell especially sperm which has highly truncated DNA repair mechanism and minimal antioxidant capacity
to combat oxidative insults due to various intrinsic and extrinsic factors and thus accumulates oxidative DNA
damage, denovo germ line mutations and epimutations'~.

Male reproductive fitness is not only essential for procreation but it also reflects his somatic fitness, and,
impaired fertility may pose as a harbinger of medical diseases in men. Poor semen quality has been linked with
an increasing risk of common chronic diseases>®, morbidity and mortality”, thus highlighting their public

!Department of Anatomy, Laboratory of Molecular Reproduction and Genetics, All India Institute of Medical
Sciences, New Delhi 110029, India. 2Department of Obstetrics and Gynecology, All India Institute of Medical
Sciences, New Delhi, India. “’email: rimadadaaiims20@gmail.com

Scientific Reports | (2024) 14:11711 | https://doi.org/10.1038/s41598-024-62380-w nature portfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-62380-w&domain=pdf

www.nature.com/scientificreports/

health importance beyond fertility and reproduction.Semen parameters are negatively associated with stress
and impacted by a decline in the levels of luteinizing hormone (LH) and testosterone, which further affects
spermatogenesis and thus the sperm quality®-!1.

The significant and positive Impact on the quality of life by yoga and meditation has witnessed an improve-
ment in sperm functional parameters. The incorporation of yoga in psychosomatic conditions has been docu-
mented to play a significant role in decreasing severity of co-morbid depression & stress through the downregu-
lation of the hypothalamic pituitary axis (HPA)and sympathetic nervous system, stress reduction and immune
modulation'?"*. This thus exerts beneficial effects on the regulation of reproductive hormones.

The transcriptionally inert sperm with minimal antioxidant defense is prone to be attacked by the overwhelm-
ing OS resulting in both nuclear and mitochondrial DNA, accelerated telomere shortening, accumulation of
mutagenic bases and oxidative DNA adducts which induce mutations & epimutations.

We hypothesized that lowering of oxidative DNA damage in the spermatozoa with the adoption of yoga
might improve the functional parameters in sperm, increase telomere length and modulate the gene expression
in the male partners of couples who experienced recurrent pregnancy loss (RPL) and recurrent implantation
failure (RIF). Yoga switches on the internal pharmacy. Recent evidences have established the link between the
integration of yoga practices in the management of chronic complex lifestyle diseases and the health benefits it
provides not only in management but also by preventing onset of these complex diseases and also by promoting
health and wellness. With the similar intent, the primary aim of the current study is to assess the impact of 6-week
yoga intervention on the sperm oxidative and molecular markers (gene expression profile) as well as quality of
life in male partners of RPL and RIF patients.

Results

Participants flow and baseline age, BMI, seminal and oxidative markers in patient groups and
controls

A total of 82 men who volunteered for the study and gave informed written consent, were initially recruited for
this study, RPL (N =42) and RIF (N =40) groups. A total of 60 male partners were finally recruited in the study.
The baseline levels demographic, seminal, oxidative parameters and telomere length are shown in Table 1. The
patient groups and controls were age matched. The PM (%) and SC (million/ml) was found to be lower and
significantly different (p <0.0001****) in the patient groups as compared to the controls.

Effect of yoga on semen parameters, seminal oxidative stress, DNA damage and sperm tel-
omere length (STL)

There was a significant increase in the mean PM in both RPL and RIF group (p <0.0001**** and p=0.0078**
respectively, Table 2, Fig. 1a) and median SC in RPL and RIF group (p <0.0001***, Table 2, Fig. 1b) from baseline
to the post-yoga levels.The ROS and DFI levels were found to be significantly higher in RPL and RIF groups
from controls (p <0.0001****) (Table 2). The ROS levels showed significant decline from baseline to the end of
6 weeks of yoga (p <0.0001****) (Table 2, Fig. 1c). The DFI also showed decline, but the change was found to be
significant in RIF group (p=0.0002***) and not in RPL group (p=0.0714) (Table 2, Fig. 1d, le). The representative
dot plot cytograms is shown in Fig. le.The baseline relative sperm telomere length (STL/ T/S ratio) was found
to be significantly lower in patient groups than the controls (p <0.001***) (Table 2) and showed a significant
positive increase from the baseline levels in RPL (p < 0.001***) and RIF (p =0.0088**) groups. (Table 2, Fig. 1f)
and correlated negatively with ROS and DFI levels.

p-Value
Parameter RPL RIF Control Overall RPL vs Control RIF vs Control
AGE (years) 33.6+3.9 34.7+3.6 32.4+3.6 0.063 0.651 0.058
BMI (kg/m?) 252+24 25.7+1 243+1.6 0.012* 0.161 0.010*
Volume (ml) 29+1.0 3.1+£1.8 3.5+1.02 0.169 0.196 0.636
pH 7.4+0.16 7.5+0.28 7.3+0.24 0.019* 0.019* 0.135
LT (mins) 36.8+14.7 39.1+12.3 31.5+5.6 0.035* 0.231 0.035*
PM (%) 49.5+12.6 32.7+12.5 64.3+9.9 <0.0001*** <0.0001**** <0.0001***
SC (million/ml) 38.9 (0.4, 145.5) 29.3(0.3, 60) 56.2 (23.6, 139.3) 0.0001*** 0.0321 <0.0001+**
ROS
(RLU/sec/million sperm) 39.9(3.5, 451.9) 44.9 (16.5, 382.6) 18.3 (4.83,53.9) <0.0001** <0.0001** <0.0001***
DFI (%) 38.6+5.6 39.4+4.4 25.5+6.21 <0.0001**+** <0.001** <0.001**
T/S Ratio 0.520+0.08 0.475+0.08 0.655+0.13 0.0001+** <0.0001*+** <0.0001++**

Table 1. Age, BMI, baseline seminal and oxidative parameters, and sperm telomere length in patients

and controls. Values expressed as mean + sd and median (minimum, maximum.) *p < 0.05 was considered
significant. *p <0.05, **p <0.01, ***p <0.001, ***p <0.0001. BMI Body mass index, LT Liquefaction time, PM
Progressive motility, SC Sperm concentration, ROS Reactive oxygen species, RLU Relative light units, DFI
DNA fragmentation index.
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Figure 1. (a-e): Pre- and Post-Yoga levels of (a) Progressive motility (PM), (b) Sperm concentration (SC), (c)
Reactive oxygen species (ROS), (d) DNA fragmentation index (DFI), (e) Pseudocolour dot plot cytograms of the
semen samples of cases recruited for Yoga by SCSA at estimated at pre-yoga (day 0) and at post-yoga (6 weeks)
FL3 on x-axis represents fragmented DNA, and FL1 on y-axis representative DNA showing the percentage DFI.
Each dot in the cytogram represents a single spermatozoon with red and green fluorescence values. The debris
at the bottom left corner was excluded from analysis, (f) Relative sperm telomere length (T/S Ratio). *p <0.05,
*p<0.01, **p <0.001, ****p<0.0001.
Control RPL RIF
ACt ACtPre- | ACt Post- Axs fold change ACtPre- | ACt Post- Axis fold change
GO1 Controls Yoga Yoga p-value | rvalue | Baseline | Post-yoga | Yoga Yoga p-value rvalue | Baseline | Post-yoga
FOXG1 38+1.17  [419+1.17 |3.65+0.82 |0.004** | 0.7353]-1.09 1.21 46+1.7 428+135 |0.171 0.7484 | —1.94 0.70
S0X3 1.88+1.46 |1.59+1.58 |145+0.76 |0.978 0.3901 | - 1.62 0.61 335+2.05 |264+1.32 [0.0067** | 0.8553 | -4.51 1.32
STAT4 8.14+228 |[7.13+24  |7.32%261 |[0510 0.7279 | 3.26 -0.36 784159 |83+132 |0.127 0.5876 | 2.08 ~114
RPS6 1924132 | 1854122 |138+0.87 |0.014* 047 |3.87 ~1.49 274177 | 247+155 |0.255 0.7392 | 1.95 0.48
RBM9 115£1.89 |0.66+0.86 |057+1.07 |0.861 |-0.063 |2.52 0.22 241+135 |1.92+£0.96 |0.0083** | 0.0108 | —4.32 0.94
RPLIOA |3.54%177 |2.89+1.11 |[3.07+1.23 |0.545 0.3844 | 1.78 ~0.54 3644121 |337+0.71 |0.946 03614 | —1.04 0.36
RPS17 126+1.1 | 1114+134 |1.04£0.66 |0.492 0.7073 | 0.38 037 1.53£0.97 | 1334081 |0.151 02232 | -0.82 037
RPL29 077+123 [075+1.8 |0.63+1.18 |0.637 0.6798 | -0.21 0.13 0.98+0.96 |0.9+0.82 | 0.480 0.1669 | —0.45 0.21
WNT5A | 2.1£15 1.01+2.15 | 124+142 |0.581 0.6894 | 2.93 -0.64 1.13+213 [0.82+26 |0.065 -0.207 |2.33 0.86
HSP90 3594158 |228+213 [27+182 [0252 03589 | 4.34 0.38 213249 |256+3.03 |0.0003** | 0.5839 |5.73 -1.97
TOMM7 |356+1.64 |2.17+25 [275+217 |0.173 0.5287 | 4.12 -1.88 3.06+2.12 |245+239 |0.106 0.1296 | 3.51 0.20
EIF5A 345+1.32  |299+201 |3.14+175 |0.736 0.1335 | 1.81 -0.93 298+2.53 |3.11£2.57 |0.186 0.3376 | 2.54 ~1.55
0GGl1 275215 |1.78+122 |0.94%1.98 |0.073 0262 | 252 27 297+1.65 |1.64+2.04 |0.523 0.2041 | 0.80 2.81
PARPI 24+16 145416 |056+1.86 |0.007* | 0.478 |227 2.8 234201 | 0.79+£2.09 |0.945 0.2101 | 1.51 471

Table 3. Relative gene expression (Average ACt) and axis fold change (AFC) in gene expression at baseline
with respect to controls and post-yoga levels with respect to pre-yoga levels in RPL and RIF patients. Values
expressed as mean + sd. *p <0.05 was considered significant. *p <0.05, **p<0.01, ***p <0.001, ***p <0.0001.

GO, Gene of interest; FOXG1, Forkhead box G1; SOX3, SRY (sex determining region Y)-box 3; STAT4, Signal
transducer and activator of transcription 4); RPS6, Ribosomal protein S6); RBM9, RNA binding motif protein
9); RPL10A, Ribosomal protein L10A; RPS17, Ribosomal protein S17; RPL29, Ribosomal protein L29; WNT5A,
Wnt Family Member 5A; HSP90, Heat shock protein 90; TOMM?, Translocase of outer mitochondrial
membrane 7); EIF5A, Eukaryotic translation initiation factor 5A; OGGI, 8-oxoguanine DNA glycosylase;
PARP1I, Poly(ADP-ribose) polymerase 1; r, correlation coefficient.
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Figure 2. Relative gene expression (Average ACt) pre- and post-yoga (6 weeks) as well as controls in (a) RPL
and (b) RIF patients; Axis fold change (AFC) in gene expression at baseline with respect to controls and post-
yoga with respect to pre-yoga in (c) RPL and (d) RIF patients.

Effect of yoga on sperm gene expression and QOL

The relative expression of the genes at the end of yoga as compared to baseline was seen to normalize towards
that of the control values in both RPL (Table 3, Fig. 2a) and RIF groups (Table 3, Fig. 2b). We found a significant
difference in the baseline expression of HSP90, TOMM?7, OGGI and PARPI with respect to controls in RPL
group. While the expression of FOXG1, SOX3, RBM9, and HSP90, showed significant difference as compared
to controls in RIF group.

The axis fold change in the gene expression at baseline levels in RPL and RIF group as compared to controls
as well as the fold change post-yoga levels with respect to pre-yoga levels is shown in Table 3, Fig. 2(c) and (d ).
The post-yoga expression of FOXG1, RPS6 and PARPI varied significantly from the pre-yoga levels in RPL
group, while the expression of SOX3, RBM9 and HSP90 showed significant difference from pre-yoga levels in
RIF group. A significant correlation was seen between pre- and post-yoga expression of FOXG1, STAT4, RPS17
(p-<0.0001**), RPS6 (p-0.017*), RPL29 (0.0002***), WNT5A (0.0001***), TOMM? (0.006**), PARPI (0.015*)
in RPL group and FOXG1, SOX3, RPS6 (p- <0.0001*), STAT4,, HSP90 (0.001**) in RIF group. The change in mean
scores of QOL from baseline in WHOQOL-BREF scores in domains D1, D2 and D3 were found to be statisti-
cally significant, while a trend towards improvement was noted in domain D4 scores in both groups (Table 2).
Significant positive correlation was observed between the pre-yoga and post-yoga levels (Table 2).

Discussion
The present study attempted to comprehend the contributions of adoption of yoga and evaluate its impact on
sperm function, oxidative seminal biomarkers (ROS, DFI), telomere length and gene expression. The study also
compared the baseline characteristics in the RPL and RIF patient groups with the healthy fertile controls. We
found a significant difference in the semen parameters (PM and SC), ROS, DFI and telomere length in patient
groups with control group which improved after adoption and integration of yoga into their daily routine. The
study attempted to highlight the changes in gene expression pattern, oxidative stress, DNA damage and telomere
length with yoga and established a significant positive change in the quality of life in patients as established by
the WHOQOL-BREF questionnaire.

Psychological stress and impending OS are one of the key components,which affect the sperm structure and
function. OS affects the key sperm function i.e. the sperm motility, which was found to be lower in both RPL

Scientific Reports |

(2024) 14:11711 | https://doi.org/10.1038/s41598-024-62380-w nature portfolio



www.nature.com/scientificreports/

and RIF groups with respect to controls. Oxidative damage to sperm membrane also impairs it permeability and
fusibility and thus sperm membrane and oocyte penetration Previous studies have shown improvement in sperm
PM, SC, decrease in seminal OS, DNA damage, levels of mutagenic base adduct(8-hydroxy-2-deoxyguanosine)
in the sperm DNA*!"8and improvement in the TAC (total antioxidant capacity) levels'>!®!® with yoga. Improve-
ment in the quality of life by affecting the physiological and psychological counterparts of EPL and infertility
has positively observed to affect the testicular functions, stabilization of the levels of reproductive hormones,
semen parameters, genomic integrity, telomere length, de novo mutation rate, gene expression, and sperm
epigenome®!'>416-18 The impending ROS levels correlated negatively with both PM and SC, and positively with
DFI levels at baseline.

Sperm mitochondria are the major source of ROS generated due to leakage of electrons by the respiratory
chain. ROS affects mitochondrial membrane potential (MMP), lipid peroxidation, sperm motility etc. Mitochon-
drial dysfunction results in supraphysiological production of free radicals also impairs motility due to reduced
ATP production and thus fertilization is impaired. Excess ROS production by dysfunctional mitochondrial
induce both denovo germ line mutations and epimutations. The improvement of mitochondrial integrity will
prevent the generation and transmission of these harmful mutagenic base adducts to the embryo thus prevent-
ing any adverse effects.

Impact of yoga on OS has also been assessed by various researchers in other conditions**-*%. Yoga has shown to
aid in the amelioration of mental stress and depression by improving the feeling of perceived well-being'>!7>3-25,
Yoga has helped to normalize the levels of cortisol, improves BDNF, DHEA, serotonin which promote neuro-
plasticity in brain and improvement in lipid profiles, diabetic profile, and inflammatory processes'>!*26-2% This
aids in emotional resilience and enhances metacognition.

DNA damage in our study was measured by SCSA which measures the vulnerability of sperm DNA to dena-
turation when exposed to heat or acid. It uses flow cytometry which, although is costly and complex but offers
the analysis of large number of sperm cells (5000-10,000 spermatozoa). It has higher efficiency, objectivity,
accuracy, repeatability (0.98-0.99 in clinical settings) and results are reproducible.It has advantages over other
techniques like COMET and Halosperm as they are able to measure only 50-200 sperm cells per sample. Also
COMET assay is very labor intensive, and halo size may vary depending o size of nuclei in Halosperm and thus
may lead to variability in assessment. Both have interobserver variability as well.

DNA damage results mainly due to aberrant DNA damage response (DDR) pathway, which is an integral
requirement for DNA repair and to monitor DNA integrity. Reduction of DNA damage by yoga in our study
suggests the potential role of yoga in optimizing the DDR pathway and facilitating improvement in genomic
integrity. Optimal ROS levels, telomere stability along with changes in mind-body communicative and neural
markers by yoga contribute to genomic integrity and positive modulation of sperm epigenome'*'*!%. Our previ-
ous studies reported a significant decline in the ROS levels by adopting yoga for 21 days>'®. Effect of decline in
ROS with a parallel increase in TAC levels has been observed as early as 10 days'****. But the impact of yoga
to show significant improvement sperm genomic integrity (sperm DFI levels) takes longer time as the cycle of
spermatogenesis is 72 days and usually significant improvement takes 2 spermatogenic cycles. The levels of DFI
in our study showed an insignificant decline in this short duration and needs longer daily practice (6 months)
to show significant improvement".

OS is one of the predominant causes which affects the complex trait i.e. the telomeres causing telomere
attrition, instability of the sperm genome, cellular senescence and testicular aging®'”*!. Telomeres are one of
the important markers of cellular and testicular aging, which are affected by adoption of yoga'”*>*. Telomere
length (TL) is found to be affected by OS, inflammation, various environmental, lifestyle, occupational factors,
and exposure to carcinogens and various cross-sectional epidemiological studies have also been conducted®*-".
Telomeres are rich in guanine and are thus more prone to oxidative attack. The highly truncated BER mechanism
makes sperm less adept in repairing oxidative damage and results in persistent DNA damage in the telomeres
leading to recruitment of DNA damage response machinery and causing telomere attrition.

Both TL and telomerase activity have been statedto show sensitivity to an array of psychosocial and behav-
ioural influences®-*, thus suggesting that psychological stress is associated with reduced total antioxidant
capacity and increased cortisol levels which further induces oxidative stress and is thus associated with shorter
telomeres and accelerated aging. Optimal telomere length is required for normal cleavage and shorter telomeres
may impair cleavage and this blastocyst development.

Only two studies have been conducted to assess the TL with time. These were conducted in cancer patients
who underwent a Mindfulness Based Stress Reduction (MBSR) program for 8 weeks*"*>. Low and high levels
of OS result in shorter telomeres and genomic instability, while mild levels of OS are beneficial in maintenance
of STL®. TL in current study was lower as compared to controls, correlated negatively with ROS and DFI, as
well as showed a significant increase with yoga practice. This thus suggests that psychosocial stressors and their
biochemical consequences have the potential to cause accelerated telomere erosion. Yoga practice enhances physi-
cal and emotional self-efficacy and resilience, decrease inflammation and OS and induces relaxation response.
Regular daily practice is assocauted with reduced size of amygdale and increased gray matter in hippocampus
and prefrontal cortex associated with improved memory, mindfulness, improved cognitionand promotes neu-
roplasticity and thus increases resilience.

Our study analysed the expression of 14 genes post adoption of yoga. The relative expression of the genes
(average delta Ct) assessed post-yoga was found to normalize towards the levels in fertile controls. The fold
change in the expression of these genes post-yoga was assessed as compared to baseline i.e. pre-yoga levels.

FOXG1, a key regulator of neurogenesis development of the ventral telencephalon in forebrain is responsible
for early embryo patterning*, The expression of FOXGI is dose dependent*and had showed upregulation in RPL
and RIF group post adoption of yoga with respect to pre-yoga levels. The expression of SOX3, a X-linked tran-
scription factorplaying a crucial role in development of central nervous system and hypothalamus*®*, showed
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downregulation in patient groups in our study. The downregulation has previously been associated with reduced
spermatogenesis and impact fertility*. The expression of SOX3 is also dosage dependent and showed an upregula-
tion in expression post-yoga in both RPL and RIF group. The expression of STAT4 gene coding the transcription
factor STAT4 showeddownregulation post-yoga in both patient groups.

The ribosomal protein coding genes RPS6, RBM9 and RPL10A,associated with neurodevelopment®, alterna-
tive axon splicing in brain®’and development of neural precursor cells*’showed upregulation at baseline found
to be downregulated inRPL group post-yoga. These were stated to correlate with miscarriage rate in previous
studies®>> RPS6, is a substrate for inducible phosphorylation, downstream effector of mTOR pathway. Hyper-
phosphorylation and dephosphorylation of RPS6 are associated with neurodevelopmental disorders and periods
of growth arrest*.

The expression of WNT5A, HSP90, TOMM?7 and EIF5A showed upregulation in RPL and RIF groups
and downregulation post-yoga. WNT5A, a member of WNT family plays an important role in early
embryogenesis®***and an altered expression might be a potential cause of pregnancy loss and implantation failure.
It has also been seen to hold important role in germ cell migration and testis development™. It becomes pertinent
here to mention the downregulation of expression of HSP90 and TOMM?7 with yoga. HSP90 is a cytoplasmic
chaperone responsible for various developmental regulatory networks®”. HSP90 protein forms an integral part
of preprotein translocase complex of the outer mitochondrial membrane (TOM complex) of TOMM7. The
expression of both HSP90 and TOMM? showed significant correlation with ROS in RPL group, thus it can infer
that reduction in ROS levels with yoga also catered to the normalization of gene expression.Eukaryotic translation
initiation factor (EIF5A) is actively involved in cell cycle progression, mRNA decay and is involved pathways
associated with stress response and maintenance of integrity of the cell wall. The overexpression of eIF5A Ihas
been found to result in the loss of transmembrane potential of the mitochondrial membrane®.

The expression of DNA damage detection (PARPI) and repair (OGG1) genes showed upregulation post-yoga,
suggesting an increase in DNA damage detection and repair activityThe expression of PARPI showed significant
correlation with both ROS and DFI in RPL group, whileOGGIexpression significantly correlated with DFI levels.
Thus, it can be inferred that the reduction in the levels of both ROS and DFI post-yoga might have facilitated the
change in the gene expression and OS is major player in regulating the epigenome.

Previously, an upregulation of genes involved in cellular repair, and a downregulation of pro-inflammatory
genes were observed in our patient cohort**%. This evidence-based study has shown that yoga has tremendous
therapeutic potential in management of cases with seminal OS, DNA damage, shorter telomeres and dysregula-
tion of sperm transcripts. Thus, yoga may be used as an adjunct in management of such cases.

Yoga decreases psychological stress, improves quality of life

Yoga and meditation based practices have been associated with positive physical, psychological and health
benefits in research over the years. The biological mechanisms, which mediate the subjective improvements in
an individual include physiological, psychological, immunological, neuroendocrine and genomic changes. Yoga
enhances biological functioning by modulating the changes at the hypothalamic pituitary axis and by regulation
of the inflammatory responses!>!>61-4,

Psychological stress, depression and anxiety are common in couples with infertility and adverse reproductive
outcomes. Hypothalamo-pituitary-adrenal axis plays a pivotal role in any response to stressful stimuli'%,* and
exhibits a reciprocal relationship with the hypothalamic-pituitary-gonadal (HPG) axes. Testicular tissue from
rats exposed to acute stress showed higher levels of cortisol in addition to apoptosis of germ cells and Leydig
cells'* . HPA affects the synthesis and release of GnRH, LH/FSH from brain and by directly affecting game-
togenesis. Glucocorticoid levels increase OS, decrease antioxidant capacity, are neurotoxic, also associated with
decreased levels of BDNF and DHEA leading to depression and adversely affecting HPG and thus negatively
impact reproductive health.

Methods

Study design and participants

The current study was a prospective single arm exploratory study (Fig. 3). The study was initiated after approval
from the “Institute Ethics Committee for Post Graduate Research, All India Institute of Medical Sciences (Ref. No.
IECPG-325/29-06-2016)”. The authors confirm that all experiments were performed in accordance with relevant
guidelines and regulations. The patients were referred from the Department of Obstetrics and Gynecology, All
India Institute of Medical Sciences, New Delhi, India.

Participants and eligibility criteria

The participants recruited in the current study included the male partners of couples who previously experienced
RPL (N =30) and RIF (N =30).It was a pilot study done for the first time to study the impact of yoga on the semen
parameters and 30 participants were selected in each group. Semen samples were also obtained from 30 healthy
fertile men who had recently fathered a child in the last two years, but they were not included for the yoga pro-
gram. The patients and controls were age matched and within the age group of 18-45 years and informed written
consent was obtained. Cytogenetic analysis was done in both partners to rule out any chromosomal abnormality.
A complete clinical, gynecological and radiological examination as well as hormonal evaluation (T5, T,, TSH,
FSH, LH, PRL) and acquired or inherited thrombophilias was conducted in the female partners to exclude any
potential maternal causes of EPL.
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Figure 3. Study Design: Prospective single arm exploratory study.

Yoga program

All participants were provided with a detailed description of the predesigned yoga program, which is a tested
program conducted for an average 2 h per day. Keeping into consideration the overwhelming stress and anxi-
ety associated with RPL and RIF, this integrative health strategy program design included a series of physical
postures (asanas) which increase pelvic blood flow, breathing exercises, meditation (Table 4). These sessions
were conducted for 6 days a week for an initial period of 2 weeks at the Laboratory of Molecular Reproduction
& Genetics, Department of Anatomy, AIIMS, New Delhi under the able guidance and supervision of trained,
registered yoga instructors.

Outcome measures

(1) To evaluate the levels of seminal OS, DNA damage, telomere length and gene expression at baseline in both
RPL and RIF groups and to assess the change from baseline (pre-yoga) to after 6 weeks of adopting yoga
program.

(2) To measure the change in quality of life (QOL) in RPL and RIF patients measured by the WHO Quality of
Life BREF (WHOQOL-BREF) questionnaire.

Assessment of study parameters

The laboratory assessment was done for various parameters at the start of yoga program (baseline, day 0) and
at the end of active yoga program (after 6 weeks). Semen samples wereanalyzedas per WHO guidelines (2010).
Reactive oxygen species (ROS) levels were measured by luminol-dependent chemiluminescence with lumi-
nometer (Sirius; Berthold Detection Systems GmbH, Pforzheim, Germany). The ROS values were expressed as
relative light units (RLU)/sec/10° spermatozoa.The DNA damage was expressed as DNA fragmentation index
(DFI), measured by sperm chromatin structure assay (SCSA) as per our previously described protocol?. Total
RNA was isolated from 1 x 107 spermatozoa by TRIZOL method as described in our previous study*. The relative
quantification of target genes was calculated with 2-44“‘method after normalization of the amount of expressed
mRNA using 2 internal housekeeping genes f-actin and GAPDH. Each cDNA product was tested in duplicate.
The genes selected in the study were based on a previous microarray analysis done in our laboratory and were also
selected from the previous reported literature where they affect fertilization, implantation and pregnancy success.

Scientific Reports |

(2024) 14:11711 | https://doi.org/10.1038/s41598-024-62380-w nature portfolio



www.nature.com/scientificreports/

S.No Practices done Duration
1 Session preparation Standing | Tadasana 5 min
2 Starting prayer 3 min
3 Loosening practices (sukshmavyayama) 5 min
4 Sun salutations (Surya Namaskar) with mool band 10 min
Tadasana
Ardhachakrasana
Standing
Padahastasana
Vrikshasana
Paschimattanasana
Janu Sirasana
Sitting
BadhaKanasana
Vakrasana
5 Asanas 20 min
Bhujangasana
Salabhasana
Prone
Naukayasana
Makrasana
Uttanapadasana
Malasana
SUPINE
Pavanamukhtasana
Matsyasana
6 Relaxation Shavasana 5 min
7
Nadishodhana
Pranayama (Breathing Exercise) 20 min
Bhramari
Kapal Bhati
8 Dhayana Brahmamudra 5 min
9 Nada Anusandhana (A-U-M chanting) 5 min
10 Closing prayer 7 min
11 Interactive session 15 min
12 Total 120 min

Table 4. Details of practices done in a session of Yoga.

Sperm telomere length was determined from the sperm DNA by a quantitative real-time PCR-based method**.
Briefly, the relative mean telomere length was determined by comparing the value from absolute quantification
of telomere DNA with a single copy reference gene, 36B4 (T/S ratio).

The assessment of QOL was made by the WHOQOL-BREF questionnaire which contains 26 original items,
including 2-items examining an individual’s overall perception of the QOL and health; 24 items examining
4-domains (D1, physical; D2, psychological; D3, social; and D4, environmental)®®. The questionnaire depicts a
score ranging from 0 to 100, in which a higher score denotes a better QOL.

Statistical analysis

Data was analysed by statistical software Stata 14.0. Categorical data expressed as frequency and percentage.
Quantitative data was expressed as mean + SD and median (min-max) followed normal and skewed distribu-
tion respectively. The changes within group over time (pre- to post-yoga) were assessed using paired t-tests for
normally distributed continuous variables, or Wilcoxon signed rank test for continuous variables without normal
distribution. Pearson and Spearman correlation coefficient was used to find the relationship between selected
markers as appropriate.Significance was accepted at p <0.05.

Ethical approval

The study was initiated after approval from the “Institute Ethics Committee for Post Graduate Research, All India
Institute of Medical Sciences (Ref. No. IECPG-325/29-06-2016)”. The authors confirm that all experiments were
performed in accordance with relevant guidelines and regulations.

Consent to participate
Informed consent was obtained from all individual participants included in the study.
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Consent to publish
The manuscript doesn’t contain any individual details, images or videos of the patients. Consent to publish the
data had been obtained.

Limitations and strengths

Limitations in the study included small sample size and short duration 6 weeks to ensure better compliance, inclu-
sion of participants from Indian nationality.Yoga should be practiced daily and in these studies major limitation is
drop out rate and one hour daily practice To the best of our knowledge this is the first study to assess the impact
of adoption of yoga on the seminal biomarkers, telomere length, DNA integrity and gene expression in EPL.

Summary and conclusion

Sperm is a polarised cell highly vulnerable to environmental insults as it accumulates DNA damage due to a
highly truncated reapir mechanism and minimal cytosolic antioxidants. Sperm factors role extends beyond fer-
tilization with restoration of diploidy but sperm are critical determinants of embryo viability and developmental
competence. Oxidative stress, oxidative DNA damage, short telomere length and the dysregulated gene expres-
sion might adversely affect pregnancy outcomes. Pregnancy loss is associated with comorbid stress, anxiety and
depression. Yoga is a mind body medicine and results in a significant improvement of both mental and physical
health and improvement in all domains of quality of life. The decrease in the ODD prevents denovo germ line
mutations and epimutations. Regular Yoga practice with improvement in sperm parameters and improvement in
both nuclear and mitochondrial DNA integrity may aid in couples to conceive spontaneously and also improve
success rates after IVF/ICSI by reducing incidence of pregnancy losses, implantation failures and significant
morbidity and mortality in the offspring.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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