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Abstract
Introduction  Chronic inflammation can remain many years after the completion of cancer treatment and is associated with 
cancer recurrence. The purpose of this study was to examine how a 16-week therapeutic yoga program (TYP) modulates 
the cytokine profile in heterogeneous cancer survivors.
Methods  Eligible participants were 18 years of age or older and clinically diagnosed with cancer. Consenting participants 
were asked to attend three, 75-min sessions weekly of TYP with meditation. Seventeen patients provided blood samples 
at baseline and end of study. Eight cytokines (interferon (IFN)-γ; interleukin (IL)-1b, IL-1ra, IL-4, IL-6, IL-8, IL-10; and 
tumor necrosis factor (TNF)-α), three receptors (sIL-6R, sTNFRI, sTNFRII), and C-reactive protein (CRP) were quantified.
Results  Patients were 59.6 ± 7.3 years old; over half (56%) were overweight or obese BMI ≥ 25 kg/m2); majority were female 
(71%) and breast cancer survivors (65%), of which 44% were Hispanic. Marked reductions were observed in all cytokines 
except IL-4, with significant reductions (p < 0.05) found in IL-1b (− 13%) and IL-1ra (− 13%). No significant changes were 
observed in soluble cytokine receptors or CRP.
Conclusions  TYP led to significant reduction in circulating cytokines associated with chronic inflammation in a heterogene-
ous sample of cancer survivors.
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Introduction

The American Cancer Society predicts that there will be 
over 1.9 million new cancer cases diagnosed and 609,360 
cancer deaths in the USA in 2022 [1]. Survival rates are 
increasing due to earlier detection coupled with better treat-
ments, which has shifted the paradigm of the cancer diag-
nosis of a fatal disease to a chronic disease [1, 2]. However, 
once a diagnosis of cancer occurs, even though treated and 
in remission, the possibility of recurrence plays heavy in the 
minds of cancer survivors and is a concern for the treating 
oncologist [3].

Multiple factors play a role in cancer recurrence, includ-
ing obesity and systemic inflammation [4–6]. Elevated body 
mass index (BMI) is associated with increased systemic con-
centrations of inflammatory and pro-tumorigenic cytokines 
[7]. Further, the elevations of pro-inflammatory cytokines, 
such as tumor necrosis factor (TNF)-α, interferon (IFN)-γ, 
and interleukin (IL)-1β, have been targeted because of their 
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multifactorial impact on tumor progression, as well as many 
secondary events, such as fatigue and sarcopenia [8–10].

Many studies have demonstrated feasibility of implement-
ing a yoga program to improve quality of life and emotional, 
physical, and mental well-being in patients with cancer 
[11–20]. There is also evidence that yoga can attenuate sys-
temic inflammation associated with increase risk of cancer 
onset and recurrence [13, 21]. There is a growing interest in 
studying the effects of therapeutic yoga in cancer survivors 
because it can offer a tailored and individualized approach.

What remains to be understood is the immunologic 
response to yoga in a heterogeneous sampling of cancer 
survivors and how it presents in an ethnically diverse sam-
ple. Furthermore, the multiple approaches to implementing 
a yoga program provide opportunities to better understand 
whether the practice of yoga can impact physiological out-
comes. The purpose of this study was to determine how 
16 weeks of therapeutic yoga can influence the inflamma-
tory cytokine profile of cancer survivors using a single-arm, 
self-controlled, pilot, exploratory study design. We hypoth-
esized that 16-weeks of therapeutic yoga would significantly 
modify cytokines associated with chronic inflammation and 
cancer recurrence in a diverse cancer survivor cohort.

Methods

Study design and participants

A single-arm, self-controlled, block enrollment study design 
was used. Participants were recruited from January 2020 to 
March 2020. Participants were recruited from the surround-
ing community using advertisements and word of mouth. 
Flyers were placed throughout the University of Texas 
Health San Antonio’s (UTHSA) Mays Cancer Center. The 
flyer included a contact number to request information.

Individuals that expressed interest were screened for eli-
gibility. The study inclusion criteria were the following: at 
least 18 years of age, had been given a diagnosis of any 
cancer in their lifetime (active treatment or post-treatment), 
had access or use of a mobile phone or computer to complete 
surveys and respond to text messages, were able to speak 
and understand English or Spanish, and were oriented to 
time and place. Participants were excluded if they were cur-
rently enrolled in a competing protocol or presented with 
any absolute contraindication to exercise testing as detailed 
by the American College of Sports Medicine Guidelines on 
Exercise Testing and Exercise Prescription [22].

Once contact with the potential participants were made, 
the coordinator assigned a unique subject identification num-
ber. The participants were given a scripted brief explanation 
of the study in their language of choice (English or Spanish). 
Participants were told that after accrual reached the cohort 

target of thirty, the study would start. A list of 43 interested 
participants was collected. In numerical order, the first thirty 
participants who passed screening for eligibility were invited 
to participate in the study and were scheduled for baseline 
assessments at the Holistic Exercise Advancement Labora-
tory (HEAL) at the UTHSA Mays Cancer Center. Out of 
the 30 invited, 29 provided informed consent and completed 
baseline assessments (Fig. 1).

Ethics approval

This study was performed in line with the principles of the 
Declaration of Helsinki. Approval was granted approval 
by the Institutional Review Board of the UTHSA (date: 
December 17, 2019; No: 20190637HU). Informed consent 
was obtained from all individual participants included in 
the study.

Demographics and patient characteristics

After consenting to the study, height, weight, blood pres-
sure, demographic information, and medical history were 
collected. BMI was calculated as weight [kg]/(height [m])2.

Yoga protocol

Study participants were asked to participate in a 16-week 
therapeutic yoga program three times per week on-site at 
the Mays Cancer Center at UTHSA. Each session lasted 
75 min and included structured sequence of combined yoga 
postures (asanas), breathing practice (pranayama), and lov-
ing-kindness meditation (LKM), referred to as the thera-
peutic yoga protocol (TYP) developed by an experienced 
and certified yoga instructor as previously described [23]. 
The TYP was developed to increase mobility of extremities 
and torso (specifically thoracic mobility), increase overall 
strength and muscular endurance, improve overall function, 
guide participants in safe transition to the floor and back 
up, reduce stress, improve focus and concentration, intro-
duce meditation with breath as a focus during the movement 
practices, and introduce LKM during the resting portion of 
the practice.

During participation in the TYP, postures were held 
for 3 slow and controlled breaths. The breath was used as 
a focus for concentration and to determine the individual 
participants’ tolerance to the yoga activities. The prac-
tice began with introduction, Therapeutic Sun Salutation, 
transition to quadruped and prone postures, transition to 
standing postures, transition to floor for seated postures, 
transition to supine postures, transition to supported 
modified inversion to final resting posture in supine for 
LKM. The Therapeutic Sun Salutation is a modified ver-
sion of the traditional Sun Salutation poses that allow for 
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individuals with balance issues, joint or mobility issues, 
and individuals with limited hamstring flexibility, to pro-
gress through the poses without the risk of injury.

The COVID-19 outbreak forced changes to the pro-
tocol after the first week of program initiation. The live 
on-site therapeutic yoga class practices were discontinued 
to meet the health and safety concerns for this high-risk 
population. The TYP protocol was transitioned to a vir-
tual implementation. Livestream TYP coupled with video 
recordings were made available to study participants via 
the BlueJay Telehealth portal (Pleasanton, CA) in order 
to complete the 16-week protocol. Each participant was 
given an individual username and password for accessing 
the Telehealth portal and was able to attend live sessions 
of the TYP or view recorded sessions to complete the 
TYP asynchronously.

Cytokine, receptor, and stress hormone evaluation

Baseline and end-of-study blood samples were collected 
into K2-EDTA tubes and centrifuged to separate and ali-
quot plasma for subsequent cytokine protein analysis. 
The samples were analyzed in duplicate using the Flex-
Map 3D platform system (Luminex, Austin, TX) with the 
MILLIPLEX MAP Human Cytokine Panel A (HCYTA-
60 K-08 with TNF-α, IL-1ra, IL-1β, IL-4, IL-6, IL-8, 
IL-10, and IFN-γ), Human Soluble Cytokine Receptor 
Panel (HSCRMAG-32  K-03 with sTNFRII, sTNFRII, 
and sIL-6R) and Milliplex-Human CVD Panel 3 with 
CRP (HCVD3MAG-67 K-01). Multiplex analysis was per-
formed by the Bioanalytics and Single-Cell Core Labora-
tory in the Department of Molecular Medicine at UTHSA.

Fig. 1   Therapeutic yoga pro-
gram CONSORT diagram
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Statistical analysis

Study data were collected and managed using the REDCap 
electronic data capture tools hosted at UTHSA [24]. RED-
Cap (Research Electronic Data Capture) is a secure, web-
based software platform designed to support data capture 
for research studies, providing (1) an intuitive interface 
for validated data capture; (2) audit trails for tracking data 
manipulation and export procedures; (3) automated export 
procedures for seamless data downloads to common sta-
tistical packages; and (4) procedures for data integration 
and interoperability with external sources. Per-protocol 
analysis was employed, and only those who completed the 
study protocol were included.

All continuous variables were evaluated for normal-
ity using the Kolmogorov–Smirnov test. The effect of 
the intervention was evaluated by calculating changes 
in circulating cytokine concentrations between baseline 
and at the end of the intervention. Percentage changes in 
biomarkers concentrations from baseline to end of study 
were calculated as follows: [mean baseline − mean end of 
study]/[mean baseline] × 100. Within-group differences 
in cytokine concentrations were evaluated using the Wil-
coxon rank-sum test. Data are presented as median (inter-
quartile range). The significance level was set at p < 0.05. 
The primary outcome was changes in cytokine concentra-
tions after the completion of the 16-week TYP. The anal-
ysis was restricted to only the individuals that provided 
both baseline and end-of-study samples because many 
individuals chose not to return for the end-of-study visits 
due to the onset of the COVID-19 pandemic. All analyses 
were conducted using GraphPad Prism version 9.3.1 (San 
Diego, CA).

Results

Participant demographics and clinical 
characteristics

Twenty-two of the twenty-nine consented participants 
completed the end of study visit, and 17 of those 29 par-
ticipants provided both baseline and end-of-study blood 
samples for the analysis of circulating cytokines. These 
participants were 59.6 ± 7.3 years old (range: 47–69), 
mostly overweight/obese (56% with BMI ≥ 25  kg/m2) 
female (71%) breast cancer survivors (65%) with 8 of the 
17 participants being Hispanic (see supplemental file for 
full demographics details).

For the 5 participants that did not have a complete blood 
set, the reasons included hemolysis of samples, short draws, 
or not willing to provide blood samples.

Cytokine, cytokine receptor, and CRP response 
to therapeutic yoga

Biomarker data is presented in Table 1. Significant decreases 
in concentrations were found only for IL-1β (p = 0.003) and 
IL-1ra (p = 0.02), with a trend observed in IL-8 (p = 0.07). 
No significant changes were observed in soluble cytokine 
receptors; however, sTNFRI was trending towards signifi-
cance (p = 0.052).

Discussion

For cancer survivors, the rumination of threat of cancer 
recurrence can negatively impact health-related quality of 
life (HR-QOL). Behavioral and lifestyle modifications are 
associated with reduced rates of cancer recurrence [25, 26], 
though mechanisms underlying these benefits are incon-
clusive and warrant continued investigation. Yoga is a low 
impact physical activity intervention that has been reported 
to improve function, fatigue, and quality of life in cancer 
survivors [11–15, 17–21, 27–30]. The primary objective of 
this pilot, exploratory study was to determine the effects of 
16-week TYP on circulating cytokines. Results from this 
self-controlled study partially support our hypothesis that 
yoga can lead to significant reductions in concentrations 
of inflammatory cytokines that are associated with chronic 
inflammation and tumor recurrence in a heterogeneous sam-
ple of cancer survivors. Specifically, we observed significant 
reductions in circulating concentrations of IL-1β and IL-1ra. 

Table 1   Changes in circulating cytokines in cancer survivors who 
completed a 16-week online yoga intervention. Data is presented as 
pg/ml

Pre Post △ p-value
Cytokine Median (IQR) Median (IQR)

IFN-γ 2.42 (1.95, 3.35) 2.15 (1.90, 3.07)  − 11% 0.12
IL-1b 6.88 (6.32, 9.79) 5.96 (5.14, 8.14)  − 13% 0.003
TNFα 15.42 (13.76, 

18.80)
15.95 (13.76, 

18.75)
3% 0.5

IL-4 1.67 (1.12, 3.17) 1.48 (1.23, 2.99)  − 11% 0.46
IL-10 12.28 (9.36, 25.97) 13.07 (8.58, 24.13) 6% 0.13
IL-1ra 4.66 (3.18, 11.34) 4.05 (2.98, 10.38)  − 13% 0.02
IL-6 1.74 (1.06, 3.42) 1.89 (1.31, 2.23) 9% 0.32
IL-8 2.56 (2.23, 3.73) 2.16 (1.87, 2.70)  − 15% 0.07
Cytokine receptors
sIL-6R 5234 (4389, 5825) 5264 (4545, 5958)  − 1% 0.31
sTNFRI 332.2 (283.7, 

412.3)
388.7 (299.7, 

449.2)
17% 0.052

sTNFRII 1216 (978, 1591) 1258 (946, 1534) 3% 0.43
Inflammation hormone
CRP 2.59 (1.11, 17.18) 3.30 (0.87, 9.44) 27% 0.32
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Trends for increased sTNFRI were also observed following 
the 16-week TYP.

The mixed results of our study are indicative of the com-
plexity in studying inflammatory cytokines in older partici-
pants with cancer, who may have many other factors that 
may influence the concentrations of the proteins measured 
in our study. For example, the simple aging process is asso-
ciated with increased inflammation, term inflammaging 
[31], that may have underlying effects on the results of our 
study. In our study, 55% of participants were above the age 
of 60 years.

Two proteins of interest in our study, CRP and TNF-α, 
were not significantly lower when compared to baseline, 
which contradicts a recent systematic review published by 
Koshravi et al. in which the overall effects of exercise on cir-
culating cytokine concentrations were interpreted [32]. The 
studies included in this systematic review were overwhelm-
ingly inclusive of aerobic exercise with only two papers 
including yoga as an exercise modality [21, 29]. Those two 
studies showed no effect of yoga on CRP or TNF-α, thus, 
suggesting that CRP and TNF-α response may be dependent 
on dose and type of intervention.

Our study results support several other yoga studies that 
have reported varying effects on circulating inflammatory 
cytokines [12, 13, 21, 29]. For example, a 12-week Iyengar 
yoga intervention also found no significant changes in CRP, 
sTNFRII, a marker of TNF-α activity, or IL-6 [21]. How-
ever, our results indicated a significant reduction in IL-1ra 
following 16 weeks of our TYP, while similar results were 
not observed following 12 weeks of Iyengar yoga [21].

Interestingly, the inflammatory cytokine concentrations 
were either stable or slightly elevated in the Iyengar yoga 
participants, whereas most of the measured cytokines in 
our study demonstrated reductions after the yoga program, 
though some were not statistically significant. This could be 
perhaps due to the inclusion of breathing practice (pranay-
ama) and loving-kindness meditation in this study, which 
incorporates mindfulness-based practices which can reduce 
stress, thereby, reducing cytokine concentrations [33].

In another study, yoga following either mastectomy or 
breast reconstruction surgery in breast cancer survivors 
found a significant reduction in TNF-α concentrations [29], 
while other published studies found no significant changes 
in inflammatory cytokines concentrations in similar patient 
populations [12, 34]. Further, given that we found no signifi-
cant changes in TNF-α concentrations, it should be expected 
that sTNFRII concentration remain unchanged as it is a 
marker for TNF-α activity [35].

Briefly, IL-1ra consists of three isoforms and inhibits IL-
1-mediated tumor progression [36]. The reduction in IL-1ra 
concentration in our study may be in part due to feedback 
mechanisms due to reductions in IL-1β. IL-1β is a product 
of blood monocytes, tissue macrophages, and dendritic cells 

that only appears when stimulated by other cytokines, such 
as TNF-α [37]. Since no significant differences in TNF-α 
were observed, we can hypothesize that the TYP can over-
come the autoinflammatory effects of TNF-α to reduce both 
IL-1β and IL-1ra. Further research needs to be done to deter-
mine the exact mechanism of this action.

The tendency for increased sTNFRI is intriguing. The 
pleiotropic nature of sTNFRI complicates our understanding 
of the intervention effect on this protein. sTNFRI is not only 
involved in inducing apoptosis [38], but can also transduce 
cell survival signals [39]. While the signaling pathways are 
well defined for sTNFRI, the regulation of life/death signal-
ing is still poorly understood. Future research with a pow-
ered sample size will help provide insights into the role of 
yoga on sTNFRI concentrations.

The impact of our intervention on IFN-γ concentrations, 
although not statistically significant, contradicts previous 
studies in cancer survivors that have reported an increase in 
IFN-γ concentrations following structured yoga programs 
[13, 40]. IFN-γ has been found in different studies to have 
protective effects on tumor growth and suggestive of a strong 
immune response [41]. Specifically, low serum IFN-γ levels 
have been inversely associated with tumor stage [42] and 
tumor size [43] though the specific mechanism attributed to 
this benefit is still unknown.

Our continued interest in understanding the physiological 
response underlying the benefits of yoga on cancer survivors 
was formed with the premise that in healthy individuals, 
yoga is promoted as an anti-inflammatory intervention [27, 
28, 30]. Given the significant role that cytokines, such as 
TNF-α [44], IFN-γ [45], IL-6 [46], and other interleukins 
and cytokine receptors, play in cancer onset and progres-
sion [47, 48], there is a significant need to better understand 
if yoga can be effectively used as an “anti-cancer exercise 
intervention.” However, due to the mixed results currently 
presented in the scientific literature, there is no established 
consensus on these effects.

Interpretation of our study results is made with caution 
given the number of limitations to our study design. First, 
the single group comparison limits our ability to clearly 
define the effects TYP may have in modulating the inflam-
matory cytokines measured in this study. Second, the het-
erogeneous sample of cancer survivors, inclusive of both 
males and female with varying cancer diagnoses and years 
of survivorship, though useful for generalizability, may have 
impacted the levels of inflammatory cytokines. Third, our 
small sample size likely impacted the non-significant differ-
ences observed in concentration of inflammatory cytokines 
that had marked decreases at the end of the study. Lastly, 
the impact of the COVID-19 pandemic impacted our stud-
ies retention and our study results. Though none of the par-
ticipants tested positive for COVID-19 while the study was 
implemented, the stress of the social distancing protocols 
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implemented to limit the spread of the virus may have 
impacts that are immeasurable.

In conclusion, the results of our pilot, exploratory, single-
arm, pre-post study suggest that a 16-week TYP can reduce 
the concentration of cytokines associated with chronic 
inflammation. Despite the limitations, the results of this 
study have set a precedent for continued research using more 
rigorous study design models, such as randomized con-
trolled studies, with powered samples to better understand 
the effects of yoga on mechanisms important for secondary 
cancer prevention.
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