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Abstract

The present research sought to examine whether hatha yoga, implemented as an adjunctive
intervention for major depression, influences markers of inflammation. A subset of 84 participants
who were enrolled in a randomized controlled trial (RCT) of hatha yoga vs. health education
control provided blood samples at baseline (pre-treatment) and at 3- (during treatment) and 10-
week (end of treatment) follow-up visits. To be eligible for the RCT, participants met criteria for a
current or recent (past two year) major depressive episode, had current elevated depression
symptoms, and current antidepressant medication use. Venous blood was drawn between 2 and
6pm and following at least one hour of fasting, and inflammatory markers (IL-6, CRP, and TNF-
a) were assayed. Effects of participation in yoga relative to health education on inflammatory
markers over time were examined with latent growth analyses. We observed a significant reduction
in IL-6 concentrations in the yoga treatment group relative to the health education control group as
demonstrated by a negative interaction between treatment group and slope of IL-6. TNF-a and
CRP did not evidence significant interactions of treatment group by mean slope or intercept. In
addition to the benefits of hatha yoga as an adjunctive intervention for individuals who have shown
inadequate response to antidepressant medications, our findings point to possible benefits of yoga
on IL-6 in depressed populations. Further research is needed to explore the effects of hatha yoga
on immune function over time.
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INTRODUCTION

An estimated 16.2% of US adults report symptoms consistent with a diagnosis of major
depressive disorder (MDD) in their lifetime, resulting in significant impairment and
representing one of the most common psychological concerns faced by US adults.!
Importantly, only roughly half of depressed individuals are engaged in treatment and the
majority of these individuals report receiving inadequate treatment.! Pharmacologic
treatment studies suggest that well over half of the individuals who receive antidepressant
medication are either non-responders or only partial responders.?:3 Given the prevalence of
MDD, as well as the reality that a majority of individuals who are engaged in treatment are
receiving inadequate treatment, there is significant need for adjunctive interventions for
MDD. Yoga is one promising intervention, with a meta-analysis of randomized controlled
trials (RCTSs) of yoga for clinical depression concluding that there is some evidence that
yoga is better than usual care, relaxation exercises, or aerobic exercise in decreasing
depressive symptoms.*

In the U.S., most people who practice yoga practice a modern form called Aatha yoga, which
involves training the body with the ultimate goal of promoting good physical and emotional
health.> Hatha yoga refers to any type of yoga that includes physical postures (asanas); hatha
yoga practices can also include breath control (pranayama) and meditation. Most western
medical research on yoga involves hatha yoga. Hatha yoga may have a positive impact on
health outcomes through a synergistic combination of physical activity and cultivation of
mindfulness (defined as non-judgmental attention to breath, physical sensations, thoughts, or
feelings in the moment).58

In recently published results of an RCT of 122 adults with MDD who did not fully respond
to pharmacological interventions,? participants were randomly assigned to one of two
adjunctive interventions: weekly hatha yoga classes or a health education control class.
Although the groups did not differ at the end of the 10-week intervention period, the hatha
yoga group had significantly lower depressive symptoms over time during a 6-month follow-
up relative to the health education control group. Hatha yoga participants also showed
greater improvements in social functioning and general health perceptions over time.® These
findings related to overall health benefits are particularly notable given the increasing
evidence implicating inflammatory processes in the biological underpinnings of depressed
mood.10

There are several lines of evidence that MDD may be associated with increased
inflammation, including increased levels of pro-inflammatory cytokines (which amplify
inflammatory processes) and other markers of inflammation in healthy depressed patients
relative to controls and the finding that administration of pro-inflammatory cytokines
frequently induces depression.11:12 Cytokines may be related to depression through their
influence on the synthesis, release, and reuptake of relevant neurotransmitters in the brain, or
by altering functioning of the hypothalamic-pituitary-adrenal (HPA) axis.}! There is both
cross-sectional and longitudinal data that physical activity may reduce chronic
inflammation, 13 and preliminary evidence that mindfulness-based stress reduction 1415 may
have a positive impact on immune functioning.
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Research with medical populations has shown the benefits of a number of forms of yoga on
inflammatory processes believed to be critical to physical health outcomes. Some
investigations have supported benefits of yoga on immune outcomes in breast cancer
survivors.16-18 For example, breast cancer survivors participating in a 3-month RCT trial of
hatha yoga evidenced lower interleukin 6 (IL-6), tumor necrosis factor alpha (TNF-a), and
interleukin 1 beta (IL-1B) concentrations than a wait-list control group.1” Another
investigation of breast cancer survivors revealed that participation in lyengar yoga was
associated with reduced nuclear factor kappa light chain enhancer of activated B cells (NF-
xB) activity, reduced cAMP response element-binding protein (CREB) family transcription
factor activity, and stable soluble tumor necrosis factor receptor 11 (STNF-RII) expression in
the yoga relative to control group, although there were no group differences in C-reactive
protein (CRP) or IL-6.18 Similar benefits of yoga have been shown in chronic heart failure
19.20 and obese 2 populations. Another study of participants with chronic inflammatory
diseases and overweight/obese status examined an intervention combining yoga, stress
management, lecture, group discussion, and individual advice, and found reductions over
time in participant levels of 1L-6 and TNF-a.22 The benefits of yoga may further accrue over
time: when compared with yoga novices, yoga experts show lower CRP as well as lower
serum and lipopolysaccharide (LPS) stimulated IL-6, suggesting that yoga may dampen
basal and induced levels of inflammation.23 These findings point to the potential promise of
yoga related to immune function in populations with medical concerns; the importance of
immune function, however, extends beyond medically compromised populations. One meta-
analysis of mind-body therapies (including Yoga as well as Tai Chi, Qi Gong, meditation),
observed an overall pattern supporting the benefits of mind-body therapies on immune
indicators but reported that this pattern was strongest in medical (i.e., cancer, HIV,
cardiovascular disease, etc) populations.24 One study of older adults with depression
demonstrated a positive impact of Tai Chi on CRP 2 but we are unaware of any studies
examining the effects of yoga on immune outcomes in a depressed sample.

The present RCT focused on a sample of participants with significant levels of depression
that were not responsive to pharmacological interventions. This unique sample provides an
opportunity to assess the effects of hatha yoga on immune markers in an important and
sizeable subpopulation of depressed individuals. Given extant research and theory, we
focused our analyses on levels of CRP, IL-6, and TNF-a assessed at baseline, 3 weeks into
treatment, and 10 weeks into treatment (at the end of treatment) and examined how these
levels change over time as influenced by participation in either hatha yoga or the control
group. We hypothesized that participants in the hatha yoga condition would evidence a
decrease in pro-inflammatory immune markers relative to those in the health education
control group.

METHODS

Participants

Inclusion criteria for the larger trial® (n = 122) were: 1) met criteria for major depressive
disorder (MDD) within the prior two years assessed via the Structured Clinical Interview for
DSM-1V SCID; 25; 2) QIDS score = 8 (mild depression) and < 17 (moderately severe
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depression); 3) no history of bipolar disorder, schizophrenia, or psychotic symptoms,
assessed via the SCID; 4) no current hazardous drug or alcohol use as assessed by cut-offs
on the AUDIT 27 or DUDIT 28; 5) no suicidal ideation or behavior requiring immediate
attention; 6) currently taking an antidepressant at a dose with demonstrated effectiveness per
American Psychiatric Association practice guidelines 29 for at least 8 weeks; 7)
antidepressant dose had not changed in the previous 4 weeks and no plans to change the
dose in the next 10 weeks; 8) if in psychotherapy, therapy frequency had not changed in the
past 6 weeks AND no plans to change it in the next 10 weeks; 9) medically cleared for
moderate physical activity; 10) not pregnant or planning to become pregnant; 11) minimal
recent exposure to yoga or meditation; 12) fluent in English; and 13) aged 18 or older. In
addition, to be eligible for the biomarker sub-study, participants had to 1) agree to have their
blood drawn; 2) not be taking daily oral steroids, insulin or oral hypoglycemic agents, oral
antibiotics, 3) not have an acute illness, or new, unstable, or unclear health problem.

As described previously®, participants were randomly assigned to either hatha yoga classes
or a health education group using a 1:1 ratio. Research staff used a computer program that
employed urn randomization.30 Participants were stratified on three variables: depression
severity, current psychotherapy with visits more often than once per month (yes or no), and
gender. Study staff had no way of knowing to which arm the next participant would be
randomized. All research activities occurred at a private psychiatric hospital in Providence,
RI. This research was approved by the hospital IRB. All participants provided informed
consent prior to participation. Participants were recruited from the greater Providence area
from July 2011 to June 2014, and some participants were active in the study until March
2015.

Interventions

Hatha yoga.—Instructors followed a detailed manualized hatha yoga program. Each
participant received an introductory 20-30 minute individual meeting with a yoga instructor.
We offered group classes twice per week; participants were expected to attend at least one
class per week with the option of attending two per week for 10 weeks. Classes were 80
minutes. Classes included breathing exercises (pranayama) and seated meditation; warm-ups
and half sun salutations; standing postures (asanas); seated postures; an inversion and a
twist; shavasana (relaxation); and wrap-up and discussion of home practice. Classes
accommodated rolling admission. Instructors were asked to encourage mindful attention to
the present moment throughout class, and to repeatedly guide participants through the
connection between breath and movement. To facilitate home practice, each participant
received a yoga mat, descriptions of suggested practices, and relevant videos. All yoga
instructors were Registered Yoga Teachers ® with the Yoga Alliance.

Healthy Living Workshop (HLW).—Group HLW classes were concurrent with hatha
yoga classes. Instructors used a detailed manual. HLW included an initial individual
orientation meeting between the instructor and participant. Subsequently, participants were
invited to attend at least one and up to two HLW classes per week for 10 weeks. Classes
were 60 minutes long. There were 20 different class topics that repeated every 10 weeks.
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Topics included: alcohol, nicotine, and caffeine; being a smart patient; brain diseases; cancer
prevention; diabetes; nutrition (3 classes); germs, colds, and the flu; physical activity (2
classes); sleep; physical pain, prevalence and causes of depression; and protecting your
heart. Classes were interactive, but instructors avoided focusing on personal problems of
participants. To facilitate home learning, participant received a book about nutrition,
handouts at each class, and lists of websites with relevant information. Instructors
encouraged participants to read materials each week at home. HLW instructors were post-
doctoral fellows in clinical psychology and a master’s level nurse.

Blood draws were scheduled to occur between 2 and 6 pm. All participants were instructed
to fast for one hour prior to the blood draw. A research nurse obtained blood samples.
Plasma was extracted by centrifugation.

Assays.—Quantikine high sensitivity ELISA Immunoassays (R&D Systems, Minneapolis,
MN) were used to quantify IL-6 and TNF-a levels according to the manufacturer’s
protocols. Each plate contained 96 wells and a standard curve was generated on each plate.
Standards and samples were run in duplicate on each plate using 100 pL for IL-6 and 200 uL
for TNF-a per well. The intra- and inter-assay coefficients of variation are 7.4% and 7.8%
for IL-6 5.4% and 8.3% for TNF-a.. The minimum detectable dose was 0.016 pg/mL for
IL-6 and 0.038 pg/mL for TNF- a.. High sensitivity CRP was assayed using quantitative rate
nephelometry (Beckman Coulter IMMAGE). The analytical sensitivity is 0.2 mg/L and the
intra-assay coefficient of variation is <5.0%.

Depression Symptoms.—Participants were interviewed by trained, treatment-blinded
interviewers using the Quick Inventory of Depression Symptomatology - Clinician Ratings
(QIDS) 31 at all assessments. The measure assesses nine DSM symptoms of depression and
scores of 6-10 reflect mild depression symptoms, scores 11-15 reflect moderate depression
symptoms, and scores 16 or greater reflect severe or very severe symptoms. Reliability of
interviews, assessed using an interrater reliability of a random selection of 61 interviews,
was excellent (ICC = 0.96).

Treatment effects on inflammatory measures were estimated using a latent growth curve
(LGC) modeling approach. We fit separate linear growth models to assess change in each
inflammatory marker (i.e., IL-6, CRP, and TNF-a.) across the three time points (baseline,
three weeks, and ten weeks post-baseline). The LGC approach aggregates individual
trajectories across time, allowing for a model that directly tests for significant variation
around growth (i.e., change) and intercept (i.e., baseline level) parameters. As such, this
approach can be used to determine if there is (a) significant variation in mean level of each
inflammatory measure at baseline among participants (i.e., significant intercept variance),
(b) whether the mean level significantly changes over time (i.e., significant mean slope), and
(c) whether there is significant variation in the rate of change across individuals (i.e.,
significant slope variance).
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To assess change in these measures, we first fit unconditional latent growth models to
estimate growth factors (i.e., intercept, slope) in each outcome separately. To account for
potential association of body mass index (BMI) with inflammatory markers, all models
incorporated BMI (calculated at each assessment) as a time varying covariate on the
repeated inflammatory marker. Then, treatment group was entered as a time-invariant
predictor of the growth factors to estimate the conditional effect of treatment group on
inflammatory measures over time. Finally, for any model that either (1) showed significant
change over time or (2) a significant treatment effect on the trajectory of change, we
conducted a sensitivity analysis to examine the effects of gender, age, race/ethnicity,
medication use, and baseline depression on the slope and intercept parameters. All analyses
were conducted in MPlus version 7 using full information maximum likelihood estimation
(FIML) to account for missing data. At baseline, 84 individuals had data for IL-6 and TNF-
a (none missing) and 77 had data for CRP (7.2% missing). At the three-week follow-up, 65
individuals had data for IL-6 and TNF-a (22.6% missing) and 63 had data for CRP (24.1%
missing). At the ten-week follow-up, 62 individuals had data for IL-6 and TNF-a (26.2%
missing) and 61 had data for CRP (26.5% missing). FIML was used to accommodate cases
with partially missing data,32 resulting in an analytic sample of 84 for IL-6 and TNF-a and
83 for CRP. Models were specified with loadings that reflected the time in weeks since
baseline (i.e., 0, 3, and 10). In the conditional model, latent growth factors were regressed on
treatment effect (i.e., HLW coded as 0, hatha yoga coded at 1). In sensitivity analysis
models, latent growth factors were regressed on treatment effect as well as each covariate of
interest in separate models and a full model containing all covariates. This approach was
chosen to investigate the conditional effect of each covariate in isolation as well as jointly in
the full model. Due to slight departures in normality of the inflammatory measures (i.e.
kurtosis values were all above 3, ranging from a low of 3.39 [baseline IL-6] and a high of
14.71 [baseline IL-6]), Robust Maximum Likelihood Estimation was used to adjust the
model Chi-Squared (XZ) statistic and standard errors for all models. Model fit was evaluated
using the X2 statistic, Comparative Fit Index (CFI; >0.9 indicate good fit), and Root Mean
Square Error of Approximation (RMSEA; <0.08 indicate good fit).3334

Demographics

Analyses were restricted to a set of 87 (Nyoga = 48; Nypw = 39) individuals who had at least
one inflammatory measure across each of the three time points (baseline, 3 week follow-up,
10 week follow-up). Across both treatment groups, participants in the study were primarily
female (84%), White/Caucasian (88%), and had a mean age of 45.20 (SD = 12.72). All
participants were taking antidepressant medications; slightly more than half of participants
(52%) were taking an SSRI, 23% were taking an SNRI, 17% were taking an Aminoketone
(e.g., bupropion), and the remaining 8% were taking either an anticonvulsant, tricyclic
antidepressant, or tetracyclic antidepressant. See Table 1 for a breakdown of demographics
and medications across each treatment group. Table 2 presents a summary of inflammatory
protein means across time for each treatment group. A small number of blood samples were
collected outside of the 2-6pm scheduled window (e.g., 16.27% of blood draws at baseline,
10.94% of blood draws at week 3, and 22.58% of blood draws at week 10 were taken
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outside of the 2-6pm time window). Consequently, we repeated all analyses in a subsample
of individuals whose blood draws at all three assessments were taken within the 2-6pm time
window.

Change in inflammatory proteins across time

Change over time for each inflammatory marker was assessed using linear growth curve
models. See Table 3 for parameter estimates for each outcome for unconditional and
conditional growth models.

Unconditional models.—Unconditional models, which ignored possible treatment
effects, demonstrated adequate model fit (IL-6: XZ =7.72 (7), p = 0.358, CFl = 0.94,
RMSEA [90% Confidence Interval (CI)] = 0.03 [0.00, 0.14]; TNF-a.: X2 =16.93(7),p =
0.018, CFI = 0.58, RMSEA = 0.13 [0.05, 0.21]; CRP: x2 = 10.87 (9), p = 0.285, CFI = 0.98,
RMSEA = 0.05 [0.00, 0.15]). Due to very low variation across individuals for slope in the
CRP model, the slope variance estimate was fixed to 0 in order to reach convergence. Across
all models, parameter estimates revealed a significant intercept variance for CRP, but not for
IL-6 or TNF-a, signifying that there was significant variation around mean level of CRP at
baseline. None of the inflammatory markers evidenced a significant mean slope or slope
variance estimate.

Conditional models.—Conditional models incorporated treatment effect into estimations
of means and variances of latent growth factors and also had adequate model fit (IL-6: x2 =
12.46 (11), p = 0.330, CFI = 0.93, RMSEA = 0.04 [0.00, 0.12]; TNF-a.: x2=16.17 (11), p =
0.135, CF1 = 0.76, RMSEA = 0.07 [0.00, 0.15]; CRP: 42 = 13.36 (13), p = 0.420, CFI =
1.00, RMSEA = 0.02 [0.00, 0.11]). Findings supported a significant negative interaction
between treatment group and slope of IL-6 (Bs.j-¢ = —0.24, SE = 0.09) This demonstrates
that individuals in the hatha yoga treatment group had a significant reduction in IL-6 levels
relative to the HLW group. In fact, as depicted graphically in Figure 1, IL-6 level in the
hatha yoga group decreased by week 10 while IL-6 level in the HLW group increased. TNF-
a and CRP did not evidence significant interactions of treatment group by mean slope or
intercept. Analyses conducted in the subsample of individuals of individuals whose blood
draws at all three assessments were taken within the 2-6pm time window (Supplementary
Table 1) revealed similar results, with the significant negative interaction between treatment
group and slope of IL-6 remaining significant (Bs.j_.¢ = —0.32, SE = 0.14).

Sensitivity Analyses

Given the significant treatment effect on IL-6, sensitivity analyses were conducted to
examine the individual and combined effects of covariates on I1L-6, including age, gender
(coded as male or female), race (coded as nonwhite or white), baseline depression level, and
medication type (coded as taking SSRI medication or taking any other antidepressant/anti-
convulsant medication). Table 4 provides the parameter estimates of the regression of slope
and intercept on treatment group and covariate for each of these models (see Supplementary
Table 2 for a summary of model fit statistics for all models). Overall, the significant
treatment effect on the slope was maintained when the covariates were entered into the
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model individually as well as all at once. No single covariate was significantly related to
IL-6 in any of the models tested.

DISCUSSION

Given extant research and theory supporting relationships between depression,
inflammation, and physical activity- and mindfulness-based treatments, we expected to
observe reductions of inflammatory markers in participants in the hatha yoga condition
relative to the control group. Our findings supported a greater reduction of 1L-6 among hatha
yoga participants relative to the health education control participants in this group of
persistently depressed patients with an incomplete response to antidepressants. Group
differences were not observed for TNF-a and CRP. The present findings are consistent with
recent evidence that physical exercise (participation in a 12 week intervention involving
exercise) is associated with simultaneous decreases in depression and IL-6.3% Animal and
human studies demonstrate the exponential and rapid influence of exercise on 1L-6.36
Changes in IL-6 are an especially salient marker of inflammatory processes and plays a
critical and unique role in local and systemic acute inflammatory responses by controlling
proinflammatory cytokines which cannot be compensated for by IL-10 or other IL-6 family
members.3” Relevant to this discussion, there is reason to believe that IL-6 is associated
more closely with clinical reduction in depressive symptoms than TNF-alpha, and IL-6
levels are associated with refractoriness to antidepressant treatment.38:39 Together, these
results suggest that IL-6 may be a mechanism by which hatha yoga helps decrease
depressive symptoms.

We expected to observe an effect of treatment on TNF-a and especially CRP (in addition to
IL-6) given meta-analytic evidence providing greatest support for a positive impact of mind-
body interventions on CRP (pooled effect size = 0.58) followed by small but significant
effects on IL-6 (pooled effect size = 0.35). 24 Given that the effects of hatha yoga on
depressive symptoms were not present at 10 weeks but emerged during the 6 months
following the intervention, it is possible that changes in CRP and TNF-a might have been
observed if we had continued to measure these markers at later follow-up assessments, as
changes to these markers may take longer before they are observable.

The present findings should be considered in the context of the public health significance of
an intervention that may benefit a large number of individuals with significant depression-
related impairments and, furthermore, has the potential for simultaneous beneficial
influences on psychological and physical health. Given that only half of depressed
individuals are engaged in treatment and the majority of these individuals report receiving
inadequate treatment,! the availability of a lifestyle intervention that is an effective
adjunctive intervention is exciting. Moreover, hatha yoga may not only serve as an
adjunctive intervention but may also benefit individuals who may avoid traditional
psychiatric approaches. Additionally, whereas psychotherapy is often time-limited in
frequency and duration, hatha yoga may be integrated into individuals’ lifestyles. For
example, among students experiencing examination stress, those randomly assigned to yoga
showed relative stability in psychological stress, cortisol, and IFN-y as compared to the
control group.40
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Epigenetic processes which result in alterations in gene expression (without changes to DNA
sequence) have been proposed as one mechanism whereby yoga may influence immune
outcomes. One recent investigation of 1L-6, TNF and CRP in a small subsample (n=28) of
participants in a yoga intervention reported reduced methylation of the region encoding 7NVF
in the yoga group relative to the waitlist control group.#! Inflammatory gene expression
differences have been observed in caregivers of people with dementia®? and expressed gene
alterations in influential pathways of cellular metabolism and response to oxidative stress
have been identified in daily practitioners of mind-body practices.*3

Although findings from the present research provide compelling evidence for the benefits of
hatha yoga on IL-6 in persistently depressed participants with incomplete response to
antidepressants, further research is needed to replicate and extend lines of evidence
supporting the benefits of yoga on pro-inflammatory processes. Whereas some research has
shown evidence of long term maintenance of immune improvements among individuals
participating in yoga interventions relative to control conditions,23 the present investigation
did not assess inflammatory markers at later post-treatment follow-ups. Future investigations
aimed at understanding the influence of yoga participation on immune outcomes would
benefit from continued follow-ups to assess whether improvements are maintained. It would
be especially interesting to examine whether improvements are maintained only among
individuals who have continued to incorporate regular hatha yoga practice into their
lifestyles or whether time-limited involvement in yoga will result in improvements that are
maintained even in the absence of continued yoga practice. Another limitation of this
research is the relatively small sample size, with inadequate power representing one possible
explanation for the lack of findings for CRP and TNF-a.. All participants were taking an
antidepressant medication, so the generalizability to people not taking medications for
depression is unknown. We note that, although there is evidence that antidepressant
treatment can reduce cytokine levels including IL-6,4445 the current study was focused on
medication non-responders and participants were taking stable medications when
interventions were initiated, so the use of antidepressants is unlikely to explain the
intervention effect. Finally, future research may also benefit from systems biology
approaches to characterize these pro-inflammatory processes by examining epigenetic
changes that may play a role in the reduced inflammatory marker levels observed here.

CONCLUSIONS

Findings from the present investigation provide further support for a growing literature
related to the immune benefits of hatha yoga. IL-6, in particular, emerged as one
inflammatory marker that was observed to decrease over time in persistently depressed
participants in the hatha yoga condition relative to health education control participants.
Further research is needed to continue to explore the combined psychological and physical
health benefits of hatha yoga.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Change in IL-6 mean level by treatment group over time.
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Table 1.

Demographics, medications, depression severity and BMI by treatment group.

Yoga (N=48) HLW (N=39) Total (N=87)
Variable N % N % N %
Gender
Male 4 8.33% 10 25.64% 14 16.09%
Female 44 91.67% 29 74.36% 73 83.91%
Race/Ethnicity
American Indian/Alaskan Native 1 2.08% 0 0.00% 1 1.15%
Asian/Native Hawaiian/Pacific Islander 1 2.08% 0 0.00% 1 1.15%
Black/African American 0 0.00% 1 2.56% 1 1.15%
White/Caucasian 43 89.58% 34 87.18% 7 88.51%
Other 3 6.25% 4 10.26% 7 8.05%
Medication Type *
SSRI 25 53.19% 20 51.28% 45 52.33%
SNRI 12 25.53% 8 20.51% 20 23.26%
Aminoketone 8 17.02% 6 15.38% 14 16.28%
Anti-convulsant 0 0.00% 1 2.56% 1 1.16%
Tricyclic 1 2.13% 2 5.13% 3 3.49%
Tetracyclic 1 2.13% 2 5.13% 3 3.49%
M SD M SD M SD
Age 45.52 12.72 4479 13.79  45.20 12.72
Baseline Depression 12.67 2.83 12.87 2.70 12.76 2.76
BMI
Baseline  30.13 6.31 31.26 7.84 30.64 7.02
Week3 3049 633 3026 887 3041 7.9
Week 10  30.70 6.44 30.45 9.26 30.61 7.47

*

For one person in the yoga group, medication type was unknown.

Behav Med. Author manuscript; available in PMC 2022 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Nugent et al.

Inflammatory protein means (standard deviations) across time for each treatment group.

Table 2.

IL-6 TNF-a CRP
Time
Point HLW Yoga HLW Yoga HLW
Baseline  2.82(2.04) 2.22(2.10) 3.17(2.18) 3.81(2.31) 4.62(5.87) 4.65(7.69)
3Weeks 2.96(2.79) 2.21(2.17) 3.62(3.11) 3.75(2.09) 4.32(5.15) 3.59 (5.00)
10 Weeks  1.95(1.67) 3.79(3.91) 3.43(2.32) 3.99(2.97) 4.41(6.17) 3.70(4.90)
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Unstandardized parameter estimates from growth models for each inflammatory marker.

Table 3.

Parameter IL-6 TNF-a CRP

Unconditional Model
Mean Intercept 059(0.92) 3382 (0.99)" -3.67 (2.19)
Mean Slope 0.01(0.20) 0.04(0.16)  —0.01(0.24)
Intercept Variance 2.25(1.48) 1.54 (0.98) 20.36 (8.36) *
Slope Variance 0.03 (0.04) 0.04 (0.05) o?
Intercept/Slope Covariance -0.21(0.17) 0.05(0.11) 0@
Residual Variance: Baseline 184(139) 348(1.14)" 28.39 (12.97)
Residual Variance: Week 3 5.04 (2.25) * 549 (2.45) * 1.17 (2.24)
Residual Variance: Week 10 6.62 (4.40)  0.38 (3.92) 7.10 3.27) "

Condlitional Model

Mean Intercept ~ —0.12(0.88) 422 (0.99) -3.78 (2.04)
Mean Slope 0.18(0.20)  0.04(0.18)  <0.01(0.27)
Intercept Variance 188(141)  157(0.97)  20.34(8.31)"
Slope Variance 0.02 (0.03) 0.04 (0.05) 0@
Intercept/Slope Covariance ~ —0.16 (0.16) 0.03 (0.10) o?
Intercept on treatment g gg (0.42)* ~0.54 (0.46) 0.15(1.11)
Slope on treatment  _g o4 (0.09) * —0.01(0.08) -0.02 (0.10)
Residual Variance: Baseline 210(131) 335(1.12)" 28.41(13.07)
Residual Variance: Week 3 506 (2.24) 554 (2.47)" 1.17 (2.25)
Residual Variance: Week 10 5.66 (3.89)  0.15(3.89) 7.10 (3.30) "

a X .
= parameter fixed to 0 due to low variance,

*

=p<.05
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Summary of sensitivity analyses showing covariate effects on intercept and slope of IL-6.

Table 4.

Covariate Latent Variable Parameter Estimate (SE)
Treatment 0.89 (0.41) *
Intercept
Meds 0.46 (0.40)
Medications (other than SSRI)
Treatment -0.23 (0.09) *
Slope
Meds 0.01 (0.07)
Treatment 0.97 (0.42) *
Intercept
Male 0.64 (0.50)
Male
Treatment -0.24 (0.09) *
Slope
Male -0.02 (0.12)
Treatment 0.86 (0.42)
Intercept
Nonwhite 0.21(0.87)
Nonwhite
Treatment  -0.23 (0.09) *
Slope
Nonwhite 0.09 (0.14)
Treatment 0.84 (0.42) "
Intercept
Age 0.01 (0.01)
Age
Treatment -0.24(0.09) *
Slope
Age <0.01 (<0.01)
Treatment 0.61 (0.34)
Intercept
Depression 0.04 (0.05)
Baseline depression
Treatment -1.36 (0.76)
Slope
Depression 0.05 (0.09)
Treatment 1.04 (0.39) "
Meds 0.41 (0.41)
Nonwhite 0.14 (1.03)
Intercept
Male 0.58 (0.54)
Age 0.01 (0.01)
Depression 0.05 (0.08)
All covariates
Treatment  -0.25 (0.09) *
Meds -0.06 (0.07)
a Nonwhite 0.08 (0.15)
Slope
Male -0.08 (0.14)
Age 0.01 (<0.01)
Depression 0.01 (0.02)

Note: Each model includes treatment group and one covariate as predictors of the Intercept/Slope.

a . .
= Slope variance of model set to 0 due to low variance;
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*
=p < 0.05. The medication variable was coded such that anyone who taking a medication other than an SSRI was coded with 1 and anyone who
was taking an SSRI was coded with a 0.
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