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Abstract
Purpose—Older cancer survivors are a vulnerable population due to an increased risk for
chronic diseases (e.g., cardiovascular disease) compounded with treatment late-effects and
declines in physical functioning. Therefore, interventions that reduce chronic disease risk factors
(i.e., blood pressure, chronic inflammation, & cortisol) are important in this population. Tai Chi
Chih (TCC) is a mind-body exercise associated with reductions in chronic disease risk factors, but
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has not been examined with older cancer survivors. In a feasibility randomized controlled trial of
TCC, we examined secondary outcomes of blood pressure, salivary cortisol, and inflammatory
cytokines (interleukin (IL)-6, IL-12, tumor necrosis factor-α, IL-10, IL-4) due to their implications
in chronic diseases.
Methods—Sixty-three senior female cancer survivors (Mage=67 years, SD=7.15) with physical
functioning limitations (SF-12 physical functioning≤80 or role-physical≤72) were randomized to
12-weeks (60-minutes, three times a week) of TCC or Health Education control (HEC) classes.
Resting blood pressure, 1-day salivary cortisol samples, and fasting plasma samples for cytokine
multiplex assays were collected at baseline and 1-week post-intervention.
Results—Controlling for baseline values, the TCC group had significantly lower systolic blood
pressure (SBP, p=0.002) and cortisol area-under-curve (AUC, p=0.02) at post-intervention than
the HEC group. There was no intervention effect on inflammatory cytokines (p’s>0.05).
Conclusions—This TCC feasibility trial was associated with significant reductions in SBP and
cortisol AUC in senior female cancer survivors. Larger, definitive trials are needed to confirm
these findings.
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An estimated 60% of cancer survivors are 65 years of age or older and the number of older
survivors is projected to increase dramatically by the year 2020 [1]. Senior cancer survivors
are a particularly vulnerable population because they have an increased risk for the
development or progression of chronic diseases (e.g., cardiovascular, hypertension, stroke,
Type 2 diabetes mellitus, arthritis, etc), alongside cancer and/or treatment-related late effects
(e.g., pain, fatigue, lymphedema, etc.), risks for cancer recurrence and additional primaries,
and declines in physical functioning [2–7]. Likewise, the coexistence of chronic diseases
with late effects can accelerate declines in survivors’ health-related quality of life [8, 7] and
worsen survival prognosis [9]. In senior cancer survivors, this is highly relevant as twice as
many deaths occur as a result of chronic diseases other than cancer, with cardiovascular
disease emerging as a leading cause of death[10]. Reported potential causes include lifestyle
factors (decreased physical activity, increased weight gain), existence of comorbidities (e.g.,
hypertension , Type 2 diabetes mellitus), and treatment-related factors such as the adverse
cardiac effects associated with chemotherapy and radiation treatment [3, 10–12, 7, 13]. This
presents a need to intervene on senior cancer survivors’ modifiable risk factors (e.g.,
hypertension, chronic inflammation, lack of physical activity, etc.) that are associated with
the most common chronic diseases (i.e., cardiovascular) in this population [14, 5]).
Exercise is associated with reductions in chronic disease risk factors [15] and reduced risk of
cancer recurrence and all-cause mortality in cancer survivors [16, 17, 2, 18]. Unfortunately,
a majority of older survivors do not meet physical activity recommendations, with female
survivors older than 60 years of age spending 44% less time in physical activity than those
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younger than 50 years of age [19]. Tai Chi (TC) is a form of exercise that is also known as
meditative movement because it combines physical activity with meditation [20]. There are
various styles of TC, but generally the practice consists of focused, fluid physical
movements (i.e., balance and shifting of body weight), which are performed in a specified
order, coordinated with breathing and imagery to relax the mind, strengthen the body, and
improve the flow of “qi” or life energy [21]. The metabolic equivalents (METs) of TC range
from an estimated 3.3 METs (Yang-style Tai Chi Chuan) to 2.6 METs (Tai Chi Chih style);
a moderate-intensity level similar to walking at 2 to 3 miles per hour [22, 23]. For the older
cancer survivor, TC may be an appealing form of exercise because it consists of repetitive,
steady movements that are considered safe (i.e., can be performed sitting or standing), easy
to learn [21, 24], and can be performed in various types of locations (i.e., at home or other
setting) with little to no cost.
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Similar to traditional exercise, TC is associated with improvements in chronic disease risk
factors such as cardiovascular factors (i.e., reductions in blood pressure (BP), sympathetic
activity, lipid profiles, endothelial dysfunction) [21, 25–27], insulin markers (i.e., insulinlike growth factors, maintained insulin levels) [28], chronic inflammation (C-reactive
protein (CRP) [29, 30], increased cell-mediated immunity to the Shingles virus [31, 32],
functional capacity [33, 34], bone metabolism benefits [35] , and healthrelated quality of life
(QOL) [33, 36, 29, 32, 37, 31, 34]. Although the mechanisms for TC influences on
biological risk factors have not been established, proposed pathways include physical
activity and stressreduction influences on the hypothalamic – pituitary – adrenal (HPA) axis
and autonomic nervous system (i.e., decreased sympathetic activity, increased
parasympathetic activity), which can interact with the immune system via different
pathways [38–40]. Pro-inflammatory cytokines (such as Tumor necrosis factor (TNF)-α,
IL-6) trigger downstream release of glucocorticiods (cortisol) via activation of the HPA axis,
which in turn downregulates pro-inflammatory cytokines and mediates a shift to a T-helper2
(Th-2) anti-inflammatory cytokine balance [41]. However, chronically elevated cortisol
levels may also lead to glucocorticoid receptor resistance, thus increasing susceptibility to
inflammatory-related diseases [42]. This has relevance to senior cancer survivors because
aging is associated with dysregulation of the immune system and chronic low-grade
inflammation. Chronic inflammation is a risk factor for cardiovascular disease, linked to
cancer growth and progression, and a predictor of physical decline and all-cause mortality in
elderly adults [43, 44, 38, 45–48]. Therefore, reductions in chronic disease risk factors is
important for reducing older survivor’s increased risk for cardiovascular disease and other
chronic diseases with underlying chronic inflammation (e.g., arthritis, atherosclerosis,
anemia, cancer, Alzheimer’s, etc.) [7, 49, 11, 10]. In this study, we examined blood pressure
because hypertension is a major risk factor for cardiovascular disease [50, 51] and the
prevalence of cardiovascular disease mortality/morbidity is high among senior cancer
survivors [49, 10]. Additionally, we examined the pro-inflammatory cytokines IL-12, IL-6,
TNF-α, and the anti-inflammatory cytokines IL-10 and IL-4 because these are reported by
researchers to be major cytokines and/or have implications for chronic disease and/or
cancer-related outcomes [41, 52]. Finally, salivary cortisol was examined due to its role in
inflammatory responses and chronic disease risk [42, 41, 53].
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In this manuscript, we report on secondary outcomes of BP, salivary cortisol, and
inflammatory cytokines from a 12-week feasibility RCT of TCC in senior female cancer
survivors. A prior publication has reported on the RCT’s primary outcomes of feasibility,
acceptability, and health-related QOL outcomes [54]. In this RCT, we focused on female
survivors to expand on prior TC trials conducted with breast cancer survivors [28, 36].
Additionally, we focused on senior survivors with some physical functioning limitations so
that these findings would be generalizable to the real-world setting where many older
survivors are experiencing declines in physical functioning [8]. Although prior RCTs of
TCC and TC have been conducted with non-cancer senior adults and breast cancer
survivors, to our knowledge no RCT has examined the effects of a TCC intervention on
senior female cancer survivors’ chronic disease risk factors.

Methods
Study Design and Participants
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The study design was a two-armed, parallel group, feasibility RCT that followed the
guidelines of the Consolidated Standards of Reporting Trials (CONSORT) statement (Figure
1) [55]. It was approved by the University of Utah’s Institutional Review Board and
registered at ClinicalTrials.gov (Identifier NCT01305044). Sample size power calculations
were based on this feasibility trial’s primary outcomes of health-related QOL (SF-36), which
have been reported previously [54]. The biomarker outcomes from this study would be used
to determine the sample size necessary for a larger, definitive RCT.
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Senior female cancer survivors (age ≥ 55 years) with physical functioning limitations (SF-12
subscales: physical functioning ≤80, or role-physical ≤72) were recruited via Huntsman
Cancer Institute (HCI) Tissue Resource & Applications Core registry (TRAC), Huntsman
Cancer Hospital clinics, and community advertisements. The cut-off values for the SF-12
physical functioning and role-physical subscales were based on a TCC trial in which low
functioning older adults (using similar SF-12 cut-off values) benefited the most from the
intervention [32]. As mentioned prior, we focused on survivors with physical functioning
limitations so that these findings would be generalizable to the real-world setting where
many older survivors are experiencing declines in physical functioning [8]. Additional
inclusion criteria were: 1) Diagnosis of solid tumor cancer, stages I-III, 2) ≥3 months since
cancer treatment completion (exception of hormone therapy), with no detectable cancer, 3)
not currently engaged in focused, intense physical activity for 30 minutes or more a day, for
≥ 3 days per week, and 4) no experience with Tai Chi, yoga, or similar types of mind-body
exercises within the past six months. Further details of eligibility criteria are also reported in
prior publication [54]. All participants provided written informed consent.
Measures
We examined one-week post-intervention outcomes in BP, salivary cortisol, and
inflammatory cytokines because acute effects of a 12-week TCC intervention were of
interest. This timeframe has also been used in other TCC interventions for older adults that
examined biomarker outcomes [32, 30].
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Blood Pressure—Resting systolic (SBP) and diastolic blood pressure (DBP) were
assessed with an oscillating blood pressure cuff (Omron 5 Series model) at baseline (prior to
randomization) and at one week post-intervention. BP was measured in the morning of
participants’ physical assessment session1, after the participant had been seated for
approximately five minutes.
Cortisol—Five saliva samples (awakening, 30 minutes after awakening, noon, 5pm, &
10pm) were collected on a weekend day at baseline and one-week post-intervention with
Salivette® swabs (Sarstedt AG & Co.). Participants were asked to refrain from brushing
teeth, eating, or drinking 30 minutes prior to collection. Salivary cortisol samples were
assayed at the Kirschbaum Biopsychology Laboratory at Technical University of Dresden,
Germany. The samples were prepared for biochemical analysis by centrifuging at 3000 rpm
for 5 min, which resulted in a clear supernatant of low viscosity. Salivary free cortisol
concentrations were determined employing a chemiluminescence immunoassay (CLIA) with
high sensitivity of 0.16 ng/ml (IBL; Hamburg, Germany). Intra- and inter-assay coefficients
of variation were below 8%.
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Inflammatory Cytokines—Fasting blood samples were drawn on the morning of the
study’s physical assessment sessions1 at baseline and one-week post-intervention. Prior to
the blood draws, we ensured that participants did have illness or fever at the time of the
blood draw. Plasma aliquots were assayed at the Associated Regional and University
Pathologists (ARUP) Institute for Clinical and Experimental Pathology in Salt Lake City,
Utah with a multiplexed cytokine assay developed at the Institute using a standard sandwich
capture format [56]. This multiplex assay has a large dynamic range with good sensitivity,
measuring from less than 10 to 10,000 pg/mL [57]. As mentioned prior, we analyzed the
pro-inflammatory cytokines IL-12, IL-6, TNF-α, and the anti-inflammatory cytokines IL-10
and IL-4 because these are reported by researchers to be major cytokines and/or have
implications for cancer-related outcomes [41, 52].
Intervention
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After completion of the baseline survey, HCI’s Research Informatics Shared Resource
randomized participants in blocks of 2 to 4 to TCC or Health Education Classes (HEC). A
single-blinded design was not followed because informed consent procedures required that
participants be informed that they would be randomly assigned to either TCC or HEC.
Statisticians were blinded to study group allocation. The TCC and HEC each comprised 60
minute sessions, three days per week, over a 12-week period (i.e., total of 36 sessions). The
class frequency and intervention duration was based on an amount found to be efficacious
for physical function outcomes in TCC and other TC forms involving 20–25 movements
[21, 34, 58]. This was also viewed as an acceptable length in this senior sample for whom
time commitment (i.e., time required to attend classes and for traveling) is a barrier to
engaging in physical activity [59]. Our intervention duration is consistent with exercise
interventions for cancer survivors [60] and TC and Qigong RCTs with cancer survivors that
1The study’s physical assessments (i.e., blood draw for cytokines, blood pressure assessed) were held during a morning session one
week before the classes began, before participants’ randomization to study group, and during a morning session one week following
the last study class. The sessions were held in a group format in which all the participants attended.
J Cancer Surviv. Author manuscript; available in PMC 2016 March 01.
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have ranged from 45 minutes to 2 hours per session, from 2 to 5 times a week, for 5 to 12
weeks [58]. Due to space limitations, the HEC classes were held at HCI, whereas the TCC
sessions were held at a community senior center within two miles of HCI (i.e., held at
similar times on the same three weekdays).
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The TCC intervention was led by an experienced instructor who was accredited through
teacher training provided by the TCC community. The TCC movements consist of 19 nonstrenuous movements and one standing pose: Rocking Motion, Bird Flaps its Wings,
Around the Platter, Around the Platter variation, Bass Drum, Daughter on the Mountaintop,
Carry the Ball, Push Pull, Pulling in Energy, Pulling Taffy, Pulling Taffy –Anchor, Pulling
Taffy-Wrist Circles, Pulling Taffy-Perpetual Motion, Working the Pulley, Light at the Top
of the Head, Joyous Breath, Passing Clouds, Six Healing Sounds, and Cosmic
Consciousness Pose. Sessions began with a 20-minute warm-up that included seated
meditation, self-massage of acupressure points, and light stretching, followed by 30 minutes
of TCC movements and 10 minutes of closing movements. Participants were informed that
all movements could be performed seated if needed. HEC served as an attention control
group and focused on topics relevant to aging (e.g., successful aging, pain, sleep changes, &
social roles), with the majority of topics spanning two classes each. These classes were led
by a variety of health specialists (i.e., gerontological oncologist, nutritionist, physical
therapist, social worker, & health promotion specialists). Make-up classes were not offered
to participants; however, the TCC participants received a DVD of the instructor performing
the TCC movements (data on home practice was not collected). Class attendance was
encouraged by the research coordinator (i.e., missed classes were followed up with a phone
call to the participant) and attendance was recorded by study staff. Participants were asked
not to begin new physical activity during the study.

Data Analysis
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Pearson chi-square tests for categorical data and Wilcoxon tests for continuous data (due to
data skewness) were used to compare study groups on baseline sociodemographics. The
cortisol and inflammatory cytokine data were log-transformed due to appreciable skewness.
Analysis of covariance (ANCOVA), controlling for baseline, compared the TCC and HEC
groups at post-intervention on BP, salivary cortisol, and inflammatory cytokines. Post-hoc
analyses were conducted with Pearson bivariate correlations and Fishers Exact tests.
Analyses were conducted on participants with complete data at baseline and postintervention. In this feasibility trial, intent-to-treat analyses were not conducted because we
did not have post-intervention data on participants who withdrew from the study to conduct
complete case analysis and our sample size was too small to conduct multiple imputation
techniques. Analyses were conducted with SAS (version 9.2) and statistical significance was
based on p<0.05.

Results
Feasibility
As shown in the CONSORT diagram (Figure 1), we randomized 63 survivors to a study
group and 54 completed the intervention. The overall retention rate for the intervention (i.e.,
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the proportion who remained enrolled) was 86% and did not significantly differ between
study groups [TCC = 91% (3 out of 32 withdrew), HEC = 81% (6 out of 31 withdrew);
p=0.44]. The most common reasons for withdrawing after randomization were work-related
reasons and time commitment. The overall class attendance was 81% and did not differ
between study groups (TCC=79%, HEC=83%; p=0.36). There were no adverse events to
report. We have also reported details of the trial’s feasibility and acceptability in a prior
manuscript [54].
Sociodemographics and Medical Characteristics
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The study groups did not significantly differ in baseline sociodemographics and medical
characteristics (Table 1). The median age was 66.54 years (55 – 84 years) and the majority
had a history of breast cancer (80% of the N=54 included in data analysis); other types
included colorectal, cervical, uterine, thyroid, bladder, and nasopharyngeal. The number of
years since cancer diagnosis or treatment did not differ between study groups (Table 1, p’s>.
05). Importantly, the study groups were balanced on cancer treatments (including hormone
treatment) and self-reported use of medications (i.e., cardiovascular, diabetic,
antidepressants, & corticosteroids; p’s>.05). Participants reported an average of 1.90
(SD=1.22) comorbidities (i.e., depression, hypertension, heart attack, diabetes, arthritis, or
chronic obstructive pulmonary disease), and the total number of comorbidities did not differ
between groups (p=0.85). We did not include cancer treatments, medication use, or
comorbidities as covariates in the model because these were balanced between study groups
and the study was underpowered to include these as covariates. In our main analysis, we
controlled for baseline assessments of the variable of interest (i.e., blood pressure, cortisol,
& cytokines) to control experimental error and increase the precision in which the
intervention effect could be measured.
Blood Pressure
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ANCOVAs, controlling for baseline, examined if the study groups’ SBP and DBP differed
at post-intervention. Complete data for analysis was available for 29 TCC participants and
24 HEC participants. The TCC group had significantly lower SBP at post-intervention than
the HEC group (TCC adjM=119.00, SE=2.81; HEC adjM =132.57, SE=3.09, p=0.002;
Figure 2).2 The study groups did not significantly differ for DBP (TCC adjM =79.62,
SE=2.18; HEC adjM =79.69, SE=2.40, p=0.98).
Cortisol
The analyses included participants with complete data for all five collection samples (TCC
n=20, HEC n=19). Nine participants (TCC n=6, HEC n=3) were missing at least one of the
five samples due to insufficient saliva production. Then, four participants (TCC n=2, HEC
n=2) with high cortisol profiles were excluded because of values greater than 75 nmol/L,
which research has suggested removal of as the high levels may be due to altered pH-values
or suspected blood contamination [61, 62]. Two participants (one each in TCC and HEC)

2We also conducted an ANCOVA subanalysis for SBP that excluded the five TCC participants who reported a history of a heart
attack and found similar results (p=0.004).
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ANCOVA results for the log-transformed cortisol awakening response (CAR; difference
between awakening and 30 minutes after awakening), controlling for CAR baseline,
revealed that the study groups did not significantly differ at post-intervention (TCC adjM
=0.37, SE=0.13; HEC adjM =0.46, SE=0.13; p=0.63). Similar results were found when the
analysis included participants whose first and second samples were at least 3 hours apart
(p=0.19). Next, we examined whether the study groups differed in their diurnal slopes (i.e.,
the 30 minutes after awakening sample to the 10 pm sample) and did not find significant
group differences (TCC b = −0.69, HEC b = −0.59; p=0.28). Finally, we compared the
groups at post-intervention on their log-transformed cortisol area-under-the-curve values
(AUC, calculated with the Trapezoid rule), controlling for baseline cortisol AUC.3 Results
indicated that the TCC group had significantly lower post-intervention cortisol AUC than
the HEC group (TCC adjM =24.65, SE=1.52; HEC adjM =29.95, SE=1.56, p=0.02; Figure
2).
Inflammatory Cytokines
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Complete data for analysis of the inflammatory cytokines was available for 28 TCC
participants and 24 HEC participants because two participants (one each in TCC and HEC)
did not provide blood samples. ANCOVAs, controlling for baseline, were conducted on logtransformed pro- and anti-inflammatory cytokines (IL-12, IL-6, TNF-α, IL-10, & IL-4) at
post-intervention. Results indicated that the study groups did not significantly differ among
the pro- and anti-inflammatory cytokines at post-intervention (all p’s>.05). Summary data of
the log-transformed values at baseline and post-intervention are presented in Table 2.
Post-hoc Analyses
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In our prior publication, we reported on SF-36 QOL outcomes [54]. For exploratory
purposes, we examined associations of changes in the biomarker outcomes (blood pressure,
inflammatory cytokines, AUC cortisol) with changes in the mental (MCS) and physical
component summary (PCS) scores for each group using Pearson bivariate correlations.
These results did not reveal significant associations of the biomarkers with PCS or MCS for
either the TCC or HEC group (all p ’s >0.05).
Finally, older age is associated with a high-risk biological profile (e.g., higher BP & chronic
lowgrade inflammation) due to more comorbidities, which could have influenced our
biomarker outcomes. To examine this, we divided the sample into a younger (55 to 64 years
of age, n=21) and an older age group (> 65 years of age, n=33), and compared these age
groups on reported baseline comorbidities (i.e., hypertension, heart attack history, diabetes,
arthritis, depression, & COPD) with Fishers Exact tests. These results did not reveal any age
differences for proportion of comorbidities among the younger and older age groups (p’s>
0.05). We also conducted Pearson bivariate correlations to examine the associations of age

3The sample times for the cortisol AUC analysis were fixed at 7:00 am, 7:30 am, 12:00 noon, 5:00 pm, and 10:00 pm. We recognize
that this is a study limitation and that these results should be viewed as preliminary.
J Cancer Surviv. Author manuscript; available in PMC 2016 March 01.

Campo et al.

Page 9

NIH-PA Author Manuscript

with baseline blood pressure, cortisol (i.e., CAR, AUC), and the inflammatory cytokines.
These results were also nonsignificant (p’s> 0.05), suggesting that older age was not
associated with our biomarker outcomes.

Discussion
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Our 12-week TCC intervention for senior female cancer survivors was associated with lower
levels of SBP and cortisol AUC at post-intervention in the TCC group compared to the HEC
group. These SBP findings are consistent with other TC interventions of similar length that
have found significant BP reductions in different populations (i.e., general and older adults,
cardiovascular disease patients) [26, 21, 27, 63]. Although we did not find reductions in
DBP, we view the reductions in SBP as noteworthy because isolated SBP hypertension is
the most common type of uncontrolled hypertension in older adults and it is associated with
an increased risk for coronary heart disease, stroke, and end-stage renal disease [50].
Reduced BP is also highly relevant for senior cancer survivors considering that
cardiovascular disease is a leading cause of morbidity and mortality in long-term survivors
[49, 10]. Thus, it is essential that senior cancer survivors maintain a normotensive status in
order to manage their cardiovascular risk and TC exercise may be offered as a nonpharmacological intervention for managing this risk.
In regards to the cortisol outcomes, there are a limited number of TC interventions that have
examined cortisol in cancer survivors and these studies did not find significant differences
compared to a control group [64, 36]. Similar to Chen and colleagues (2013), we did not
find that our study groups differed on their slopes or CAR; however, we found that AUC
cortisol was lower for the TCC group than the HEC group. This may be an important
outcome considering that elevated AUC cortisol has been found in advanced-stage
depressed cancer patients (ovarian cancer) [65] and elevated cortisol levels are an indicator
of early mortality for metastatic breast cancer patients [66].
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We did not find an intervention effect for the inflammatory cytokine levels, which is
consistent with cytokine outcomes reported in prior TC studies conducted with healthy older
adults and breast cancer survivors [30, 36, 28]. One speculation for our null finding is that
TC has a limited influence on senior cancer survivors’ inflammatory cytokines due to a
complex interaction of factors associated with aging (chronic low-grade inflammation),
existence of comorbidities, and cancer treatment late effects that can result in immune
dysregulation [39, 48, 43, 44, 38]. However, exercise research with older adults suggests
there is a dose-response relationship between regular exercise and reductions in age-related
inflammation [67]. Particularly, C-reactive protein (CRP, downstream inflammatory marker)
tends to be the most consistently responsive to exercise, whereas, the evidence for
inflammatory cytokines, such as IL-6 and TNF-α, has been less consistent [67]. Likewise,
TC studies with older adults and cancer survivors have reported reductions in CRP [29, 68],
but normalized IL-6 levels have only been found among older adults who had high baseline
levels, with no effects for other inflammatory cytokines [30]. Another speculation is that the
intervention did not result in increased aerobic fitness or fat loss (i.e., fat mass & adipose
tissue), which could have led to reductions in inflammatory cytokines [67]. A TC
intervention with breast cancer survivors did find associations between decreased fat mass
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and increased fat-free mass with increased IL-6 (muscle-derived IL-6 has anti-inflammatory
effects) and decreased IL-2 levels [28]. Future TC research with senior cancer survivors
would benefit from including downstream markers of the inflammatory process, such as
CRP, and assessments of aerobic fitness and fat loss (i.e., fat mass & adipose tissue) to allow
the examination of potential inflammatory mechanisms.
Our study has a few limitations to be noted. First, the mechanisms that may have driven the
SBP and cortisol AUC outcomes are unknown. We can speculate that our findings may have
been a result of psychosocial processes (e.g., stress reductions), increases in physical
activity, or the combined effects of these. All of these are associated with improved chronic
disease risk factors [69, 15, 18]. However, we did not find any associations of changes in
mental-health or physical-health QOL with changes in the biomarker outcomes. A review on
TC RCTs for patients with cardiovascular conditions indicated that TC was associated with
greater reductions in BP when compared to a health education control or to no treatment, but
outcomes were equivalent to physical exercise [63]. This suggests that TC may be
associated with reductions in BP due to physical activity. Future assessments of
psychosocial factors (i.e., stress) and objective fitness outcomes (i.e., aerobic fitness & fat
loss) may help clarify the underlying mechanisms behind TCC’s effects.
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Another limitation is that the outcomes were limited to one-week post-intervention. In this
feasibility trial, we were interested in the acute outcomes of TCC on senior female
survivors’ chronic disease risk factors. However, a 2-month or longer follow-up may reveal
whether TC practice and these BP and cortisol outcomes can be maintained or additional
biomarker improvements observed (i.e., inflammatory cytokines). Very few studies have
examined the long-term effects of mind-body activities on biomarker levels, with the
exception of an 8-week stress-reduction intervention with yoga that found continued
reductions in cortisol and inflammatory cytokines over a one year follow-up period [70]. As
noted, future studies should assess whether similar ongoing physiological benefits would be
observed in senior cancer survivors who are more long-term TC practitioners, as this may
have implications for the management of chronic diseases.
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Additionally, these findings are limited to older female, mainly Caucasian, cancer survivors,
thus may not be generalizable to older male cancer survivors or older racial/ethnic minority
survivors. Future TCC studies should examine whether similar BP and cortisol outcomes are
observed with prostate cancer survivors, a population that is at an increased risk for diabetes
and heart disease due to the side effects of androgen deprivation therapy [71]. These
findings should also be examined in more racially/ethnically diverse survivor populations.
We are not aware of any Tai Chi trials that have examined the uptake or efficacy of Tai Chi
for improving biomarker outcomes in ethnic minority survivors. Additionally, these findings
are limited to senior female survivors with limitations in physical functioning. Other TC
studies with breast cancer survivors that did not limit by physical functioning have found
beneficial outcomes in functional capacity [33, 34], insulin levels [28], QOL [33, 36, 34]
and bone metabolism [35].
A final limitation is that the reliability of our cortisol results is limited by a single-day
collection, rather than a multiple-day collection. Given the day-to-day variability in cortisol
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[72], future studies should aim to replicate these findings by including two to three days of
salivary cortisol collections. Despite these issues, we view our findings for lower cortisol
AUC in the TCC group as promising in light of prior studies that found elevated cortisol
levels predicted poor survival outcomes for cancer survivors [73, 66].
In summary, a major strength of our study is that we have demonstrated that TCC
interventions have the potential to improve chronic disease risk factors (i.e., SBP, cortisol)
in senior cancer survivors with physical functioning limitations. This has important
implications for older cancer survivors who have increased morbidity and mortality risks
due to common chronic diseases, particularly cardiovascular disease [9, 3, 10]. However,
our results should also be viewed as preliminary due to the small and heterogeneous sample
of senior survivors in this feasibility trial. Future large-scale efficacy trials are needed to
replicate our findings across a wider range of older cancer survivors (i.e., both men &
women, more ethnically diverse populations), examine biomarker outcomes at longer
follow-up periods, and to help determine the mechanisms (i.e., psychosocial factors and/or
improved physical fitness and fat loss) responsible for these outcomes. These findings can
help determine effective behavioral interventions for the prevention and management of
chronic diseases in older cancer survivors.
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Senior survivors’ have an increased risk for chronic diseases; however, TCC
interventions may help reduce associated risk factors.
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Figure 1.

Consort diagram of the Tai Chi Chih Randomized Controlled Trial.
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Figure 2.

Systolic (top) and diastolic (middle) blood pressure and cortisol AUC (bottom) adjusted
means for study groups (N=54) at baseline and post-intervention. Bars represent standard
errors. *p<.05.
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Baseline Sociodemographic and Medical Characteristics of Participants by Study Arm
TCC
n=29

HEC
n=25

p-value

Age, Mdn years (range)

65.9 (55 – 82)

66.7 (59 – 84)

0.74

Non-Latino

  27 (93%)

  24 (96%)

0.64

White Race

  28 (97%)

  25 (100%)

0.54

Marital Status

0.35

Married/living as married

  21 (72%)

  21 (84%)

Not Marrieda

    8 (23%)

    4 (16%)

Educationb

0.06

High School, some vocational school or college

  20 (69%)

  10 (42%)

College degree/Post-grad

    9 (31%)

  14 (58%)

Latter-Day-Saints/Mormon

  12 (41%)

  11 (44%)

Other

  17 (59%)

  14 (56%)

Religion

0.53

NIH-PA Author Manuscript

Employment

0.37

Employed

    6 (21%)

    8 (32%)

Not employedc

  23 (79%)

  17 (68%)

Income ≥$50,000

  16 (55%)

    9 (33%)

0.30

Breast Cancer Diagnosis

  22 (76%)

  21 (84%)

0.38

Cancer Stage

0.11

NIH-PA Author Manuscript

Stage I

    9 (31%)

    7 (29%)

Stage II

    7 (24%)

  12 (50%)

Stage III

  13 (45%)

    5 (21%)

Surgery

  24 (83%)

  22 (88%)

0.44

Radiation

  18 (62%)

  15 (60%)

0.55

Chemotherapy

  16 (55%)

  16 (64%)

0.58

Current Hormone Treatment

    7 (24%)

    4 (16%)

0.35

Years Since Diagnosis Mdn (range)

 9.0 (1 – 31)

 8.0 (1 – 40)

0.50

Years Since Treatment Mdn (range)

 8.5 (0 – 31)

 6.0 (1 – 28)

0.28

Heart Attack

    5 (17%)

    0 (0%)

0.05

Arthritis

  17 (59%)

  16 (64%)

0.78

Hypertension

  16 (55%)

  13 (52%)

1.00

Depression

  12 (41%)

  11 (44%)

1.00

Type 2 Diabetes Mellitus

    2 (7%)

    3 (12%)

0.65

COPD

    2 (7%)

    4 (16%)

0.39

Cancer Treatment

Comorbiditiesd

Note. Unless specified, values represent % (n). Wilcoxon tests were used for continuous data and Pearson Chi-square tests were used for
categorical data. Fishers Exact test was used for categorical data with <5 per cell. Mdn =Median, TCC=Tai Chi Chih, HEC=Health Education
Class, COPD=chronic obstructive pulmonary disease.
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a

Includes divorced, separated, never married, widowed.

b

One person’s data not reported in HEC.

c
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Includes retired, unable to work, or unemployed.

d

Self-reported data from the question: “Have you ever been treated or told by a doctor that you have had any of the following…”.
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Summary Data of Log-transformed Inflammatory Cytokines at Baseline and Post-Intervention
TCC
Mdn (Q1, Q3)
n=28

HEC
Mdn (Q1, Q3)
n=24

Baseline

  3.5 (2.0, 8.3)

  2.5 (1.6, 10.0)

Post-Intervention

  4.7 (3.3, 12.5)

  3.7 (1.3, 7.4)

Baseline

  6.8 (4.1, 24.2)

  6.8 (3.9, 11.2)

Post-Intervention

  9.1 (4.3, 29.0)

  5.3 (3.4, 8.2)

Baseline

19.7 (0, 101.5)

34.4 (0, 85.2)

Post-Intervention

37.8 (0, 77.9)

45.1 (0, 109.1)

Baseline

  1.0 (0.5, 3.1)

  0.9 (0.6, 2.3)

Post-Intervention

  1.5 (0.6, 3.6)

  1.1 (0.5, 2.2)

Baseline

  5.9 (4.2, 19.8)

  4.5 (3.4, 7.7)

Post-Intervention

  5.8 (4.3, 16.3)

  5.0 (2.9, 7.7)

IL-12 pg/ml

IL-6 pg/ml

TNF-α pg/ml

NIH-PA Author Manuscript

IL-4 pg/ml

IL-10 pg/ml

Note. Table includes participants with complete post-intervention data. TCC=Tai Chi Chih, HEC=Health Education Control, Mdn=Median,
Q1=Lower Quartile, Q3= Upper Quartile, IL=Interleukin, TNF=Tumor Necrosis Factor.
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