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ABSTRACT OF THE THESIS 

 

 

Effects of Tai Chi practice on Depressive Mood Symptoms, Psychological Resilience, and C-
Reactive Protein Levels in Older Adults with Hypertension  

 

by  

 

Rita Yoel Hedo 

 

Master of Public Health  

 

University of California San Diego, 2021 

 

Professor Suzi Hong, Chair 
 

Non-pharmacological approaches such as behavioral interventions are shown to reduce 

depression symptoms in older adults. Interventions that boost mental health could be an effective 

therapy to protect against or reduce depressive symptoms and inflammation factors in older 

adults. Studies showed that mind-body behavioral intervention like Tai-Chi (TC) may act as a 

therapy to reduce psychological stress and modulate the inflammation process and immune 

system where it can produce anti-inflammatory effects. The objective of this study is to examine 

the effects of a TC intervention versus a Healthy-Aging Education (HAE) classes in hypertensive 



 
 
 

x 

older adults on depressive symptoms, resilience, and inflammation. Older adults (72.62 ± 7.09 

years) were cluster-randomized to a 12-week  TC intervention (N=102) or HAE classes (N=85). 

Baseline (V1) and post-intervention (V3) assessments included Beck Depression Inventory 

(BDI-II), Connor-Davidson Resilience Scale (CD-RISC), and inflammation level C-reactive 

protein (CRP). Linear mixed effects regression models were performed to examine if there was 

significant difference between the intervention group and comparison group. Post-hoc analysis 

was used to examine if TC and HAE classes had an independent effect on BDI-II, CD-RISC, and 

CRP levels from V1 to V3.  The models were adjusted for age, sex, and class attendance. BDI-II 

scores decreased post-TC significantly (V1=7.41 ± 0.72; V3= 5.87 ± 0.86; Wald_F=11.794; 

p=0.001) and post- HAE classes (V1=6.73 ± 0.71; V3= 5.45 ± 0.64; Wald_F= 8.08; p=0.005). 

CD-RISC scores improved significantly post-TC intervention (V1=31.3 ± 6.25; V3= 33.5 ± 5.2; 

Wald_F= 14.691; P<0.001) and post HAE classes (V1= 32.20 ±5.99; V3= 33.10 ± 6.31; 

Wald_F=8.151; p=0.004). Plasma CRP levels remained unchanged post-TC intervention (V1= 

5.40 ± 0.78; V3= 5.36 ± 0.90; Wald_F=0.072; p= 0.789), and post HAE (V1= 6.65 ± 0.90, V3= 

6.12 ± 0.95; Wald_F=0.844; p=0.359).Therefore, when each group was examined independently, 

there was visit-by-visit group interaction at V3 in relation to V1 for BDI-II and CD-RISC, but 

not for CRP levels. However, when both groups were examined simultaneously, there were no 

significant interaction effect between the TC intervention and HAE comparison group from V1 

to V3 for depressive mood symptoms (t= - 0.333; p=0.740), resilience (t= 0.585; p=0.559), and 

CRP levels (t= -0.573; p=0.637). It is possible that the 12-weeks of TC was not sufficient to 

observe significant improvement in the depressive mood symptoms, resilience, and CRP levels 

among the hypertensive older adults. Thus, future studies are needed to test this hypothesis. 



1 

Chapter 1: Background 

Significant increase of aged population:  

Due to effective public health measures and interventions, the world experienced a 

transition from a high fertility and mortality rate to a decreased fertility and delayed mortality. 

As a result of a decrease in fertility rates, the demographic transition in age distribution is 

predicted to shift to have more older adults than young adults in the next three decades. 1 The 

number of people aged >65 years is predicted to double from 703 million people in 2019 to 1.5 

billion in 2050. The proportion is projected to increase to 16% by 2050 where there will be one 

in six people with an age of 65 or above worldwide. 2 In the United States, over 46 million 

people are older adults aged >65 years, and this number is expected to reach 98 million by 

2060. 3 The reason behind this increase is the increase in life expectancy where people are 

expected to live longer for an average of additional 17 years. Besides the demographic transition 

in age, over time, an epidemiological transition was also observed where the cause of morbidity 

and mortality shifted from infectious diseases to chronic and degenerative diseases. 4 Therefore, 

epidemiological and demographical transitions together produce a new challenge to the public 

health.   

Public health significance of hypertension and related conditions among aged population:  

The prevalence of hypertension is greater among older adults, where 70% of elderly aged 

>65 years have high blood pressure which places elderly population at risk of experiencing 

psychological distress, dementia, falls, hip fractures, physical disability, and cardiovascular 

diseases (CVD).5,6 One of the biological characteristics of aging, which is chronic low-grade 

inflammation and elevated cellular oxidative stress, is considered a contributor to age-related 

diseases, and studies have shown that they are associated with hypertension. 6 
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Furthermore, according to the American Psychological Association, one of the critical 

health issues among older adults is depression. Depression is a common mood disorder that 

impacts the overall quality of life of older adults, as well as physical decline.7 The prevalence of 

depression among older adults with hypertension is 8.4% which is considerably greater than the 

prevalence of depression among younger hypertensive adults which is 4.5%. 8  

Public Health Implementation:  

While aging is a natural biological process, there are ways to mitigate aging-related 

health declines among older adults and avoid illnesses. As a response to the aforementioned 

issues older adults face, global health organizations developed comprehensive actionable plans to 

address healthy aging among the elderly as a public health priority. For example, the United 

Nations and the World Health Organization objectives include an emphasis on achieving healthy 

lives and promotion of well-being among older adults as a focus for research to improve health 

statistics in their 2030 Agenda for Sustainable Development Goals and Global Strategy and 

Action Plan on Ageing and Health, respectively.2,4  

Behavioral and lifestyle interventions are one of the most common strategies used as a 

compliment to medical treatments, suggested to improve the mental and physical health of older 

adults.9 For instance, previous studies illustrated the role of physical activities in improving the 

quality of life among older adults; however, given that older adults have restrictions or 

challenges to practice vigorous or strenuous physical activities, Tai Chi (TC) exercise 

is suggested as a mild therapeutic activity in the literature for this population as a potential non-

pharmacological treatment for depression. TC is an internal martial art that has been practiced 

not only for defense training but also as mind-body exercise to promote health and wellness in 

traditional Chinese medicine for the past three hundred years. TC consists of a sequence of light, 
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gentle, slow, and focused mediative movements and stretches along with deep breathing that 

relax the mind and body. 10,11 Thus, TC is believed to regulate older adults’ body, mind, and 

breath. 12,13 TC research has grown in the past four decades, and the findings indicate TC may be 

beneficial as a treatment for several clinical indications. 10 The literature has accumulated 

evidence with systematic reviews that show TC benefits for older adults include, a decreased risk 

of falls, and improved balance, osteoarthritis pain, Parkinson disease symptoms, and chronic 

obstructive pulmonary disease. In addition, it improved stroke rehabilitation in elderly with 

coronary artery diseases, 15-19 and improved cognitive capacity in older adults with 

dementia. 20,21 TC practice is not only proven to benefit the physical health but also for 

psychological health and well-being. Evidence shows that TC is associated with improvement in 

the severity of depression and mood disturbance. 14  However, we cannot make solid conclusions 

that TC can be used as a treatment for chronic conditions in older adults due to lack of a 

sufficient number of quantitative research studies and methodological limitations such as 

variation in study designs and control group selections.16  Therefore, this research has been 

conducted to add to the literature the effect of TC intervention vs. Healthy-Aging Education 

classes (HAE) on physical and psychological well-being in hypertensive older adults. HAE 

group was used in this study as a comparison group or a standard of care to examine if TC was 

more effective at improving the outcomes.  
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Chapter 2: Manuscript 

Introduction  

The prevalence of clinically depressed patients is eight to 16% among older 

adults.1 Depression disproportionally puts older adults at risk of cognitive and physical 

decline. 2 It increases the risk of cognitive impairment, disability, mortality, and negatively affect 

the quality of life in older adults.1 Epidemiological studies found that older adults with 

hypertension (HTN) have twice the prevalence of depression compared to younger adults.3 A 

systematic review and meta-analysis showed that one-third of patients with hypertension have 

depressive mood symptoms.4 In addition, older adults with HTN are more likely to develop 

depression. 5-9  Patients living with HTN and depression have a greater risk of mortality 

compared to patients living without comorbidity.10,11   

As older adults age, they become susceptible to inflammation, namely ‘inflammageing’. 

The term inflammageing is described in the literature as an elevation in blood inflammatory 

markers that increases susceptibility to chronic morbidity, disability, and death. 27 The high 

levels of systematic inflammation are identified by elevated levels of blood inflammatory 

markers such as interleukin (IL-6) and C-reactive protein (CRP). As a result, older adults with 

prolonged inflammation may lead to depression if they are genetically vulnerable by presence of 

single nucleotide polymorphism in cytokine genes, lack of social support, adverse life events, 

suffer from central obesity, increased gut permeability, or chronic infection. 27,28 Clinical trials 

indicate that inflammageing is a risk factor for CVD and the association is predicted to be 

causal. 27  

In addition, previous studies show an association between depression and 

inflammation.12 In patients with cardiovascular diseases, depression is shown to be associated 
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with elevated inflammatory markers.13,14 Patients who developed acute depression were shown to 

have higher concentration of circulating  C-reactive protein (CRP) and inflammatory cytokines 

interleukin 6 (IL-6) at baseline than patients who did not develop depression.16-19 This suggests 

that inflammation might be the cause rather than the consequences of depression.20-23 Studies 

also suggest that patients with depression who fail to respond to antidepressant may have 

increased inflammation.14 A relationship was found between failed antidepressant treatment 

trials and inflammation biomarkers where CRP elevated levels have been associated 

with depression and HTN. 14 It is documented that one in four patients with depression exhibit 

CRP levels of greater than 3 mg/L. 24 Thus, older adults with HTN who have elevated depressive 

symptoms may be at greater risk of inflammatory diseases such as cognitive disfunction and 

cardiovascular diseases.   

Since exposure to psychological stress may activate the inflammatory response, positive 

psychological traits such as resilience may act as a protective factor against the effects of 

psychological stressful events on inflammatory responses. Resilience is defined by the American 

Psychological Association as the capacity to adapt well to life challenges and adversity. 

Therefore, one’s resilience may confer protection against depressive symptoms experienced by 

elderly individuals. Also, resilience may reduce inflammation through reducing the impact of 

psychological stress and in turn, decrease depressive mood symptoms. 24  Non-pharmacological 

approaches such as behavioral interventions are shown to reduce depression symptoms in older 

adults. 25-26 Interventions that boost resilience may be effective therapies to protect against or 

reduce depressive mood symptoms and inflammation factors in older adults. Studies showed that 

mind-body behavioral interventions like TC may act as a therapy to reduce psychological stress 

and modulate the inflammation process and immune system to produce anti-inflammatory 
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effects. This modulation could decrease depressive mood symptoms by regulating emotions and 

modifying the autonomic nervous system. 29,30 However, more quantitative research is needed to 

draw a definite conclusion that TC reduces depressive mood symptoms, and improves resilience, 

and inflammation. Therefore, the objective of this study was to determine whether depressive 

mood symptoms decreased among participants post-TC practice and HAE classes compared to 

their levels at baseline, and whether the magnitude of change differed between the two groups. 

Healthy-Aging Education (HAE) group was used in this study as a comparison group or a 

standard of care to examine if TC was more effective at improving the outcomes. 

Methods 

Study Design and Procedures  

This study is a secondary analysis of a two-armed randomized controlled trial and with a 

cluster randomization design. Groups from the same geographical region were randomized to 

either receive TC intervention or HAE classes. A computer-generated randomization algorithm 

assigned community sites (e.g., senior centers), to host the TC intervention or Healthy Aging 

Education (HAE) classes. Participants were recruited to attend the intervention and HAE classes, 

and they were not told which group they would be assigned to until their baseline assessment 

visit. Participants were blinded to the hypothesis and the recruiter was blinded to participants’ 

group assignment. The parent study was conducted to examine the effects of TC intervention 

compared to the HAE control/comparison condition on hemodynamic, autonomic regulation, 

vascular function, inflammatory factors, and psychological functioning among older adults. The 

TC group was assigned to a 12-week,  one-hour, twice weekly instructor-led TC classes. The 

control group was assigned to 12-weeks, two-hours weekly, HAE classes where healthy aging-

related topics, videos, and lectures were presented and discussed in a group setting. TC sessions 
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were provided by a trained TC instructor, and HAE classes were delivered by a trained research 

associate utilizing lectures from the University of California San Diego (UCSD) Stein Institute 

for Clinical Research on Aging. Baseline data were obtained from the participants before the 

start of the TC intervention and HAE classes (coded as visit 1), evaluated in the middle of TC 

intervention and HAE classes (visit 2) and post-intervention (visit 3), then followed-up every 

three months after the intervention visits 4, 5, 6 respectively. Visit 1 corresponds with the 

baseline assessments while Visit 3 corresponds with the post-TC intervention and HAE classes 

assessments. This study focuses on examining the change pre- and post-TC intervention, and the 

HAE group was used in the analysis as a comparison group. The follow-up measurements that 

are about three-months apart are included in the graphs for just to give an overview trend across 

the visits. Furthermore, participants were financially compensated up to $250 for the entire 

study. All participants provided written informed consent understanding and agreeing to 

participate in our study based on documents approved by the University of California, San Diego 

Institutional Review Board.  

Sample-Size and Power Calculation  

Previous TC studies reported a wide range of effect size of 0.79 to 6.0 for TC class 

impact on lowering blood pressure. A sample size of 85 was determined as needed in each arm 

for 80% power (alpha 0.05) with 20% dropout rate, using a cluster randomization design, 12 

participants were included in each cluster. 187 completed the baseline visit where the 

intervention arm had 102 participants and the control arm had 85 participants.  

Study Setting and Sample  

Participants were recruited between January 2016 and March 2021 from San Diego, 

California local communities. Our study sample was recruited from a variety of zip codes to have 
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a diverse population from different ethnic backgrounds and socioeconomic status. Recruitment 

method was based on posting flyers at local libraries and posting electronic versions on 

the Nextdoor website, a social media website largely utilized by older adults. TC intervention 

and HAE classes were delivered at the community recreation centers and residential independent 

living facilities of San Diego. TC was taught by a TC instructor and HAE classes were delivered 

by a health educator. Study inclusion criteria included: 1) older adults who are between age of 60 

to 90 years with systolic blood pressure of 135 to 160 and/or diastolic blood pressure of 90 to 

100; 2) Participant’s ability to perform mild to moderate exercise; 3) Participant’s ability to give 

written informed consent; 4) Participant’s ability to commit to the study and comply with the 

protocol. Study exclusion criteria included: 1) Participants currently engaging in a regular 

moderate to vigorous physical activity, yoga, or mediation programs; 2) Participants who 

performed TC in the previous year; 3) Participants who had recent stroke or cerebral 

neurological impairment; 4) Participants who were using mood stabilizers or antipsychotics at 

the start of the study; 5) Participants who were taking steroids medication or any medication that 

affects immune status at the start of the study; 6) Participants who were diagnosed with bipolar, 

schizophrenia, or other neurological disorders; 8) Participants who were identified as suicidal; 9) 

Participants who were unable to give a written informed consent in English. Participants who 

agreed to be randomized to either TC or HAE classes were further screened to determine their 

eligibility and randomly assigned to either TC or HAE classes. All the testing took place at 

UCSD Medical Center.  

Outcome Measures  

 Beck Depression Inventory-II (BDI-II): a 21-item self-report multiple choice inventory 

was used to measure clinical depressive mood symptoms among study participants. BDI-II is 
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widely used clinically to detect the severity of depression. Patients who score 0-13 are 

considered to have minimal depressive symptoms, a score of 14-19 is considered mild, a score of 

20-28 is considered moderate, and a score of 29-63 is considered severe. This measure is 

considered a reliable and valid measure to capture depressive mood symptoms for older adults.7  

Connor Davidson Resilience Scale (CD-RISC): a 10-item self-report was used to 

measure participants' resilience ability to thrive in the face of adversity and bounce back from it. 

Adversity can be a traumatic events or experiences. In other words, it is participants' ability to 

cope with stress and unpleasant events. Reliability and validity of this scale is well documented 

for older adults. 8 Each item is rated on a five-point Likert scale (0-4) where a score of zero 

represents not at all, and a score of four represents almost all the time. For each of the 10-items, a 

score was given from 0-4 per item; the score was calculated by taking the sum of each response 

of the 10-items. The higher the score the greater the resilience. 8    

Inflammation: To determine the level of inflammation, a non-fasting blood-draw 

was obtained from the participants in the morning (8 – 10 AM) to examine CRP levels; CRP has 

been used widely as a standard and reliable measure of low-grad inflammation worldwide. 15 The 

samples were assayed using reagents by a lab technician who was blinded to participant 

identifiers.  

Statistical Analysis  

Descriptive statistics were used to compare the demographic characteristics of our study 

sample based on the intervention and comparison groups randomization. BDI-II score of 13 was 

used as a cut-off point to classify the study participants into two groups; patients with minimal 

depressive symptoms (BDI-II score <13) and patients with mild, moderate, severe symptoms 

(BDI-II score >13), to describe and compare age, gender, SBP, and BMI based on depressive 
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mood to characterize older adults in relation to depressive mood symptoms. Independ samples t-

test was used to test the statistical significance differences in the mean values of BDI-II, CD-

RISC, and CRP.   

To examine the intervention effects (V1 to V3) between the TC intervention and HAE 

comparison group, linear mixed-effects effects models were primarily used to determine if the 

mean score changed from pre-to-post TC intervention for BDI-II scores, CD-RISC scores, 

and CRP levels. Models were adjusted for age, gender, and class attendance. Attendance was 

calculated counting the proportion of everyone’s visits throughout the six visits. Visit was 

modeled as a categorical variable and visit-by-group interaction was included in all the mixed 

effects models. Moreover, post-hoc analysis was performed to assess visit-to-visit differences 

within TC group and HAE comparison group. Log-transformation was used for BDI-II, CD-

RISC, and CRP variables to reduce skewness in the data and ensure that the data is 

approximately normally distributed. Furthermore, Box-Cox transformation was also 

used for CD-RISC variable with lambda of 2.4 considered as the optimal value to reduce 

skewness in the data. Analysis was completed using R programming (version 3.6.3). 

Results 

The CONSORT diagram describes the recruitment and retention process (figure 1). 

Initially, 597 individuals responded to study recruitment, and they were assessed for eligibility. 

406 individuals were excluded from the study while 191 met the study eligibility criteria. There 

were 4 participants who could or did not continue after the baseline study visit. Therefore, 187 

participants were randomized to TC (N=102) and HAE (N=85) at baseline (visit 1), and 168 

participants were followed-up after the intervention (visit 3). Nineteen participants were lost to 

follow-up or missed the post-intervention visit due to illness.  
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Table 1 provides the demographic characteristics of the study participants. The mean age 

of older adults was 72.62 ± 7.09 years. Seventy-two percent of the sample size were female and 

approximately 28% were males. Table 2 shows the sociodemographic characteristics and 

outcome measures of this study. Twenty-seven percent of males reported minimal depressive 

mood symptoms and 37% reported mild, moderate, or severe depressive mood symptoms. Age 

was a significant factor where people who were younger had greater depressive mood symptoms 

compared to the older patients in this study sample with a p-value of 0.004 (t-statistic 3.030). 

Those with higher depression scores had lower resilience scores on the CD-RISC than those with 

lower depression scores (p-value <0.001, t-statistic 5.850) at baseline. Moreover, 77% of study 

sample reported a mean score of 4.92. Clinically, this score is classified as having minimal 

depressive mood symptoms, while 23% of the sample reported having mild-moderate depressive 

mood symptoms. Moreover, CRP levels at baseline among this study population indicated a high 

level of inflammation that was greater than 3mg/L. The mean level of CRP for patients with 

minimum depressive mood symptoms (BDI-II score <13) was 6.14 ± 7.82 and for people with 

mild depressive mood symptoms (BDI-II score >= 13) 5.96 ± 6.54. However, CRP-RD did not 

show statistical significance at baseline between the two BDI groups (P-value 0.904, t-statistic 

0.121). 
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Figure 1: CONSORT Diagram   
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Table 1: Demographic characteristics of study participants at baseline (N=187) 
 

Variables  Mean (SD)  HAE  TC  
t-
statistics/x-
squared  

P-
Value  

Age in years  72.62 (7.09) 73.21 (7.80) 72.16 (7.93) 0.91 0.363 
Male %  27.66% 30.95% 25.49% 0.438 0.508 
Systolic BP   136.36 (19.14) 136.83 (21.04) 136.09 (17.73) 0.236 0.814 
CD-RISC  31.77 (6.12) 32.19 (5.99) 31.33 (6.25) 0.921 0.358 
CRP-RD mg/l  6.01 (7.54) 6.65 (7.98) 5.40 (7.09) 1.047 0.297 
BMI kg/m2    29.39 (6.40) 28.84(6.05) 29.86 (6.76) -1.04 0.299 

 
Table 2: Sociodemographic characteristics and outcome measures of study participants at 
baseline (N=187) 
 

Variables  Mean (SD)  
BDI-II 

<13 (SD)  BDI >=13 (SD) 

t-
statistics/x-

squared  P-Value  
Age in years  72.62 (7.09)  73.07 (7.41)  68.54 (7.09)  3.030  0.0044*  
Male %  27.66 % 27.59%  37.04% 0.929  0.446  
Systolic BP  136.36 (19.14)  135.57 (18.58)  140.35 (22.83)  -0.950  0.35  
CD-RISC  31.77 (6.12)  32.76 (5.79)  26.44 (5.03)  5.850  < 0.001**  
CRP-RD mg/l  6.01 (7.54)  6.14 (7.82)  5.96 (6.54)  0.121  0.9042  
BMI kg/m2  29.39 (6.40)  29.31 (6.40)  30.41(6.56)  -0.801  0.428  
 

Outcome measures:   

Table 3 shows the mean scores of BDI-II, CRP, and CD-RISC among the study 

participants during from pre-to-post intervention in the TC and HAE groups. TC group 

participants reported a decrease in depressive mood symptoms from pre-to post-

intervention (7.41 ± 0.72 to 5.87 ± 0.86); in addition, there was a decrease in the HAE 

comparison group (6.73 ± 0.71 to 5.45 ± 0.64). TC group participants also reported an increase 

in CD-RISC scores from pre- to post-intervention (31.3 ± 6.25 to 33.5 ± 5.26). HAE group pre to 

post also increased (32.20 ±5.99 to 33.10 ± 6.31).  However, the mean level of CRP remained 

the same from pre-to post in the intervention (5.40 ± 0.78 to 5.36 ± 0.90); the same trend is 

observed for the HAE comparison group (6.65 ± 0.90 to 6.12 ± 0.95). 
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Table 3: Mean changes in the score of primary and secondary outcomes  
 

   BDI-II Mean (SD)   CD-RISC Mean (SD)  CRP Level Mean (SD)  
Visits  TC  HAE  TC  HAE  TC  HAE  
Visit 1  7.41 (0.72)  6.73 (0.71)  31.3 (6.25)  32.2 (5.99)  5.40 (0.78)  6.65 (0.90)  
Visit 3  5.87 (0.86)  5.45 (0.64)  33.5 (5.26)  33.1 (6.31)  5.36 (0.90)  6.12 (0.95)  

 
 
Primary outcome: depressive mood symptoms  
 

Figure 2 illustrate the mean change in depressive mood symptoms from pre-to-post TC 

intervention in comparison to the HAE group. Table 4 shows the effects of TC intervention and 

the comparison group HAE from visit 1 to visit 3. The mean score of depressive mood symptoms 

among the TC intervention group, after the intervention (visit 3), improved significantly 

(Wald_F= 11.794, p=0.001). In addition, the mean score of depressive mood symptoms 

improved significantly among the HAE group (Wald_F=8.08; p=0.005).  Therefore, TC and 

HAE groups showed significant improvement in depressive mood symptoms from pre-to-post 

intervention and HAE classes when examined independently. However, when we compared the 

TC intervention group to the HAE group using the linear mixed effect model, we observed no 

significant interaction effect between the two groups from pre-to-post when the mean score of 

BDI-II of both groups were compared together (table 5). There was no significant change in the 

mean score of BDI-II between the TC intervention group and HAE comparison group (t= - 

0.333; p=0.740). 

 
Table 4: Visit-by-visit mean change between two groups for depressive mood symptoms  
 

  Estimate Std. Error df Wald_F Pr(>|W|) 
visit3 vs. visit1 (ref) for TC -0.298 0.087 542.237 11.794 0.001 
visit3 vs. visit1 (ref) for HAE -0.257 0.090 538.36 8.080 0.005 
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Figure 2: Log-transformation mean changes in depressive mood symptoms (I bar indicate 
95% confidence intervals)    
  
Table 5: Linear mixed effects model comparing means between the two groups for 
depressive mood symptoms  
 
 N= 168  Estimate Std. Error df t-statistics Pr(>|t|) 
(Intercept)  1.404 0.672 165.507 2.09 0.038 
study_arm1 
(reference)  0.115 0.151 246.166 0.764 0.445 
HAE: visit3  -0.257 0.09 538.36 -2.843 0.005 
Class Attendance  -0.369 0.219 200.509 -1.685 0.094 
Age  0.009 0.009 161.975 1.106 0.271 
Gender  -0.064 0.145 160.337 -0.440 0.660 
TC: visit3  -0.042 0.125 542.237 -0.333 0.740 

 
Secondary outcomes: psychological resilience    
 

Figure 3 illustrates the log transformation mean change in psychological resilience from 

pre-to-post TC intervention in comparison to the HAE group. Table 6 shows the effects of TC 

intervention and HAE by visit. Table 6 shows that the mean score of psychological resilience 

improved significantly for the group who received the TC intervention, after the intervention 

(visit 3), (Wald_F= 14.691, p<0.001), and significant improvement in the comparison group 

HAE (Wald_F= 8.151, p=0.004). Thus, when we examined both groups independently, there 

was a significant improvement in the psychological resilience from visit 1 to visit 3 in both 
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groups. When we compared the TC intervention group to the HAE group using the linear mixed 

effect model, we observed no significant interaction effect between the two groups from pre-to-

post when the mean score of CD-RISC of both groups compared together (table 7). There was no 

significant change in the mean score of CD-RISC between the TC and HAE groups (t= 0.585; 

p=0.559). 

 

 
 
Figure 3: Log transformation mean changes in psychological resilience (I bar indicate 95% 
confidence intervals)    
 
Table 6: Visit-by-visit mean change between two groups for psychological resilience   
 

  Estimate Std.err df Wald_F Pr(>|W|) 
visit3 vs. visit1 (ref) for TC 244.135 63.695 536.613 14.691 < 0.001 
visit3 vs. visit1 (ref) for HAE 190.365 66.676 532.529 8.151 0.004 
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Table 7: Linear mixed effects model comparing means between the two groups for 
psychological resilience  
  

  Estimate Std. 
Error df t-statistics  Pr(>|t|) 

(Intercept) 1710.636 528.384 163.834 3.237 0.001 
study_arm1 -75.234 120.15 229.432 -0.626 0.532 
HAE: visit3 190.365 66.676 532.529 2.855 0.004 
Class Attendance 370.42 178.39 194.113 2.076 0.039 
Age -2.681 7.061 160.736 -0.38 0.705 
Gender 30.617 117.768 161.447 0.26 0.795 
TC: visit3 53.77 91.935 536.613 0.585 0.559 

 

Furthermore, Figure 4 illustrate the mean change in CRP levels from pre-to-post TC 

intervention in comparison to the HAE group. Table 8 shows the effects of TC intervention and 

the comparison group HAE from visit 1 to visit 3. The mean score of CRP levels among the TC 

intervention group, after the intervention (visit 3), did not improve significantly (Wald_F= 0.072, 

p=0.789) as well as among the HAE comparison group (Wald_F=0.844; p=0.359).  Thus, TC 

and HAE groups showed no significant improvement in inflammatory marker CRP from pre-to-

post intervention and HAE classes when examined independently. Even when we compared the 

TC intervention group to the HAE group using the linear mixed effect model, we observed no 

significant interaction effect between the two groups from pre-to-post when the mean score of 

CRP levels in both groups were compared together (table 9). There was no significant change in 

the mean score of CRP levels between the TC intervention group and HAE comparison group (t= 

- 0.473; p=0.637). 
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Figure 4: Log-transformation mean changes in CRP Level (I bar indicate 95% confidence 
intervals)    
  
 
Table 8: Visit-by-visit mean change between two groups for CRP levels 
 

  Estimate 
Std. 
Error df Wald_F Pr(>|W|) 

visit3 vs. visit1 (ref) for HAE 0.020 0.022 530.742 0.844 0.359 
visit3 vs. visit1 (ref) for TC 0.011 0.040 537.882 0.072 0.789 

 
 
Table 9: Linear mixed effects model comparing means between the two groups for CRP 
levels 
 
 Estimate Std. Error df t-statistics Pr(>|t|) 
(Intercept) 0.924 0.71 156.357 1.302 0.195 
study_arm1  -0.178 0.148 193.511 -1.2 0.231 
HAE: visit3 0.003 0.095 124.638 0.032 0.974 
Class Attendance 0.103 0.225 176.919 0.459 0.647 
age 0.002 0.009 154.524 0.188 0.851 
gender 0.279 0.148 154.192 1.88 0.062 
TC: visit 3 -0.062 0.13 125.476 -0.473 0.637 

 
 
Discussion  
 

Both TC intervention group and HAE comparison group showed significant 

improvements in depression symptoms and psychological resilience scores pre-to post- 
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intervention when examined independently. However, the effects of TC and HAE groups did not 

differ from each other on depression symptoms, resilience, and CRP when compared. Moreover, 

plasma CRP levels did not change pre-to-post TC intervention or HAE classes. 

While it is not entirely clear why the effects of the TC intervention did not differ from 

those of the HAE on depressive mood symptoms and resilience, there are several possibilities. It 

is possible that the depressive symptom reducing and resilience promoting effects of TC practice 

could be mainly due to general improvements in emotional health from participating in a group-

based health class that are not specific to TC. It is also, possible that the 12-weeks of TC is not 

sufficient to observe such ‘TC-specific’ benefits above and beyond general improvements from 

participating in a group health class that is also achieved by HAE. Future studies could therefore, 

employ a longer duration of TC practice and/or addition of a wait-list control condition to further 

clarify the contributing factors. There was one study showed that multiple mild-moderate 

exercises of TC for 16-weeks could help reduce depressive mood symptoms in heart failure 

patients.32  Lack of differences between groups could also be related to social cohesion in a 

group setting where study participants in both TC and HAE collaborated with one another to 

preform class activities. This finding aligns with previous studies that showed social cohesion 

activities among older adults improved their mental health overall. 34-37 

Absence of changes in plasma CRP levels pre to post TC intervention or HAE classes 

agrees with a previous study that reported that short-term TC practice (< 6 months) did not result 

in significant effects especially on the biological level whereas significant improvements 

are observed likely after a longer-term such as 12 months of practice. 30,31 Thus, the duration and 

frequency of TC play a major factor in altering the inflammatory markers. 
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Strengths and limitations 

This study had methodological limitations; this study was a secondary analysis of 

hypertensive study patients with minimum to mild depressive mood symptoms, which may have 

reduced the interventions’ efficacy, compared with if participants had higher depression 

scores. Thus, the findings from this study may not be applicable to clinically depressed 

patients. In addition, gender distribution of males and females was not even, as a greater portion 

of the study participants were women, but this may be more reflective of the gender distribution 

of the general elderly population. Despite these limitations, the randomized and controlled design 

of this study is considered as one of the strengths of this study since it was a community-

dwelling randomized control trial, and it included the geriatric population with diverse 

backgrounds.  

Future directions 

 Longer-duration randomized control trails may be required to inform clinical 

decisions, as these kinds of studies take time to observe improvements. Thus, to advance this 

knowledge, future studies should examine the intensity and frequency of TC classes 

on depression, resilience, and inflammation for both men and women with larger sample size to 

draw a solid conclusion.   
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Chapter 3: Conclusion 

In conclusion, as the burden of mental and physical illnesses is increasing among our 

rapid aging population, there is evidence to suggest that TC practice decreases the burden of 

depressive mood symptoms and improve resilience. However, there is no clear standards on 

the frequency and duration of the exercise that would be recommended to see an improvement 

in the level of CRP, resilience, and depressive mood symptoms.  

Many studies observed that TC practice have positive effects in improving depressive 

mood symptoms. Therefore, we suggest that TC can be advised to older adults, as it is proven to 

be safe and effective exercise that leads to psychological benefits. Given the fact that an 

instructor-guided TC practice is costly 1, and access to it frequently might be challenging 

for older adults with low socioeconomic status, making such healthy lifestyle and non-

pharmacological interventions accessible to older adults through funded community programs, 

peer-led group exercises or coverage through their health insurance would be impactful for 

public health.   
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