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Abstract 

Frailty affects the quality of life of older age adults by limiting mobility, reducing physiological 

reserve and reducing independence. The frailty phenotype is typically characterised by exhaustion, 

loss or lack of physical activity, weight loss and weakness, although more recently there have been 

proposals to extend the frailty criteria to include physiological characteristics such as inflammation, 

oxidative stress and vascular function. Exercise has the potential to prevent, delay or even reverse 

frailty, but not all exercise is perceived as suitable for an older age population. The purpose of this 

study was to test Tai Chi and Zumba Gold® as exercise interventions in older age adults (65 to 75 

years old) to improve characteristics related to the frailty phenotype. Muscle strength and flexibility 

(functional fitness as a measure of weakness), cardiorespiratory fitness, blood pressure, vascular 

function (FMD), markers of oxidative stress (total antioxidant capacity, malondialdehyde, 8-

isoprostane, protein carbonyl), inflammation (CRP) and aspects of wellbeing related to exhaustion 

were assessed at baseline (pre-), 6 weeks (mid-) and 12 weeks (post-intervention). Both Tai Chi and 

Zumba Gold® improved systolic blood pressure, vascular function, and functional fitness following 

the 12 week intervention to a similar extent. Furthermore Antioxidant capacity was significantly 

increased (30315.56 vs. 33618.82 µm; p=0.0028) and lipid oxidation significantly reduced 

(36.416.4 vs 13.492.5 pg/ml; p=0.0042)  after 12 weeks of Tai Chi compared to baseline.  Anxiety, 

physical and mental fatigue decreased in both groups, with a greater decrease in mental fatigue in 

the Tai Chi group. Taken together, these changes suggest that Tai Chi has the potential to reduce 

outcomes related to the extended frailty phenotype in older age adults.  

 

Keywords: physical activity; ageing; vascular function; redox; wellbeing 
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Introduction 

Frailty is considered by some as a disease of old age and as such, can have a direct impact on the 

independence and health-related quality of life of older adults (Clegg, Young et al. 2013). Fried, 

Tangen et al. (2001) first depicted frailty as a phenotype based largely on four characteristics, 

namely: exhaustion, loss or lack of physical activity, weight loss and weakness. However, more 

recently there have been proposals to extend the criteria of frailty to encompass physiological 

characteristics such as inflammation, oxidative stress and vascular function (Deepa, Bhaskaran et al. 

2017). This is due to growing evidence around the links between frailty and cardiovascular disease, 

as several studies have reported that markers of oxidative stress and inflammation, which are 

known to contribute to vascular dysfunction (Wadley, Veldhuijzen van Zanten et al. 2012) are 

related to frailty (Wu, Shiesh et al. 2009, Ingles, Gambini et al. 2014, Liu, Wang et al. 2016).  

 

Exercise has the potential to reduce frailty (de Labra, Guimaraes-Pinheiro et al. 2015). There is 

ample evidence that exercise can improve health-related quality of life, depression, anxiety and 

fatigue (Mochcovitch, Deslandes et al. 2016, Rhyner and Watts 2016), which are all factors in 

exhaustion. Exercise can improve strength , improve functional fitness, reduce inflammation 

(Liberman, Forti et al. 2017) and oxidative stress (Gomez-Cabrera, Domenech et al. 2008), and 

improve vascular function (Wadley, Veldhuijzen van Zanten et al. 2013) in older adults. The 

evidence is heavily based on moderate intensity exercise and therefore moderate exercise is usually 

considered to be the most effective in achieving these health benefits. However, the majority of 

older adults are not physically active enough to achieve these health benefits (Piercy, Troiano et al. 

2018), and there is evidence that exercise at lower intensities can also have health benefits 

especially in those with lower levels of fitness (Matthews, Moore et al. 2015, Dillon, McMahon et al. 

2018)  

 

Whereas physical limitations can be a barrier to exercise in older adults (Franco, Tong et al. 2015), 

enjoyment and the way exercise is delivered can enhance exercise behaviour (Devereux-Fitzgerald, 

Powell et al. 2016). Therefore, to facilitate the uptake and maintenance of exercise in older adults, 

it is important to develop exercise programmes which are suitable and appropriate for this 

population. Low to moderate intensity exercise is perceived as more feasible by older age adults 

(Muller and Khoo 2014). Tai Chi involves low impact and low velocity movements and is an exercise 

mode with a low risk for falls (Lan, Lai et al. 1998) and as such it is a mode of exercise that may be 

appealing to older age adults. Tai Chi is an ancient Chinese exercise that has been practiced for 
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hundreds of years in China (Li, Yuan et al. 2014). However, Tai Chi is now frequently practised in 

most Western countries (Lan, Lai et al. 2002) and has recently been included in the UK Chief 

Medical Officers' Physical Activity Guidelines (Davies 2019), yet surprisingly little is known about its 

health benefits. 

 

The slow movements within Tai Chi combined with deep diaphragmatic breathing are believed to 

not be only beneficial to physical, but also to mental health. A meta-analysis revealed that Tai Chi 

can improve fatigue in clinical populations to a similar extent as more intense exercise such as fast 

walking (Xiang, Lu et al. 2017). Musculoskeletal strength improves by increasing the neuromuscular 

response in the lower extremities during the slow movements (Hass, Gregor et al. 2004, Wu, Liu et 

al. 2004), and specifically for older adults there are reports of a reduced risk for falling and 

improvements of functional fitness (Rogers, Larkey et al. 2009). Benefits for cardiovascular health 

have also been reported, most consistently for blood pressure in both people with cardiovascular 

disease (Wang, Pi et al. 2016) and apparently healthy older adults (Rogers, Larkey et al. 2009). 

However, less is known about the benefits of Tai Chi on vascular function, which is a risk indicator 

for cardiovascular events. There is preliminary evidence that Tai Chi can improve vascular function 

(Wang, Lan et al. 2002, Shin, Lee et al. 2015), but other studies reported no such benefit (Suksom, 

Siripatt et al. 2011). There is also preliminary evidence that Tai Chi can be effective in perturbing 

redox status and reducing inflammation (Palasuwan, Suksom et al. 2011, Huang, Eungpinichpong et 

al. 2014, Mendoza-Nunez, Arista-Ugalde et al. 2018). Rosado-Perez, Santiago-Osorio et al. (2012), 

reported that daily Tai Chi training for six months significantly increased total antioxidant status 

(TAS), and the antioxidant enzymes superoxide dismutase (SOD) and glutathione peroxidase (GPx) 

in healthy older adults. Lipid peroxidation was decreased (as measured by malondialdehyde -MDA) 

post exercise training, compared to the no-exercise control group. Similar results using a shorter 8 

week intervention also resulted in increased TAS and GPx concentration in both pre and post-

menopausal women (Palasuwan, Suksom et al. 2011). In studies to date, the comparison data either 

comes from baseline (Palasuwan, Suksom et al. 2011), walking exercise (Rosado-Perez, Ortiz et al. 

2013), or no exercise control (Rosado-Perez, Santiago-Osorio et al. 2012). However, many studies 

have proven that exercise is effective in improving frailty (Chin, van Uffelen et al. 2008), and thus 

the more pertinent question relates to the value of Tai Chi compared to other forms of aerobic 

exercise. Hence in this study we chose to compare Tai Chi to a form of aerobic dance.  
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Functional fitness tests such as The Senior Fitness Test (SFT) are designed to assess fall risk  and 

weakness (Jones & Rikli, 2002; Purath, Buchholz, & Kark, 2009). Functional fitness testing is 

common in studies that wish to assess the risk of fall after surgery (McIsaac, Jen et al. 2017), 

mobility related disability in disease (Tonet, Maietti et al. 2018) or in studies to assess the success of 

intervention (Stathi, Withall et al. 2018). Studies have shown that functional fitness is related to 

sedentary time and physical activity, independently of each other (Sardinha, Santos et al. 2015). 

Older adults who spend more time being physically active and less time in sedentary activities have 

an improved functional fitness and are more able to undertake the activities of daily living 

successfully (Santos, Silva et al. 2012, Sardinha, Ekelund et al. 2015)  The range of movements in Tai 

Chi, combined with the shift in weight from foot to foot suggest it would be an excellent mode of 

exercise to improve physical function.  

 

In sum, Tai Chi may represent an exercise mode that is acceptable for older age adults to engage in, 

that can reduce risk of falls and improve functional fitness. Given that Tai Chi also has the potential 

to improve physiological health by reducing inflammation, increasing antioxidant capacity and 

improving vascular function, it is feasible that Tai Chi could represent a mode of exercise that can 

enhance healthy ageing. Zumba gold® was used in this study as an exercise control. It is an aerobic 

form of moderate intensity exercise (Domene, Moir et al. 2016), and the benefits of aerobic 

exercise have been very well characterised in older age adults.  As such, Tai Chi was assessed in 

comparison to group aerobic exercise. The present study investigated the potential for Tai Chi to 

improve both physiological and psychological factors associated with frailty in older age adults. 
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Materials and Methods 

Participants (aged between 65 and 75, non-smokers, no history of cardiovascular disease, 

undertaking less than 1h hour structured exercise per week and independent in their daily living 

activities) were recruited to this study via poster advertisements in the local community. Prior to 

starting the study, participants received a participant information sheet, and gave written informed 

consent for participation. The study received ethical approval from the institutional Science, 

Technology, Engineering and Mathematics Ethical Committee. The study design is shown in figure 

1. 

 

 

 

 

Figure 1. Schematic representation of the study and measurements taken at baseline, 6 weeks 

(mid) and 12 weeks (end) intervention. Blood withdrawal, ultrasound, and blood pressure were 

measured at pre, mid and end-intervention. Physical fitness and function was measured at baseline 

and 12 weeks (end-intervention). Questionnaires to assess physical activity and wellbeing were 

assessed at baseline and end-intervention.  

 

Protocol 

Participants were randomized into either Tai Chi or Zumba Gold exercise intervention using a 

randomization sequence on randomization.com (Wichmann 1982, McLeod 1985). Outcome 

measures were taken at baseline (pre-, 0 weeks), mid-study (6 weeks) and end-study (post-, 12 

weeks). At each assessment point, participants attended two laboratory visits. One visit was 

completed following an overnight fast, and included measurements of height and weight, flow 

mediated dilation, and a blood draw for markers of oxidative stress and inflammation. During the 
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second visit, physical fitness and function were assessed. At baseline and end of intervention, 

participants were also asked to complete a questionnaire pack to measure markers of health-

related quality of life and wellbeing.   

 

Outcome measures  

Flow Mediated Dilation 

Flow mediated Dilation (FMD) was measured according to the method of Harris (2010). During the 

FMD measurement, participants rested in a semi-supine position with their right arm extended and 

immobilized using a foam arm rest.  A standard 3-inch size cuff was positioned around the arm, 2 

inches below the antecubital fossa. To assess the FMD response, the image of brachial artery was 

scanned using B-mode ultrasound (Philip EnVisor, Andover, USA) and a high-frequency linear array 

transducer (10 MHz). The baseline diameter of the brachial artery was recorded for 2 minutes 

before the cuff was inflated to 50 mm Hg above the systolic pressure for 5 minutes. Following cuff 

deflation, images were recorded for a further 3 minutes. The diameter of the brachial artery was 

captured at 25 images per second, using an Online Vascular Imaging Analysis software (VIA), and 

further offline analysis was conducted using Spike software (CED). FMD was calculated as difference 

between peak diameter and baseline diameter, expressed as a percentage relative to baseline 

diameter. The site of the transducer was marked to ensure standardization between scans. 

Baseline blood pressure 

Participants rested semi-supine at 22-24oC in low light for at least 20 minutes prior to assessment. 

Brachial blood pressure was taken using an automatic blood pressure machine (Omron M2 Basic, 

Kyoto, Japan). All measurements were made in triplicate with 5 minute intervals between 

measurements, and the mean value was calculated.  

Physical Fitness 

Physical fitness was assessed by an incremental treadmill (HP cosmos, Germany) test until 

participants reached 75% of their maximum predicted heart rate (maximum heart rate was 

estimated using the equation adapted from Tanaka, Monahan et al. (2001), adjusted for older age 

adult populations (HR max= 208-0.7 x age)). Start speed (1.5kph) was increased by 0.5kph every 

minute. The duration of walking was recorded at 55%, 65% and 75% of max HR, and perceived 

exertion was asked using the Borg Scale of perceived exhaustion (Borg 1982) every 2 minutes. A 

breath by breath measurement system (Oxycon Pro, Jaegar, Germany) was used to continuously 

measure oxygen uptake (VO2) and Carbon dioxide production (VCO2).  

Physical Function  
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Participant’s physical function was assessed using four tests from the Senior Fitness Test (SFT) 

battery (Rikli and Jones 2013). Lower body muscular strength was assessed by 30 second chair 

stand, lower body flexibility was assessed by chair sit and reach, upper body flexibility was assessed 

by back scratch test and dynamic balance/agility was assessed by timed up and go.  

30 seconds chair stand  

Participants were required to sit on a chair at a height of 17 inches with their feet flat on the floor, 

arms crossed with the wrists on the chest. Participants were asked to stand to full rise and return to 

fully seated posture repeated this procedure as many times as they could for 30 seconds. 

Participants were reminded to perform this testing using their own preferable speed and capability.  

Chair sit and reach  

Participants were asked to sit on the front edge of a chair at a height of 17 inches with one leg 

extended forward and another leg bent, with their foot on the floor flexed at 90 degrees.  During 

exhalation, participants placed their hands on top of each other and slowly bent forward to the 

extended leg and tried to reach the toes. Participants were instructed to stay static in that position 

while the researcher took the measurement from the tip of middle finger to the top of the shoes. 

This procedure was repeated with the other leg, and an average of the two was taken to indicate 

overall flexibility. 

Back scratch test  

Participants were required to stand straight during this procedure, with one hand bending toward 

their back and try to reach down as far as they could. Meanwhile the other hand is placed at the 

position of the back with palm up, and participants were instructed to try to reach the other hand. 

The distance from both tips of middle finger was taken and the test was repeated using hands in 

the opposing positions, and an average was calculated to indicate upper body flexibility. 

Timed up and go  

Participants were required to walk a 3 meter walk way starting from a sitting position, and go back 

to the sitting position to end the test. The time was taken from the signal ‘go’ from the tester until 

the participant reached their sitting position (Rikli and Jones 2013).  

Blood sampling 

Fasting blood samples (10ml) were collected into EDTA by a trained phlebotomist via venepuncture 

at the antecubital vein while participants were remained at semi-supine position. All blood samples 

were processed immediately (Centrifugation: 10 minutes, at 3500 rpm, 4oC). Plasma samples were 

stored at -80oC until further analysis.  

Total antioxidant capacity (TAC) 
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Total antioxidant capacity was measured using the ferric reducing ability of plasma (FRAP) assay, as 

described by Benzie and Strain (1999). Plasma samples (10µl) or ascorbic acid standards (ranging 

from 0 to 1000μM) were loaded into the 96-well cell culture plate in triplicate. FRAP reagent 

(20mM ferric chloride, 300mM sodium acetate buffer and 10mM 2,4,6-Tris (2-pyridyl)-S-Triazine, 

TTPZ, pH 3.6; 300µl) was added to the plate. Plates were left at room temperature for 8 minutes 

before the absorbance was read at 650nm. The value of total antioxidant was expressed using the 7 

point curve value calculated from the ascorbic acid standard reading. 

Thiobarbituric acid reacting substance (TBARS) 

The thiobarbituric acid reacting substance (TBARS) test is a non-specific test to determine the 

concentration of malondialdehyde (MDA), a secondary product that is formed following lipid 

peroxidation. Samples and standards (0 to 50 μM of 1,1,3,3-tetramothoxypropane; 100µl) were 

loaded into Eppendorf tubes, and mixed with TCA solution ( 1.23M trichloroacetic acid (TCA), 0.05M 

H2SO4; 100µl) and colour reagent (thiobarbituric acid (TBA), 200μM buthylated hydrotoluene (BHT); 

800µl) before being placed in boiling water (100oC) for one hour. The reaction of MDA and 

thiobarbituric acid forms a fluorescent red adduct and absorbance was read at 540 nm.   

8-isoprostane  

Plasma 8-isoprostane was measured using a commercially available ELISA kit (Caymen Chemical, 

USA) according to the manufacturer’s instructions. Briefly, samples and standards (50µl) were 

added into wells pre-coated with mouse monoclonal antibody. Samples and standards were then 

incubated with 8-isoprostane AChE tracer and antiserum for 18 hours at 40C. After washing, 

Ellman’s Reagent was added to the wells and the plate was incubated on an orbital shaker for 120 

minutes. The plate was read at 420nm and the 8-isoprostane concentration was calculated using 

the standard curve plotted using log transformation.     

Protein oxidation 

Prior to measuring the protein oxidation, protein concentration in the plasma samples was 

determined using the BCA method (Smith, Krohn et al. 1985). Plasma protein carbonylation  was 

assessed using an ELISA described by Carty, Bevan et al. (2000). Briefly, samples and standards were 

diluted to a final concentration of 0.05mg/ml using a coating buffer (Sodium carbonate 50 nmM, pH 

9.2). Samples and standards (50µl) were loaded into 96 well Maxisorb plate (Nunc, Fisher Thermo 

Scientific) in duplicate and incubated for 1 hour at 37oC to allow protein binding.  Following 

washing, 2-4-Dinitrophenylhydrazine (DNPH) (1nM in 2M HCl; 50µl) was added and incubated for 

another 1 hour at room temperature.  The plate was washed again to remove unbound DNPH and 

blocking buffer (0.5% TWEEN-20; 200μl) was loaded to block non-specific binding sites for 1 hour at 
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37oC.  Following wash, primary antibody (mouse IgG anti-dinitrophenyl, 50μl, 1:1000 dilution) was 

added to the wells and the plate was incubated overnight at 4oC. The plate was allowed to return to 

room temperature before being washed and secondary antibody (50μl) (anti-mouse IgE horse 

radish peroxidase conjugate; 1:5000 dilution) was loaded in the well. Following washing, substrate 

(10ml 0.5M citrate phosphate buffer, pH5, 8μl hydrogen peroxide and 2 mg o-phenyldiamine 

tablet, 50μl) was added and the plate was incubated in the dark at room temperature. The reaction 

was stopped with 2M sulphuric acid (50µl) and absorbance was measured at 490nm. The 

concentration of protein carbonylation was determined using the standard curve calculated from 

the standard concentration. 

Brain derived neurotropic factor (BDNF) 

Brain derived neurotropic factor (BDNF) was measured using commercially available ELISA kit 

purchased from R&D Systems, Minneapolis, USA (DBD00). Plasma samples (50µl) were diluted with 

assay diluent and added into pre-coated wells (monoclonal antibody, anti-BDNF). Enzyme-linked 

monoclonal antibody (volume) was then added and substrate solution was added to initiate the 

colour changes. The intensity of colour was dependent on the amount of BDNF that was bound in 

the initial process. Stop solution was added absorbance was measured using spectrophotometer at 

450 nm absorbance.        

C-Reactive protein (CRP) 

CRP was measured using enzyme-like immunosorbent assay (ELISA) method using a commercially 

available kit BMS288INST from eBioScience, Vienna Austria. Prior starting the assay, plasma samples 

were diluted 1:5000 with assay buffer according to the manufacturer instruction. Samples (10µl) 

were then added into wells, and incubated at room temperature for 2 hours, on a shaker. This assay 

used an anti-human CRP polyclonal antibody. After washing, substrate solution (tetramethyl-

benzidine) (100µl) was added and incubated at room temperature without direct exposure to 

intense light. Colour development was monitored and stop solution was added. Plate was read at 

450nm using spectrophotometer.  

 

Health-related Quality of life and psychological wellbeing  

Validated questionnaires were used to assess different aspects of quality of life and psychological 

wellbeing. Perceived physical and mental health was assessed using SF-12 questionnaire (Ware, 

Kosinski et al. 1996). Separate scores for perceived mental and physical health were derived 

(Gandek, Ware et al. 1998). Anxiety and depression were recorded using the Hospital Anxiety and 

Depression Scale (Zigmond and Snaith 1983). The Subjective Vitality Scale (Ryan and Frederick 
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1997) was used as a measure of positive wellbeing. General fatigue, physical fatigue, reduced 

activity, mental fatigue, and reduced motivation were recorded using the Multidimensional Fatigue 

Index (MFI-20, (Smets, Garssen et al. 1995)). Finally, sleep quality was assessed using the Pittsburgh 

Sleep Quality Index Questionnaire (Buysse, Reynolds et al. 1989). 

 

Exercise intervention 

Following randomization participants were invited to attend exercise sessions for 12 weeks; 3 times 

per week for 1 hour. Compliance with the intervention was taken as attending 80% of the sessions 

throughout the intervention.     

Tai Chi 

Participants randomised to the Tai Chi group were guided by a certified instructor registered under 

Tai Chi Union Great Britain (TCUGB). They were instructed in the Yang-style of Tai Chi which 

consisted of 10 minutes warm up, 40 minutes of Shibashi Qigong set of 18 movements, Yang style 

form, and 10 minutes of cool down.  During the session, participants were constantly reminded to 

have a natural and relaxed breathing, and try to synchronize the breathing with their movements.  

Zumba Gold 

Zumba Gold training was given by a certified instructor. Sessions consisted of 10 minutes of warm 

up which included stretching and whole body movements, followed by 40 minutes Zumba Gold 

routines. The routines were performed using slow to fast music from the selected rhythms of 

merengue, salsa, cumbia, flamenco and bachata. All movements involved elements of a 

cardiovascular workout, balancing, and dynamic stretching. The session was closed with cooling 

down and stretching session for 10 minutes.  

 

Statistical analysis 

Data management and analysis were performed using SPSS 24.0 statistical package for Windows 

(IBM. USA). Normal data distribution was analysed using the Shapiro-Wilk’s test. Not normally 

distributed data (for example antioxidant capacity, 8-isoprostane, CRP, protein carbonyl) were 

transformed using Log10 or square root to normalize the data.  Differences at baseline between the 

Tai Chi and Zumba Gold group were analyses using 2 Group (Tai chi, Zumba gold) Analyses of 

Variance (ANOVA). Effects of the exercise interventions were analysed using 2 Group (Tai Chi, 

Zumba Gold®) by 3 Time (pre, mid, post) ANOVAs. Psychological wellbeing measures were only 

taken at baseline and post intervention, and where analysed using 2 Group (Tai Chi, Zumba Gold®) 

by 2 Time (pre, post) ANOVAs. Where appropriate, post hoc analyses were conducted to investigate 
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main effects in more detail. Significant levels were set at 5% for all analyses, and variations in 

degrees of freedom are reflective of occasional loss of data. 
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RESULTS 
 
Thirty-five participants (28 female and 7 male) were recruited to this study. Twenty one participants 

completed the study (16 female and 5 male). Reasons for drop out were lack of time (n=11), dislike 

of the exercise (n=2) and illness (n=1). Baseline demographic information of the participants is 

shown in table 1. There were no differences between participants in the Tai Chi vs. Zumba Gold® 

groups with respect to gender, age, marital status, habitual physical activity or BMI. 

 

Table 1. Baseline demographic information of the participants. The gender, age, and marital status 
of the participants are shown for participants in each group. Data is presented as mean±SD where 
appropriate. Physical activity data collected via IPAQ is presented in minutes and (Met minutes per week) 
and BMI is presented for participants in each group. 
 

Parameters Tai 
Chi 

Zumba 
Gold® 

p 

Gender 
    Male 

    Female 
    Total 

 
4 
7 

11 

 
1 
9 

10 

 
 
 

0.166 

Age, mean ± SD 71 ± 
3.1 

70 ± 
3.6 

.463 

Marital status 
    

Married/Partner 
    

Single/Widowed 

 
5 
6 

 
7 
3 

 

IPAQ total 
(METs-

minutes/week) 

1908 
(1327) 

1555 
(2919) 

1.0 

BMI (kg/m2) 27.4 ± 
4.8 

28.4 ± 
3.4 

.593 

 

 
At 12 weeks (end of intervention) systolic blood pressure (SBP) was reduced in all participants when 

compared to baseline (Figure 2b). Repeated measures ANOVA yielded a significant time effect for 

SBP, F(2,18)= 11.37, p=.001, η2=.558, but no group (p=.78) or group × time interaction effect 

(p=.24). Post hoc analyses revealed that SBP was significant lower at 12 weeks compared to both 

baseline and 6 weeks. Similar analyses were undertaken to determine the effect of exercise on 

diastolic blood pressure (figure 2a) and no significant time (p=.34), group (p=.76), or group × time 

interaction (p=.77) effects were observed.  

 
Figure 2c shows the percentage of flow mediated dilation at pre, mid and end intervention in both 

groups. Repeated measures ANOVA found that there is a time effect, F(2,9) =9.70, p=.01, η2=.683, 
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but no significant group (p=.70) or group  × time interaction (p=.87) effect. Post hoc analyses 

revealed that FMD was significantly higher at 12 weeks compared to both baseline (p=.002) and 6 

weeks (p=.002).   

 
As a specific interest was to examine the effects of Tai Chi, secondary analyses were conducted to 

assess the effects of Tai Chi on blood pressure and vascular function. Three time (pre, mid, post) 

ANAOVAs, revealed a significant time effect for SBP, F(2,9) = 8.98, p=.007, η2=.666, no time effect 

for DBP (p=.402), and a trend towards a time effect for FMD, F(2,4)=5.87, p=.065, η2=.746.   
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Figure 2. a) Diastolic blood pressure, b) Systolic blood pressure, and  c) flow mediated dilation at 

baseline, mid and end intervention. Data are expressed as mean ± SE. # indicates significantly 

different as compared to pre training, + indicates significantly different compare to mid training 
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Table 2 presents data for physical fitness, as assessed by a submaximal treadmill test, at baseline 

and end intervention. Significant time, F(1,17)=13.72, p=.002, η2=.447, and group x time 

interaction, F(1,17)=6.56, p=.020, η2=.278, effects were found for fitness, but no overall group 

effect (p=.88). Further analysis showed that physical fitness was improved in the Zumba Gold® 

group with p<.001 following intervention, but no such change was found following Tai Chi.    

Four measures of physical function were undertaken to provide insight into both upper and lower 

body flexibility (See Table 2). Measures were not different when the two groups were compared at 

baseline, with the exception of lower body flexibility (Chair sit and reach test). Participants in the 

Zumba Gold® group had better lower body flexibility t(19)= -2.305, p=.033). Following intervention, 

there was an improvement in lower body flexibility, with a significant time effect, F(1,9)=5.17 

p=.049, and group effect F(1,9) = 7.68 p=.022, but no time by group interaction effect. A significant 

time effect for timed up and go, F(1,19)=10.61, p=.004, η2=.358) showed that participants in both 

groups completed the task faster following the intervention period, however there were no group 

(p=.156) or group x time interaction (p=.934) effects. There was an increase in repetition time in the 

30 seconds chair stand test at end intervention in both groups. A repeated measures ANOVA 

yielded a significant time effect, F(1,19)=24.87, p<.001, η2=.567, but no significant group (p=.553) 

or group x time interaction (p=.510) effect. Secondary analyses in participants in the Tai Chi group 

only showed an significant improvement the chair stand test, F(1,10)=7.45, p=.021, η2= .427, but no 

change in the timed up and go assessment (p=.083).  
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Table 2. Physical Fitness and Markers of Physical Function relating to flexibility (back scratch and 
chair sit and reach) and muscle strength (Timed up and go and 30 second chair stand) were 
assessed at baseline (0 weeks) and end intervention (12 weeks). Data are expressed as mean ± (S.E) 
* indicates significantly different compared to baseline. 

 Tai Chi Zumba 

Baseline End 
Intervention 

Baseline End 
Intervention 

P
h

ys
ic

a
l 

Fi
tn

es
s Submaximal 

test 
(mg/kg/min) 

23.8 (2.8) 24.6 (5.4) 26.6 (2.3) 31.5 (5.0) 

P
h

ys
ic

a
l F

un
ct

io
n

 Back Scratch  -7.7 (7.4) -7.3 (9.1) -3.0 (7.4) -1.0 (6.3) 

Chair sit and 
Reach 

-2.8 (8.3) 0.5 (10.8) 6.4 (10.0) 10.6 (6.4) 

Timed up and 
Go 

7.7 (1.7) 6.9 (1.1) 6.9 (1.4) 6.1* (1.2) 

30 Second 
Chair stand 

13.5 (2.8) 15.9# (4.4) 14.3 (5.3) 17.4* (5.0) 

 
 
 
 
Markers of oxidative stress were assessed at baseline and end intervention. At baseline the Zumba 

Gold® group had a lower protein oxidation (1.16 nmol/mg compared to 2.97nmol/mg) on average 

than those in the Tai Chi group. Total antioxidant capacity (Figure 2a) increased in both groups, 

whilst markers of lipid (figure 2b) and protein (figure 2c) oxidation decreased at end intervention 

compared to baseline.  

Statistical analysis of data suggested that although there appeared to be an increase in the total 

antioxidant capacity over time, F(1,18) = 6.43, p=.021, η2=.263, there were no statistically 

significant group (p=.785) or group x time effects (p=.746). Analysis of protein oxidation showed a 

time effect, F(1,16)=9.09, p=.008, η2=.362, and a group effect, F(1,16) = 156.84, η2=.907, but no 

group x time interaction effect (p=.229).  For protein oxidation a group × time ANOVA revealed a 

significant time effect, F(1,19)=17.01, p=.001, η2= .472, but no group effect (p=.585) or significant 

group x time interaction effect (p=.092). Given our specific interest in Tai Chi, when exploring the 

Tai Chi group only, significant changes were found for total antioxidant capacity, F(1,10) = 5.62, 

p=.039, η2=.360, protein oxidation, F(1,8)=6.35, p=.036, η2=.442, and lipid oxidation, F(1,10) = 

16.43, p=.002, η2= .622.  
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Figure 3. a) Total antioxidant capacity, b) Lipid peroxidation and c) protein oxidation assessed at 
baseline and end intervention. Data are expressed as mean ± SE. # indicates significantly different 
relative to pre training. 
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Figure 4. CRP assessed at baseline and end intervention. Data are expressed as mean ± SE. 

Figure 4 shows the plasma concentration of CRP. ANOVAs revealed no group, time, group × time 

interaction effects for these inflammatory markers. In the Tai Chi Group a Wilcoxon matched pairs 

analysis showed a trend to decreased CRP post Tai Chi (p=0.09).  

 

Table 3 presents the wellbeing data for both groups at baseline and post-intervention. There were 

baseline differences in some fatigue-reated outcomes, with general, physical and mental fatigue as 

well as reduced motivation higher in people allocated to the Tai Chi group. Group by time ANOVAs 

revealed a time effect for anxiety, F(1, 19) = 8.44, p=.009, η2=.308, indicating a reduction in anxiety 

post intervention. There were also significant time effects for physical fatigue, F(1,19) = 9.76, 

p=.006, η2=.339, and mental fatigue, F (1,19) = 4.94, p=.039, η2=.206, with the markers of fatigue 

lower post-intervention compared to baseline. The Group by Time interaction effect for mental 

fatigue, F(1,19) = 5.72, p=.027, η2=.231, revealed that the reduction in mental fatigue was greater 

following Tai Chi compared to Zumba Gold. Finally, group effects were evident for physical fatigue, 

F(1,19) = 7.50, p=.013, η2=.283, mental fatigue, F(1,19) = 4.57, η2=.194, and reduced motivation, 

F(1,19) = 8.88, p=.008, η2=.319, which were all significantly higher in Tai Chi compared to Zumba 

Gold. No significant time, group or group by time interaction effects were found for perceived 

mental or physical health. In addition, a significant time effect was evident for sleep quality, F(1,19) 

= 14.71, p=.001, η2=.436.  Given the specific interest in the Tai Chi intervention, additional analyses 
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were conducted to explore the effects in the Tai Chi group only. This revealed a significant 

improvements in physical fatigue, (F(1,10) = 6.14, p = .033, η2=.380, mental fatiguie, F(1,10) = 7.56, 

p=.020, η2=.431 , and sleep quality, F(1,10)=5.71, p=.038, η2=.364.   

 
 
Table 3. Mean (SD) baseline and post-intervention wellbeing measures for the Tai Chi and Zumba 
groups.  * significantly different from Tai Chi, p<.05, p-values based on Group × Time ANOVAs. PCS: 
Physical Health – SF12, MCS: Mental Health – SF12.  
 
 

 Baseline Post intervention p-values of ANOVA 

 Tai Chi Zumba Tai Chi Zumba Time Group 
× 

Time 

Group 

Anxiety 4.5 (3.9) 5.3 (4.3) 3.7 (4.0) 4.1 (3.2) .009 .485 .717 

Depression 3.1 (4.2) 2.5 (2.7) 2.9 (3.1) 2.7 (3.1) .979 .586 .780 

General fatigue 10.2 
(2.3) 

7.5 
(3.2)* 

8.6 (3.4) 7.5 (3.7) .288 .288 .124 

Physical fatigue 10.3 
(2.5) 

7.0 
(3.1)* 

7.6 (2.5) 5.8 (1.9) .006 .257 .013 

Mental fatigue 9.7 (3.0) 6.4 
(2.4)* 

7.0 (2.1) 6.5 (2.1) .039 .027 .046 

Reduced activity 9.8 (3.5) 6.6 (4.2) 7.6 (3.3) 5.7 (2.6) .054 .385 .067 

Reduced 
motivation 

9.6 (2.9) 6.1 
(2.0)* 

7.8 (2.9) 5.8 (2.6) .143 .288 .008 

Subjective vitality 4.6 (1.0) 5.1 (0.7) 4.6 (0.9) 5.2 (0.8) .554 .554 .194 

PCS 52.4 
(9.3) 

52.2 
(9.3) 

52.5 (8.9) 55.2 (6.0) .243 .258 .724 

MCS 41.4 
(3.3) 

43.1 
(3.2) 

43.0 (6.0) 44.2 (4.5) .261 .794 .361 

Sleep Quality 2.1 (0.7) 2.1 (0.7) 1.7 (0.8)  1.6 (0.5) .001 .552 .836 
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Discussion 

The aim of this study was to explore the potential of Tai Chi as an intervention to reduce markers of 

frailty. Tai Chi was compared to Zumba Gold®, rather than a resting control, in order to investigate 

the potential of a perceived low impact form of exercise, compared to a moderate form of exercise, 

to reduce markers of frailty. The most common barriers to exercise reported by older age adults are 

lack of interest and motivation, lack of time and fear of injury or falls (Franco, Tong et al. 2015). 

Therefore this study assessed Tai Chi as an exercise mode that might be appealing to older age 

adults, that is safe for this age group and that is undertaken as a group with an instructor. These 

elements were considered important to achieve a successful intervention, for example, using a 

trainer led group setting can motivate participants compared to an individual exercise programme 

(Ntoumanis, Thogersen-Ntoumani et al. 2017). Tai Chi was compared to Zumba Gold®, which was 

selected due to its aerobic nature and appropriateness for an older adult population (Dalleck, Roos 

et al. 2015). Zumba Gold® was also undertaken with an instructor as a group session and thus 

mimicked the group interaction of participants to the Tai Chi group.  

 

Following 3 months of exercise training, a significant improvement in endothelium dependent 

dilation was observed in both the Tai Chi and Zumba Gold®  groups (figure 1c). These changes 

suggest that both forms of exercise are beneficial in reducing risk of cardiovascular disease, which 

has been strongly associated with frailty (Fried, Tangen et al. 2001).  The benefits of Tai Chi on 

cardiorespiratory health have been reported (Lu, Hui-Chan et al. 2013, Song, Xu et al. 2014, Zheng, 

Li et al. 2015). In line with previous studies (Lu and Kuo 2006, Lauche, Peng et al. 2017) the current 

study reported a reduction in blood pressure. To our knowledge, only one other study has assessed 

the effect of Tai Chi on vascular function using FMD (Shin, Lee et al. 2015). That study, by Shin, Lee 

et al. (2015) looked at the ability of Tai Chi to improve endothelial function and arterial stiffness in 

elderly women with rheumatoid arthritis and reported smaller improvements than those detected 

in the current study. Other studies have reported improvements in vascular function in response to 

different exercise training modes of moderate intensity using aerobic exercise (Westhoff, Franke et 

al. 2007, Swift, Weltman et al. 2014), a combination of aerobic and resistance exercise (Miche, 

Herrmann et al. 2006), and resistance exercise using hand grip  (Badrov, Freeman et al. 2016). 

However, the current study is the first to report improvements in vascular function following a Tai 

Chi intervention in healthy older adults, and showed that these improvements were evident even in 

the absence of significant improvements in cardiorespiratory fitness.  
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It has been suggested that physical activity has the potential to improve endothelial function by 

reducing oxidative stress and inflammation (Korsager Larsen and Matchkov 2016), as well as 

increases in shear stress on the vasculature during physical activity (Wilson, Ellison et al. 2015). The 

importance of oxidative stress and inflammation in the frailty phenotype is increasing (Liu, Lyass et 

al. 2016, Zhu, Liu et al. 2016) and these markers offer an opportunity to understand the potential 

mechanisms of action of exercise on the frailty phenotype. Indeed numerous studies have reported 

that moderate-intensity exercise intervention can reduce age-related increases oxidative stress and 

inflammation (Ji 2001, Konig, Wagner et al. 2001, Yu and Chung 2006, Ji 2008, Mendoza-Nunez, 

Hernandez-Monjaraz et al. 2014, Mendoza-Nunez, Arista-Ugalde et al. 2018). In line with this, 

markers of oxidative stress (8-isoprostane) and antioxidant capacity were significantly altered 

following 12 weeks of Tai Chi. The present study is the first to show that Tai Chi has the ability to 

alter circulating redox status.  

 

Older age adults experiencing the early phases of the frailty phenotype commonly see a reduction 

in physical function and fitness which can not only cause a loss in independence, but can also 

contribute to increasing incidence of falls. A high risk of falls is associated with frailty and has been 

reported to be due to poor balance and reduced muscle strength and endurance (Lang, Michel et 

al. 2009), but exercise can improve both balance and muscle strength. In the present study, two 

functional measures of balance and strength were assessed: timed up and go test and 30 seconds 

chair stand. Participants in the Zumba Gold® group showed a significant improvement in these 

measures after 12 weeks. Looking at the nature of the Zumba Gold® routines, this is not surprising 

given dance routines such as Merengue and Salsa, which involve lower limb muscle movement. For 

participants in the Tai Chi group, improvements in these assessments were also seen, but these 

were only statistically significant for leg strength and movement. Even though Tai Chi involves less 

intense lower limb movement compared to Zumba Gold®, the improvements in the Tai Chi group 

are likely to be due to the ‘feel the ground’ philosophy in Tai Chi. Feel the ground is the basic 

concept of standing with your knees slightly bent, and channelling all your weight equally through 

both legs, which helps the development of balance and muscle strength, especially calf muscles. 

Both groups improved upper and lower body flexibility. Several studies have suggested that Tai Chi 

can improve aspects of physical functioning in older adults (Lan, Lai et al. 2002, Faber, Bosscher et 

al. 2006, Zeeuwe, Verhagen et al. 2006, Frye, Scheinthal et al. 2007, Chin, van Uffelen et al. 2008, 

Song, Zhang et al. 2014) but this is the first study to directly compare Tai Chi to a form of aerobic 

exercise, and to assess aspects of physical function together with outcomes of vascular, metabolic 
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and mental health. Together these improvements in balance, muscle strength, and flexibility all 

contribute to enhanced functional ability to be able to conduct everyday tasks in life.  

 

Whilst some measures of well-being such as anxiety are not part of the classical frailty phenotype, 

physical and mental fatigue speak to the well established exhaustion frailty criteria. In our measures 

of well-being,  anxiety, physical and mental fatigue were lower following the exercise interventions. 

Interestingly, the decrease in mental fatigue was greater following Tai Chi.  However, it should be 

acknowledged that mental fatigue was higher in the Tai Chi group at baseline, which could have 

contributed to this significant interaction effect.  Given the improvements in physiological outcome 

measures, it is perhaps surprising that no other markers of positive or negative wellbeing were 

changed following the intervention.  A potential explanation for this lack of improvement following 

either Tai Chi or Zumba Gold exercise, could be due to the relatively high levels of wellbeing in the 

participants at baseline.  For example, given that a depression score of 8 or higher on the HADS can 

be considered as experiencing mild depressive symptoms, the average score of below 3 for the 

participants in the current study indicates that the participants had very low levels of depression. 

Therefore it is possible that there was a ceiling effect, which made it difficult for participants to 

improve their wellbeing. It is also possible that in order to achieve further improvements in 

wellbeing in those with relatively high levels of wellbeing, more intense exercise is necessary.  In 

line with this suggestion, it has been found that in those who are not physically active, a reduction 

in all-cause mortailty risk can be achieved by low levels of exercise (non-exercise activity). Whereas 

more intensive exercise is necessary to achieve a reduction in all-cause mortailty in those who are 

active (Matthews, Moore et al. 2015). However, without specifically testing these hypotheses, this 

will remain speculation.  

 

This study did not include a control (no exercise) group. Whilst a control group or social interaction 

group could have been implemented to meet 3 times a week, to mimick the exercise commitment 

and allow exposure to social interaction, there are already many reports about the value of social 

interaction for older adults (Segel-Karpas, Ayalon, & Lachman, 2018; Tiikkainen & Heikkinen, 2005). 

A strength of this study is that Zumba Gold® was used as an exercise control. Zumba Gold® could be 

considered as an aerobic form of exercise, and the benefits of aerobic exercise have been very well 

characterised in older age adults.  This study experienced a 40% dropout during the intervention, 

which was higher than the anticipated 30% previously seen in studies using exercise interventions 

in older age adults (Farrance, Tsofliou et al. 2016). Therefore, the number of participants 
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completing the study was lower than expected which inevitably impacted the statistical power of 

this study. However, exploration of the effect sizes of the non-significant findings revealed in 

general low effect sizes (all η2‘s < .182). Therefore, it is unlikely the non-significant findings were 

due to low sample size.    

This study presents data to show that twelve weeks of Tai Chi improved markers of physiological 

and psychological health which make up the frailty phenotype in older age adults. Tai Chi is capable 

of stimulating similar improvements in vascular function, physical function and quality of life as an 

aerobic mode of exercise such as Zumba Gold®, especially in strengthening leg muscles and body 

endurance, and thus it has the capability to reduce frailty. 
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Tai Chi is an effective form of exercise to reduce markers of frailty in older age. 

Highlights: 

 Exercise has the potential to prevent, delay or even reverse frailty, but not all exercise is 

perceived as suitable for an older age population.  

 In this study twenty-one participants (65 to 75 years old) were recruited and randomized to 

a 12-week Tai Chi or Zumba Gold® exercise intervention.  

 Tai Chi improved systolic blood pressure, vascular function, and functional fitness following 

the 12-week intervention.  

 Antioxidant capacity was significantly increased and lipid oxidation significantly reduced 

after 12 weeks of Tai Chi compared to baseline.   

 Anxiety, physical and mental fatigue decreased in the Tai Chi group after 12 weeks. 

 These changes suggest that Tai Chi has the potential to reduce frailty in older age adults.  
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