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Background: Tai Chi is rapidly gaining in popularity, worldwide.  This study was performed to assess 

its impact on cardiovascular risk factors in comparison with resistance training exercises in elderly 

Chinese subjects. 

 

Methods: A total of 207 healthy elderly participants (65-74 years, 113/207 (55%) men) were randomly 

assigned to one of three intervention groups: 1) Tai Chi, three times/week for one hour/session (n=64); 

2) Resistance training exercise, three times/week for one hour/session (n=65); 3) Usual level of 

physical activity control group (n=78).  Anthropometric measures, dual x-ray densitometry body 

composition, blood pressure, lipids, glycaemic, and insulin sensitivity indices were measured at 

baseline, and 12 months.  Repeated measures analysis of variance was used to assess the between-

group changes using a last-observation-carried-forward intention-to-treat approach. 

 

Results: A total of 180 (87.0%) subjects completed the study.  No significant changes were identified 

in the Tai Chi group compared to the resistance training or control groups.  Of the primary outcomes, 

only the improvement in the insulin sensitivity index differed being significantly greater in the 

resistance training than in the control group (mean difference 0.018 (95%CI 0.000, 0.037) mmol 

glucose/min, p=0.02), and tending to be greater than in the Tai Chi group (mean difference 0.019 

(95%CI 0.000, 0.038) mmol glucose/min, p<0.06).   

 

Conclusion: Tai Chi had no significant effect on any measure compared to the controls, whereas 

resistance training improved the insulin sensitivity index in this 12 month study.   
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Introduction 

Increasing age is associated with the development of chronic disease, such as the clustering of the 

cardiovascular risk factors hypertension, type 2 diabetes, obesity and dyslipidaemia which constitute 

the metabolic syndrome.1,2  Healthy ageing is therefore a major goal for the medical community to 

limit age-related morbidity.  Increasing physical activity has been shown to reduce cardiovascular risk 

factors and associated mortality. For instance, in a Chinese subjects with white coat hypertension 

treadmill-based moderate physical activity three times per week improved the blood pressure and lipid 

profile.3  In epidemiological studies, a group of predominantly Caucasian males aged 45-84 years who 

started moderate physical activity lowered mortality by 23% than those who do not,4 whereas in 

another US population males and females with low compared to high physical activity increased their 

risk by 52 and 110%, respectively.5  Similar observations have also been described in elderly, mainly 

Caucasian, populations.6,7   

 Tai Chi, a set of Chinese systematic callisthenic exercises, became well established in the late 

Ming (1368–1644) and early Qing (1644–1911) dynasties.  The circular movements are slow and 

require the muscles to remain relaxed whilst making a sustained even and continuous effort. Studies 

investigating Tai Chi have generally concentrated on the modulation of cardiorespiratory function, 

balance, flexibility and mental well-being, which were often reported to improve in the subjects 

participating in the Tai Chi intervention compared to the comparator group,8-14 but not in all 

studies.12,14  However, well-controlled trials assessing the effect of Tai Chi on cardiovascular risk 

factors are lacking.15,16  Indeed, a recent systematic review found that of 743 abstracts describing Tai 

Chi only nine were randomised controlled trials and these were of a short duration of 8-16 weeks.14-17  

That review also suggested that bias in presentation of positive data and publication selection bias 

occurred.14  The meditative component of the Tai Chi movements has the potential to reduce stress 

levels that can mediate a range of effects by attenuating the sympathoadrenal axis.  Reductions in 

catecholamine levels can improve the lipid profile, the haemodynamic profile, including blood 

pressure, and coagulation profile.18  Similarly, stress can activate the hypothalamic-pituitary-adrenal 
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axis increasing hypothalamic release of multiple corticotropin secretagogues, corticotropin-releasing 

hormone and arginine vasopressin.19  Cortisol hypersecretion has been associated with 

hypertension, and the development of the constellation of cardiovascular risk factors, including 

diabetes, hypertension and dyslipidaemia, termed the metabolic syndrome, and associated 

cardiovascular comorbidities.{Rosmond, 2005 #5003;Bjorntorp, 1999 #3000) 

 The benefits of resistance training in the elderly have been more widely investigated.  

Resistance training has been reported to preserve or increase skeletal muscle mass and functional 

status,6,21,22 as well as improving memory and well-being.23,24  However, the impact of physical activity 

on cardiovascular risk factors, particularly in the elderly, is less clearly understood.  Although studies 

have reported beneficial effects of activity, especially for aerobic activity, on these parameters,6,25-27 the 

findings for resistance training are not consistent.27,28 The use of resistance training to improve skeletal 

muscle mass may improve insulin resistance,6,21,22 a potentially important contributing factor to the 

metabolic syndrome, and thus improve the cardiovascular risk factor profile.1,2,29 

Despite a lack of rigorous evidence, increasing interest has led to a rapid increase in the United 

States of America of those practicing Tai Chi to promote healthy ageing.  In this study we compared 

the effects on cardiovascular risk factors over 12 months of Tai Chi in contrast to a resistance training 

group and a control group.   

 

Methodology 

Study participants 

The study was approved by the Clinical Research Ethics Committee of the Chinese University of Hong 

Kong.  A total of 225 participants (65-74 years) who gave written informed consent were recruited 

from community centres for the elderly.  Subjects with impaired mobility, dementia, known 

cardiovascular disease or uncontrolled/newly diagnosed hypertension were excluded, as were those 

who were regularly performing exercise.  After screening for uncontrolled diabetes (glycated 

haemoglobin >10%), or ongoing physical activity for at least 5 years, 207 Chinese subjects (55% men 
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(113/207)) were eligible for randomisation (92% (207/225)).  A flow diagram of the study as outlined 

in the Consolidated Standards of Reporting Trials (CONSORT) statement30,31 is shown in the figure.   

 

Primary outcomes 

Although a number of cardiovascular risk factors were investigated in the current study, the major 

components or determinants of the metabolic syndrome were identified outcomes of primary interest.  

The study power calculations were based on assumed changes in blood pressure and insulin sensitivity 

levels.  The primary outcomes were; anthropometry: body mass index, waist circumference and dual x-

ray densitometry percentage body fat; blood pressure: systolic and diastolic blood pressures; lipids: 

low- and high-density lipoprotein-cholesterol; insulin resistance: fasting glucose and short insulin 

tolerance test insulin sensitivity index.  The remaining parameters were considered secondary. 

 

Randomisation of subjects 

A computer generated randomisation list, stratified by sex, allowing for a 20% extra allocation of 

subjects to the control group (to allow for a greater expected drop-out rate) was produced.  The list was 

held by one study member, and as the subjects were recruited they were allocated to the appropriate 

group by the study nurse.  We randomised 64 to Tai Chi, 65 to resistance training and 78 to the control 

group (Figure)   

 

Energy expenditure evaluation  

Evaluation of overall energy expenditure was based on the modified Yale Physical Activity Survey.32-

35  The questionnaire includes the duration and frequency of daily activities including occupational 

work, general (including household duties), sports and leisure time activities, sitting and sleeping.  The 

structured questionnaire has been validated in this population,36 has a broad coverage and uses intensity 

codes from existing studies.33-35   
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Exercise program 

The exercise interventions were carried out for 12 months, with a study log completed when the 

subjects attended each group exercise session to assess compliance.  Those undertaking the exercise 

interventions attended a health centre, for one hour sessions three times each week.   

 The Tai Chi (n=64) was performed using the 24 forms or movements of the simplified Yang 

style. The Yang style is the most popular form of Tai Chi.14  The standardized 24 forms were proposed 

by the Chinese National Council of Sports and Physical Education of the Government of the People’s 

Republic of China in 1956.  They have been adopted to reduce the complexity and time required to 

complete the forms.  A 15 minute warm-up period followed by a 45 minutes period of the Yang style 

Tai Chi was performed, three times a week.  The subjects were encouraged to practice the Tai Chi 

forms between classes.  A registered Tai Chi master supervised the Tai Chi classes.  The Tai Chi 

master explained how the forms should be performed and throughout each lesson directed the lesson 

by performing the forms and the subjects followed the motions.  

 The muscle strength/resistance training (n=65) sessions were performed three times per week 

for 45 minutes supervised by a qualified trainer who directed each stage of the session instructing the 

subjects which action should be performed.  Stretching of muscle groups for 15 minutes was 

performed as warm up, before the actual muscle strength training session.  There were seven forms of 

motion (upper body strengthening: arm lifting; central body strengthening: hip adduction; lower body 

strengthening: heel raise, knee flexion, hip extension and ankle dorsiflexion).  Each motion was 

repeated 30 times at each visit using a Theraband, a cloth-covered elasticated loop (Hygienic, Akron, 

Ohio), to provide the resistance.  Additional Therabands were available to increase the resistance as 

required on an individual basis to progress the resistance training.  Given the age of the subjects and 

the aim of assessing the intervention for long-term health improvements there was no forced 

progression of the resistance training, and although the subjects were encouraged, none of the 

participants wished to increase the level of resistance. 
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 The volunteers in the non-intervention control group (n=78) were requested to maintain their 

usual levels of physical activity for the duration of the study. 

 

Baseline and outcome measurements  

All subjects, including controls, had the physiological and clinical assessments measured at baseline, 

and 12 months after the initiation of the exercise program.  Percentage body fat was measured by dual 

x-ray densitometry (Hologic QDR-4500, Waltham, Massachusetts).  Fasting plasma parameters (Table 

1) were measured as previously reported.1,37  Blood pressure and pulse rate (mean of three readings 

taken one minute apart after five minutes seated rest) were measured with an automatic 

sphygmomanometer (Dinamap, Critikon, California).  Hypertension was classified as systolic/diastolic 

blood pressure ≥140/90 mm Hg; dyslipidaemia as total cholesterol ≥6.2 or 5.2-6.2 mmol/L, if the total 

cholesterol-to-high-density lipoprotein-cholesterol ratio was ≥5.0; or triglycerides ≥2.3 mmol/L; 

impaired fasting glucose/diabetes as a glucose between 6-7.0/≥7.0 mmol/L; or in each category the use 

of medications.  Overweight or obesity were defined according to criteria for Asian populations as a 

body mass index ≥23.0/25.0 kg/m2.38 

The short insulin tolerance test is a simple 20 minute protocol which assesses the glucose decay 

curve following an intravenous bolus of 0.1 U/kg insulin (Actrapid HM, Novo Nordisk, Bagsvaerd, 

Denmark) through a cannulated antecubital vein as previously reported.39  The intra-subject coefficient 

of variation was 7-9% in normal controls.39  Insulin sensitivity was determined from the slope of a 

least-squares linear regression performed on glucose concentrations obtained during the maximum 

response to insulin.   

 

Statistical analyses 

Data from normally distributed parameters are presented as mean±standard deviation.  Skewed data 

were logarithmically transformed and expressed as geometric mean with 95% confidence intervals 

(95%CI).  Baseline differences in the continuous variables were assessed using analysis of variance 
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with Bonferroni post hoc test to identify where possible differences may exist.  Differences in non-

continuous data between the groups were assessed using the χ2-test.  Repeated measures analysis of 

variance was used to determine whether longitudinal changes in the parameters within-groups were 

significantly different between the three study groups, which are the primary endpoints for of the study.  

Data from all 207 subjects who were randomised were included in the analyses using last-observation-

carried-forward intention-to-treat analyses.  The Statistics Package for Social Sciences (SPSS, 

Chicago, Illinois) was used for the above analyses. 

 

Results 

Subjects 

A total of 207 elderly participants (mean age 68.8±2.9 years, 55% men (113/207)) were randomised to 

one of three intervention groups: 1) Tai Chi, three times/week for 1 hour/session, 2) Resistance training 

exercise, three times/week for 1 hour/session, or 3) a control group who maintained their usual level of 

physical activity.  The mean age and sex distribution of the three groups were similar, as were the other 

parameters (Table 1).  There was a high prevalence of metabolic disorders found in each of these 

groups, with mean prevalence rates of 61% (126/207) for hypertension, 14% (29/207) impaired fasting 

glucose or diabetes, 59% (121/207) dyslipidaemia, and 65% (134/207) were overweight or obese 

(Table 1).  There were no differences in the prevalence of treatments for these conditions (Table 1).  

Calcium channel blockers (55%), β-blockers (23%), and diuretics (20%) were the most commonly 

prescribed blood pressure-lowering treatments, whereas sulphonylureas were the most commonly 

prescribed glucose-lowering agent (90%), of which 42% were in combination with metformin.  During 

the study only 12 subjects (5.8%) changed their medications, gemfibrozil was introduced in 1 patient; 

blood pressure treatment was changed or increased in 10 subjects, and glucose-lowering treatment 

changed or increased in 4 subjects, 3 of whom also had changes in antihypertensive therapy.  However, 

when we repeated the analyses after excluding these subjects there was no difference in the relationship 

between the interventions and the outcome measures (data not shown) 
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12 month follow-up 

A total of 180 subjects completed the study, 60 in each group, and in those subjects the proportion of 

classes attended over the 12 month study period, which was used to assess compliance, was high in 

both intervention groups being 81±16% in the Tai Chi, and 76±19% in the resistance training group.  

Using last-observation-carried-forward intention-to-treat analysis, those participants randomised to the 

Tai Chi (p=0.11) or resistance training (p=0.06) groups tended to increase their energy expenditure 

related to the controls (Table 2).  However, exercise-related energy expenditure was a relatively small 

proportion of the weight-adjusted daily total energy expenditure, which remained unchanged.   

 

Within-group analyses 

The glycaemic indices, glucose and glycated haemoglobin A1c improved significantly in all three 

groups.  Furthermore, in the intervention groups, waist circumference and heart rate were reduced, 

exercise and daily energy expenditures increased, but not significantly compared to the control 

group (Table 2).   

 

Between-group analyses 

When the longitudinal changes in the intervention groups were compared relative to the control group, 

the insulin sensitivity index was the only primary outcome for which a significant between-group 

difference was identified.  The resistance training group was found to have a significantly greater 

increase in sensitivity to insulin than the control group (mean difference 0.018 (95%CI 0.000, 0.037) 

mmol glucose/min, p<0.05).  There was also a tendency for the resistance training group to have a 

greater increase in insulin sensitivity than the Tai Chi group (mean difference 0.019 (95%CI 0.000, 

0.038) mmol glucose/min, p<0.06).  There was no evidence of a potential difference between the 

groups with the other primary outcome variables.   
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Discussion 

The strive for healthy ageing is leading to increases in the utilization of alternative therapies, but the 

purported benefits of Tai Chi have yet to be validated in controlled trials.  The study subjects were 

found to have similar prevalence rates of metabolic disorders as those of the age-matched general 

population.40,41  The compliance to the study interventions of the randomised subjects was high at 81 

and 76% for the Tai Chi and resistance training groups respectively.  The subjects were encouraged to 

increase their level of exertion throughout the study, and tended to increase the exercise related energy 

expenditure in the intervention groups.  However, relative to the total energy expenditure these energy 

expenditure changes were small, but are likely to be representative of levels of activity that can be 

maintained in similarly aged populations.  It is possible that the subjects modified other daily activities 

to compensate for their increased energy expenditures during exercise, and this could have negated 

some of the beneficial effects of the exercises. Maintenance of other activities should be encouraged in 

such intervention studies.  Limited total energy changes in response to exercise intervention have been 

reported in other populations.42  This may, in part, explain the minimal significant improvements in the 

parameters in the intervention groups compared to the controls, as has been reported in other 

studies.27,28 

The between-group analyses found the insulin sensitivity index was improved more in the 

resistance training group compared to the controls, and the time to reduce glucose levels by an 

equivalent to baseline tended to be lower.  It had been envisaged that resistance training may improve 

insulin sensitivity.26,43  Peripheral insulin resistance has been purported to be a major risk factor for the 

development of the metabolic syndrome.29 However, in Chinese it is unlikely to be a major 

determinant independent of obesity.1,2  Resistance training has been reported to improve the 

performance/mass of skeletal muscle,6,21,22 the major site of insulin resistance in metabolic syndrome 

patients.29  The absence of a significant difference may in part be due to the large variability in these 

parameters or insufficient intervention intensity.  Additionally, the short insulin tolerance test may also 

measure hepatic rather than skeletal muscle sensitivity and so may not be sensitive to this change. 
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Although studies suggest that Tai Chi improves cardiorespiratory function, balance, flexibility 

and mental well-being,8-13 only minimal data describe its effects on cardiovascular risk.  One report 

suggested that Tai Chi reduced blood pressure to a similar extent as aerobic exercise,15 but no non-

intervention control group was included, so conclusions cannot be drawn.  Similarly in another study in 

patients post myocardial infarction, blood pressure fell in the Tai Chi and aerobic exercise groups, but 

the authors could not compare with the non-exercise support group as only 8% (4/47) of the group 

completed the study.16  The lack of a satisfactory non-intervention control group means the 

confounding placebo or “Hawthorne” effect cannot be excluded, and may contribute to the conflicting 

nature of the literature,14 as may have been the case in the present study had we not included a control 

group.  A limitation of the current study is the lack of data describing life style factors such as alcohol 

consumption and smoking history in these subjects.  Furthermore, 12 subjects (5.8%) changed their 

medications during the study, although repeating the analyses without those subjects did not affect the 

findings.  Medications may have attenuated the changes associated with the physical activity 

interventions, but are representative of those that would be seen in older populations, and thus 

investigation of the interventions in subjects receiving common treatments is appropriate. Although the 

majority of the subjects had at least one metabolic abnormality, it is possible that a population with all 

the subjects having more abnormal metabolic profiles may have responded to a greater extent to the 

activity interventions. 

In summary, we found that despite apparent within group improvements in a number of 

anthropometric and metabolic parameters, intervention with Tai Chi or resistance training did not 

significantly improve those parameters relative to the control group, except for resistance training 

which improved the insulin sensitivity index from the short insulin tolerance text.   

 

Acknowledgements 

The study was funded by the University Grants Council award CUHK 4303/99M.     

 



 12

References 

1. Thomas, G.N., Critchley, J.A.J.H., Tomlinson, B., Anderson, P.J., Lee, Z.S.K. & Chan, J.C.N. 

(2000) Obesity, independent of insulin resistance, is a major determinant of blood pressure in 

normoglycaemic Hong Kong Chinese. Metabolism 49, 1523-1528. 

2. Chan, J.C.N., Cheung, J.C.K., Lau, E.M.C., Woo, J., Chan, A.Y.W. & Cockram, C.S. (1996) The 

metabolic syndrome in Hong Kong Chinese. The interrelationships among its components 

analyzed by structural equation modeling. Diabetes Care 19, 953-959. 

3. Tsai, J.C., Liu, J.C., Kao, C.C., Tomlinson, B., Kao, P.F., Chen, J.W. & Chan, P. (2002) Beneficial 

effects on blood pressure and lipid profile of programmed exercise training in subjects with white 

coat hypertension. American Journal of Hypertension 15, 571-576. 

4. Paffenbarger, R.S., Jr., Hyde, R.T., Wing, A.L., Lee, I.M., Jung, D.L. & Kampert, J.B. (1993) The 

association of changes in physical-activity level and other lifestyle characteristics with mortality 

among men. New England Journal of Medicine 328, 538-545. 

5. Blair, S.N., Kampert, J.B., Kohl, H.W., Barlow, C.E., Macera, C.A., Paffenbarger, R.S. & 

Gibbons, L.W. (1996) Influences of cardiorespiratory fitness and other precursors on 

cardiovascular disease and all-cause mortality in men and women. Journal of the American 

Medical Association 276, 205-210. 

6. George, B.J. & Goldberg, N. (2001) The benefits of exercise in geriatric women. American 

Journal of Geriatric Cardiology 10, 260-263. 

7. Pescatello, L.S. (1999) Physical activity, cardiometabolic health and older adults: recent findings. 

Sports Med 28, 315-323. 

8. Hong, Y., Li, J.X. & Robinson, P.D. (2000) Balance control, flexibility, and cardiorespiratory 

fitness among older Tai Chi practitioners. British Journal of Sports Medicine 34, 29-34. 

9. Wolfson, L., Whipple, R., Derby, C., Judge, J., King, M., Amerman, P., Schmidt, J. & Smyers, D. 

(1996) Balance and strength training in older adults: intervention gains and Tai Chi maintenance. 

Journal of the American Geriatric Society 44, 498-506. 



 13

10. Lan, C., Lai, J.S., Chen, S.Y. & Wong, M.K. (2000) Tai Chi Chuan to improve muscular strength 

and endurance in elderly individuals: a pilot study. Archives of Physical and Medical 

Rehabilitation 81, 604-607. 

11. Li, J.X., Hong, Y. & Chan, K.M. (2001) Tai chi: physiological characteristics and beneficial 

effects on health. British Journal of Sports Medicine 35, 148-156. 

12. Nowalk, M.P., Prendergast, J.M., Bayles, C.M., D'Amico, F.J. & Colvin, G.C. (2001) A 

randomised trial of exercise programs among older individuals living in two long-term care 

facilities: the FallsFREE program. Journal of the American Geriatric Society 49, 859-865. 

13. Jin, P. (1992) Efficacy of Tai Chi, brisk walking, meditation, and reading in reducing mental and 

emotional stress. Journal of Psychosomatic Research 36, 361-370. 

14. Wang, C., Collet, J.P. & Lau, J. (2004) The effect of Tai Chi on health outcomes in patients with 

chronic conditions: a systematic review. Archives of Internal Medicine 164, 493-501. 

15. Young, D.R., Appel, L.J., Jee, S. & Miller, E.R., 3rd (1999) The effects of aerobic exercise and 

T'ai Chi on blood pressure in older people: results of a randomised trial. Journal of the American 

Geriatric Society 47, 277-284. 

16. Channer, K.S., Barrow, D., Barrow, R., Osborne, M. & Ives, G. (1996) Changes in haemodynamic 

parameters following Tai Chi Chuan and aerobic exercise in patients recovering from acute 

myocardial infarction. Postgradraduate Medical Journal 72, 349-351. 

17. Tsai, J.C., Wang, W.H., Chan, P., Lin, L.J., Wang, C.H., Tomlinson, B., Hsieh, M.H., Yang, H.Y. 

& Liu, J.C. (2003) The beneficial effects of Tai Chi Chuan on blood pressure and lipid profile and 

anxiety status in a randomised controlled trial. Journal of Alternative and Complementary 

Medicine 9, 747-754. 

18. Anfossi, G. & Trovati, M. (1996) Role of catecholamines in platelet function: pathophysiological 

and clinical significance. European Journal of Clinical Investigation 26, 353-370. 

19. Rosmond, R. (2005) Role of stress in the pathogenesis of the metabolic syndrome. 

Psychoneuroendocrinology 30, 1–10. 



 14

20. Bjorntorp, P. (1999) Neuroendocrine perturbations as a cause of insulin resistance. 

Diabetes/Metabolism Research Reviews 15, 427-441. 

21. Fielding, R.A. (1995) The role of progressive resistance training and nutrition in the preservation 

of lean body mass in the elderly. Journal of the American College of Nutrition 14, 587-594. 

22. Evans, W.J. (1995) Exercise, nutrition, and aging. Clinical Geriatric Medicine 11, 725-734. 

23. Perrig-Chiello, P., Perrig, W.J., Ehrsam, R., Staehelin, H.B. & Krings, F. (1998) The effects of 

resistance training on well-being and memory in elderly volunteers. Age & Ageing 27, 469-475. 

24. Dunn, A.L., Trivedi, M.H. & O'Neal, H.A. (2001) Physical activity dose-response effects on 

outcomes of depression and anxiety. Medicine & Science in Sports & Exercise 33, S587-597. 

25. Prabhakaran, B., Dowling, E.A., Branch, J.D., Swain, D.P. & Leutholtz, B.C. (1999) Effect of 14 

weeks of resistance training on lipid profile and body fat percentage in premenopausal women. 

British Journal of Sports Medicine 33, 190-195. 

26. Soukup, J.T. & Kovaleski, J.E. (1993) A review of the effects of resistance training for individuals 

with diabetes mellitus. Diabetes Education 19, 307-312. 

27. Schwartz, R.S. & Hirth, V.A. (1995) The effects of endurance and resistance training on blood 

pressure. International Journal of Obesity and Related Metabolic Disorders 19, S52-57. 

28. Halbert, J.A., Silagy, C.A., Finucane, P., Withers, R.T., Hamdorf, P.A. & Andrews, G.R. (1997) 

The effectiveness of exercise training in lowering blood pressure: a meta-analysis of randomised 

controlled trials of 4 weeks or longer. Journal of Human Hypertension 11, 641-649. 

29. Reaven, G.M. (1988) Banting Lecture 1988: role of insulin resistance in human disease. Diabetes 

37, 1595-1607. 

30. Moher, D., Schulz, K.F., Altman, D.G. & for the CONSORT Group (Consolidated Standards of 

Reporting Trials) (2001) The CONSORT statement: revised recommendations for improving the 

quality of reports of parallel-group randomised trials. Annals of Internal Medicine 134, 657-662. 

31. Altman, D.G., Schulz, K.F., Moher, D., Egger, M., Davidoff, F., Elbourne, D., Gotzsche, P.C., 

Lang, T. & for the CONSORT Group (Consolidated Standards of Reporting Trials) (2001) The 



 15

revised CONSORT statement for reporting randomised trials: explanation and elaboration. Annals 

of Internal Medicine 134, 663-694. 

32. Di Pietro, L., Caspersen, C.J., Ostfeld, A.M. & Nadel, E.R. (1993) A survey for assessing physical 

activity among older adults. Medicine & Science in Sports & Exercise 25, 628-642. 

33. Caspersen, C.J., Bloemberg, B.P., Saris, W.H., Merritt, R.K. & Kromhout, D. (1991) The 

prevalence of selected physical activities and their relation with coronary heart disease risk factors 

in elderly men: the Zutphen Study, 1985. American Journal of Epidemiology 133, 1078-1092. 

34. Taylor, H.L., Jacobs, D.R., Schucker, B., Knudsen, J., Leon, A.S. & Debacker, G. (1978) A 

questionnaire for the assessment of leisure time physical activities. Journal of Chronic Diseases 31, 

741-755. 

35. McArdle, W.D., Katch, F.I. & Katch, V.L. (1994). Essentials of exercise physiology. Philadelphia, 

PA, Lea and Febiger. 

36. Liu, B., Woo, J., Tang, N., Ng, K., Ip, R. & Yu, A. (2001) Assessment of total energy expenditure 

in a Chinese population by a physical activity questionnaire: examination of validity. International 

Journal of Food Science and Nutrition 52, 269-282. 

37. Thomas, G.N., Young, R.P., Tomlinson, B., Anderson, P.J., Woo, K.S., Sanderson, J.E. & 

Critchley, J.A.J.H. (1999) A sibling-pair analysis of fasting lipids and anthropometric 

measurements and their relationship to hypertension. Clinical and Experimental Hypertension [A] 

21, 1161-1176. 

38. World Health Organization (2000 [Reference can be found at 

http://www.idi.org.au/downloads/obesity_report.pdf]). The Asia-Pacific perspective: redefining 

obesity and its treatment, Health Communications, Australia. 

39. Anderson, P.J., Chan, J.C.N., Chan, Y.L., Tomlinson, B., Young, R.P., Lee, Z.S.K., Lee, K.K.C., 

Metreweli, C., Cockram, C.S. & Critchley, J.A.J.H. (1997) Visceral fat and cardiovascular risk 

factors in Chinese NIDDM patients. Diabetes Care 20, 1854-1858. 



 16

40. Thomas, G.N., Ho, S.Y., Janus, E.D., Lam, K.S.L., Hedley, A.J., Lam, T.H. & for the Hong Kong 

Cardiovascular Risk Factor Prevalence Study Steering Committee (2005) The US National 

Cholesterol Education Programme Adult Treatment Panel III (NCEP ATP III) prevalence of the 

metabolic syndrome in a Chinese population: the Hong Kong Cardiovascular Risk Factor Study. 

Diabetes Research and Clinical Practice 67, 251-257. 

41. Thomas, G.N., Ho, S.-Y., Lam, K.S.L., Janus, E.D., Hedley, A.J., Lam, T.H. & for the Hong Kong 

Cardiovascular Risk Factor Prevalence Study Steering Committee (2004) Continuous independent 

contribution of obesity and impact of body fat distribution on cardiovascular risk factors in a 

Chinese population: the Hong Kong Cardiovascular Risk Factor Study. Obesity Research 12, 

1805-1813. 

42. Westerterp, K.R. (2000) Daily physical activity and ageing. Current Opinions in Clinical Nutrition 

and Metabolic Care 3, 485-488. 

43. Poehlman, E.T., Dvorak, R.V., DeNino, W.F., Brochu, M. & Ades, P.A. (2000) Effects of 

resistance training and endurance training on insulin sensitivity in nonobese, young women: a 

controlled randomised trial. Journal of Clinical Endocrinology and Metabolism 85, 2463-2468. 

 

 



 17

Table 1. Baseline characteristics of the three study groups. 

Characteristic Controls 

(n=78) 

Tai Chi 

(n=64) 

Resistance training

(n=65) 

 Number (%), Mean ± standard deviation, or 

Geometric mean (95% confidence interval) 

Age (years) 69 ± 3.0 68.9 ± 2.8 69.1 ± 3.2 

Male sex  44 (56) 34 (53) 35 (54) 

Body mass index (kg/m2)* 24.2 ± 3.0 23.8 ± 3.9 24.2 ± 3.8 

Waist circumference (cm)* 86.5 ± 7.3 84.9 ± 11.0 86.9 ± 10.3 

Dual x-ray densitometry body fat (%)* 31.0 ± 7.0 29.6 ± 7.6 29.4 ± 7.1 

Systolic blood pressure (mm Hg)* 140 ± 20 142 ± 17 142 ± 23 

Diastolic blood pressure (mm Hg)* 71 ± 12 72 ± 13 72 ± 14 

Pulse (beats per min) 67 ± 11 70 ± 11 67 ± 9 

Total cholesterol (mmol/L) 5.5 ± 0.9 5.4 ± 1.0 5.5 ± 0.9 

Low density lipoprotein-cholesterol (mmol/L)* 3.6 ± 0.9 3.4 ± 0.9 3.6 ± 0.8 

High density lipoprotein -cholesterol (mmol/L)* 1.3 ± 0.3 1.4 ± 0.35 1.3 ± 0.4 

Triglycerides (mmol/L) 1.4 (1.3-1.5) 1.2 (1.1-1.4) 1.2 (1.1-1.4) 

Glucose (mmol/L)* 5.1 ± 0.9 5.0 ± 0.9 5.1 ± 0.9 

Glycated Haemoglobin A1c (%) 5.9 ± 0.8 5.8 ± 0.6 5.8 ± 0.7 

Insulin sensitivity (mmol glucose/min)*† 0.138 ± 0.051 0.141 ± 0.045 0.157 ± 0.065 

Glucose decrement (%)† 34.8 ± 9.8 33.6 ± 10.5 34.6 ± 11.3 

Exercise energy expenditure (Kcal) 592 ± 783 497 ± 550 581 ± 713 

Total daily energy expenditure (Kcal)* 2206 ± 397 2071 ± 378 2108 ± 425 

Prevalence of hypertension (Rx, %) 57.7 (30.8) 70.3 (37.5) 55.4 (23.1) 

Prevalence of dyslipidaemia (Rx, %) 55.1 (1.3) 62.5 (1.6) 58.5 (1.5) 

Prevalence of impaired fasting glucose/diabetes 

(Rx, %) 

4.0/8.0 (10.3) 7.8/10.9 (12.5) 3.2/9.7 (7.7) 

Prevalence of obesity (%) 37.2 40.6 40.0 

No significant differences between the three groups were identified.  *primary outcomes; †data 

generated from the short insulin tolerance test; ‡adjusted for body weight 
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Table 2. Absolute changes in group characteristics over the 12 month study period and repeated measures analysis of variance analysis of relative 

changes between the three study groups. 

 

Characteristics Controls Tai Chi Resistance training Repeated measures 
analysis of variance 

between group p values 
 Mean absolute change over 12 months (95% confidence intervals)  
Body mass index (kg/m2)* 0.1 (-0.0, 0.3) 0.3 (-0.0, 0.5) 0.1 (-0.1, 0.2) 0.82 
Waist circumference (cm)* -0.1 (-0.9, 0.7) -1.5 (-2.5, -0.5)§ -1.7 (-2.6, -0.8)§ 0.35 
Dual x-ray densitometry body fat (%)* -0.4 (-0.7, -0.1) § -0.1 (-0.5, 0.4) -0.2 (-0.6, 0.2) 0.43 
Systolic blood pressure (mm Hg)* -0.3 (-3.8, 3.2) -1.0 (-3.7, 1.6) -5.2 (-9.9, -0.5)§ 0.78 
Diastolic blood pressure (mm Hg)* 1.1 (-0.7, 2.9) 2.2 (0.1, 4.2)§ -0.1 (-2.2, 2.0) 0.53 
Pulse (beats per min) -2 (-4, 0) -3 (-5, -1) § -2 (-3, -0)§ 0.29 
Total cholesterol (mmol/L) -0.0 (-0.2, 0.1) -0.0 (-0.2, 0.2) 0.0 (-0.2, 0.2) 0.56 
Low density lipoprotein-cholesterol (mmol/L)* -0.1 (-0.2, 0.0) -0.1 (-0.2, 0.1) -0.1 (-0.2, 0.1) 0.26 
High density lipoprotein -cholesterol (mmol/L)* 0.1 (0.0, 0.1) 0.1 (-0.0, 0.1) 0.1 (0.01, 0.1)§ 0.24 
Triglycerides (mmol/L) 0.0 (-0.2, 0.2) -0.0 (-0.2, 0.2) -0.2 (-0.4, 0.1) 0.15 
Glucose (mmol/L)* -0.3 (-0.5, -0.1) § -0.5 (-0.7, -0.2)§ -0.5 (-0.8, -0.3)§ 0.47 
Glycated haemoglobin A1c (%) -0.3 (-0.3, -0.2) § -0.3 (-0.4, -0.2)§ -0.3 (-0.4, -0.2)§ 0.43 
Insulin sensitivity (mmol glucose/min) *† 0.000 (-0.011, 0.012) -0.007 (-0.022, 0.007) -0.003 (-0.020, 0.013) 0.02 
Glucose decrement (%)† -0.5 (-3.1, 2.2) 0.0 (-3.5, 3.6) 4.5 (1.5, 7.5)§ 0.11 
Exercise energy expenditure (Kcal) -15 (-184, 152) 351 (184, 519)§ 246 (38, 453)§ 0.11 
Total daily energy expenditure (Kcal)‡ -89 (-139, -40) § 74 (10, 138)§ 140 (74, 207)§ 0.62 
Analyses performed using last-observation-carried-forward intention-to-treat analysis in all 207 randomised subjects. *primary outcomes; †data generated 

from the short insulin tolerance test; ‡adjusted for body weight. §significant within-group differences by paired-t-test. 
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Figure. Flow diagram describing subject enrolment, intervention allocation, follow-up and data 

analysis at 12 months as outlined in the Consolidated Standards of Reporting Trials 

(CONSORT) statement.30,31 
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