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Abstract: This feasibility study compared the effects of Tai Chi (TC) and resistance training
(RT) on bone metabolism in the elderly. Twenty eight sedentary, elder adults, were randomized
into either TC (n = 14, 78.8 +/-1,3 years) or RT (n = 14, 79.4 +/-2.2 years) (o participate in
40 min of exercise per session, 3 sessions/week for 24 weeks. The outcome measures assessed
were the concentrations of serum bone-specific alkaline phosphatase (BAP), pyridinoline
(PYD), parathyroid hormone (PTH) and calcium, and vrinary calcium. The TC group had a
higher compliance rate than the RT group. After 6 weeks, (i) both TC and RT resulted in higher
level of seram BAP relative to the baseline and the TC group exhibited a greater increase in
serum BAP than the RT group; (ii) there was an increase of serum PYD in the RT group only,
not in the TC group; and (iii) the BAP/PYD ratio was higher than baseline only in the TC
group, and the increase of the ratio in the TC group was greater than that in the RT group.
After 12 weeks, the increase in serum PTH in the TC group was higher than the RT group.
After 24 weeks, there was a reduction of the urinary calcium level in the TC group relative to
the baseline. In conclusion, these findings support that TC is beneficial for increasing bone
formation in elderly, and long-term application is needed to substantiate the effect of TC as
an alternative exercise in promotion of bone health,
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Introduction

Studies (Adachi, 1996; Miller et al., 2003; National Institutes of Health, 2000) have
shown strong correlations between changes in bone mineral density and bone biomarkers.
Osteogenic response can be monitored by changes of bone formation biomarkers (such as
serum bone-specific alkaline phosphatase (BAP) and osteocalcein) and bone resorption
biomarkers (such as serum and unnary pyridinoline (PYD), type I collagen cross-linked
N- and C-telopeptides), which can provide a basis for explaining alterations in bone
mineral density and can be used as early predictors (Adachi, 1996; Miller et al., 2003).
Osteogenic response can be modulated by the availability of calcium (Ca) and phosphate
(Pi), and by calciotrophic hormones including parathyroid hormone (PTH) and 1,25-(0H),
vitamin D4 (1,25-vit D3) (Bouassida et al., 2003; Thorsen et al., 1997).

Exercise has been shown to benefit bone health (Bouassida et al., 2003; Chan e al.,
2004; Dalsky et al., 1998; Maddalozzo and Snow, 2000; Martin and McCulloch, 1987;
Pruitt et al., 1995; Rubin and Lanyon, 1984; Thorsen et al., 1997; Vincent and Braith,
2002). Among different types of exercise, resistance training (RT), a weight-bearing
exercise, has been shown to be effective in stimulating an osteogenic response (Martin and
McCulloch, 1987; Rubin and Lanyon, 1984; Pruitt et al., 1995; Vincent and Braith, 2002).
Moreover, Thorsen et al. (1997) reported that moderate endurance exercise can influence
plasma concentrations of PTH and 1,25-vit D4 that are related to calcium metabolism and
biomarkers of bone metabolism (Bouassida er al., 2003; Thorsen et al., 1997).

Recently, Tai Chi (TC) exercise has gained much attention in the rehabilitation and
geriatric community (Chan et al., 2004; Chen et al., 2001; Qin et al., 2002; Qin et al.,
2005; Wang et al., 2004; Wolfson e al., 1996; Wu, 2002). TC exercise features gentle,
smooth, coordinated and flowing movements of different body parts accompanied by deep
breathing and mental concentration to achieve improved fitness, health, and relaxation,
as well as mind-body harmony and a balanced personal sense of well-being. Tai Chi is
considered an exercise modality that may promote musculoskeletal health (Wang ez al.,
2004; Wolfson et al., 1996). However, systematic studies of TC’s effect on bone health are
limited (Qin et al., 2002, Chan et al., 2004) and there is no study to evaluate the effect of
TC on bone metabolism in any population.

A study by Vincent and Braith (2002) has shown that short-term low-intensity RT
exercise increased the bone formation to resorption ratio, and TC is considered a low-
intensity exercise (Chen et al., 2001; Wolfson et al., 1996). Althou gh the effects of RT and
TC on cardiovascular risk factors (Thomas et al., 2005) and risk of falls (Nowalk et al.,
2001) have been compared in elderly subjects, their relative effects on bone metabolism
in the elderly, to our knowledge, have not been investigated. Therefore, the objective
of this study was to compare the effects of 24-week RT and TC interventions on bone
metabolism in the elderly. Furthermore, such an exercise-induced increase in the bone
formation to resorption ratio resulted in modulation of calcitrophic hormones and calcium
concentrations in serum and urine in human subjects (Bouassida er al., 2003; Thorsen
et al., 1997). Hence, we hypothesized that short-term TC training would result in an
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increase of bone formation-to-resorption ratio and TC training would resuit in comparable
effects as RT on osteogenic response in the elderly. In addition, calcitrophic hormones
(PTH and 1,25-vit D3) and calcium concentrations in serum and urine of subjects were also
investigated in this study.

Methods
Study Design

This was a prospective, single-blind, randomized, and controlled 24-week intervention
trial with 4 measurement periods (baseline, 6, 12, and 24 weeks). The RT group was
the exercise control group. The assessors were blinded to the participants’ treatment
assignments,

Farticipants

Subjects were recruited from a local senior living campus in Lubbock, Texas. All subjects
signed informed consent before participating in the study. The following inclusion
criteria were applied to select participants: (i) male or female 65 years of age or older,
(i) ambulatory, and (iii) consent of primary family doctor. Exclusion criteria included
(i) any uncontrolled chronic or terminal illness, (ii) history of any chronic liver disease,
metabolic bone disease, renal disease, (iii) use of medication such as bisphosphonates,
calcitonin, and selective estrogen receptor modular that may influence bone or calcium
metabolism, (iv) regular exercise for more than 2 hours per week, and (v) currently
smoking. Among the 39 candidates who signed the informed consent, 11 were excluded
due to rheumatoid arthritis (n = 2), dementia (n = 2), regular exercise for more than
2 hours per week (n = 1), uncontrolled hypertension (n = 1), inability to stand without
a cane (n = 1), and schedule conflict (n = 4). The remaining 28 subjects (22 female and
6 male) were admitted to the study, and were randomly assigned to either the RT or TC
group with stratification based on age and gender. All participating subjects were asked to
maintain their regular diet, medication, normal daily activities and lifestyle throughout the
study, This study was appreved by the local Institutional Review Board.

Exercise Intervention

Participants in both RT and TC groups attended three 40-min exercise sessions per week
for 24 weeks. Each session consisted of 5 min of warm-up exercise, 30 min of exercise
(RT or TC), and 5 min of cool-down exercise. An intervention duration of 24 weeks with
40-min exercise session at the frequency of 3 times per week was reported to be appropriate
to evaluate bone turnover response to low-intensity exercise in elderly men and women
(Vincent and Braith, 2002). The current low-intensity RT exercise protocol (Ferris et al.,
2005) was similar to that of Vincent and Braith (2002) for the elderly, consisting of one set
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of 10-12 repetitions for bench press, leg press, leg curl, leg extension, and seated row on
a resistance exercise machine (Precor $3.21 Strength Multi Station), as well as shoulder
press and arm curl] exercises using dumbbells. Subjects rested for about one minute between
exercises. The exercise intensity was set at 50% of the one repetition maximum, defined as
the maximum weight a subject could handle using proper technique, as determined at the
beginning of the study. The shoulder press and arm curl were performed using dumbbells.
The training sessions were monitored by a certified fitness trainer,

Subjects in the TC group were taught by an experienced TC instructor and practiced
the 24-form simplified Yang-style TC (Liang and Wu, 1996), the most popular form of TC
among dozens currently being practiced worldwide (Wang et al., 2004). In addition to the
3 min of warm-up and 5 min of cool-down exercise, the routine 24-form simplified Yang-
style TC was repeated 5 times during the 30 min training period based on the standard
speed of about 6 min per routine (Liang and Wu, 1996). The instructor explained and
demonstrated how the exercise should be performed, and subjects followed.

Outcome Measures

Serum BAP activity and PYD concentration were measured with Metra™ BAP and PYD
immunoassay kits, respectively (Quidel Corporation, CA). The intra- and inter-assay
coefficients of variation (CV) for BAP were 52% and 5.0%, and for PYD were 8.0%
and 10.4%, respectively. The concentration of serum PTH was measured with Intact
PTH-IRMA assay (Nichols Institute Diagnostics, CA). The intra- and inter-assay CV
for PTH were 1.8% and 6.1%, respectively. The concentration of 1,25-vit D; in serum
was measured with 1,25-dihydroxyvitamin D '*5] RIA kit (DiaSorin Inc. MN), and the
intra- and inter-assay CV were 7.7% and 11.1%, respectively. Serum and urinary Ca, Pi,
and creatinine were measured by O-cresolphthalein complex using automated equipment
(Dimension-RXL, Dade, Delaware),

Subjects were asked to refrain from caffeine and strenuous physical activity for
24 hours before blood and urine samples collection. All samples were collected at baseline
(0 week), 6, 12, and 24 weeks of intervention. Overnight fasting blood samples were
collected and serum was separated from blood, and the second morning void urine samples
were collected. All samples were aliquoted and stored at ~80°C before analysis.

Block Food Frequency Questionnaire

Information of average daily calcium and vitamin D intake of each subject was collected
using the Nutrition Checklist developed by the Nutrition Screening Initiative Project of the
American Dietetic Association and the American Academy of Family Physicians (Block
et al., 1994), and confirmed that all subjects had adequate Ca and vitamin D intake

from their diets and/or dietary supplements before and throughout the intervention (see
Table 1).
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Table 1. Descriptive Variables and Outcome Measures at Baseline
Resistance Training Tai Chi

Variables (n=14) n=14) p-value
Age, years, mean £ SD 79422 788+ 1.3 0.84
Gender, n (%) 1.00

Male 4 (29%) 3(21%)

Female 10 (71 %) 11 (79%)
Weight, kg, mean + SD 702+ 6.61 69.26 £3.57 0.90
Height, cm, mean + §D 167.22 +£3.22 163.83 £ 7.20 0.43
Body mass index (kg/m?) 24.55 + 1.42 25.69 + 0.85 0.51
Calcium intake (mg/day) 1450.0 + 168.0 1425.0 £ 2250 0.93
Vitamin D intake (IU/day) 3526 £ 64.2 4413+ 98.5 0.45
“How is your general health condition?” 0.38

Goad S (64%) 11(79%)

Satisfactory 3 (36%) 2 (14%)

Not good 0 (0%) 1 (7%)
“What is your routine exercise pattern?” 1.00

Never 12 (86%) 12 (86%)

< 30 min per week 2 (14%) 2 (14%)
“Do you have a family history of osteoporosis?”’ 0.12

Yes 3(21%) 8 (57%)

No 11 (79%) 6 (43%)
“Have you ever had a bone fracture?” 0.45

Yes 6 (43%) 9 (64%)

No 8 (57%) 5 (36%)
Serum BAP (U/L) + SEM 25.04 +1.99 24,44+ 2,57 0.86
Serum PYD (nmol/L) + SEM 239+ 0.39 231+0.22 0.87
PTH (pg/mi) 4 SEM 58.39+£9.79 42,65 + 4.68 0.17
1,25-vit D3 (pg/ml) + SEM 3278 £3.25 29.57 £ 2,56 0.44
Serum Ca (mg/dL) + SEM 9.00+0.12 8.78 £0.09 0.14
Serum Pi (mg/dL) + SEM 3.83+0.11 3.86+£0.11 0.81
Urine Ca (mg/g crt) + SEM 157.1 £379 1723+ 33.3 0.77
Urine Pi (ng/g crt) £ SEM 636.8+414 705.7£90.8 0.49

Note: There were no significant differences between the two groups in any measure,

SD: Standard deviation; SEM: standard error of mean.

Statistical Analysis

Statistical analysis was conducted using SAS version 8.0 (SAS Inc., Cary, NC). Descriptive
data were reported as mean + standard deviation or mean * standard error of mean for
baseline characteristics. A Mann-Whitney Rank Sum test was conducted to compare
continuous variables between groups at baseline, while Fisher’s exact test was conducted
to compare categorical variables between groups at baseline. Each outcome measure
was presented as percentage change relative to the baseline = standard error of the mean.
Time, group, and interaction effects for each outcome variable were examined using a
2 (treatment) X 3 (times) mixed, repeated measures analysis of variance (ANOVA) model
to determine differences within and between groups over time. Results were considered

significant if p <0.05.
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Results
Baseline Characteristics

Baseline characteristics by exercise groups are shown in Table 1. There were no significant
differences in any baseline status or outcome measures between two groups. There was
also no significant difference in dietary Ca and vitamin D intake throughout the 24-week
study period within each exercise group or between the two groups.

Attrition and Compliance

Among the 14 subjects in the TC group, 2 dropped out of the study due to family reasons
(n = 2). Among the 14 subjects in the RT group, 2 dropped out due to a heart attack at
home (n = 1) and loss of interest (n = 1). There was no significant difference in attrition
rate between the groups. The TC group had a higher compliance rate (97%, ranging
from 89% to 100%) than the RT group (84%, ranging from 65% to 100%). The baseline
characteristics of the 4 dropout subjects did not significantly differ from the 24 subjects
who completed the trial,

Changes in Bone Biomarkers

Figure 1 shows the concentration changes of bone biomarkers BAP and PYD in both
exercise groups. After 6 weeks of intervention, the serum BAP level was significantly
higher than baseline in both groups, while the TC group exhibited a significantly greater
increase than the RT group (Fig. 1A). The serum BAP at week 12 was significantly lower
than week 6 in both groups, and the same was observed at week 24. At week 6, there was
a significant increase relative to baseline in serum PYD concentration in the RT group
(Fig. 1B), while such increase was insignificant in the TC group (p = 0.054). The serum
PYD at week 12 was significantly lower than week 6 in both groups. At week 6, the
BAP/PYD ratio was significantly higher than the baseline in the TC group (Fig. 1C)
(p = 0.024), and the increase of the ratio in the TC group was significantly greater than that

in the RT group (p = 0.019). In the RT group, the ratio was significantly lower than the
baseline at week 24 (p = 0.019).

Changes in Calcitrophic Hormones

The concentration changes of serum calcitrophic hormones are shown in Fig. 2. There
was a significant increase in serum PTH from week 6 to week 12 in the TC group
(Fig. 2A). At week 12, the TC group exhibited a significantly greater increase in serum
PTH concentration than the RT group. On the other hand, no statistically significant change

in serum 1,25-vit Dy concentration was observed in either group during the entire study
period (Fig. 2B).
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Figure 1. Mean = standard error of the percentage change relative to baseline for measures of serum BAF (A),
serum PYD (B), and serum BAP/PYD ratio {C). BAP = Bone alkaline phosphatase; PYD = pyridinoline; TC =
Tai Chi group; RT = resistance training group. *Significantly different from baseline of the same group (p < 0,05),
*Significantly different between TC and RT groups at a particular time (p < 0.05), ¥Significantly different from
week 6 of the same group (p < 0.05).
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Figure 2. Mean = standard error of the percentage change relative to baseline for measures of serum PTH (A),
serum 1,25-vit D4 (B), serum Ca (C), and urinary Ca (D). PTH = Parathyroid hormone; 1,25-vit D3 =1,25-(0H),
vitamin D3; TC = Tai Chi greup; RT = resistance training group. " Significantly different from baseline of the same
group (p < 0.05). *Significantly different between TC and RT groups at a particular time (ps < 0.05). ¥Significantly
different from week 6 of the same group (p < 0.03).

Changes in Serum and Urinary Ca and Pi

The serum Ca concentration at week 12 was significantly higher than week 6 in the TC
group (Fig, 2C). Compared to the baseline, the urinary Ca concentration at week 24 in the
TC group was significantly lower (Fig. 2D). No change in serum or urinary Pi concentration
was observed during the entire study period in both groups (data not shown).

Other than the above changes, no interaction (time x exercise effect) was observed for
any outcome measure at any time point.

Discussion

This feasibility study is the first longitudinal study to compare the effects of two
fundamentally comparable types of exercise, in terms of intensity and weight-bearing, on
osteogenic response in the elderly. The results of this study suggest that it is easier for the
elderly to adhere to a TC exercise program than RT as the subjects in the TC group had
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a higher average compliance rate than those in the RT group (p = 0.003). This finding is
similar to previous studies (Wang et al., 2004; Wu, 2002) which suggested that TC is a
feasible alternative exercise for seniors,

The similar changes in osteogenic response (bone biomarkers) in both exercise groups
indicated that TC exercise induces a response similar to that of RT. After 6 weeks of
intervention, both exercise groups demonstrated higher bone formation rates (indicated
by an increase of BAP concentration data, Fig. 1A) as compared to baseline. This finding
is similar to that of Menkes et al. (1993) who reported that significant increases in both
BAP and osteocalcin occurred as a result of RT. The increase in concentrations of bone
formation marker BAP may be due to elevated skeletal modeling associated with dynamic
loading of exercise. This loading may create streaming potentials within bone and stimulate
new bone formation in cross-sectional area (Rubin et al., 1992; Woo et al., 1981). From
the bone resorption point of view, the serum PYD concentration in the RT group increased
by 27% after 6 weeks and returned to the baseline value after 12 weeks. Returning of the
BAP and PYD values to baseline may be related to the reduced activation frequency of
new remodeling sites as a result of bone adaptation to exercise after a long intervention
period, as observed in previous animal studies (Chambers et al., 1993; Hillam and Skerry,
1995). The findings of the present study agreed with those of Vincent and Braith (2002)
who reported that low-intensity RT similar to that employed in the present study had no
influence on BAP or PYD after 6 months of intervention.

Measurement of individual markers of osteogenic response is useful in evaluating
whether a specific intervention has influenced the rate of bone turnover, and in monitoring
the efficacy of a treatment on bone. However, when viewed in isolation, these markers may
not indicate whether the increased turnover translates into bone anabolism or catabolism
during bone remodeling. On the other hand, the ratio of bone formation to bone resorption
(BAP/PYD ratio in this study) has been considered an indicator of the state of bone turnover
(Adachi, 1996; Miller et al., 2003). An increase in the BAP/PYD ratio may indicate a
state of bone turnover in favor of bone formation, while a decreased ratio may indicate a
state in favor of bone resorption {Adachi, 1996; Miller et al., 2003). The findings of the
present study indicated a greater increase in BAP/PYD ratio from baseline to week 6 in
the TC than the RT group, and a decreased ratio in the RT group but no net change in the
TC group after 24 weeks. Bone biomarkers provide useful information concerning bone
turnover, particularly in short-term interventions where the time may be too short for BMD
to manifest any significant change. However, the relationship between the early change of
BAP/PYD ratio and BMD during TC intervention should be investigated in future studies
with a larger sample size.

Evidence supports a positive relationship between weight-bearing exercise and bone
metabolism in the elderly (Vincent and Braith, 2002; Brahm et al., 1997). One major
difference between RT and TC is that RT involves extrinsic weights that may provide
greater weight bearing compared with TC which does not involve any additional load
other than the body weight. However, the current RT exercise, including chest press, leg
press, leg curl, seated row, leg extension, shoulder press, and arm curl, featured sitting
and lying positions where partial or total body weight rested on the bench, On the other
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hand, TC exercise involved shifting body weight so slowly that almost the entire body
weight is supported alternately by one of the two legs, creating a significant weight-
bearing condition (Kirsteins ef al., 1991). This may in part explain the different effects of
TC on bone biomarkers when compared to RT, as demonstrated by the present findings.
Therefore, the overall challenge to the bone provided by TC may have resulted in a similar
osteogenic response as RT in the elderly.

Parathyroid hormone may play a key role in the changes of the bone markers. Elevated
PTH produces an increase of bone remodeling and this fact may decrease bone quality, In
the present study, the group of Tai Chi had high levels of serum Ca and PTH from week
6 to week 12, followed by a decrease in urinary Ca excretion after 24 weeks; whereas,
there was no difference in the concentrations of serum Ca and PTH, and urinary Ca in the
present RT group throughout the study period. These results of Tai Chi exercise agreed with
previous studies that exercise raised serum concentrations of Ca (Bouassida ez al., 2003;
Hillam and Skerry, 1995) and PTH (Thorsen et al., 1997, Brahm et al., 1997; Kirsteins
et al., 1991), with lowered urinary concentration of Ca (Grimston et al., 1993), The reason
why the Tai Chi group resulted in a higher serum PTH than those in the RT group is not
clear. We are not able to predict if such transient increases in serum PTH would affect bone
quality. Therefore, future studies will be needed to confirm and elaborate our findings from
the Tai Chi group.

There is an increasing body of evidence suggesting the importance of oxidative stress
in bone metabolism and bone loss (Nohl, 1993; Basu et al., 2001; Isomura et al., 2004;
Bai et al., 2004). Lowering the level of oxidative stress is an important strategy to deal
with osteoporosis-related bone metabolism or bone loss. According to a recent review,
exercise can have positive or negative effects on oxidative stress depending on training
load, training specificity and the basal level of training (Finaud et al., 2006). Specifically,
it was reported by Goto ez al. (2003) that high-intensity exercise increases oxidative stress
including plasma concentrations of 8-OHdG and serum concentrations of malondialdehyde-
modified low-density lipoprotein in humans, whereas moderate exercise tends to decrease
both indices of oxidative stress. Tai Chi has been characterized as an exercise of moderate
intensity (Lan et al., 2001; 2004). Tai Chi couples muscular activity with an internally
directed focus, producing a temporary self-contemplative mental state. Such internal focus
is in contrast to conventional body-centered aerobic and muscular fitness exercise in which
there is little or no mind component (Chu, 2004),

We recognize there are limitations in the present study. The sample size is relatively
small and the changes of bone markers are transient. A longer follow-up study that
incorporates measurements of bone mineral density would be advisable to further elucidate
the clinical significance,

In conclusion, our feasibility study indicated that subjects in the Tai Chi group had
a higher compliance rate than those in the resistance training group. Tai Chi may be an
alternative exercise providing greater benefits than resistance training with respect to bone
metabolism in the elderly as demonstrated with a lower urinary Ca concentration at the
end of study, Further studies using a larger sample size and long-term Tai Chi intervention
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in which the changes in bone mineral density could be assessed as a clinical outcome are
needed to confirm the present findings.
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