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Table 3 Comparison of bone turnover markers before and after

intervention between the two groups of participants

with high-risk osteoporosis [M(P,, P,)]

E4E 171 1 1 I 18 PINP B-CTX

A TWAT 30 49.85(39.73,70.29) 0.40(0. 14,0.58)
FHiE 30 50.91(35.50,70.55) 0.39(0.23,0.66)
YA TN 33 42.17(35.23,54.82) 0.29(0.18,0.47)
FHUE 33 37.86(31.73,51.11) 0.25(0.18,0.54)

. PINP, I AUBURE AR AR B-CTX, B- 1 BALIHAS

R DI FOGANE = RS R OB LR

Tablel Comparison of general information between the two groups of participants with high-risk osteoporosis

TiH Rl (304) XRRAL (3344]) VAL PA
WYY, Ts 62.39+4. 94 62.10+5. 84 0.21 0. 833
B Eim, ks 1. 5920. 08 1.5720.07 0.93 0. 355
2 (%) 26 (86.67) 29 (87.88) — 1. 000
K/, M (Py, P.,) 59.00 (57.00, 65.00) 60.00 (55.00, 65.00) -0. 65 0.517
BMl/kg-m™>, M (P, P.) 24.03 (22.87, 25.09) 23.73 (22.58, 25.72) -0.03 0.973
HEHE BB RE/T-g - om™, Fs -1.09=0. 83 -1.03+0. 99 -0.24 0. 808

e BMI, B RBREAERG —, Fisheo i Tk I oIS -
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Table2 Comparison of T-values of bone mineral density at each site before and after intervention between the two groups of participants

with high-risk osteoporosis

[x+s/M(P,, P,.) ]

g B IEEL-L, S

A B Ze et A4zl

WGdl TS 30 ~1.09+0. 83

THifE 30 -1.21+0. 90 -1.25 (-1.90, -0.75)
YRl TR 33 ~1.03+0. 99 -1.010. 71
il 33 -1.39+1. 16" —1. 34£0. 60"

-1.40 (-1.73, -0.85)

-1.30 (-1.60, -0.68) ~-1.20 (-1.53, -0.58) -0.88+0.70

-1.40 (-1.70, -0.10) -1.10 (-1.53, -0.60) -0.86%0.71
-1. 070. 61 -0. 78+0. 63 -0. 840. 61
-1. 34+0. 56" -0. 97+0. 65" -0. 99+0. 62"
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Table 4 Comparison of HRV indexes under two different exercises, Tai Chi and walking, in patients of the intervention group (x+s)

Eews) Dy W 44 SDNN/ms RMSSD/ms LF/ms® HF/ms’ LF/HF ApEn SampEn
K2 7 41.25+12. 47 39. 99+20. 59 67.90+13. 73 32.00+13. 65" 3.30+1. 729 1.01x0. 25 1. 29+0. 45
P47 7 34.43+11. 56 26. 60+16. 69 82.89+8. 18 17.00+8. 11 7.79+3. 42 1. 0320. 17 1. 18+0. 32

H: HRV, %85, SDNN, A E® SO MM ARMEZS ; RMSSD, AHAR RRAIH2Z MBI, LF, FRlfL(Cmizhs,; HF, ik
TS Y)%; LFHEF, )55 ST R L ; ApEn, ITME; SampEn, FEAKE.

a) SHATIESNZIRE L, P<0.05.
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The Effects of Tai Chi Training on Bone Density, Bone Turnover Markers, and Heart Rate Variability in
High-Risk Osteoporosis Population

LIN Jiaming"?, LI Chao’, ZHAO Wei'?, ZHOU Jun'?, CHEN Xiaoying*, XI Xiangyu’, HE Haijun®, MI
Baohong'?, CHEN Yuefeng'?, CHEN Weiheng'*

1. Beijing University of Chinese Medicine Third Affiliated Hospital, Beijing, 100029; 2. Engineering Research Center of Chinese
Orthopaedics and Sports Rehabilitation Artificial Intelligent, Ministry of Education; 3. National Olympic Sports Center; 4. Yibin
Hospital of Traditional Chinese Medicine, Sichuan Province; 5. Beijing Xicheng Guangwai Hospital; 6. Wangjing Hospital of China
Academy of Chinese Medical Sciences

ABSTRACT Objective To explore the effects of the Tai Chi training on bone density, bone turnover markers,
and heart rate variability for people with high-risk osteoporosis, and to provide evidence for the prevention of osteopo-
rosis at early stage. Methods Sixty-six cases of people with high risk of osteoporosis were included, and they were
divided into 33 cases each in the intervention group and the control group using the random number table method. The
control group received osteoporosis health education three times a week, and the intervention group received Tai Chi
training under the guidance of a trainer three times a week for 40 mins each time on the basis of the control group, and
both groups were intervened for 12 weeks. Dual-energy X-ray absorptiometry was used to measure the bone density
of L,~L, vertebrae, bilateral femoral necks and bilateral total hips in the two groups before and after the intervention ;
enzyme-linked immunosorbent assay was used to determine bone turnover markers before and after the intervention,
including pro-collagen type I pro-amino-terminal prepropyl peptide (PINP) and {-collagen type 1 cross-linking
carboxy-terminal peptide (B-CTX). Seven cases with good compliance in the intervention group were selected. After
wearing the heart rate sensor, they successively performed Tai Chi training and walking activities recommended by the
guideline for 20 mins each , and the heart rate variability ( HRV ) during exercise was collected , including time-
domain indexes such as standard deviation of normal sinus intervals ( SDNN) , root-mean-square of the difference
between adjacent RR intervals (RMSSD ) , frequency-domain metrics such as low-frequency power (LF) , high-
frequency power (HF), and low-frequency/high-frequency power ratio (LF/HF) , as well as nonlinear metrics such as
approximate entropy (ApEn), sample entropy (SampEn). Results Finally, 63 cases were included in the outcome
analysis, including 30 cases in the intervention group and 33 cases in the control group. After the intervention, the
differences of L,~L, vertebrae, bone density of bilateral femoral neck and bilateral total hip in the intervention group
were not statistically significant when compared with those before intervention (P>>0.05) , while the bone density of
all parts of the control group decreased significantly compared with that before intervention (P<<0. 05), and the differ-
ence in the bone density of the L,~L, vertebrae, bilateral femoral neck, and the right total hip before and after the in-
tervention of the intervention group was smaller than that of the control group (P<<0.05). The differences in PINP
and B-CTX between groups before and after intervention was not statistically significant (P>>0. 05). Compared with
walking exercise , LF decreased, HF increased and LF/HF decreased during Tai Chi exercise (P<<0.05) ; the
time domain indexes and non-linear indexes between groups had no statistically significant difference (P>0.05).
Conclusion Tai Chi exercise can maintain lumbar, hip, and femoral bone density and improve sympathetic/
parasympathetic balance in people at high risk for osteoporosis, but cannot significantly improve bone turnover markers.

Keywords osteoporosis; Tai Chi; bone density; heart rate variability; bone turnover markers
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