THE JOURNAL OF ALTERNATIVE AND COMPLEMENTARY MEDICINE
Volume 18, Number 12, 2012, pp. 1172-1178

© Mary Ann Liebert, Inc.

DOI: 10.1089/acm.2011.0690

Effects of Tai Chi Exercise on Glucose Control,
Neuropathy Scores, Balance, and Quality of Life
in Patients with Type 2 Diabetes and Neuropathy

Sukhee Ahn, RN, PhD, and Rhayun Song, RN, PhD

Abstract

Purpose: The aim of this study was to determine the effects of Tai Chi exercise on glucose control, neuropathy
scores, balance, and quality of life in patients with type 2 diabetes and neuropathy.

Methods: A pretest-posttest design with a nonequivalent control group was utilized to recruit 59 diabetic
patients with neuropathy from an outpatient clinic of a university hospital. A standardized Tai Chi for diabetes
program was provided, which comprised 1 hour of Tai Chi per session, twice a week for 12 weeks. Outcome
variables were fasting blood glucose and glycosylated hemoglobin for glucose control, the Semmes-Weinstein
10-g monofilament examination scores and total symptom scores for neuropathy, single leg stance for balance,
and the Korean version of the SF-36v2 for quality of life. Thirty-nine patients completed the posttest measures
after the 12-week Tai Chi intervention, giving a 34% dropout rate.

Results: The mean age of the participants was 64 years, and they had been diagnosed with type 2 diabetes for
more than 12 years. The status was significantly better for the participants in the Tai Chi group (1#=20) than for
their control (i.e., nonintervention) counterparts (n1=19) in terms of total symptom scores, glucose control,
balance, and quality of life.

Conclusion: Tai Chi improved glucose control, balance, neuropathic symptoms, and some dimensions of quality
of life in diabetic patients with neuropathy. Further studies with larger samples and long-term follow-up are
needed to confirm the effects of Tai Chi on the management of diabetic neuropathy, which may have an impact

on fall prevention in this population.

Introduction

DIABETIC PERIPHERAL NEUROPATHY (DPN) is one of the
most common long-term microvascular complications of
diabetes, leading to considerable patient morbidity and
mortality." Diabetes negatively affects nerve conduction in
both the central and peripheral nervous systems, leading to
postural instability by changing peripheral nerve function.?
Other consequences of DPN include reduced balance,
strength, and gait parameters that are likely intermediaries
that put individuals with DPN at a high risk of falls®; patients
with DPN exhibit increased amplitude of sway and sway area
due to an inability to generate proper neuromuscular re-
sponses. The reduced balance may also result in decreased
physical, emotional, and social function, ultimately nega-
tively affecting quality of life.*”

Exercise is considered to be one of the three major inter-
ventions for diabetes, along with medication and diet.® The

positive effects of exercise intervention on glucose control,
lipid metabolism, and cardiovascular risk factors for diabetic
patients are well supported in the literature.”® However,
little is known about the effects of exercise on the alterations
in peripheral sensation and balance related to neuropathy in
diabetic patients.> A prospective randomized intervention
study” followed 78 diabetes patients with no neuropathy for
4 years and found that the exercise group—who performed a
prescribed and supervised brisk walking exercise four times
per week—developed significantly less motor and sensory
neuropathy than did their sedentary controls. The potential
effects of long-term aerobic exercise training may prevent the
onset or modify the natural history of DPN.” Diabetic pa-
tients, however, tend to participate in exercise less than their
nondiabetic counterparts.'”!" There is a need to provide ac-
tive, yet safe exercise interventions for individuals with DPN
along with motivation strategies so that they can exercise for
longer periods.'
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Tai Chi (TC) has been introduced to health professionals
as a moderate-intensity aerobic exercise.'> Previous studies
have provided support for the positive effects of a TC for
diabetes (TCD) program, which is easy to follow and safe to
perform for diabetic patients who have physical limitations.®
A TCD program developed by Lam' is based on a stan-
dardized form of 21 movements from the combined Yang
and Sun style of Tai Chi. This program has been shown to
improve glucose control that might result in positive changes
in microcirculation to the lower extremities.” Previous study
with long-term Yang style Tai Chi practitioners also reported
higher cutaneous microcirculatory function than did their
sedentary counterparts, revealing the possibility of improv-
ing or attenuating decline of cutaneous microcirculation in
older adults or those with diabetes.'*

However, one systematic review found conflicting results
on the effect of TC on glucose control.'” This inconsistent
finding may be explained by the lack of standardization of
the TC exercise prescribed, in terms of exercise intensity,
type, and duration,'® which in some cases may not have been
sufficient to induce the positive changes in glucose control.
Moreover, only a few studies have focused on TC exercise in
diabetic patients with neuropathy. The hypothesis for a
positive effect on peripheral sensory function is based on the
research of Wang and his colleagues,'* who showed that
elderly patients who had been practicing TC exhibited a
higher volume of blood circulation in the skin as assessed via
peripheral vasodilation.

The present study was designed to test the effect of exer-
cise by conducting a trial implementing 12 weeks of stan-
dardized TCD, and by using both subjective and objective
instruments to detect changes in the signs and symptoms of
neuropathy in diabetic patients who already had neuropa-
thy. The purpose of this study was to determine the effects of
12 weeks of TC exercise on glucose control, neuropathy

Assessed for eligibility (2 =82)
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score, balance, and quality of life in diabetic patients with
neuropathy that were undergoing follow-up therapy.

Methods
Study population

A pretest—posttest quasi-experimental design with a non-
equivalent control group was used. Fifty-nine type 2 diabetic
patients with neuropathy were recruited from an outpatient
clinic of a university hospital in Korea with the following
inclusion criteria: (1) had permission to participate in regular
exercise from their primary physicians, (2) had a glycosy-
lated hemoglobin (HbAlc) level greater than 7.0%, and (3)
agreed to participate in this study (Fig. 1). A power analy-
sis'® revealed that a sample size of 52 was required based on
effect size d=0.7, x=0.05 (one-side probability), and power
(1-)=0.80. The effect size was calculated based on the
study by Yeh et al.'” to examine the effect of TC exercise on
changes in HbAlc with a one-group design (mean difference
score 0.8, standard deviation=1.2).

Intervention: the TCD program

The individuals in the TC group completed a supervised
1-hour session twice weekly for 12 weeks. The TC group
performed the TCD program, consisting of 5 minutes of
warm-up exercises, 5 minutes of qigong exercise, 40 minutes
of TC movements, another 5 minutes of qigong exercise, and
finally 5 minutes of cool-down exercise. The research team
checked the participants” blood glucose levels before the ex-
ercise by a portable glucometer and prepared chairs for safety
and comfort. We also carefully observed for any adverse ef-
fects during the 12-week program, but none were found.

Various motivation strategies were applied to reduce the
dropout rate, such as drawing up a contract to encourage the

[ Earollment (1 = 59) ]7
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patients to perform exercise regularly at home, providing TC
shirts and TC music tapes, holding a TC contest to improve
the group dynamic, and weekly follow-up calls from a re-
search assistant to remind the participants about the home
exercise and class attendance. The frequency and duration of
home exercise were self-reported in the participants’ exercise
logs, which were assessed during every weekly session. The
mean attendance rate for the study participants was 21 ses-
sions (out of 24) during the 12-week program.

Outcome assessment

Approval for this study was obtained from an institutional
review board of the university hospital. The research team re-
cruited 59 people from a diabetes specialty outpatient clinic at a
university hospital among those who had their clinician’s
permission to participate in a regular exercise program. The
purpose, methods, and process of the research were explained
to these 59 subjects, all of whom subsequently provided written
consent to participate.

Assignment to either the Tai Chi program (TC) or the con-
trol group was not random. First, 30 subjects were assigned to
the TC group and participated in the 12-week TCD program.
The remaining 29 subjects were assigned to the control group,
who received their usual care and were given the opportunity
to participate in the TCD program in 3 months. Both the TC
group and the control group were provided routine education
on diabetes management including diet, exercise, foot care,
and medication twice during the study period.

Outcome measures were conducted at baseline (before the
intervention) and after the 12-week TCD program. The same
research team performed the pretest and posttest measure-
ments for both groups.

Glucose control. Glucose control was evaluated by
measuring fasting blood sugar (FBS: enzymatic assay), which
reflects current glucose control, and HbAlc (turbidimetric
immunoassay), which reflects average glucose level during
the past 3 months.

Peripheral sensory function. Peripheral sensory function
(i.e., a measure of peripheral neuropathy) was evaluated
using the Semmes-Weinstein monofilament examination
(SWME) and total neuropathy symptom scores. A nurse
educator specializing in diabetic patients conducted the
monofilament pre- and posttests and was blind to the group
assignment of the participants.

The SWME was conducted at 10 noncallused sites on each
foot (the big toe; the plantar aspect of the first, third, and fifth
metatarsal heads; and six sites on the bottom of plantar as-
pect) using a 5.07/10-g monofilament, based on the practical
guidelines on the management and prevention of the dia-
betic foot.'® The following 3-point scale was used: “normal”
(score of 2), when an individual feels pressure on seven or
more sites; “reduced” (score of 1), for those feeling pressure
on six or fewer sites; and “absent” (score of 0), for those who
feel no pressure at any of the sites.

The total symptom score (TSS) for peripheral neuropathy
was used to evaluate the frequency (absent, rarely, frequent,
and always) and severity (mild, moderate, and severe) of
DPN symptoms such as pain, burning, paresthesia, and
numbness. The possible range of TSSs was 0-14.64.

AHN AND SONG

Balance. Balance was assessed by timing each individ-
ual standing on one leg with their eyes closed (in seconds).
The duration of the one-leg stance was measured by the
same research assistant at the pre- and posttests with a
stopwatch (Casio, Tokyo, Japan).

Quality of life. The participants” perceived quality of life
was measured using the Korean version of the SF-36v2 (36-
Item Short Form Health Survey version 2), which assesses
eight dimensions of quality of life along with physical and
mental component summary scores. Each dimension was
scored with weighted items out of 100 points, with higher
scores representing a higher perceived quality of life. The
psychometrics of the original version of the SF-36 was re-
ported to have a validity and reliability coefficient of 0.84—
0.95." For the present study, Cronbach’s alpha values for the
subscale ranges were 0.75-0.85.

Statistical analysis

Data were analyzed using SPSSWIN V.17 software (SPSS,
Chicago, IL). Descriptive statistics were used for demo-
graphics and outcome variables. Independent t-tests were
used to assess significant group differences in baseline
measures. We calculated difference scores between post- and
pretest values for each group, and independent t-tests were
conducted to compare group differences in different scores.
A significance level (alpha) was set as 0.05.

Results
Demographic characteristics of the subjects

The mean age of the subjects was 65 years, and their du-
ration of diabetes mellitus was 12-13 years. Most of the
participants were married (84%), not currently employed
(85%), and reported their socioeconomic status as moderate
(76%). Most of them (62%) perceived their health as being
similar to others in their age group. Some subjects followed a
controlled diet (40%), participated in regular exercise (36.8%—
50%), and engaged in foot care (20%-30%). No significant
group differences were found in demographic and disease-
related characteristics (Table 1).

Group comparisons for baseline measures

Group comparisons at the pretest revealed no significant
differences in the outcome variables between the groups
(Table 2).

Group comparisons of outcomes

At the completion of the 12-week TCD program, FBS was
significantly better controlled in the TC group than in the
controls (mean value changed from 137 to 125 mg/dL versus
143 to 155 mg/dL for the controls; t=2.23, p=0.036). HbAlc
was also significantly better controlled in the TC group
(mean value changed from 7.63% to 7.20% versus 8.02% to
8.32% for the controls, t=3.11, p=0.004). The balance of the
diabetic patients in the TC group also improved compared to
the control group (Table 3).

The effect of the TCD program on peripheral neuropathy
scores was only partially supported. The TSS was signifi-
cantly higher in the TC group (mean change from 0.86 to
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TaBLE 1. HOMOGENEITY TESTS FOR GENERAL CHARACTERISTICS AT THE BASELINE (N=39)
Tai Chi (n=20) Control (m=19)
Mean (SD) Mean (SD) t (p)
Age (yr) 66.05 (6.42) 62.73 (7.53) 1.80 (0.081)
Duration of diabetes mellitus (yr) 12.30 (8.81) 13.00 (10.03) 0.23 (0.812)
Frequency (%) Frequency (%) 7 (p)

Sex Male 12 (60.0) 8 (40.0) 1.24 (0.261)
Female 8 (42.1) 11 (57.9)

Marital status Married 18 (90.0) 16 (84.2) 0.29 (0.664)*
Other 2 (10.0) 3 (15.8)

Employment status Employed 4 (20.0) 6 (31.6) 0.68 (0.482)*
Not employed 16 (80.0) 13 (68.4)

Level of education Middle school 13 (65.0) 11 (57.9) 0.20 (0.653)
High school 7 (35.0) 8 (42.1)

Monthly income® 1999 K 17 (85.0) 14 (73.7) 0.76 (0.451)*
2000 K 3 (15.0) 5 (26.3)

Present health status Poor to very poor 3 (15.0) 1(5.2) 1.06 (0.791)*
Average 12 (60.0) 12 (63.2)
Good to very good 5 (25.0) 6 (31.6)

Hypertension No 10 (76.9) 9 (76.0) 0.20 (0.644)
Yes 3 (23.1) 3 (25.0)

Cardiac disease No 16 (80.0) 17 (89.5) 0.67 (0.412)
Yes 4 (20.0) 2 (10.5)

Insulin injection No 16 (80.0) 15 (78.9) 0.11 (1.00)
Yes 4 (20.0) 4 (21.1)

Hypoglycemic drugs No 4 (20.0) 4 (21.1) 0.10 (1.00)
Yes 16 (80.0) 15 (78.9)

Diet control No 10 (53.8) 11 (57.9) 0.24 (0.624)
Yes 10 (46.2) 8 (42.4)

Regular exercise No 10 (50.0) 12 (63.2) 0.68 (0.403)
Yes 10 (50.0) 7 (36.8)

Foot care No 14 (70.0) 15 (78.9) 0.41 (0.712)*
Yes 6 (30.0) 4 (21.1)

AFisher’s exact test.
PK, Korean won (1000 KW =US$1).

0.91, versus 1.19 to 2.83 for the controls, t=2.09, p=0.042),
but the SWME scores did not differ significantly between the
groups.

Quality of life scores in five out of eight domains were
significantly higher in the TC group than in the control group.
The domains of physical functioning (f=2.28, p=0.028), bodily
pain (t=2.73, p=0.009), physical role limitation (t=2.96,
p=0.006), emotional role limitation (t=3.38, p=0.002), and
social functioning (t=3.58, p=0.001) were improved in the TC
group compared to the controls (Table 3).

Discussion

We examined the effect of a 12-week TCD program on
neuropathy scores, balance, glucose control (FBS and
HbAlc), and quality of life in type 2 diabetes mellitus pa-
tients with neuropathy. DPN is frequently associated with
pain, infection, and sensory loss in affected patients, leading
to a variety of complications including falls.*® The present
study found significant improvements in the TSS for neu-
ropathy and balance at the completion of the 12-week TCD
program. In previous studies, diabetic patients who prac-
ticed TC exercise for more than 12 weeks reported higher
cutaneous vascular conductance'* as well as better periph-

eral nerve conduction velocities of the bilateral median and
tibial nerves.” These findings suggest that sensory function
and neuropathy-related symptoms can be improved by TC
exercise. The previous study also showed plantar sensation
improvement after 24 weeks of Tai Chi exercise among older
adults with peripheral neuropathy.”’ Along with the im-
provements in plantar sensory perception, TC training can
help subjects to gain better control over their posture, leading
to better balance.” The effects of TC exercise on balance in
older adults or those with diabetes are also well supported in
the literature.*

However, we were unable to find any significant differ-
ences in SWME scores after the 12-week TCD program. Al-
though the SWME is a useful measure for identifying
diabetic neuropathy and is easily applicable in clinical
practice, the limited range of scores from 0 to 2 probably
makes it difficult to realize group differences due to the small
variance.

The pathogenesis of DPN is multifactorial, and prolonged
hyperglycemia is known to be the primary factor.’ We
provided the 12-week TCD program along with diabetic
counseling and education to diabetic patients at the outpa-
tient clinic, and their FBS and HbAlc decreased by 12.85 mg/
dL and 0.43%, respectively. The differences shown in the TC
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TABLE 2. HOMOGENEITY TEST OF STUDY VARIABLES AT THE BASELINE (N=39)

AHN AND SONG

Tai Chi (n=20)

Control (m=19)

Mean (SD) Mean (SD) t (p)
Neuropathy scores Monofilament test scores 1.90 (0.31) 1.63 (0.59)) 1.75 (0.094)
Total symptom scores 1.13 (1.95) 1.19 (1.98) —0.09 (0.925)
Balance Single leg stance 22.37 (23.72) 15.71 (18.99) 0.96 (0.345)
Glucose control Fasting blood glucose 137.85 (45.19) 143.47 (47.45) —0.37 (0.701)
HbAlc 7.63 (1.38) 8.02 (1.65) —-0.79 (0.435)
Quality of life Physical functioning 67.00 (16.88) 61.05 (21.57) 0.96 (0.343)
Bodily pain 67.50 (28.50) 71.71 (19.91) —0.53 (0.595)
Role limitation, physical 59.37 (27.46) 61.51 (32.89) —0.22 (0.826)
Role limitation, emotional 57.75 (21.91) 67.54 (35.23) 1.03 (0.309)
Social functioning 70.00 (25.45) 80.26 (20.11) -1.39 (0.172)
Vitality 43.12 (15.56) 45.06 (19.82) —0.34 (0.735)
General health 46.00 (16.85) 40.00 (17.11) 1.10 (0.277)
Mental health 69.50 (17.83) 61.31 (17.54) 1.44 (0.157)
PCS? 44.53 (6.80) 42.82 (7.08) 0.76 (0.448)
MCSs? 42.58 (10.40) 43.59 (10.89) —-0.29 (0.769)

“PCS, physical component score; MCS, mental component score.

group differed significantly from those of their control. The
low-to-moderate intensity of TC exercise is expected to im-
prove glucose metabolism, resulting in lower levels of
HbAlc and insulin resistance.'”

Previous studies looking at the effects of TC exercise on
glucose control in diabetic patients have produced conflict-
ing results. The findings of several studies support the ben-
eficial effects of TC exercise on glucose control,?*? but a
randomized study with the TCD program found no signifi-
cant improvement on either glucose homeostasis or insulin

sensitivity.”> Tsang et al.** found a small and nonsignificant
effect size (—0.07£0.4%) on HbAlc levels after a 16-week
TCD program. This finding may be explained either by a lack
of statistical power due to the small sample, or perhaps be-
cause the intensity of the TCD program was not sufficient to
induce significant changes to HbAlc.”

The quality of life of the diabetic patients who participated
in the 12-week TCD program was significantly improved,
especially in the dimensions of physical functioning, bodily
pain, physical and emotional role limitation, and social

TABLE 3. GROUP COMPARISON ON NEUROPATHY SCORES, BALANCE, GLUCOSE CONTROL, AND QUALITY
OF LIFE AT THE PosTTEST (N=39)

Tai Chi (n=20)

Control (n=19)

Post test Pre—post difference Post test Pre—post difference
mean (SD) mean (SD) mean (SD) mean (SD) t P

Glucose control

Fasting blood glucose 125.50 (45.57) 12.85 (40.66) 155.31 (44.88) —11.84 (26.36) 223 0.036

HbAlc 7.20 (1.32) 0.43 (.57) 8.32 (1.76) —-0.30 (0.87) 311  0.004
Balance

Single leg stance 30.02 (28.08) —-7.65 (16.78) 14.27 (16.31) 1.44 (9.97) -2.04 0.044
Neuropathy scores

10-g monofilament test 1.95 (0.22) -0.05 (0.22) 1.73 (0.56) -0.10 (0.31) 0.63 0535

Total symptom scores 0.91 (1.87) 0.21 (1.44) 2.83 (3.29) —1.64 (3.61) 2.09 0.042
Quality of life

Physical functioning 71.75 (19.95) 4.75 (16.58) 55.26 (19.75) —-5.78 (11.69) 228  0.028

Bodily pain 79.37 (19.98) 11.87 (26.74) 60.36 (24.49) —11.34 (26.17) 2.73  0.009

Role limitation, physical 76.62 (20.72) 17.25 (28.64) 57.48 (27.80) —-4.02 (14.20) 296  0.006

Role limitation, emotional 75.25 (22.84) 17.50 (24.78) 60.17 (32.13) —-7.36 (20.73) 3.38  0.002

Social functioning 80.89 (18.11) 10.89 (30.29) 61.97 (28.89) —18.28 (18.85) 3.58  0.001

Vitality 49.00 (15.12) 5.87 (12.74) 42.63 (18.29) —2.43 (18.39) 164 0.107

General health 48.65 (13.79) 2.65 (17.46) 38.84 (13.50) ~1.15 (12.83) 077  0.446

Mental health 68.35 (21.72) —-1.15 (28.49) 53.42 (19.58) —7.89 (18.05) 0.87 0387

PCs 45.36 (8.04) 83 (7.31) 43.57 (7.00) 74 (6.08) 0.04 0967

MCS 44.52 (9.19) 1.93 (13.50) 41.38 (12.90) —-2.20 (10.77) 1.05 0.298

°t values were calculated from the difference scores (posttest — pretest scores).
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functioning. The severity of DPN symptoms was found to be
predictive of poor health-related quality of life." There has
been consistent evidence that supports the finding that TC
exercise has a positive effect on quality of life in individuals
with various health conditions.**

However, several limitations should be considered when
interpreting these data. First, the potential confounding
variables were not controlled by nonrandom assignment of
the groups. We conducted homogeneity tests on demo-
graphic characteristics and baseline study variables to
confirm that the distributions were similar in the groups
(Appendix 1). We also used the differences between posttest
and pretest scores for group comparisons to control for the
differences at the pretest. Second, relatively high dropout
rates (33%-34% in both the TC and control groups) may
have contributed to changes in the demographic charac-
teristics of the groups. We conducted secondary analysis to
compare demographic characteristics and study variables
between the participants and those who dropped out. No
significant group differences were found in neuropathy
scores, blood glucose levels, and balance. However, the
physical functioning and bodily pain scores of quality of life
were significantly higher among the dropouts than among
the participants, showing that those with better quality of
life in some dimensions dropped out from the study. Fur-
thermore, younger subjects with jobs who perceived their
health to be better than others and who were taking oral
medication tended to drop out. Further studies with ran-
dom assignment are needed to control for these potential
confounding variables.

Conclusion

In conclusion, the standardized program with 21 move-
ments combined from the Yang and Sun style of TC was
applied to type 2 diabetic patients with neuropathy both
safely and effectively for 12 weeks. The 12-week TCD pro-
gram was effective in reducing blood glucose and HbAlc
levels, neuropathy TSSs, and in improving balance and some
dimensions of quality of life in these patients. The moderate-
intensity, 12-week (minimum) TCD program was sufficient
to exert positive effects on glucose control and quality of life
in individuals with DPN. Further studies with larger samples
are required to confirm the effects on neuropathy index with
more objective and sensitive measures.
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APPENDIX 1. COMPARISON OF STUDY VARIABLES AND GENERAL CHARACTERISTICS AT THE BASELINE

BETWEEN THE STUDY PARTICIPANTS AND THE DROPOUTS

Participants (n=239)

Dropouts (n=20)

Variables Mean (SD) Mean (SD) P 4
Age 64.07 (7.19) 59.25 (8.63) 2.27 0.026
Employment status
Employed 10 (25.6) 10 (50.0) 3.50 0.084
Not employed 29 (74.4) 10 (50.0)
Present health status
Poor to very poor 4 (10.3) 0 (0.0) 7.34 0.015°
Average 24 (61.5) 7 (36.8)
Good to very good 11 (28.2) 12 (63.2)
Hypoglycemic drugs
None 8 (20.5) 1 (5.0) 2.46 0.1487
Yes 31 (79.5) 19 (95.0)
Neuropathy scores
Monofilament test scores 1.76 (0.48) 1.90 (0.29) -1.22 0.224
Total symptom scores 1.16 (1.94) 1.43 (1.77) -0.52 0.604
Balance 19.12 (21.53) 20.99 (25.52) —-0.287 0.775
Glucose control
Fasting blood glucose 140.58 (45.78) 133.57 (51.42) 0.526 0.601
HbA;c 7.82 (1.51) 7.26 (1.12) 1.42 0.159
Quality of life
Physical functioning 64.10 (19.29) 77.63 (18.05) —2.558 0.013
Bodily pain 69.55 (24.46) 82.73 (20.56) -2.10 0.039

“Fisher’s exact test.



