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T ype 2 diabetes is a metabolic syn-
drome associated with chronic in-
flammat ion (1–3) . Al though

exercise training has been proven benefi-
cial in treatment of type 2 diabetes (4,5),
this preventive and therapeutic modality
remains underused (5). Recently, evi-
dence (6) indicates that physical inactivity
can increase proinflammatory burden in-
dependently of obesity, and exercise may
induce anti-inflammatory mediators (7).
Strenuous exercise has been shown to
augment proinflammatory reaction (8,9)
and compromise adaptive immunity with
a higher risk of upper respiratory tract in-
fections (9,10). Moreover, strenuous ex-
ercise might also potentiate hypoglycemia
in elderly diabetic patients (11). In con-
trast, certain studies show that moderate
exercise enhances T-cell function (12)
and decreases respiratory infections (13),
which suggests that the volume of exer-
cise is a critical element of inducing a pos-
itive or negative immune response in
diabetic patients. Tai Chi Chuan (TCC)
exercise, a traditional Chinese martial art
that is classified as a moderate exercise
because it does not demand �55% of
maximal oxygen intake (14), can benefit
balance and cardiovascular and respira-
tory function (14–16). We have previously

shown (17) that a regular TCC exercise
for 12 weeks significantly enhances func-
tional mobility and regulatory T-cell func-
tion of normal adult volunteers; however,
we could not assess the effect of TCC ex-
ercise on glycemic improvement. In this
study, we recruited type 2 diabetic pa-
tients to participate in the TCC program
to investigate the effect of TCC exercise on
the metabolism of blood glucose and lym-
phocyte subpopulations.

RESEARCH DESIGN AND
METHODS — This study was con-
ducted in one group with pre- and post-
TCC exercise immune tests. The study
protocol was approved by the Institu-
tional Review Board of Chang Gung Me-
morial Hospital, and written informed
consent was obtained from all type 2 dia-
betic participants who had no autoim-
mune or immunodeficiency disorder and
agreed to keep their regular diabetes med-
ications and follow their diets over the
exercise program. The estimated sample
size was initially set at 30, based on the
pre- and postexercise test design, with an
effect size of 0.35, significant � level of
0.05, and power of 0.8. Thirty-nine dia-
betic patients participated in the 12-week
TCC exercise program, and 32 (17 male

and 15 female subjects) completed it. The
mean � SD age of the participants was
57.88 � 14.14 years, and average length
of type 2 diabetes was 5.46 � 5.91 years.
Participants performed the standardized
Cheng’s Tai Chi 37 Forms under the guid-
ance of an expert TCC master, as previ-
ously described (17,18). Each TCC
session included a 10-min warm-up, 40-
min practice, and 10-min cooldown. Ses-
sions were given 3 days a week from 8:00
to 9:00 A.M.

Fasting blood glucose (FBG) in serum
and A1C levels, complete blood counts,
and T-lymphocyte subsets in blood were
measured before and 3 days after the TCC
program (17). Data from this study were
analyzed using descriptive analysis and
Student’s paired t test. Pearson’s product
moment correlation was used to analyze
correlations of FBG and A1C levels to
lymphocyte subpopulations. Since the data
of A1C changes before and after the TCC
program did not have a normal distribu-
tion, the A1C changes were transformed
into standard T-scores before the Pearson
correlation analysis. A P value �0.05 was
considered statistically significant.

RESULTS — All the participating type
2 diabetic patients had normal hemoglo-
bin levels but higher FBG and A1C levels
before the TCC exercise (Table 1). After
the 12-week TCC exercise, the A1C levels
revealed a significant decrease (P �
0.026) but were not clinically normal-
ized. The fasting glucose levels had no sig-
nificant decrease (P � 0.080) (Table 1).
White blood cells, erythrocytes, and
platelets were not significantly changed
after the TCC exercise. Analysis of lympho-
cyte subpopulations showed that per-
centages o f both CD4 and CD8
lymphocyte subpopulations significantly
decreased after the TCC exercise, but ab-
solute CD4 and CD8 lymphocytes had
not significantly decreased after the exer-
cise (Table 1).

Both proportional and absolute count
of CD4CD25 regulatory T-lymphocytes
significantly increased after the TCC ex-
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ercise (P � 0.001 and P � 0.029, respec-
tively). The proportional but not absolute
count of CD8CD28 cytotoxic lympho-
cytes significantly decreased after TCC
exercise (P � 0.048). Changes of CD4,
CD8, and CD8CD28 cells before and after
the TCC exercise were not correlated to
changes of fasting glucose or A1C levels
(P � 0.05), assessed by Pearson’s product
moment correlation. In contrast, de-
creases of A1C levels in the participating
type 2 diabetic patients were significantly
correlated to increases of CD4CD25 reg-
ulatory T-cells after the TCC exercise (r �
0.313, P � 0.004).

CONCLUSIONS — Certain exercise
programs have been tried (19–22) to im-
prove metabolic dysfunction of type 2 di-
abetic patients. Although these studies
have been meta-analyzed for their effects
on physical fitness or A1C improvement
(4,22), there is no study to date demon-
strating regular exercise correlated to
change of lymphocyte subpopulations.
Our study is the first to demonstrate that a
regular TCC exercise can increase
CD4CD25 regulatory T-lymphocytes cor-
related with decreases of A1C levels in
type 2 diabetic patients. The effect of TCC
exercise on the increase in regulatory T-
cells may indirectly be due to better car-
diopulmonary fitness after exercise.
Another possibility is that a regular TCC
exercise can improve glucose metabo-
lism, resulting in less glycosylated pro-
teins, which benefit immune regulatory

function in type 2 diabetic patients. It is
known that glycosylated modulation of
leukocyte surface receptors (23,24) and
soluble cytokines (25) can significantly
change immune functions. Further stud-
ies are needed to explore the glycosylated
proteins other than A1C in type 2 diabetic
patients that are involved in the improve-
ment of immune functions after the TCC
exercise. Moreover, an appropriate com-
bination of the TCC exercise program
with diabetic medications may improve
both glucose metabolism and immunity
of type 2 diabetic patients.
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