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Abstract

Background a large proportion of adults with type 2 diabetes remain sedentary despite evidence of benefits from exercise
for type 2 diabetes. Simplified Yang Tai Chi has been shown in one study to have no effect on insulin sensitivity in older
adults. However, a modified Tai Chi form, Tai Chi for Diabetes (TCD) has recently been composed, claiming to improve
diabetes control.
Methods subjects were randomised to Tai Chi or sham exercise, twice a week for 16 weeks. Primary outcomes were insulin
resistance 72 h post-exercise (HOMA2-IR), and long-term glucose control (HbA1c).
Results thirty-eight subjects (65 ± 7.8 years, 79% women) were enrolled. Baseline BMI was 32.2 ± 6.3 kg/m2, 84% had
osteoarthritis, 76% hypertension, and 34% cardiac disease. There was one dropout, no adverse events, and median compliance
was 100 (0 − 100)%. There were no effects of time or group assignment on insulin resistance or HbA1c ( −0.07 ± 0.4%
Tai Chi versus 0.12 ± 0.3% Sham; P = 0.13) at 16 weeks. Improvement in HbA1c was related to decreased body fat
(r = 0.484, P = 0.004) and improvement in insulin resistance was related to decreased body fat (r = 0.37, P = 0.03) and
central adiposity (r = 0.38, P = 0.02), as well as increased fat-free mass (r = −0.46, P = 0.005).
Conclusions TCD did not improve glucose homeostasis or insulin sensitivity measured 72 h after the last bout of exercise.
More intense forms of Tai Chi may be required to produce the body composition changes associated with metabolic benefits
in type 2 diabetes.
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Introduction

Type 2 diabetes (T2DM) affects over 100 million people
worldwide and its prevalence is expected to increase to
300 million by 2025 [1]. Although moderate-to-vigorous
aerobic and resistance exercises have been shown to improve
all aspects of metabolic syndrome, a large proportion of
adults with T2DM do not follow recommended physical
activity guidelines [2]. A low-impact, low-intensity exercise
such as Tai Chi (TC) may address poor compliance in this
population and provide a beneficial alternative.

Though the standardised 24-form Yang TC style was
recently shown in a well-designed RCT to have no effect on

insulin sensitivity, HbA1c , body composition, lipids, or blood
pressure in older adults [3] (of whom 14% had impaired
fasting glucose or diabetes, and approximately 60% had
hypertension, dyslipidemia, and/or obesity), a new form
has recently been composed, Tai Chi for Diabetes (TCD),
claiming to improve diabetes control via the energy flow
the selected movements of the form would encourage [4].
However, no studies have yet investigated the effect of TCD
on insulin resistance or glucose homeostasis.

This is the first RCT to investigate the effect of TCD
on glucose homeostasis and insulin resistance in T2DM. We
hypothesised that TCD would improve insulin resistance and
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glucose homeostasis in older adults with diabetes relative to
controls undertaking sham exercise.

Research design and methods

Study design

The study was a double-blind, randomised, sham-exercise-
controlled trial.

Study population

Sedentary older adults with T2DM were recruited via
community advertising. Screening included a telephone
interview and medical examination. Eligibility included
age ≥50 years, sedentary (<1 exercise session/week), and
ambulatory without assistance. Exclusion criteria included
cognitive impairment (Mini-Mental State Exam≤24), current
TC participation, nursing-home residence, limb amputation,
any change in diabetic medication/dose within the past
3 months, and any unstable disease.

The study was approved by Human Research Ethics
Committee of the Universities of Sydney and NSW, Australia,
and written informed consent obtained (Clinical trials no.:
ACTRN012605000715673).

Randomisation

Please see Appendix 1 in the supplementary data on the
journal website (http://www.ageing.oupjournals.org.)

Interventions

Both groups completed two supervised 1-h sessions weekly
for 16 weeks. Make-up sessions were allowed within a
4 week window. All classes were conducted by the same
investigator extensively trained in both exercise forms. The
TC group performed the TCD program [4], a ‘hybrid’
form of 12 movements from Sun and Yang styles. Each
session commenced with whole-body warm-up exercises and
concluded with cool-down exercises. Controls performed
sham exercise (calisthenics and gentle stretching), previously
shown to have no significant effects on physical or
psychological outcomes [5, 6]. Most of the exercises were
conducted seated, with 5–10 min of standing exercises
holding onto the backs of chairs. No resistance other
than opposing gravity, sustained isometric contractions,
prolonged static stretches, or sustained rapid movements
were performed, to minimise adaptations in strength,
flexibility, and aerobic capacity. A sham-exercise-control
was utilised as this design was able to control for effects
of factors such as attention/social interaction (with group
members and instructor), and participation in movement
activities/classes, which would not have been possible with
a usual care/non-exercise-control.

Outcomes

Outcome measures were conducted at baseline (before
randomisation) and at follow-up (after 32 sessions).

Primary measures

Blinded 12 h fasting blood tests were performed by an
independent laboratory. Blood tests were standardised
to 72 h following the last exercise class to control for
acute-bout influences on insulin resistance [7]. Please see
Appendix 2 in the supplementary data on the journal website
(http://www.ageing.oupjournals.org/)

Secondary outcomes and covariates

Body composition and nutritional status

Please see Appendix 3 in the supplementary data on the
journal website (http://www.ageing.oupjournals.org/).

Habitual physical activity and quality of health

Please see Appendix 4 in the supplementary data on the
journal website (http://www.ageing.oupjournals.org/).

Exercise intensity/compliance

Heart rate (HR) and rating of perceived exertion (RPE) was
monitored for each subject during weeks 14–16, using a HR
monitor (Polar Electro, OY, Finland), and the Borg scale
(6–20), averaging HR and RPE every 15 min.

Percent compliance was calculated as: (# sessions
attended/32) ×100.

Adverse events

A weekly questionnaire probing possible adverse events and
changes in health status was administered face-to-face or via
telephone in both groups throughout the trial.

Sample size

Sample size was estimated from studies of aerobic and
resistance training effects on HbA1c in T2DM [8–10]. An
absolute decrease in HbA1c of 1 ± 1% was estimated. Setting
the power (1-beta) at 0.8, and an alpha value of 0.05, total
estimated sample size required was 34. An estimated 15%
dropout rate increased the sample size to 39.

Statistical methods

Statistical analyses were performed using Statview, version
5.0 (SAS Institute, Cary, NC). All data were visually inspected
for normality of distribution. Non-normal data were log-
transformed for use with parametric statistics. All values
are reported as mean ± standard deviation (SD); non-
normal data reported as median (range). Groups were
compared at baseline via t-tests for continuous variables,
and chi-square tests for categorical variables. Changes over
time and between groups were analysed using repeated
analysis of variance (ANOVA). Variables that were different
between groups and potentially related to the outcome of
interest were used as covariates in analysis of covariance
(ANCOVA) models of change scores. Ninety-five per cent
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Table 1. Baseline subject characteristics

Tai chi Control Mean Total P value Confidence
Characteristic (n = 18) (n = 20) difference (n = 38) interval
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Female (%) (CI) 88.9 (0.7–1.0) 70 (0.5–0.9) — 78.9 0.15 —
Body weight (kg) 87.52 (13.7) 80.70 (16.14) 6.82 83.93 (15.21) 0.17 –16.7, 3.1
Waist circumference (cm) 106.10 (14.6) 98.35 (12.57) 7.74 102.66 (13.54) 0.09 –16.7, 1.2
Body fat (%)b 42.95 (4.83) 37.31 (8.39) 5.65 40.13 (7.33) 0.02a −10.2, −1.1
Fat-free mass (kg)b 49.59 (6.94) 49.83 (8.27) −0.24 49.71 (7.52) 1.00 −4.8, 5.29
Fat mass (kg)b 37.93 (8.83) 31.05 (11.73) 6.88 34.49 (10.81) 0.05 −13.8, 0.01
Ethnicity (% Caucasian) (CI) 94.4 (0.7–1.0) 85 (0.6–0.9) — 89.5 0.34 —
Duration of diagnosed diabetes

(y)
8.7 (0–25) 12.4 (0.7–50) –3.73 10.64 (0–50) 0.31 –0.3, 0.4e

Falls, n (CI)c 8 (0.2–0.7) 6 (0.1–0.5) — 14 (37) 0.15 —
Chronic medical diagnoses (n): 6.9 (2.59) 6.1 (2.97) 0.79 6.5 (2.79) 0.39 –2.2, 0.2
Osteoarthritis, n (CI) 16 (0.7–1.0) 16 (0.6–0.9) — 32 (84.2) 0.45 —
Coronary artery disease, n (CI) 7 (0.2–0.6) 6 (0.1–0.5) — 13 (34.2) 0.56 —
Arrhythmia, n (CI) 3 (0.1–0.4) 4 (0.1–0.4) — 7 (18.4) 0.79 —
Hypertension, n (CI) 13 (0.5–0.9) 16 (0.6–0.9) — 29 (76.3) 0.57 —
Dyslipidemia, n (CI) 11 (0.4–0.8) 14 (0.5–0.9) — 25 (65.8) 0.56 —
Metabolic syndrome (n) (CI) 14 (0.5–0.9) 17 (0.6–0.9) — 31 0.57 —
Total daily medications (n) 8.56 (4.0) 6.4 (3.7) 2.16 7.4 (4.0) 0.94 ( −4.0, 0.6)
Subjects taking any oral

hypoglycaemic, n (CI)
10 (0.3–0.8) 16 (0.6–0.9) — 26 (68.4) 0.11 —

Insulin, n (CI) 4 (0.1, 0.5) 5 (0.1, 0.5) — 9 (23.7) 0.84 —
HbA1c (%) 7.1 (0.9) 6.9 (0.9) 0.24 7.0 (0.9) 0.41 –0.8, 0.4
Glucose (mmol/l) 7.5 (3.9–15.6) 8.4 (5.6–13.9) –0.91 8.0 (3.9–15.6) 0.19 −0.03, 0.2e

Insulin (mu/l) 21.1 (8.5–60.8) 17.88 (4–35.2) 3.19 19.4 (4–60.8) 0.29 –0.3, 0.1e

Habitual physical activityd 94.7 (63.9) 149.7 (70.8) −55.0 123.6 (72.3) 0.02a 10.4, 99.6
Daily energy intake (kcal) 1722.11 (547.29) 1542.77 (544.73) 179.3 1627.72 (546.10) 0.32 −539.1, 180.4
Relative daily energy intake

(kcal/kg/d)
20.0 (6.7) 19.8 (7.5) 0.2 19.9 (7.1) 0.93 −4.9, 4.5

All data presented as mean (standard deviation) for normally distributed data, median (range) for non-normally distributed data, and (CI) for categorical
data.
a Indicates a significant difference between Tai Chi and control groups (P≤0.05). Continuous variables analysed by t-test or Mann–Whitney U test for
non-normally distributed data. Categorical variables analysed by chi square test.
b Fat-free mass and percent body fat estimated by bioelectrical impedance [11]
c Number of subjects with ≥ 1 fall in the past year
d The Physical Activity Scale for the Elderly was used to monitor habitual physical activity, based on the leisure time, household, and work-related
activities performed in the previous seven days. A higher score reflects more physical activity performed [12].
e Confidence intervals were generated for log values of non-normally distributed data.

confidence intervals (CI) were calculated from the mean,
SD, and n of each group. Relationships between variables
of interest were analysed with simple and forward stepwise
linear regression, or Spearman rank order correlation for
non-normally distributed data. A P value of <0.05 was
considered statistically significant. All available data were
included irrespective of compliance. Intention to treat
analysis (ITT) (last value carried forward) was performed
on the primary outcomes (glucose homeostasis and insulin
sensitivity) as a secondary analysis.

Results

Participant flow

Recruitment of 38 subjects occurred during March–July,
2004.

Participant characteristics

Baseline participant characteristics are shown in Table 1.
Please see Appendix 5 in the supplementary data on the
journal website (http://www.ageing.oupjournals.org/)

Compared to controls, subjects randomised to TC had
greater total body fat (%BF) (P = 0.02), better cognition,
lower social function, lower Physical Activity Scale for the
Elderly (PASE) score, and greater daily dietary cholesterol
intake (Table 1). There were no other significantly different
variables at baseline (data not shown).

Compliance and patient satisfaction

The median time taken to complete the program was 16
(0.3–21.4) weeks. There was one dropout in the TC group
who refused follow-up testing. Median compliance was 100
(6–100)% and 100 (0–100)% in TC and controls respectively
(P = 0.737).
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Table 2. Mean differences

Tai Chi group Control group Group × Time
(n = 17) CI (Tai Chi) (n = 20) CIl (control) Time effect interaction

Variable Mean change — Mean change — f P f P
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Glucose Metabolism — — — — — — — —
HbA1c (%) −0.07 (0.4) −0.6, 0.4 0.12 (0.3) −0.3, 0.5 0.33 0.57 2.43 0.13
HOMA2-IRb 0 (−1.9–2.0) −0.1, 0.1e −0.1 (−2.6–1.2) −0.1, 0.04 e 0.13 0.73 0.004 0.95
HOMA2%Sb −0.8 (−40.2–54.8) −0.1, 0.1e 5.0 (−63.5–75.1) −0.04, 0.1e 0.94 0.34 0.89 0.35
HOMA2%Bb −2.4 (−88.0–81.7) −0.1, 0.1e 4.9 ( −71.1–28.7) −0.1, 0.1e 2.11 0.16 0.48 0.49
Body Composition — — — — — — — —
Weight (kg) −1.0 (2.9) −7.3, 5.3 −0.12 (1.7) −7.7, 7.5 2.06 0.16 1.29 0.26
BMIc (kg/m2) −0.39 (1.1) −2.8, 2.0 −0.07 (0.7) −3.4, 3.3 2.42 0.13 1.23 0.28
Waist circumference (cm) 0.49 (3.3) −6.3, 7.3 0.34 (2.7) −5.5, 6.2 0.72 0.40 0.02 0.88
Body fat (%) −0.61 (2.4) −3.1, 2.6 −1.0 (2.8) −4.8, 3.7 6.70 0.01a 0.16 0.70
Fat-free mass (kg) −0.04 (3.0) −2.9, 4.1 0.62 (2.6) −3.9, 4.0 0.001 0.97 0.47 0.50
Fat mass (kg) −1.0 (3.6) −5.5, 3.6 −0.83 (2.5) −6.6, 4.9 2.96 0.095 0.02 0.90
Habitual physical activityd 17.65 (51.0) −16.7, 52.0 −35.26 (49.5) −66.2, −4.3 1.11 0.30 9.96 0.003a

Values are mean (SD) or median (range).
a P ≤ 0.05
b Homeostasis Model Assessment Index 2 (HOMA2): an estimate of insulin resistance (HOMA2-IR), insulin sensitivity relative to normals (HOMA2%S),
and beta-cell function relative to normals (HOMA2%B). Higher values indicate better insulin sensitivity (%S) and beta-cell function (%B), and worse insulin
resistance (IR). HOMA2%B was calculated only in subjects who were not taking exogenous insulin [13].
c Body Mass Index: an indicator of body fat calculated by Weight (kg)/Height2 (m). Normal values range from 18.5–24.9 kg/m2. Values ≥ 25 are considered
overweight, and ≥ 30 obese.
d PASE was used to determine a score for habitual physical activity, based on the leisure time, household, and work-related activities performed in the previous
7 days. A higher score reflects more energy expenditure [12].
e CI were generated for log values of non-normally distributed data.

One subject (with pre-existing symptomatic spinal
stenosis diagnosed after screening) in the TC group found
the exercise intolerable secondary to pain and fatigue and
completed two sessions.

Adverse events

There were no exercise-related adverse events, and no group
differences in acute health problems. During the course of
the study, diabetic medication was commenced by one TC,
and ceased in one control participant.

Exercise intensity

The average HR during exercise was 83.3 ± 13.7 beats/min
in TC, and 81.0 ± 11.8 beats/min in controls (P = 0.69).
Mean RPE was 11 ± 2 and 10 ± 3 for TC and controls
respectively (P = 0.28).

Primary outcomes

There were no significant changes in logHOMA2-IR or
HbA1c after the intervention, or in logHOMA2%B or
logHOMA2%S (Table 2). Secondary ITT analysis using
the last value carried forward for missing data points
(n = 1) did not alter these results (data not shown), though
logHOMA2%B tended to change significantly over time
after ITT analysis (P = 0.07, f = 3.5).

ANCOVA models were constructed using the change
scores for HbA1c or HOMA2-IR as the dependent variables,

adjusted for baseline values of either HbA1c or HOMA2-
IR, respectively, as well as waist circumference and physical
activity level. The group effects for HbA1c (f = 0.923, P =
0.35) and logHOMA2-IR (f = 0.004, P = 0.95) remained
non-significant.

Improvement in HbA1c over time was significantly
associated with decrease in %BF (r = 0.484, P = 0.004),
explaining 23.5% of the variance in HbA1c .

Improvements in logHOMA2-IR were greatest in those
with the highest baseline physical activity level (r = −0.34,
P = 0.037). The improvement in logHOMA2-IR was
significantly related to increased FFM (r = −0.46, P =
0.005), and decreased %BF (r = 0.37, P = 0.03), waist
circumference (r = 0.38, P = 0.019), and PASE score over
the intervention period (r = 0.36, P = 0.03) (Figure 1).
Changes in both waist circumference and PASE score
independently contributed to change in logHOMA2-IR
(r2 = 0.347, P = 0.001) in a forward stepwise regression
model of the significant univariate predictors above.

Secondary outcomes

Body composition

Body weight did not change over time (P = 0.16) or between
groups (P = 0.26) in unadjusted models, or in an ANCOVA
model adjusted for baseline PASE score (P = 0.15). Body
fat decreased slightly but significantly over time (Table 2),
but not differentially between sham exercise and TCD. There
were no significant changes in waist circumference or FFM
(Table 2).

67

 by guest on D
ecem

ber 20, 2016
http://ageing.oxfordjournals.org/

D
ow

nloaded from
 

http://ageing.oxfordjournals.org/


T. Tsang et al.

Figure 1. Associations between change scores: (a) HbA1c and %Body fat, linear regression analysis: (r = 0.37, P = 0.03);
(b) Log(HOMA2-IR) and %BF (r = 0.37, P = 0.03); (c) Log(HOMA2-IR) and waist circumference (r = 0.38, P = 0.02);
(d) Log(HOMA2-IR) and FFM (r = 0.46, P = 0.01); (e) Log(HOMA2-IR) and PASE score (r = 0.36, P = 0.03); (e) Log(HOMA2-
IR).

Energy intake/expenditure

Physical activity levels increased in TC, (17.65 ± 50.96)
and decreased in controls (35.26 ± 49.52, f = 9.963, P =
0.003). However, after adjusting for baseline differences in
physical activity, %BF, and social function, this difference
was attenuated and no longer significant (P = 0.195).

Daily fat intake decreased over the study period ( −15.9%
in TC, 0.85% in controls; f = 7.761, P = 0.0095), with no
difference between groups, and similarly, daily caloric intake
tended to decline over time ( −6.022% in TC, −3.307
in controls; f = 4.084, P = 0.0529). There were still no
group differences, after adjusting for baseline differences in
daily fat, caloric intake and waist circumference (data not
shown).

Discussion

This study has shown that practicing the TCD form twice
a week for 16 weeks does not improve HbA1c or insulin
sensitivity 72 h post-exercise in older adults with T2DM. Our
results extend those of Thomas et al. [3] who also reported no
benefits of TC to diabetes control in primarily non-diabetic
older adults after a year of thrice-weekly supervised TC
practice plus additional unsupervised sessions.

A number of previous studies have demonstrated absolute
improvements in HbA1c of 0.74–1.21% after moderate
to high-intensity aerobic or resistance training of similar
duration to that used in the present study [8, 10, 14]. The
mean absolute decrease in HbA1c observed after TC in our
study of 0.07%, was not significant statistically or clinically,
or even close to changes previously reported after exercise
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interventions. Another study examining low-to-moderate
intensity exercise in patients aged over 65 years with T2DM
also found no change in HbA1c after 16 weeks of aerobic,
strength and stretching exercises, for 80 min, three times a
week [15]. However a recent non-controlled study observed
an absolute decrease in HbA1c of 0.46% after a 12-week,
thrice-weekly TC program, where the Cheng style 37 Forms
was practiced 1 h per class [16]. Subjects in this study were
younger, and did not have as long-standing diabetes as our
cohort. There was no mention of the medications taken
by these subjects either. Though the statistically significant
HbA1c improvement reported by Yeh et al.’s study [16] was
statistically significant, it was smaller than effects seen with
other forms of robust exercise, and the absence of a control
group precludes drawing definitive conclusions from this
trial. The difference in results compared to our study may
be due to the lack of a control group, the different TC
style utilised, the increased frequency of training (3 versus
2 days/week), or the subject characteristics and diabetes
duration. Thus, additional, well-designed research needs to be
conducted to define the role, if any, of TC in the treatment of
T2DM. Perhaps the TCD form may be beneficial for younger
subjects, who have greater preservation of insulin secretory
reserve, and who are on fewer medications for diabetes.
Long-term glucose control was associated with changes in
%BF in our trial, and this outcome changed minimally. This
lack of a robust effect on body fat may partly explain the
absence of improvement in HbA1c . Improvements in glucose
control have previously been reported following moderate to
high-intensity exercise programs without significant weight
change [7, 9, 14]. It is likely that the exercise intervention used
in this study was not intense enough to induce significant
changes to HbA1c or body composition. Our intention was
to study the form of TC that is advocated internationally
for its benefits on diabetes, not to alter the form prior to
testing this hypothesis. It is possible that the very small
effect seen ( −0.07 ± 0.4% absolute change in HbA1c after
TC) would have been statistically significant with a larger
sample size (n = 57 per group), but the clinical significance
of a change of such small magnitude is unlikely. Similarly,
insufficient intensity was also the most likely reason for
the non-significant findings in the previous study of Yang
style TC [3], despite the higher volume of exercise in that
study. Reduced body fat is related to induction of a negative
energy balance through either increased energy expenditure
or decreased energy intake, or both. Diet-induced weight/fat
loss improves insulin resistance [17], and exercise may
enhance compliance to hypocaloric diets [7]. Although we
found modestly reduced dietary fat and caloric intake in
both groups, these may not have been great enough to
induce robust body composition changes, hence glucose
control and insulin resistance were unchanged. It should
also be noted that our cohort had relatively good baseline
diabetes control, and chronic use of medication. This, in
addition to the subjects responding to the study’s recruitment
campaigns/advertisements, may signify a high motivation of
this cohort to improve their diabetes control or health.

However our results show that this potential bias had no
effect on the primary outcome, as no improvements were
observed. Some subjects may have been motivated to change
their diet during the study (reflected in decreased reporting
of fat/energy intake over time in both groups), and it would
thus appear that the changes in body fat which were linked
to improved metabolic control may have been secondary to
dietary restriction rather than directly related to the exercise
undertaken by either group.

Two factors must be considered when interpreting our
insulin resistance results: timing of blood draws, and method
of assessment. First, it was our intention to adopt a
conservative approach by performing the blood tests 72 h
after the last exercise bout. This ensured that observed
effects of TC on insulin resistance were not overstated by
measuring acute effects on glucose and insulin, which would
have mostly receded by 72 h after the last exercise bout [7]. It
is possible that we missed an effect of TC on insulin resistance
that was only present acutely. Future studies could include
earlier time-points to assess this possibility. Nevertheless,
improved insulin sensitivity has been measured at least 72 h
after the last bout of exercise in the majority of recent
literature [18, 19], thus, our lack of efficacy stands in contrast
to other proven exercise modalities. Second, we estimated
insulin resistance with the HOMA2 model rather than the
‘gold standard’ euglycemic clamp technique [20], and it is
possible that subtle changes were missed. However, HOMA2
is closely correlated to the euglycemic clamp method [13].
Additionally, the lack of improvement in insulin resistance
demonstrated by the previous TC study [3] using a more
sensitive index (intravenous insulin tolerance test, at an
unspecified time after the last bout of exercise) further
supports the absence of metabolic benefits associated with
TC. It is possible that a type II error may explain the lack
of statistical significance observed for HbA1c . However, the
clinical relevance of changes in HbA1c as small as those
associated with TC in this study would be minimal. On the
other hand, there was no evidence of improvement in insulin
sensitivity at all after TC, making it unlikely that a type II
error underlies this finding.

Our findings confirm the importance of body composi-
tion with respect to metabolic fitness [7]. Long-term glucose
control was associated with reduced %BF, and insulin resis-
tance with lowered %BF, waist circumference and increased
FFM. Although both groups lost a small amount of weight
and body fat, neither group significantly improved central
fat mass or FFM estimates. Change in body mass was
not related to either primary outcome, which is consistent
with a recent meta-analysis of exercise and diabetes [10], in
that weight loss was not associated with reduced HbA1c .
Visceral adiposity is more closely related to metabolic fit-
ness than body mass, and our results confirm that exercise
studies should include estimates of this compartment to
define mechanisms of intervention efficacy. The change
in body mass in our study was similar to the findings of
Boule et al. [10] who reported a 0.9 kg decrease in body
mass following moderate-high intensity aerobic or resistance
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training in people with diabetes. Of note, a more frequent
(3 days/week with practice in between sessions), and longer
(12 months) duration of TC [3] was, similarly, unable to
induce favourable body composition changes, or better glu-
cose homeostasis/insulin sensitivity. Increases in FFM are
generally only seen with anabolic exercise such as resistance
training [3, 8, 21], and our study confirms the relationship
between changes in FFM and improved insulin sensitivity
reported by others [22]. Four months of TC does not appear
to be sufficiently anabolic to improve insulin resistance via
this mechanism.

In conclusion, twice-weekly, supervised participation in a
16-week TC program utilising the TCD form did not improve
blood glucose control or insulin resistance, measured 72 h
after the last exercise bout in older adults with long-
standing and pharmacologically treated T2DM. Shifts in
body composition (decreased fat, increased muscle) appear
to be necessary for metabolic benefits to accrue in this
diabetic cohort.
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