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Abstract
Background & Study Aim:

The results of epidemiological studies suggest that diabetes is significantly more frequent amongst physically inactive individuals and rarely develops in active subjects. We analyzed the effect of tai chi on individuals with elevated level of glucose.

Material & Methods:

The participants (25 men aged 61 to 79 years) were randomly assigned to the experimental – “E” (n = 10 with hyperglycemia) or control – “C” group (n = 15 right level of blood glucose). Men from “E” group had reported hyperglycemia and “C” group had normal level of glucose. Every subjects participated in an 18-week exercise class held
twice a week. The level of glucose was measured using Cormay tests. Lower body strength, aerobic endurance and
dynamic balance was measured on the basis of tests from the Senior Fitness Test.

Results:

The reduction in the level of glucose (from 159.0 mg/dl to 133.4 mg/dl) observed in group “E” was likely a consequence of increased uptake of this sugar by skeletal muscles. Also the results of all three tests of functional fitness (chair stand, 2-Min Step and 8 foot up and go) markedly improved in both groups (main effect from F = 21.0
to F=66.6; p≤0.01).

Conclusions:

The proposed training regimen met our expectations and, therefore, we can conclude that tai chi can improve the
components of health and physical function in men with hyperglycemia. In patients with hyperglycemia, glucose
was decreased (among healthy subjects did not change) and muscle strength, endurance, and dynamic balance increased as in healthy after training.
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Tai chi – a traditional form
of Chinese fitness exercise
characterized by smooth, or
even dancing movements of
a relatively low intensity. Tai
chi developed in China in the
11th century and has a positive
influence on the recovery and
maintaining of physical and
psychic health [6].
Functional fitness – physical
abilities to perform normal
everyday activities safely and
without excessive fatigue [17].
Hyperglycemia – blood glucose
level above 125 mg/dl.
Qigong – literally: “Life Energy
Cultivation”) is a holistic system
of coordinated body posture
and movement, breathing, and
meditation used for health,
spirituality, and martial arts
training [36].
Xinghi – one of the so-called
external styles of Chinese
therapeutic exercises.

introduction

Increasingly, the professional activity of an individual
is related to a low level of physical effort. Similarly,
household chores are associated with minimal physical activity. Moreover, the older is the individual;
the lower is his/her activity. Older age and progressive reduction of physical activity level are associated
with metabolic disorders, including diabetes, obesity,
and coronary artery disease. The results of epidemiological studies suggest that diabetes is significantly
more frequent amongst physically inactive individuals and rarely develops in active subjects [1]. In the
case of type 2 diabetes patients, physical exercise is
reflected by higher sensitivity to insulin, better compensation of glycemia, and favorable modification of
lipid profile. Due to the frequent incidence of severe
consequences of diabetes [2], maintaining physical
fitness is vitally important for the affected patients.
Gregg et al. [3] observed that 15% of elderly men with
diabetes reported an inability to walk one-fourth of a
mile, climb stairs, or do housework compared with 8%
of men without diabetes. Moreover among approximately 5 million U.S. elderly people with diabetes, 1.2
million are unable to perform major physical tasks.
Studies of the motor capacities of diabetic patients
revealed that impaired lower-extremity function is a
long-term diabetic complication in older patients [4].
The observed reduction of muscle mass in diabetic
patients may constitute one of the reasons behind
their lower fitness. Consequently, the authors of this
study suggested that comprehensive assessment of
older diabetic patients should include a standardized
evaluation of lower-extremity performance.
The conclusions of previous studies point to the
necessity of developing forms of physical activity
that would prevent the decrease in functional fitness
of hyperglycemic individuals.
Properly designed regimen of physical training for
individuals with hyperglycemia should be adjusted in
terms of both the type and intensity of the exercise, as
well as with paying attention to the duration and frequency of the training sessions. In the case of diabetic
patients, it should be based on dynamic aerobic exercise with moderate intensity. These requirements are
satisfied by tai chi, which is characterized by flowing
and dynamic sequences of movements. Wide possibility of individualizing the exercises and individual
selection of exercise load facilitate the aerobic character of tai chi training.
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Previous studies documented the positive influence
of this form of movement in healthy individuals, as
well as in patients with osteoporosis [5], degenerative joint disease [6], functional disorders of the
heart [7], excessive adiposity, Parkinson’s disease
[8], and many other conditions. Tai chi has been
practiced for centuries in China, where its positive
influence on mood and overall health status of older
people has been appreciated [9, 10]. During the last
several years, researchers have focused on the effects
of tai chi on individuals with hyperglycemia or confirmed diabetes; however, the results of these studies
are inconclusive.
Song et al. [11] determined that 6 months of consistent tai chi practice improve the overall health of type
2 diabetics. Out of a group of 62 patients, those who
participated in a twice-weekly course showed significant declines in fasting glucose and A1c (a measure of
long-term blood glucose levels). Moreover, the subjects from tai chi group demonstrated improvements
in diabetic self-care, mental health, social function,
and vitality, which may have additionally promoted
the improvement in the results of medical tests.
Another study, 14 weeks long and involving one hour
of tai chi exercises per day practiced for 5 days a
week, examined 20 middle-aged females with type
2 diabetes, who participated in this program [12].
Authors observed improvements in glycemic control and a reduction in triglyceride levels and concluded that tai chi could be used as an interventional
tool to improve glycemic control and serum TG level
in the elderly people. Despite short, 14-week, duration of the experiment, it unambiguously revealed
positive effect of this form of physical activity on
blood parameters. Richerson and Rosendale [13]
reported similar findings after conducting analysis of
the impact of tai chi on reducing the number of falls
among elderly patients with type 2 diabetes. In addition to improving sensory perception (of the feet) and
overall balance, a beneficial decline in their A1C level
(a minor component of hemoglobin to which glucose
is bound) was also noted in all the tai chi participants.
Yeh et al. [14] studied the effect of a 12-week course
of tai chi exercise on T cell helper reaction in patients
with type 2 diabetes. In addition, a combination of tai
chi and selected medication may provide an even better improvement in both the metabolism and immunity of patients with type 2 diabetes. Wang [15]
revealed that even an 8-week intervention may be
sufficient to observe the effect of tai chi. By the 8th
smaes.archbudo.com
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week of exercise, blood glucose decreased, while the
number of high- and low-affinity insulin receptors
and the binding capacity of low-affinity insulin receptor increased. Serum insulin increased but was still
within the normal range. After a single bout of tai chi
exercise, blood glucose, number of high- and lowaffinity insulin receptors, and their binding capacity increased, while serum insulin did not change.
Even very short tai chi intervention showed beneficial effects on the health status of patients with type
2 diabetes.
Nevertheless, the results of the most recent study
conducted by Lam et al. [16] question the efficacy
of tai chi training. In this study, researchers assessed
a total of 53 patients who were recruited to tai chi
and control group. Authors observed improvements in A1c, 6-minute walk test, and total cholesterol upon comparing baseline and follow up results.
However, the difference between the two treatment
groups was not statistically significant. In the case of
tai chi group, health status results showed improvements in three domains; however, there was no
significant improvement in metabolic control or cardiovascular risk at follow up compared to the control
group. Interestingly, subjects in tai chi group showed
improvements in physical and social functioning. The
question whether tai chi modulates the level of glucose and functional capacity of hyperglycemic individuals still remains unanswered. Consequently, we
assumed that an appropriate level of physical activity
constitutes the first line of hyperglycemia treatment.
Since tai chi is a form of exercise recommended irrespective of patients’ age, we analyzed the effect of
18-week tai chi training on individuals with elevated
level of glucose.

vision) were excluded. The participants were randomly assigned to the experimental – “E” (n = 10
with hyperglycemia – blood glucose level above 125
mg/dl) or control group – “C” (n = 15 – blood glucose level 70 -100 mg/dl).
Participation in the study was voluntary and every
subject expressed in writing their consent to take part
in the experiment after receiving written information
about the process of examination and participation
in an exercise group, which had the approval of the
Local Committee of Ethics in Research.
Procedure

Every men participated in an 18-week exercise class
held twice a week. Exercise sessions took 45 minutes and were led by a certified tai chi instructor. The
sessions included 10 minutes of warm up exercise
(involving stretching and balance exercise), 30 minutes of tai chi practice, and 5 minutes of cool down
exercise.
The main part of the course consisted of learning and
improving forms of Tai Chi. We used 5 sequences of
movement chosen from the simplified 24 form tai chi:
1) the wild horse parts its mane, 2) brush knee and
step forward, 3) reverse reeling forearm, 4) left/right
sparrows tail, 5) wave hands like clouds [17]. The
subjects performed techniques of Qigong, including
the circular motion of individual parts of the body
(hips, trunk), stretching the spine, slopes and halfsquats. Each exercise was repeated nine times [18].

The study included 25 men aged 61 to 79 years. The
subjects were recruited from the community using
direct mailings and community efforts aimed at
encouraging study participation. None of the participants used social assistance or nursing care. The subjects had not previously participated in tai chi or other
forms of sport or exercise for health or recreational
purposes for at least the last 5 years.

Each participant had to adequately control the body in
order to perform the task. Exercises consisted of free
movement or whole body in space. This forced practitioners to appropriately moving the center of gravity
through a precise balance and differentiated charging
lower limbs. Subjects mirrored the motions and postures of the instructor at the same speed and with the
same technique. During the sessions, the instructor
continuously monitored the subjects and corrected the
body position, joint angles, and form-to-form transition. The attention was paid to the smoothness of
motions and the monitoring of correct breathing at
the same time. The intensity of the classes allowed
to maintain the heart beat at the level of approx. 110120 beats per minute.

Men with history of significant cardiovascular,
pulmonary, or musculoskeletal disease (e.g. joint
fracture, artificial joint replacement) or neurological diseases (e.g. stroke, Parkinson’s disease, poor

Tai chi meditation posture – elements xinghi – was
also important for the effectiveness of the training. It
helped not only strengthen the muscle strength of the
lower limbs and shoulder, but learned concentration

material and methods

Participants
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and improve the feeling of the body. The last part –
the cool-down is 5 minutes relaxation exercises.
Tai chi forms part of the movement with low intensity. The intensity was controlled with the use of
sport-testers. General assumptions program of activities has been prepared in accordance with the recommendations of the American College of Sports
Medicine [19]. The final part of the training was varied relaxing music.
Measurements

All measurements were taken one week before the
intervention and again after 18 weeks. The level of
glucose in the venous blood serum was measured using
Cormay tests. Lower body strength (“chair stand”),
aerobic endurance (“2-Min Step”) and dynamic balance (“8 foot up and go”) was measured on the basis
of tests from the Fullerton Functional Fitness Test [20].
Each test component of the SFT has been selected for
its high content validity, criterion validity, construct
validity, and reliability [21, 22]. The ICCs were quite
good (0.79 to 0.97) on all components of the SFT for
the three environments [23]. Those tests assist health
practitioners and different specialists in identifying
weaknesses that cause mobility problems and developing exercise programs that improve functional fitness.
Tests can be conducted with minimal space, equipment, and technical requirements, making it easy to
administer in most community settings or in the home.
There is only needed a chair and a stopwatch to perform these tests.
Statistical analysis

Statistical analyses were performed using Statistica
10 software (StatSoft Inc, OK, U.S.) and statistical
significance was defined as p≤0.05. ANOVA (analysis
of variance) was used to determine the significance
of differences between experimental and control
groups and for the analysis of variation of pre-test and
post-test results. The analysis with two levels of the
first factor (within-subject factor: “training” – pretest,
posttest) and two levels of second factor (betweensubject factor: “group” – lower and higher level of
blood glucose) was used. For interaction effects, the
eta-squared (η2) effect size was calculated. The effect
size indicates the percent of variance explained by the
particular effects of the dependent variable. It was
also used to calculate the power of significant effects.
To compare the average values of all parameters (both
pre-test–post-test within session and between sessions
for pre-test and post-test) Bonferroni detailed post
hoc comparisons were conducted.
158 | VOLUME 11 | 2015

results

A decrease in the level of glucose, from 159.0 mg/dl
to 133.4 mg/dl was documented in men from hyperglycemic group “E”, who took part in tai chi training for a period of 18 weeks (Figure 1a); this change
proved statistically significant (p≤0.01). During
the same period, unchanging right level of glucose
(89.8 mg/dl pre and 90.2 mg/dl post) was observed in
group “C”. Differences were statistically significant
(interaction effect between-subject factor: “group” –
lower and higher level of blood glucose F = 22.1;
p<0.01, η2 = 0.50) between groups “E” and “C”.
Tai chi training proved equally effective with regards
to the functional fitness of men from “E” and “C”
groups. All three examined components of functional fitness: lower body strength (Figure 1b), aerobic endurance (Figure 1c, and dynamic balance
(Figure 1d) improved statistically significantly (main
effect within-subject factor: “training” – pretest, posttest from F = 21.0 to F = 66.6; p≤0.01).

discussion

Physical exercise is the simplest and the cheapest nonpharmacological modality of reducing resistance to
insulin and the level of glucose in venous blood. The
reduction in the level of glucose observed among men
with hyperglycemia after tai chi training was likely
a consequence of increased uptake of this sugar by
skeletal muscles. Physical exercise improved uptake
of glucose and synthesis of glycogen. Additionally,
physical training improves metabolism of glucose
in the liver and other tissues [24]. Positive effect of
tai chi with regards to glucose level are the result of
increased sensitivity to insulin associated with the proposed training regimen, comprising 45-minute sessions of exercise, continued two times a week for an
18-week period. Each such training session is associated with decreased blood concentration of glucose.
The results of previous studies suggest that such moderate exercise increased sensitivity to insulin irrespective of changes in body weight – in contrast to dietary
regimen, which improves insulin sensitivity of tissues
through the reduction of body mass [25].
It is possible that tai chi can prompt a decline in blood
glucose levels; perhaps, by improving blood glucose
metabolism. The alternative explanation proposes
that exercise may boost levels of fitness along with a
feeling of wellbeing and this, in turn, may boost the
health of the whole body.
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changes in glucose
mic patients may be considered clearly positive and
convincing. Ta chi training can significantly facilitate the process of regulating the level of sugar. In
addition the results of three tests of functional fitness
[chair stand, 2-Min Step and 8 foot up and go] markedly improved in both groups (with hyperglycemic
and with right level of glucose). It is the second positive effect of tai chi training.
Orr et al. [26] randomly allocated type 2 diabetic
patients to tai chi group and control group, which
performed sham exercises (e.g., seated calisthenics,
stretching). After 5 months, tai chi provided moderately significant improvements in mobility, although
not different from sham exercise. The dose and/or
movements of tai chi may not have been sufficient to
elicit robust adaptations.
Observed in this study improvement in the parameters
of functional fitness resulting from relatively small
load of tai chi (45 minutes twice a week) is not surprising. Even minimal level of physical activity can
be reflected by positive changes in physical fitness.
In contrast, the extent of improvement in muscular

strength, aerobic capacity, and dynamic balance in
our study should be considered surprising (p<0.01).
Positive response to training is important due to the
role of proper muscular strength and cardiovascular capacity in the maintenance of the overall health
in older individuals with hyperglycemia. Specific
adaptive changes of the neuromuscular system can
be observed as early as during the first phase of systematic physical training [27]; they usually lead to
the improvement in strength abilities resulting mostly
from the improved control of muscle groups involved
in the exercise, as confirmed by the studies conducted
by Rutherford and Jones [28]. Bean et al. [29] recognized the strength and power of lower limb muscles as the main determinants of functional fitness and
motor independence.
The results of studies dealing with the efficacy of
rehabilitation programs for people of various ages
suggest that during the senior years each method of
rehabilitation brings expected results with regards to
improved fitness. Additionally, due to various contraindications associated with this period of life, many
methods of rehabilitation (otherwise highly effective in younger individuals) have to be discarded.
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For example, Carter et al. [30] implemented elastic
tapes and small dumbbells (1-2 kg) into a comprehensive, 20-week training program aimed at the improvement of muscular strength. This experiment showed
only a slight (non-significant) improvement in the
strength of knee joint extensors, being a principal target of stimulation. Consequently, the improvement
in the results of tests for muscular strength, observed
in many participants of tai chi training, should be
emphasized as a positive effect. The efficacy of this
type of training with regards to muscular strength
was reported in previous studies. Wolfson et al. [31]
revealed that three months of tai chi training can be
reflected by an improvement in the strength of older
healthy subjects. Due to the specific forms of movement included in tai chi training, it can be expected
that the post-training increase in muscular strength of
lower limbs will be more pronounced than in the case
of other regions, e.g. upper part of the body; this was
confirmed in our male participants with hyperglycemia. However, Jacobson et al. [32] observed a relatively weak positive effect of tai chi on the muscular
strength of knee joint muscles of older individuals no
earlier than after 12 months of the training program.
Furthermore, these authors concluded that tai chi
has an insubstantial influence on muscular strength,
postural stability, and kinesthetic perception. In contrast, in the study of Lan et al. [33], a 6-month tai
chi training of men and women (mean age 61 years)
was reflected by a marked increase in the strength of
knee joint extensors. According to Wolfson et al. [31],
the improvement in muscular strength can result even
from three months of tai chi trainings conducted three
times per week. In another study of older individuals,
12-week tai chi training was reflected by an improvement in muscular strength of both knee joint extensors and flexors [34].

The papers documenting the effects of tai chi training upon the cardiorespiratory capacity of older males
are sparse. Moreover, Orr et al. [26] suggest that the
benefits of tai chi are likely based on the provoked
mental and physiological changes. Nevertheless,
our study documented a marked improvement in the
results of test, which determine aerobic endurance.
As a result of tai chi training, the average number of
steps taken during 2-minute period by our male participants increased from almost 95 to more than 120,
which corresponds to more than 25% improvement.
Less pronounced improvement in aerobic endurance
(9%) was observed as a result of training regimen
proposed by researchers from Portland, comprised of
ten exercises based on strictly determined motor tasks
(standing, sitting, item transfer, sit-to-stand, dressing up, vacuum cleaning, etc.) performed twice a
week [35]. The level of dynamic balance, determined
on the basis of “stand and walk” test in an experiment
involving older men with hyperglycemia is considered a significant indicator of motor independence.

conclusions

The proposed training regimen met our expectations and, therefore, we can conclude that tai chi
can improve the components of health and physical function in men with hyperglycemia. In patients
with hyperglycemia, glucose was decreased (among
healthy subjects did not change) and muscle strength,
endurance, and dynamic balance increased as in
healthy after training.
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