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Abstract

Currently, qigong and tai chi exercises are the two most common preventive as well as thera-

peutic interventions for chronic metabolic diseases such as type 2 diabetes mellitus (T2DM).

However, the quantitative evaluation of these interventions is limited. This study aimed to eval-

uate the therapeutic efficacy of qigong and tai chi intervention in middle-aged and older adults

with T2DM. The study included 103 eligible participants, who were randomized to participate

for 12 weeks, in one of the following intervention groups for the treatment of T2DM: fitness

qigong, tai chi, and control group. Three biochemical measures, including fasting plasma glu-

cose (FPG), glycated hemoglobin (HbA1C), and C-peptide (C-P) levels, assessed at baseline

and 12 weeks, served as the primary outcome measures. During the training process, 16 of

the 103 participants dropped out. After the 12-week intervention, there were significant influ-

ences on HbA1C (F2,83 = 4.88, p = 0.010) and C-P levels (F2,83 = 3.64, p = 0.031). Moreover,

significant reduction in C-P levels was observed after 12-week tai chi practice (p = 0.004). Fur-

thermore, there was a significant negative correlation between the duration of T2DM and the

relative changes in FPG levels after qigong intervention, and the relative changes in HbA1C

levels were positively correlated with waist-to-height ratio after tai chi practice. Our study sug-

gests that targeted qigong exercise might have a better interventional effect on patients with a

longer duration of T2DM, while tai chi might be risky for people with central obesity.

Trial registration: This trial was registered in Chinese Clinical Trial Registry. The regis-

tration number is ChiCTR180020069. The public title is “Health-care qigong � study for the

prescription of chronic diabetes intervention.”

Introduction

Diabetes mellitus (DM) is a group of metabolic disorders characterized by high blood sugar

levels over a prolonged period. Its common and complex clinical syndrome include frequent
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urination, increased thirst, and increased hunger [1]. If left untreated, diabetes can cause sev-

eral complications. Acute complications include diabetic ketoacidosis, hyperosmolar hypergly-

cemic state, or death, and serious long-term complications include cardiovascular disease,

stroke, chronic kidney disease, foot ulcers, and damage to the eyes [2].

Among the three main types of DM, type 2 DM (T2DM) is the most common, accounting

for approximately 90% of cases. The rates of T2DM have increased markedly since 1960 in par-

allel with obesity [3]. According to the International Diabetes Federation, approximately 392

million people worldwide have diabetes, and more than 629 million people are projected to

have diabetes by 2045 [4]. Typically, diabetes begins with insulin resistance and usually occurs

at a middle or older age, and as the disease progresses, it may lead to insulin deficiency [5–7].

Several studies have indicated that T2DM primarily occurs because of obesity and lack of exer-

cise and is associated with a 10-year-shorter life expectancy [8–11]. Evidence-based guidelines

suggest that DM is typically managed with multidisciplinary therapies, involving medication,

education, psychological and emotional therapy, and exercise [12–14].

Although medication is beneficial for T2DM and has been advocated as a core component

for diabetes treatment [15–17], some patients continue to inject and administer oral insulin

when blood sugar levels are not adequately controlled [18], leading to low blood sugar and

serious complications [19]. Hence, new exercise therapies are needed for controlling blood

sugar levels and for improving their physical and emotional functioning and quality of life.

The American Diabetes Association (ADA) report indicates that physical activity is benefi-

cial for patients with T2DM [20]. Tai chi has been practiced for nearly 600 years in China; it

incorporates slow dance-like movements and integrates musculoskeletal, breathing, and medi-

tation training [21]. Because of its mind-body integration, tai chi seems to be appropriate for

the treatment of chronic T2DM [22]. Recently, some research have shown that regular tai chi

exercise for a few months can significantly decrease the levels of fasting plasma glucose (FPG)

[23] and glycated hemoglobin (HbA1C) [24], albeit not clinically normalized. Simultaneously,

tai chi can provide an even better improvement in both metabolism and immunity in T2DM

patients [25]. However, other studies have indicated that tai chi exercise did not significantly

reduce inflammatory biomarkers in diabetic patients [26]. Further studies for identifying

another moderate exercise with improved treatment effects for T2DM patients are needed.

Qigong is an important part of traditional Chinese medicine with a thousand-year history

and can be considered an ancient practice of mind-body integration and refinement of one’s

vital energy or life force for optimal health and personal development [27]. Compared with the

complicated movements and power actions of tai chi, qigong is more suitable for older people

with its soothing Qi circulation and meditation. Relevant studies have suggested the favorable

effects of qigong on blood glucose, HbA1C, 2-hour plasma glucose, insulin sensitivity, and

blood viscosity [28, 29].

This single-blinded, randomized, controlled trial was conducted for analyzing the physical

benefits of qigong and tai chi in middle-aged or older patients with T2DM. The primary objec-

tive was to evaluate the efficacy of 12-week tai chi and qigong interventions on three biochemi-

cal measures in adults aged 40 years or older; the major physiological states of patients

affecting treatment outcomes were analyzed as well.

Methods

Study participants

Participants were recruited from a pool of diabetes patients enrolled in a tertiary-care aca-

demic hospital in China between November 2016 and October 2017. Eligible patients were 40

years old or older and fulfilled the new criteria for the diagnosis and classification of diabetes,
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as revised by the ADA and the World Health Organization (WHO), and were formally

adopted by the Chinese Diabetes Association in 1999 [30–32]. These criteria included a history

of T2DM with a minimum three-month duration, inactive (defined as not being involved in

any moderate or strenuous activity in the previous three months) [33], can independently

ambulate, and no cognitive impairments [34]. Patients who participated in tai chi and qigong

training within the past six months and those with serious medical conditions that might limit

their participation were excluded. Participants were allowed to continue routine medications

and maintain usual visits to their fitness physicians throughout the study.

Study design

The members of our research team made an initial telephone contact and screened potential

participants for determining patient’s interest and eligibility for the study. Researchers who

contacted potential participants for informed consent were not involved in other research pro-

cesses (such as random assignment, provision of intervention, and baseline assessment). The

study was a single-blinded, randomized, controlled trial involving three intervention groups:

fitness qigong, tai chi, and stretching control. Patients who agreed to participate in the study

were randomized to one of the three groups using computer-generated numbers. The ran-

domized treatment assignments were concealed from all participants until they were scheduled

to undergo baseline assessments. Each group included a 60-minute practice five times per

week for 12 consecutive weeks. The intervention phase lasted 12 weeks between November

2017 and January 2018, in which exercise classes were provided. The intervention was primar-

ily designed for investigating the efficacy of qigong, tai chi, and low-level stretching activity for

decreasing and controlling hyperglycemia.

The assessors of this study who oversaw the collection, management, and analysis of the

data were blinded to the design and conduct of the study; they were also not involved in ran-

domization or intervention training. All assessments and surveys were made at a prescheduled

appointment with each participant. The institutional review committee of Zhengzhou Univer-

sity approved the research protocol, and all study participants provided informed consent

before they were enrolled in the study. The study methods and procedures were conducted in

accordance with the trial protocol. However, there was a slight deviation in the number of par-

ticipants after enrollment. Owing to time conflicts, health problems, dislike of assignment,

etc., the number of participants in each group was slightly reduced. Finally, 29 patients in the

control group, 34 in the Qigong group, and 24 in the tai chi group completed the trial. The

study flow and retention of study participants throughout the 12-week intervention trial is

summarized in Fig 1. From May 2017 to July 2017, the preparation and approval of the project

and staff training were initiated. From August to September, a telephone interview was con-

ducted from the case bank of the hospital for completing the investigation and consultation of

the participants. In October 2017, the screening was completed, unqualified participants were

excluded. The qualifying subjects who agreed to participate in the study were randomly

assigned to one of the three groups using computer-generated numbers. Within the next 2

weeks, they were then notified to sign an informed consent. From November 2017 to January

2018, a three-month training intervention officially began. The follow-up time was once a

week from November 2017 to January 2018.

Intervention

Fitness Qigong: The fitness qigong exercise program in the study was conducted and choreo-

graphed by the qigong research team, jointly composed of the College of Physical Education of

Zhengzhou University and fitness Qigong Scientific Research Center of China, based on the
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classical Qigong maps on physical and breathing exercises in ancient China, such as guided

maps [35], Ling Jian Zi [36] and Huashan Rock Art [37]. Compared with tai chi, qigong exercise

was designed based on the theory of meridian in traditional Chinese medicine, aiming at the

characteristics of diabetic patients. Each movement of qigong is based on the regularity of merid-

ians’ circulation, which highlights the characteristics of dredging different meridians for prevent-

ing and treating various diseases of internal organs. The fitness qigong classes were taught by a

member of the Fitness Qigong Association of Jiaozuo, which have professional teachers with

more than 10 years of qigong teaching experience. Before introducing the formal practice of the

exercise, the teacher first taught the theory of qigong and its movement essentials. The partici-

pants were then provided with printed materials on the principles and techniques of qigong. In

the subsequent week, participants practiced the whole form of self-created qigong under the

teacher’s instruction. Each session included a warm-up and self-massage for 10 minutes, fol-

lowed by a review of movement principles and breathing techniques for 10 minutes, practice for

30 minutes, and relaxation for 10 minutes. Throughout the intervention period, participants

were instructed to practice qigong at home for about an hour, consisting of warm-up, rest, and

30 minutes of practice each day. The home practice exercise sessions were monitored via mobile

phones that were used to clock in. Intensive guided exercises were conducted every weekend to

follow up and collect feedback information. At the end of the 12-week intervention, participants

were encouraged to maintain their qigong exercise using an instructional DVD.

Tai Chi: For the tai chi intervention, the classical Chen style (18 forms) was selected [38].

The tai chi classes were taught by an experienced instructor with more than 10 years of teach-

ing experience. Each session included a warm-up and self-massage for 10 minutes, followed by

a review of principles and movement essentials for 10 minutes, practices and skills for 30 min-

utes, and relaxation for 10 minutes. The course process and training method were the same as

those of the qigong group. All participants were instructed to complete the tai chi exercises for

a consecutive 12-week intervention.

Fig 1. Screening, randomization, and completion of the 12-week intervention.

https://doi.org/10.1371/journal.pone.0243989.g001
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Stretching Control: The stretching course, taught by a health professional and qualified exer-

cise instructor, comprised health education for 20 minutes and 40 minutes practice for five

times in the first week [39, 40]. A didactic lesson on a topic related to DM included the diagnos-

tic criteria, causes and risks of the disease, disease control, diet and nutrition, physical and men-

tal health, and fitness and lifestyle management [41]. Forty minutes of each class included

warm-up and self-massage for 10 minutes and stretching exercises for 30 minutes supervised by

the instructors. The low-intensity program consisted predominantly of upper-body, trunk, and

lower-body stretches, and controlled breathing and relaxation. The weekly schedule and class

format were identical to those of qigong and tai chi for the subsequent 12 weeks.

Measurement of parameters

Before the initial data collection, all data collectors and phlebotomists from the Second Peo-

ple’s Hospital of Jiaozuo were trained using a common standardized operating protocol.

Before participating in different trainings, the basic information and anthropometric parame-

ters of the patients, including age, duration of DM, weight (kg), and height (m) were recorded.

The primary outcomes consist of three biochemical measures, including FPG, HbA1C, and C-

peptide (C-P) levels [42]. These parameters were measured at baseline and at the end of the

12-week intervention. Patients were instructed to collect blood samples within one week after

the end of the 12-week intervention training. For blood sample testing, patients were notified

in advance, and the whole process was completed within a week for ensuring the authenticity

and reliability of the samples. Plasma glucose levels were analyzed with a chemical analyzer

(Beckman Coulter AU680, Beckman Coulter, CA, USA). The HbA1C fraction was measured

using an immunofluorescence quantitative analyzer (Getein1100, Getein Biotech Inc., Nan-

jing, China). C-P levels were measured using an automatic chemiluminescence instrument

(MAGLUMI 4000 Plus, Snibe, Shenzhen, China).

Body mass index (BMI) (body mass divided by body length squared) and waist-to-height

ratio (WHtR) were calculated for each patient [43, 44]. The relative changes (defined as the

ratio of the post-experiment value to the baseline) in the three biochemical parameters were

calculated for regression analysis of the biochemical measures for different interventions.

Statistical analyses

All statistical analyses were performed using the SPSS statistical program, version 19.0. Cate-

gorical variables (sex and medication) were expressed as frequencies or proportions. All other

anthropometric parameters and biochemical results were presented as mean ± standard devia-

tion. The normality of the data distribution was tested using the Kolmogorov–Smirnov one-

sample test. The analysis of covariance (ANCOVA) was used for controlling the possible effect

of pretest data. The least-significant difference (LSD) multiple comparisons test was adopted

for determining statistical significance among the three intervention groups. The linear regres-

sion analysis was used for determining how the patients’ age (years), duration of DM (years),

BMI (kg/m2), or WHtR influenced the three biochemical measurements (FPG, HbA1C, and

C-P) after different interventions. The statistical significance was set at a p-value of<0.05.

Results

Of the 348 patients who met the age and T2DM eligibility, 245 (70%) patients were not

included: 116 were living outside the city, 44 refused to participate, 31 were in poor health, 38

practiced tai chi, and 16 practiced qigong exercises in the past six months. One hundred three

(30%) eligible patients were randomly assigned to the tai chi group (n = 33), qigong group

(n = 35), and the control group (n = 35). During the training process, 16 (15.5%) of the 103
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randomized participants dropped out (tai chi group, n = 9; qigong group, n = 1; stretching

control group, n = 6) for health reasons, dislike of the assignment, time conflict, travel, and

other reasons. No adverse events occurred during the course of the study. The minimum level

of attendance was more than 50 sessions (>70% attendance level) for participants. Finally,

post-experiment data were merged with baseline data, yielding 87 participants who were

examined during both the periods as the study group: control, n = 29 (17% dropout rate); tai

chi, n = 24 (27% dropout rate); and qigong, n = 34 (3% dropout rate).

Baseline characteristics

The baseline data for the 87 participants randomized into three groups who agreed to complete

the entire experimental phase are presented in Table 1. The age of the participants ranged 40–

77 years (mean age, 59.91 ± 8.36 years), and 54% of the patients were men. The mean BMI was

25.05 ± 2.79 kg/m2, and the mean WHtR was 0.53 ± 0.05. The duration of patients with T2DM

was between three months and more than 26 years (mean, 8.50 ± 5.96 years). There were no

statistical differences in the demographic variables or two biochemical measures (HbA1C and

C-P levels) among the three groups, but the mean FPG in the control group was significantly

lower than that in both the tai chi and qigong groups (F2,84 = 5.36, p = 0.027).

Table 1. Baseline characteristics of the study participants.

Variables Qigong (n = 34) Tai Chi (n = 24) Control (n = 29)

Demographic

Male sex, % 21 (62) 12 (50) 14 (48)

Age, y 59.71 ± 6.67 61.71 ± 6.91 58.66 ± 10.89

BMIa 25.21 ± 2.71 24.04 ± 2.98 25.69 ± 2.57

WHtRb 0.53 ± 0.05 0.52 ± 0.05 0.53 ± 0.05

Duration of T2DM, y 9.00 ± 6.39 9.08 ± 5.93 7.42 ± 5.49

Medications (%)

None 8 (24) 6 (25) 13 (45)

Diaformin tablets 7 (21) 3 (13) 8 (28)

Insulin 6 (18) 5 (21) 4 (14)

Drug combination 6 (18) 6 (25) 4 (14)

Chinese medicine 2 (6) 1 (4) 0 (0)

Glimepiride tablets 3 (9) 1 (4) 0 (0)

Glipizide tablets 7 (21) 3 (13) 8 (28)

Biochemical measures

FPGc, mmol/L 8.78 ± 3.46 8.72 ± 2.79 6.83 ± 2.80

HbA1Cd, % 7.99 ± 1.66 8.20 ± 2.46 7.63 ± 1.74

C-Pe, ng/mL 1.60 ± 0.81 1.37 ± 0.43 1.62 ± 1.16

Values are presented as n (%) or mean ± standard deviation.
aBMI is the weight in kilograms divided by the height squared in meters.
bWHtR is the waist circumference in centimeters divided by the height in centimeters.
cFPG is the amount of glucose present in the blood of humans and other animals before meals [29]. It is recommended in the guidelines published by the American

Diabetes Association as the preferred test for diagnosing diabetes, and the lower limit for impaired fasting glucose was reduced from an FPG level of 6.1 to 5.6 mmol/L

[45].
dHbA1C, which reflects the average plasma glucose concentration over 2–3 months, is weighted toward more recent levels and is useful for monitoring glycemic control

in diabetic patients [46].
eC-P level is used for assessing a person’s natural insulin secretion and is used for distinguishing type 1 DM from T2DM or maturity-onset diabetes of the young [47].

BMI, body mass index; WHtR, waist-to-height ratio; T2DM, type 2 diabetes mellitus; FPG, fasting plasma glucose; HbA1C, glycated hemoglobin; C-P, C-peptide levels.

https://doi.org/10.1371/journal.pone.0243989.t001
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Effects of interventions on biochemical measures

The effects of 12-week interventions on the FPG, HbA1C, and C-P levels of participants were

different (Fig 2). There were no significant effects of interventions on FPG value (Fig 2A,

ANCOVA, F2,83 = 2.30, p = 0.107). The FPG levels of participants in the control group

increased, while those in the qigong group slightly decreased, and the mean FPG value of the

tai chi group remain unchanged.

The interventions had significant effects on the HbA1C levels (Fig 2B, ANCOVA, F2,83 =

4.88, p = 0.010). The HbA1C values in the control group decreased, while those in the qigong

group remained stable. There was no significant difference between the two groups (LSD,

p = 0.084). However, HbA1C levels of participants in the tai chi intervention showed a signifi-

cant increase than those in the control group (p = 0.003 after LSD correction).

There were also significant influences after interventions on the C-P levels (Fig 2C,

ANCOVA, F2,83 = 3.64, p = 0.031). The C-P values of all the three groups showed a down-

ward trend with the tai chi group showing the greatest decline. Participants in the tai chi

group showed significant reduction in the C-P levels than those in the control and qigong

groups when LSD correction was used for multiple comparisons (p = 0.014 for control vs.

tai chi group and p = 0.027 for qigong vs. tai chi group). There were no significant differ-

ences in C-P levels between the qigong and control groups (LSD, p = 0.709). It is worth not-

ing that the C-P levels of patients significantly reduced after 12 weeks of tai chi practice

(paired t-test, p = 0.004).

Regression analysis of the biochemical measures in the interventions

To determine the major physiological states of the participants (age, duration of DM, BMI, or

WHtR) that were affected by treatment interventions, the relative changes in the three bio-

chemical parameters from the baseline to the end of the 12-week qigong, tai chi, and control

interventions were determined. The relationship between the relative changes in FPG,

HbA1C, and C-P levels and age, duration of DM, BMI, and WHtR were analyzed using unary

linear regression method (Figs 3–6).

In the regression analysis, the correlation coefficient R represents the degree of correlation

between variable arrays x and y, and its formula is as follows:

R ¼

Xn

i¼1

ðxi � �xÞðyi � �yÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1

ðxi � �xÞ2
Xn

i¼1

ðyi � �yÞ2
s ð� 1 � r � 1Þ

Fig 2. The effects of interventions on FPG (A), HbA1C (B), and C-P levels (C). FPG, fasting plasma glucose; HbA1C, glycated hemoglobin; C-P,

C-peptide levels; LSD, least-significant difference; ANCOVA, analysis of covariance.

https://doi.org/10.1371/journal.pone.0243989.g002
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Where, �x ¼ 1

n

Xn

i¼1

xiand �y ¼ 1

n

Xn

i¼1

yi. The closer |R| is to 1, the stronger is the linear correlation

between the variable arrays x and y. R>0 indicates that the two variables are positively corre-

lated, and R<0 indicates negative correlation.

The results showed that the duration of DM was significantly and negatively correlated with

the relative changes in FPG levels in the qigong group (R = −0.4750, F1,23 = 6.410, p = 0.019, Fig

4, red square). WHtR was significantly and positively correlated with the relative changes in

HbA1C levels in the tai chi intervention (R = 0.5236, F1,21 = 7.552, p = 0.012; Fig 6, red square),

whereas the other physiological states of the participants were not significantly correlated with

the relative changes in the biochemical parameters in the three interventions. The two standard

linear regression equations were y = −1.083x + 113.37 (y is ΔFPG and x is the duration of DM)

and y = 306.68x − 52.294 (y is ΔHbA1C and x is WHtR). Thus, the patients in the qigong group

with shorter duration of DM reached a relatively higher mean FPG change than those in the tai

chi and control group. In contrast, the patients in the tai chi group with lower mean WHtR

achieved relatively higher mean HbA1C change. Age and BMI were not significantly correlated

with the relative changes in the three biochemical parameters.

Discussion

Qigong exercise had no obvious direct regulation effect on blood glucose in patients with

T2DM, which may be achieved by improving the physiological functions of the internal organs

Fig 3. Relationship between the relative changes in the three biochemical parameters (FPG, HbA1C, and C-P level)

and age (years(y)) in the control, qigong, and tai chi intervention groups for 12 weeks. FPG: fasting plasma glucose;

HbA1C: glycated hemoglobin; C-P: C-peptide levels.

https://doi.org/10.1371/journal.pone.0243989.g003
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for reducing blood glucose levels. In contrast, tai chi intervention had a poor effect on blood

glucose regulation in patients with T2DM, which is reflected by the upward trend in HbA1C

and a significant decrease in C-P levels. For patients with higher WHtR, the effect of blood glu-

cose control was worse. Our study suggests that targeted qigong exercise may have a better

interventional effect on patients with T2DM.

FPG is the most commonly used indicator of diabetes, representing the secretion of basal

insulin [48]. Although FPG levels showed a downward trend after the 12-week qigong inter-

vention, there was no significant effect on FPG levels both before and after training when com-

pared with tai chi and the control group. In addition, HbA1C, which is the product of the

binding of hemoglobin in red blood cells to blood glucose, commonly indicates glycemic con-

trol of patients during the preceding 8–12 weeks [49]. In our study, HbA1C levels were main-

tained stable for a long time by practicing qigong while patients were under medication,

indicating that the long-term effect of blood glucose regulation was stable but did not improve

significantly. C-P levels accurately reflect the secretion of endogenous insulin [50] and its

determination is of great significance for the classification and diagnosis of diabetes as well as

the pathogenesis of diabetes [51]. In our study, C-P levels slightly decreased in the qigong

group, but there was no significant difference before and after the intervention. In addition,

C-P levels can be maintained within the normal range through medication, indicating that the

ability to produce insulin was not completely lost in patients, probably owing to insulin

Fig 4. Relationship between the relative changes in the three biochemical parameters (FPG, HbA1C, and C-P level) and

duration of DM (years (y)) in the control, qigong, and tai chi intervention groups for 12 weeks. FPG: fasting plasma glucose;

HbA1C: glycated hemoglobin; C-P: C-peptide levels; R: Correlation coefficient; DM: diabetes mellitus.

https://doi.org/10.1371/journal.pone.0243989.g004
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resistance [52]. Our results suggested that the qigong intervention did not significantly change

endogenous insulin secretion, and its effect on blood glucose control was not significant.

One of our most salient findings was the significant negative correlation between the dura-

tion of DM and the relative changes in FPG levels at the end of the 12-week qigong interven-

tion. In other words, a longer duration of DM was associated with more reduction in FPG

levels in the qigong group. This may be because of the characteristics of qigong itself. Qigong

involves a series of movements and breathing exercises selected and arranged based on the

meridian theory of traditional Chinese medicine, aiming at the characteristics of diabetic

patients. It is known that the longer the duration of DM, the greater the damage to the viscus

[53]. The practice of qigong does not regulate blood sugar by changing insulin secretion but by

training the internal organs specifically to enhance and repair the visceral functions, which

improve the physiological conditions and achieve the effect of controlling blood sugar. There

are also some studies on the intervention effect of Chinese fitness qigong—BaDuanJin for dia-

betes, which believes that each movement of qigong is targeted to regulate the related viscera

[54], and autonomic viscera massage is performed through breathing exercises to improve

pancreatic function [55]. These results are consistent with our findings. Furthermore, the men-

tal exercise in qigong is used to regulate emotions and functional activities of the cerebral cor-

tex of patients for achieving blood glucose regulation [56, 57]. In contrast, this may be owing

Fig 5. Relationship between the relative changes in three biochemical parameters (FPG, HbA1C, and C-P level) and BMI (kg/m2) in

the control, qigong, and tai chi intervention groups for 12 weeks. FPG: fasting plasma glucose; HbA1C: glycated hemoglobin; C-P: C-

peptide levels; BMI: body mass index.

https://doi.org/10.1371/journal.pone.0243989.g005
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to the irregular medication of patients with initial illness who are trying to control blood glu-

cose with different drugs, while patients with a long history of diabetes are treated with stable

drugs more regularly. Therefore, the blood glucose control effect of qigong exercise in patients

with long-term disease is more reliable, which can more accurately reflect the therapeutic

effect of qigong on DM. This finding on the biochemical parameters of patients with T2DM

adds to the T2DM intervention research [20, 22–24, 58–60] by revealing the effectiveness of

qigong for the prevention and treatment of T2DM, and more importantly, by reducing the

sensitivity of insulin secretion to plasma glucose by exercise intervention [60].

Similarly, after 12 weeks of tai chi exercise intervention, FPG levels showed an upward

trend, but there was no significant impact on FPG before and after training when compared

with the other two groups. The tai chi group had an upward trend for HbA1C levels, while the

control group showed a downward trend. There was no significant difference in HbA1C levels

before and after tai chi exercise. It is worth noting that the change in HbA1C levels between

the tai chi group and the control group, which was significantly different, could be by chance,

implying that tai chi had no effect on HbA1C levels when compared with the control group.

However, the C-P levels of patients were significantly reduced after 12-week tai chi practice,

during which, the participants in the tai chi group also showed a significant reduction in the

C-P levels than those in the control and qigong groups. This result suggests that the practice of

tai chi may lead to long-term unstable blood sugar control, at least with the risk of

Fig 6. Relationship between the relative changes in the three biochemical parameters (FPG, HbA1C, and C-P level) and WHtR

in the control, qigong, and tai chi intervention groups for 12 weeks. FPG: fasting plasma glucose; HbA1C: glycated hemoglobin;

C-P: C-peptide levels; WHtR: waist-to-height ratio; R: correlation coefficient.

https://doi.org/10.1371/journal.pone.0243989.g006
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deterioration [61]; this may be related to the mechanisms and characteristics of tai chi exer-

cises. Tai chi is a systematic and complete set of martial arts with fixed sets of movements that

were created for fighting on the battlefield. It is a full-body exercise that focuses more on limb

movements and less on the internal viscera. In addition, it was cautiously hypothesized that tai

chi exercise might lead to the destruction of islet cell storage and insulin secretion, and there

was a certain risk of converting type 2 diabetes into type 1 diabetes based on the significant

decrease in C-P level after tai chi intervention.

In the tai chi group of our study, the relative changes in HbA1C levels increased signifi-

cantly with the increase in WHtR, presenting a positive correlation. This result indicates that

centrally obese patients have higher HbA1C levels after tai chi exercise, resulting in the insta-

bility of long-term blood glucose control. Therefore, tai chi may pose a risk for people with

central obesity (high WHtR), or it may not be effective for people with central obesity. The rea-

son for this phenomenon may be different from the purpose and characteristics of tai chi and

qigong exercises. Tai chi is created for fighting and winning on the battlefield and is gradually

developed in the constant practice of skill and attack. The advantages of tai chi exercise, which

emphasizes control over one’s displacement of body mass, postural alignment, and range of

motion of the joints and muscles of the body, are more suitable for the treatment of diseases

such as fibromyalgia [62] and fall injuries [33]. Some studies have also reported that tai chi can

consume heat energy and promote the decomposition of sugar, which is conducive to weight

loss in obese patients with T2DM and can reduce insulin resistance and increase insulin sensi-

tivity [63]. Particularly, an investigation in Malaysia showed that long-term tai chi exercise

could reduce fat accumulation, lower body fat percentage, decrease the waist-to-hip ratio, and

fundamentally reduce diabetes caused by obesity [64]. However, tai chi exercise did not have a

good effect on patients who failed to lose weight and lower their WHtR through tai chi prac-

tice. This may be owing to a variety of factors, such as the physical condition and dietary habits

of our participants. The participants in our study were located in the Jiaozuo City of Henan

Province, the north of China, and are generally stout, mainly eat wheat, and most of them suf-

fer from diabetes caused by central obesity. The participants are less likely to slim down by

practicing tai chi compared with non-obese people in the South. It was also reported that tai

chi practice for diabetes mainly improved glucose and lipid metabolism of patients by consum-

ing physical energy, reducing body weight, and promoting blood circulation [65]. Tai chi,

which focuses more on physical exercise and less on the internal viscus, may not have a good

effect on chronic T2DM, while the fitness qigong focuses more on the training of the internal

viscus for improving the health level of patients by enhancing their own physiological

functions.

Our study has some limitations. Our study was not a double-blind design, and this would

have required the use of sham tai chi and qigong, for which no validated approach currently

exists. Furthermore, the treatment effect that was delivered only by a single tai chi or qigong

master at a single center was analyzed, which potentially limits the generalizability of our

results. Finally, participants were followed up for only 12 weeks; however, there were no statis-

tical reductions in the two biochemical measures (FPG and HbA1C); the C-P levels signifi-

cantly decreased in the tai chi group than in the control and qigong groups. Hence, further

prospective studies on the long-term effectiveness of qigong and tai chi in patients with T2DM

needs to be conducted. Patients’ dynamic measurements needs to be monitored for a long

time because of the characteristics of chronic and metabolic syndrome of T2DM for evaluating

yearly variations of organ damage markers in different interventions and for analyzing the

associated risk factors. Furthermore, the difference in the interventional efficacy can be com-

pared among different exercises with 6–12 months of follow-up in the future. Since qigong

and tai chi are traditional Chinese martial arts, which have complex mind-body integration
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with a variety of active elements, such as social support, relaxation, and cognitive behavioral

aspects, further studies on the improvement of qigong and tai chi for formulating an effective

exercise prescription for T2DM treatment needs to be performed.

In conclusion, this single-blinded, randomized controlled trial found that there was no sig-

nificant difference among the three different types of interventions for their effects on control-

ling diabetes. This may be due to a number of factors and limitations leading to the possible

underpowered study, such as small sample size, short duration, non- guided home exercise,

intensity of practice or follow-up. The difference analysis of treatment effects on patients with

T2DM between qigong and tai chi may require long-term follow-ups and investigation from

several aspects, which is also the focus of our research in the future.
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