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Abstract

Background: Traditional Chinese medicine (TCM) theories assert that body constitution and meridian energy lay the foundation
for disease prevention. TCM-based health concepts have not yet been incorporated into mobile health (mHealth) apps for individuals
with prediabetes.

Objective: The aim of this study was to examine the effectiveness of a TCM mHealth app for individuals with prediabetes.

Methods: This randomized controlled trial recruited 121 individuals with prediabetes at a teaching hospital in New Taipei City
between February 2020 and May 2021. The participants were randomly assigned to the TCM mHealth app group (n=42), ordinary
mHealth app group (n=41), or control group (n=38). All participants received the usual care that included 15-20 minutes of health
education about the disease, along with healthy diet and exercise encouragement. The ordinary mHealth app included physical
activity (PA), diet, and disease education, along with individual records. The TCM mHealth app additionally included qi and
body constitution information, along with constitution-based PA and diet advice. The control group received the usual care alone
and did not have access to any app. Data were collected at baseline, at the end of the 12-week intervention, and 1 month after the
intervention. Body constitution, including yang-deficiency, yin-deficiency, and phlegm-stasis, was measured according to the
Body Constitution Questionnaire, with higher scores indicating a greater deficiency. Body energy was examined using the Meridian
Energy Analysis Device. The Short-Form 36 questionnaire was used to evaluate health-related quality of life (HRQOL), which
yielded physical component scores and mental component scores, with higher scores indicating better physical and mental aspects
of HRQOL, respectively.

Results: Compared to the control group, the TCM mHealth app group showed greater improvement in hemoglobin A1c (HbA1c),
yang-deficiency and phlegm-stasis body constitution, and BMI; however, no significant differences were found in these outcomes
between the TCM mHealth app and ordinary mHealth app groups. The TCM mHealth app group showed better improvement in
body energy and mental component scores than the ordinary mHealth app group. There were no significant differences in fasting
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plasma glucose, yin-deficiency body constitution, Dietary Approaches to Stop Hypertension dietary behavior, and total PA among
the three groups after the intervention.

Conclusions: Use of either the ordinary or TCM mHealth app improved HRQOL among individuals with prediabetes. Compared
to the outcomes of controls not using any app, use of the TCM mHealth app was effective at improving HbA1c, BMI, yang-deficiency
and phlegm-stasis body constitution, and HRQOL. Moreover, using the TCM mHealth app seemed to improve the body energy
and HRQOL more than when using the ordinary mHealth app. Further studies with a larger sample size and longer follow-up
period may be necessary to determine whether the differences favoring the TCM app are clinically meaningful.

Trial Registration: ClinicalTrials.gov NCT04096989; https://clinicaltrials.gov/ct2/show/NCT04096989

(JMIR Mhealth Uhealth 2023;11:e41099) doi: 10.2196/41099
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Introduction

Prediabetes is a subhealth condition characterized by higher
than normal blood sugar levels, but not yet at a sufficiently high
level to warrant a diagnosis of type 2 diabetes mellitus (T2DM)
[1]. The American Diabetes Association proposes a diagnosis
of prediabetes according to a fasting plasma glucose (FPG) level
in the range of 100-125 mg/dL, hemoglobin A1c (HbA1c) in the
range of 5.7%-6.4%, or 2-hour postprandial blood glucose level
after the 75-g oral glucose test in the range of 140-199 mg/dL
[2]. The prevalence of prediabetes among adults has been
estimated to be 34.5% [3], with approximately 5%-10% of those
diagnosed with prediabetes ultimately developing T2DM within
1 year [4].

The Centers for Disease Control and Prevention Diabetes
Prevention Program (DPP) has been shown to effectively delay
or prevent the development of T2DM among individuals
diagnosed with prediabetes [5-7]. To reduce the cost and
promote DPP-based lifestyle interventions, a technology-assisted
DPP intervention is advised to be adopted with mobile and
web-based apps and text messaging. Using a smartphone and
computer could be ideal techniques to create widely available,
easy-to-use diabetes prevention tools [8,9]. A randomized
controlled trial (RCT) showed that mobile-delivered DPP
achieved significant weight and BMI reductions compared with
usual care. However, the intervention does not appear to be
effective in controlling HbA1c [10]. Another RCT developed a
fully automated algorithm-driven behavioral intervention
delivered via the web, internet, mobile phone, and automated
phone calls, demonstrating that the intervention group had
significantly decreased FPG and HbA1c, and increased physical
activity (PA) and vegetable consumption [11,12].

People’s lifestyles and behaviors have close associations with
their sociocultural background [13]. Body constitution and
meridian energy are fundamental concepts in traditional Chinese
medicine (TCM). Body constitution represents the individual’s
body condition that makes them susceptible to certain diseases
but not others [14]. Body constitution forms the basis for disease
treatment and prevention in TCM [15]. Meridians are channels
that form a network in the body through which qi and blood
(vital energy) flow [16,17]. The energy flow throughout the
body via the 12 meridians is referred to as the meridian energy
[18]. A high mean meridian energy (the average of the 12

meridian energies or body energy) usually means that qi and
blood flow are strong and move smoothly throughout the
meridians [19].

Several measures use different types of classifications for body
constitution [20-23]. Nevertheless, yang-deficiency,
yin-deficiency, and phlegm-stasis body constitution are common
features that are prevalent in patients with chronic diseases
[24,25]. Yang-deficiency refers to an insufficiency of qi.
Individuals with this deficiency may experience symptoms such
as fatigue, shortness of breath, chills, loose stool, and a large
volume of urine. Yin-deficiency reflects an insufficiency in
blood and interstitial fluids, and thus patients with yin-
deficiency may experience symptoms such as being constantly
thirsty, experiencing hot flushes, hard stool, and a low volume
of urine. Phlegm is a viscous and turbid pathological factor
formed due to an imbalance in body fluid. Phlegm-stasis refers
to the accumulation of phlegm in the body as a form of
condensation, which results in dizziness, chest tightness, and
numbness in the limbs [26]. These TCM concepts of blood,
phlegm, and fluids are not equivalent to the Western uses of
these terms, but are instead used to represent energetic qualities.
For example, in TCM, blood is considered a vehicle for qi that
carries inherent energy; it nourishes and moistens the body, and
it circulates nutritive qi. The definitions of relevant TCM terms
are presented in Multimedia Appendix 1 [14,16,17,20-22,26-31].

Previous studies showed that individuals with prediabetes or
diabetes were more deficient in the body constitutions of
yang-deficiency, yin-deficiency, and phlegm-stasis, and also
had lower meridian energy [20,21,32]. In addition, body
constitution is related to an unhealthy lifestyle, in which
yang-deficiency and phlegm-stasis are related to physical
inactivity and smoking, respectively [33]. Despite high
heterogeneity in the contents of available interventions, TCM
lifestyle programs typically involve body constitution–based
TCM health education, Chinese dietary therapy, and traditional
Chinese exercises [34-38]. These programs were designed to
stimulate the qi-blood circulation and regulate Zang-Fu to
enhance quality of life. Previous studies have shown that TCM
lifestyle programs improve body constitution [34], dietary
behavior [35], and PA [36], while helping to lower blood sugar
[37,38]. According to TCM theory, an improved body
constitution could decrease the susceptibility to chronic diseases
[14]. Increased body energy would manifest in better stamina
through TCM lifestyle programs [17]. Therefore, we
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hypothesized that body constitution and body energy could be
improved by body constitution and TCM- based lifestyle
modification through Qigong (a type of PA) and a healthy
dietary regimen, and thus help to achieve blood sugar control
and enhance health.

To the best of our knowledge, no study has been conducted to
identify whether TCM-based health concepts could be
incorporated into a mobile health (mHealth) app for individuals
with prediabetes. The need for incorporating TCM body
constitutions is based on two key factors: (1) as a sociocultural
appropriate method to contextualize PA and diet, and (2) as
possible mediation variables for blood sugar control such as
HbA1c and FBG. Accordingly, the aim of this study was to
develop a TCM mHealth app and examine its effectiveness on
blood sugar control, body constitution, body energy, and
health-related quality of life (HRQOL) as primary outcomes,
as well as on BMI, dietary behavior, and PA as secondary
outcomes among individuals with prediabetes. The hypothesis
was that the TCM mHealth app would improve overall health
through modifying health behavior and BMI. Therefore, the
primary outcomes were overall health indicators (including
body constitution and meridian energy) and the secondary
outcomes were BMI and health behaviors.

Methods

Study Design
This study was an open-label, parallel-group RCT
(ClinicalTrials.gov NCT04096989) with a three-group design.
We cooperated with the health examination center and outpatient
clinics at a teaching hospital in northern Taiwan to recruit
individuals diagnosed with prediabetes from February 2020 to
May 2021. The inclusion criteria were (1) having been
diagnosed with prediabetes (according to an HbA1c of
5.7%-6.4% or an FPG level of 100-125 mg/dL [2]); (2) aged
20 years and above; (3) not having cardiopulmonary disease,
cancer, or other major diseases; and (4) provision of informed
consent. Those who had used hypoglycemic agents, β-blockers,
thiazide diuretics, nicotinic acid, or steroids within the past 3
months were excluded.

Participants were randomly assigned to three groups: TCM
mHealth app, ordinary mHealth app, or control group. A
statistician drew up a computer-generated randomization list.
The allocation sequence was kept in an opaque, sealed, and
stapled envelope, and a staff member in the outpatient clinic
who was not involved in the study held the sealed envelopes.
After the participants agreed to participate in the study, the
researcher opened the envelope to reveal their group assignment.

The informed consent form was signed by all participants before
enrollment in the study. The informed consent form stated that
the risk of participation in this study was low. If the participants
felt physically or mentally unwell due to their participation,
they had to contact the researchers and had the right to withdraw
at any time. No adverse events were reported during the study
period.

Ethics Approval
This study was approved by the institutional review board at
Taipei Tzu Chi Hospital (approval no. 08-X-026).

Participants
The required sample size was calculated on the basis of
repeated-measures ANOVA (α=.05, power=0.80, effect
size=0.3) with three repeated measurements as per a previous
study [37]. G-power software indicated that the required sample
size was 31 per group. To account for 30% attrition [39], we
recruited 121 participants in the study.

Figure 1 presents a flow diagram of participant allocation to the
three groups. A total of 212 individuals with prediabetes were
assessed for eligibility, 52 of whom did not meet the eligibility
criteria and 39 of whom declined to participate. A total of 121
participants were randomly assigned to the TCM mHealth app
group (n=42), ordinary mHealth app group (n=41), or control
group (n=38).

All participants received the usual care at the study hospital
when they received the diagnosis of prediabetes. The usual care
was 15-20 minutes of health education by family medicine
physicians, including disease explanation, healthy diet advice,
and exercise encouragement. The control group received usual
care only without the use of any app.
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Figure 1. Participant flow diagram. mHealth: mobile health; T1: baseline; T2: end of the intervention; T2DM: type 2 diabetes mellitus; T3: 1 month
after the intervention; TCM: traditional Chinese medicine.

Intervention
An expert team that included nursing researchers, TCM doctors,
Western medicine doctors, and app developers was formed to
guide the development of the intervention app. The team decided
that the content embedded in the app would be developed in
accordance with the DPP [40,41] and a review of the literature
[34,37,42]. The experts sketched, shared, and discussed potential
app versions and developed prototypes. To gather user feedback
on the prototypes, qualitative interviews with seven experts and
five individuals were conducted, with an aim to determine user
preference for the prototype and what could be improved in the
app. We used the feedback to revise and finalize the mHealth
app. We invited five individuals with prediabetes to use the
TCM mHealth app for 30 minutes. Subsequently, a short
questionnaire was administered to determine app usability and
satisfaction. The participants reported positive experiences.
They all agreed with the statements “I found the TCM mHealth
app easy to use” and “I would recommend the TCM mHealth
app to my friends and others.”

The mHealth app (both the ordinary and TCM versions) included
four modules: health diary, health education, milestone, and
chatroom. The “health diary” tracked the participant’s weight,
BMI, blood sugar level, dietary diary, and PA over time. “Health
education” provided information about specific topics such as
learning about prediabetes, Dietary Approaches to Stop
Hypertension (DASH) diet, and PA. The TCM mHealth app
additionally included health education topics on body
constitution, meridian energy, and advice on a body
constitution–based diet (such as foods to avoid and foods that
are recommended) and PA such as videos, pictures, and
descriptive illustrations of types of Qigong (ie, Baduanjin and
belly breath). A text message was sent to the participants to
remind them to read the topics every week. Milestones were
added for the participants to review their goals so that they could
make adjustments to reach their monthly goals. For example,
if the participants set a goal of an FPG level of 60-99 mg/dL,
when this goal was achieved, a window would pop up to show
the achievement. The participants could also check bar and line
charts over 1 week or 1 month to compare the discrepancy
between the actual and desired values as well as actual and ideal
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behaviors at different time points so that they could adjust their
expected goal as needed.

In the “chatroom,” personal and group chat rooms were set up
using the LINE app (Naver Corp, Gyeonggi Province, South
Korea). The researchers sent text messages to the participants
in the personal chat room, provided feedback on the results, and
encouraged participants to share their experiences in the group
chat room. The participants collected virtual gold by completing
questionnaires and quizzes and by achieving the set goals. The
participants could use the virtual gold to claim actual prizes
from the researchers. Gamification elements were added to
encourage engagement with the mHealth app. Screenshots and
descriptions of the ordinary and TCM mHealth apps are
presented in Multimedia Appendix 2. The taxonomy of behavior
change techniques [43] used in the apps is presented in
Multimedia Appendix 3.

The participants in the TCM and ordinary mHealth app groups
received a face-to-face education session on how to use the
mHealth app and create a user account. Both mHealth app
groups received information about prediabetes and
evidence-based methods to decrease the possibility of
progression to T2DM (eg, moderate-intensity PA of ≥150
minutes/week, DASH diet, and disease health education). The
TCM mHealth app group additionally received body constitution
and qi information, as well as constitution-based PA and diet
advice (see Multimedia Appendix 2). Participants who were
assigned to the TCM mHealth app group filled out the Body
Constitution Questionnaire (BCQ) [20-22] at the beginning of
the study. Tailored TCM diet and PA advice based on the
individual’s body constitution as determined by their BCQ
results was incorporated into the TCM mHealth app.

The researchers monitored logins and log file analysis at least
once every week at the mHealth app backend. If the participants
did not use the app, complete the diary, or watch health
education, additional text messages were sent to the participants.
The CONSORT-EHEALTH guidelines [44] were followed in
reporting this study (see Multimedia Appendix 4).

Data Collection
Data were collected at baseline (T1), at the end of the 12-week
intervention (T2), and 1 month after the intervention (T3).
Sociodemographic characteristics (age, gender, marital status,
education level, and employment status), clinical characteristics
(history of chronic disease and use of TCM), and lifestyle factors
(smoking and alcohol drinking) were collected by a structured
questionnaire at baseline. Primary outcome measures, including
blood sugar control (FPG and HbA1c levels), body constitution,
meridian energy, and HRQOL, were collected at T1, T2, and
T3.

Body constitution was assessed by the BCQ [20-22], which
measures the presence and severity of symptoms in the most
recent 7 days. The BCQ consists of 44 symptom ratings rated
on a 5-point Likert-type scale ranging from 1 (not at all) to 5
(very severe). The items were summed and categorized into
three types of body constitutions: 19 items for yang-deficiency,
19 for yin-deficiency, and 16 for phlegm-stasis. A higher score
indicates a higher level of deficiency in the body constitution

type [45]. The reliability and validity of the BCQ have been
supported by the results of previous studies [20-22].

Meridian energy was measured using the Meridian Energy
Analysis Device (MEAD) ME-PRO 6.1.1 (Medpex Enterprise
Ltd, Taichung, Taiwan). The level of meridian energy was
assessed using the MEAD values for the 24 acupoints
(Ryodoraku points) along the 12 meridians ranging from 0 to
200 µA [16,46]. The participants were required to take nothing
by mouth for at least 8 hours; remove their shoes, socks, and
metal materials that may cause a disturbance; and sit in the room
for 10-15 minutes before the meridian energy checkup [47].
Body energy was yielded by the average of the energy flows
through the 24 acupoints along the 12 meridians, which serves
as an indicator for the fluency of qi and blood moving
throughout the body. Individuals with prediabetes have a lower
level of body energy [32]. A low level of body energy indicates
that the meridians are blocked and thus the qi and blood
circulation are not smooth. A lower level of body energy thus
indicates worse stamina.

HRQOL was measured by the Medical Outcome Survey Short
Form (SF-36) Taiwan version. SF-36 is composed of 36 items,
which form two summary scales, namely the physical
component score (PCS) and the mental component score (MCS).
Higher scores on the PCS and MCS indicate a better physical
and mental aspect of HRQOL, respectively [48,49]. The
reliability and validity of the SF-36 Taiwan version have been
well-established [50,51].

The secondary outcomes in this study were BMI, dietary
behavior, and PA. Dietary behavior was assessed by the dietary
behavior questionnaire, which consisted of 14 items based on
a 4-point Likert scale, ranging from 1 (never) to 4 (always). The
scores ranged from 14 to 56, with higher scores indicating a
better correspondence to the DASH diet [42]. PA was assessed
by the International Physical Activity Questionnaire Taiwan
version, which contained 7 questions about the frequency,
duration, and intensity of PA in the last 7 days. The results could
be further classified into mild, moderate, and vigorous PA and
quantified into metabolic equivalents (MET), expressed as
MET-minutes/week [52].

Statistical Analysis
The statistical analyses were performed using IBM SPSS
Statistics for Windows, version 23.0 (IBM Corp, Armonk, NY,
USA). We analyzed the data using an intention-to-treat analysis.
For participants with incomplete or missing data, we used the
maximum-likelihood method for imputation [53].

Descriptive characteristics are presented as percentages or as
means and SD, as appropriate. We used the paired t-test to
examine the changes in outcome variables within groups.
One-way ANOVA was used for comparisons among groups
with the Scheffe posthoc test for pairwise comparisons. Finally,
we used generalized estimating equations (GEEs) to estimate
the intervention effects after adjusting for age, gender, and
baseline value of the outcome variables.
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Results

Participant Characteristics
The characteristics of the three groups are shown in Table 1.

The mean age of the participants was 58.08 (SD 10.21) years
(range 29-86 years). Approximately 90% of participants reported
a history of chronic disease. There were no significant
differences in sociodemographics, disease history, and cigarette
and alcohol use among the three groups.

Table 1. Characteristics of the participants in the three groups.

P valueχ2 or Fd (df)TCMGc (n=42)OMGb (n=41)CGa (n=38)Total (N=121)Characteristics

.321.15 (2)57.34 (8.81)56.93 (10.88)60.14 (10.83)58.08 (10.21)Age (years), mean (SD)

.352.11 (2)Sex, n (%)

26 (61.9)20 (48.8)18 (47.4)64 (52.9)Female

16 (38.1)21 (51.2)20 (52.6)57 (47.1)Male

.431.69 (2)Currently married, n (%)

11 (26.2)11 (26.8)6 (15.8)28 (23.1)No

31 (73.8)30 (73.2)32 (84.2)93 (76.9)Yes

.463.61 (4)Education level, n (%)

3 (7.1)2 (4.9)5 (13.2)10 (8.3)Elementary school or below

20 (47.6)16 (39.0)12 (31.6)48 (39.7)Junior and senior high school

19 (45.2)23 (56.1)21 (55.3)63 (52.1)University or above

.551.18 (2)Employment status, n (%)

15 (35.7)16 (39.0)18 (47.4)49 (40.5)Unemployed

27 (64.3)25 (61.0)20 (52.6)72 (59.5)Employed

.601.03 (2)History of chronic disease, n (%)

4 (9.5)6 (14.6)3 (7.9)13 (10.7)No

38 (90.5)35 (85.4)35 (92.1)108 (89.3)Yes

.156.81 (4)Smoking status, n (%)

38 (90.5)30 (73.2)29 (76.3)97 (80.2)Never

2 (4.8)10 (24.4)8 (21.1)20 (16.5)Quit

2 (4.8)1 (2.4)1 (2.6)4 (3.3)Current smoker

.215.82 (4)Alcohol drinking, n (%)

39 (92.9)35 (85.4)32 (84.2)106 (87.6)Never

2 (4.8)0 (0.0)2 (5.3)4 (3.3)Quit

1 (2.4)6 (14.6)4 (10.5)11 (9.1)Current drinker

aCG: control group.
bOMG: ordinary mobile health app group.
cTCMG: traditional Chinese medicine mobile health app group.
dF and χ2 are the respective values of one-way ANOVA and Pearson χ2 test.

Overall Intervention Effects
The crude effects of the intervention on the outcomes are shown
in Figures 2 and 3 (details are shown in Multimedia Appendix
5). Of the outcomes included, there were significant differences
in yang-deficiency and phlegm-stasis body constitution among
the three groups, with the TCM mHealth app group scoring
higher than the control group (Figure 2). In addition, the
ordinary mHealth app group reported the highest amount of PA
among the three groups (Figure 3). For body constitution and

PA, GEE results are preferred over the crude results given
baseline differences. There were no significant differences in
other outcomes between the groups at preintervention. Net
effects of the intervention on the outcomes are shown in Table
2 (full model results are shown in Multimedia Appendix 6)
using the control group as the reference. To explicitly compare
the effects between the TCM and ordinary mHealth groups,
Table 3 shows the results using the ordinary mHealth group as
the reference (full model results are shown in Multimedia
Appendix 7).
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Figure 2. Changes in primary outcomes. (A) Fasting plasma glucose. (B) HbA1c. (C) Yang deficiency body constitution. (D) Ying deficiency body
constitution. (E) Phlegm stasis body constitution. (F) Body energy. (G) Physical component score. (H) Mental component score. Within-group across-time
comparisons were made from a paired t test with T1 as the reference. Between-group comparisons were based on one-way ANOVA with the Scheffe
posthoc test, with the results presented below graphs. mHealth: mobile health; T1: baseline; T2: end of the intervention; T3: 1 month after the intervention;
TCM: traditional Chinese medicine. *P<.05, #P<.001.

Figure 3. Changes in secondary outcomes. (A) BMI. (B) DASH dietary behavior. (C) Total physical activity. Within-group across-time comparisons
were made from a paired t test with T1 as the reference. Between-group comparisons were based on one-way ANOVA with the Scheffe posthoc test,
with the results presented below the graph in (C). mHealth: mobile health; T1: baseline; T2: end of the intervention; T3: 1 month after the intervention;
TCM: traditional Chinese medicine. *P<.05, #P<.001.
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Table 2. Generalized estimating equation models to compare the differences among the three groups, using the control group as the reference.a

TCMG×T3, β (95% CI)TCMGe×T2, β (95% CI)OMG×T3d, β (95% CI)OMGb×T2c, β (95% CI)Parameter

−.37 (−5.61 to 4.86)−2.52 (−7.39 to 2.35)3.17 (−2.22 to 8.56)−1.18 (−5.92 to 3.56)FPGf

−.11 (−.21 to −.01)−.08 (−.18 to .02)−.05 (−.14 to .04)−.06 (−.15 to .04)HbA1c
g

−2.37 (−5.04 to .29)−3.15 (−6.09 to −.21)−.46 (−2.73 to 1.81)–.81 (−3.16 to 1.53)Yang-deficiency BCh

–1.62 (–4.21 to .96)–2.29 (–5.28 to .70).03 (–2.08 to 2.13)–.02 (–2.56 to 2.52)Yin-deficiency BC

−3.30 (−6.01 to −.58)−3.45 (−6.49 to −.42)−1.88 (−4.38 to .63)−1.36 (−4.16 to 1.44)Phlegm-statis BC

7.81 (−3.36 to 18.98)8.60 (−1.91 to 19.11)−5.84 (−17.68 to 6.01)–.16 (−11.23 to 10.91)Body energy

4.89 (1.92 to 7.87)4.93 (1.97 to 7.89)2.90 (−.07 to 5.89)2.56 (−.44 to 5.56)PCSi

7.26 (3.35 to 11.17)8.11 (3.82 to 12.40)2.68 (−1.16 to 6.51)4.63 (.91 to 8.35)MCSj

−.37 (−.73 to −.02)−.12 (−.43 to .20)−.24 (−.61 to .13)−.03 (−.34 to .29)BMI

.99 (−1.05 to 3.04)1.21 (−.62 to 3.06)−.51 (−2.49 to 1.48).22 (−1.42 to 1.86)DASHk dietary behavior

122.74 (−459.22 to 704.71)248.59 (−191.18 to 688.37)213.18 (−360.50 to 786.86)236.33 (−231.76 to 704.43)Total physical activity

aInteraction effects were examined after adjustments for age and gender, and the baseline value of the outcome variable; baseline and control group
served as references.
bOMG: ordinary mobile health app group.
cT2: end of the intervention.
dT3: 1 month after the intervention.
eTCMG: traditional Chinese medicine mobile health app group.
fFPG: fasting plasma glucose.
gHbA1c: hemoglobin A1c.
hBC: body constitution.
iPCS: physical component score.
jMCS: mental component score.
kDASH: Dietary Approaches to Stop Hypertension.

JMIR Mhealth Uhealth 2023 | vol. 11 | e41099 | p. 8https://mhealth.jmir.org/2023/1/e41099
(page number not for citation purposes)

Chung et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 3. Generalized estimating equation models to compare the outcomes between the TCM mHealth app group (n=42) and ordinary mHealth app

group (n=41).a

TCMG×T3d, β (95% CI)TCMGb×T2c, β (95% CI)Parameter

3.96 (−9.91 to 1.99)−1.82 (−6.30 to 2.66)FPGe

−.06 (−.15 to .04)−.02 (−.12 to .09)HbA1c
f

−1.96 (−4.83 to .92)−2.26 (−5.12 to .61)Yang- deficiency BCg

−1.40 (–4.20 to 1.41)−2.16 (–5.00 to .68)Yin-deficiency BC

−1.55 (−4.03 to .94)−.24 (−5.19 to .70)Phlegm-statis BC

12.30 (1.31 to 23.30)8.65 (−2.11 to 19.41)Body energy

2.24 (−.87 to 5.35)2.32 (−.58 to 5.22)PCSh

4.29 (.27 to 8.31)3.14 (−.82 to 7.10)MCSi

−.14 (−.49 to .20)−.10 (−.41 to .21)BMI

1.44 (−.45 to 3.33)1.06 (−.48 to 2.60)DASHj dietary behavior

−82.67 (−708.14 to 542.80)4.99 (−535.31 to 545.30)Total physical activity

aInteraction effects were examined after adjustments for age and gender and the baseline value of the outcome variable; baseline and ordinary mobile
health group served as references.
bTCMG: traditional Chinese medicine mobile health app group.
cT2: end of the intervention.
dT3: 1 month after the intervention.
eFPG: fasting plasma glucose.
fHbA1c: hemoglobin A1c.
gBC: body constitution.
hPCS: physical component score.
iMCS: mental component score.
jDASH: Dietary Approaches to Stop Hypertension.

Primary Outcomes

Blood Sugar Control
There were no significant differences in the FPG and HbA1c

among the three groups at the three time points. FPG did not
change significantly at postintervention and 1 month after the
intervention as compared to the preintervention (baseline) levels
for all three groups. However, HbA1c decreased significantly
over time for all three groups (Figure 2; Multimedia Appendix
5).

The GEE analyses revealed no significant group differences in
FPG. The HbA1c levels decreased significantly in the TCM
mHealth app group at T3 and were significantly different than
those in control group, but there were no significant differences
between the ordinary mHealth app and control groups (Table
2; Multimedia Appendix 6).

Body Constitution
The TCM mHealth app group scored the highest in
yang-deficiency and phlegm-stasis body constitution at T1, with
significant differences between the TCM and control groups.
There were no significant differences in body constitution of
the three groups at T2 and T3. All three types of body
constitutions improved significantly at T3 for the TCM group,
but no such improvements were observed in the ordinary

mHealth app and control groups (Figure 2; Multimedia
Appendix 5).

The GEE analyses indicated that the TCM mHealth app group
showed significant improvements in yang-deficiency body
constitution at T2 compared to that in the control group.
Furthermore, greater improvement in phlegm-stasis body
constitution was found compared to that in the control group,
and the effect persisted until 1 month after the intervention.
However, no effect on yin-deficiency body constitution was
observed (Table 2; Multimedia Appendix 6). There were no
significant differences in body constitution between the TCM
and ordinary mHealth app groups (Table 3; Multimedia
Appendix 7).

Body Energy
There were no significant differences in body energy among
the three groups at the three time points. Body energy increased
significantly from T1 to T2 and from T1 to T3 in the TCM
mHealth app group, but remained unchanged in the ordinary
mHealth app and control groups (Figure 2; Multimedia
Appendix 5).

The GEE results indicated that the TCM mHealth app group
showed a significant increase in body energy at T3 compared
to that in the ordinary mHealth group (Table 3; Multimedia
Appendix 7).
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Health-Related Quality of Life
There were no significant differences in the PCS among the
three groups at the three time points. The TCM mHealth app
group had a significant increase in the PCS from T1 to T2 and
from T1 to T3. The ordinary mHealth app group also had a
significant increase in the PCS from T1 to T3 (Figure 2;
Multimedia Appendix 5).

With regard to the MCS, the TCM mHealth app group had a
significantly higher score at T2 compared with that of the control
group (P=.02), as did the ordinary mHealth app group (P=.03;
Figure 2; Multimedia Appendix 5). The TCM mHealth app
group showed a significant increase in the MCS from T1 to T2
and from T1 to T3. Moreover, the ordinary mHealth app group
had a significant increase in the MCS from T1 to T2 and from
T1 to T3 (with borderline significance; P=.04 and P=.05,
respectively).

The GEE results indicated that the TCM mHealth app group
had a significant increase in the PCS and MCS at T2 and T3
compared with that of the control group (Table 2; Multimedia
Appendix 6). In addition, the increase in the MCS in the TCM
mHealth app group from T1 to T3 appeared to be higher than
that in the ordinary mHealth app group (Table 3; Multimedia
Appendix 7). The ordinary mHealth app group had a significant
increase in the MCS at T2 compared to that of the control group
(Table 2; Multimedia Appendix 6).

Secondary Outcomes

BMI
There were no significant differences in BMI among the three
groups at the three time points (Figure 3; Multimedia Appendix
5). The BMI in the TCM and ordinary mHealth app groups
decreased significantly from T1 to T2 and from T1 to T3.
However, the BMI of the control group remained unchanged.

The GEE results indicated that the TCM mHealth app group
showed a significant decrease in BMI at T3 compared to that
in the control group (Table 2; Multimedia Appendix 6).
However, there were no significant differences in the change
in BMI between the TCM and ordinary mHealth app groups
(Table 3; Multimedia Appendix 7).

Dietary Behavior
There were no significant differences in the DASH dietary
behavior among the three groups at the three time points (Figure
3; Multimedia Appendix 5). The DASH dietary behavior
improved significantly in all three groups from T1 to T2 and
from T1 to T3. The GEE results showed no significant
differences in the DASH dietary behavior among the three
groups over time (Tables 2 and 3; Multimedia Appendices 6
and 7).

Physical Activity
The ordinary mHealth app group had a significantly higher PA
level than that of the other two groups across all three time
points (Figure 3; Multimedia Appendix 5). The PA increased
significantly from T1 to T3 in all three groups. The GEE results
showed no significant differences in the total PA among the

three groups over time (Tables 2 and 3; Multimedia Appendices
6 and 7).

Discussion

Principal Findings
This RCT found that the TCM mHealth group showed better
HbA1c, yang-deficiency body constitution, phlegm-stasis body
constitution, physical aspect of HRQOL, mental aspect of
HRQOL, and BMI than the control group. When the TCM and
ordinary mHealth app groups were compared, the TCM mHealth
app group showed higher body energy and mental aspect scores
of the HRQOL at 1 month after intervention than the ordinary
mHealth app group. These results suggest that the TCM mHealth
app helps to effectively control blood sugar, decrease
yang-deficiency and phlegm-stasis body constitution, and
improve body energy and HRQOL. Incorporating TCM body
constitution and meridian energy concepts into an mHealth app
seems plausible and can improve health for individuals with
prediabetes. According to TCM theory, an improved body
constitution could decrease susceptibility to chronic diseases
[14] and increased body energy would manifest in better stamina
[17]. Therefore, improved body constitution and increased body
energy could explain the effectiveness of the TCM mHealth
app for improving HbA1c and HRQOL. Further studies are
needed to examine the interrelationships among these outcomes.

Previous studies showed that using an mHealth app improved
HbA1c, dietary behavior, PA, and BMI compared to those of
controls [10-12]. However, we did not find such an effect for
the ordinary mHealth app group when compared with the control
group in this study. It was noted that all participants in the study
had received 15-20 minutes of health education about the
disease, healthy diet, and exercise encouragement when they
were diagnosed with prediabetes in the study hospital. Possibly
owing to this health education, we found that the HbA1c, DASH
dietary behavior, and PA improved over time for all three
groups. Such universal improvement in health behavior may be
the reason for the lack of significant effect on these outcomes
when the ordinary mHealth app group was compared to the
controls.

The TCM dietary and PA advice used in the TCM mHealth app
is mainly based on the types of foods/PA to avoid and those to
consume/practice based on the individual’s body constitution.
Qigong, including belly breathing and Baduanjin, was
recommended for all participants since these exercises can
improve qi and are appropriate for all types of body
constitutions. The recommended types of foods consumed
differed according to the individual’s body constitution. We
found that the TCM dietary and PA principles do not conflict
with the principles of the DASH diet and recommended PA
amount, except that individuals with a yin-deficiency body
constitution were advised to avoid vigorous PA.

When compared to the ordinary mHealth app group, the TCM
mHealth app group did not differ significantly in improving
body constitution and HbA1c. However, the TCM mHealth app
group showed better improvement in the mental aspect of
HRQOL and in increasing body energy than the ordinary
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mHealth app group. These results imply that using the TCM
mHealth app can better improve body energy and HRQOL in
individuals with prediabetes compared to the ordinary mHealth
app. This may be because people who practice TCM consider
that health conditions can improve with sufficient qi. The
importance of these indicators across cultures needs to be
examined in future studies.

Our study showed that both the TCM and ordinary mHealth
app groups exhibited a significant improvement in HbA1c and
HRQOL with time. This finding is consistent with a previous
meta-analysis that reported a positive effect of a lifestyle
intervention on HbA1c in individuals with prediabetes [54].
Another meta-analysis reported positive effects of Qigong in
improving the HRQOL [55]. Another study demonstrated that
individuals with prediabetes who achieved moderate-intensity
PA (≥150 minutes/week) have higher levels of HRQOL than
inactive people [56]. Therefore, the mHealth app can be used
to assist individuals with prediabetes to increase their PA and
HRQOL, while decreasing their HbA1c.

This study showed effectiveness of the intervention in HbA1c

but not FPG. The insignificant FPG results may be explained
as follows. First, various factors can influence FPG, such as
emotional state, drugs, and stress hormones [57]. Thus, FPG is
not a stable estimate of glycemic exposure [58]. Second,
although we encouraged the participants to fast for at least 8
hours, we are unsure if they followed these instructions. In
future studies, we suggest that more than two tests should be
used to enhance diagnostic accuracy.

In this study, we found that the TCM mHealth app effectively
improved the yang-deficiency and phlegm-stasis body
constitution in individuals with prediabetes, but could not
improve the yin-deficiency body constitution. More research is
needed to develop effective interventions to improve the
yin-deficiency body constitution among individuals with
prediabetes.

Finally, the TCM mHealth app group did show significant
improvements in body constitution and body energy in our
study, while the other two groups did not show changes in these
factors over time. These results suggest that medical
practitioners could provide the TCM mHealth app to individuals
with prediabetes, through which Qigong and a Chinese dietary
regimen can improve body energy, body constitution, and

HRQOL. Studies with a larger sample size and longer follow-up
period are needed to compare the effectiveness of the two
different approaches.

Limitations
This study has several limitations. First, most participants were
from an outpatient department and had chronic conditions.
Therefore, this sample may have had more complex health
problems than present in people with prediabetes alone. The
participants may be more homogeneous since they were from
one single center. Second, the sample size was small. The
limited sample size may be the reason for some statistically
insignificant results when comparing between groups. Third,
the study was an open-label trial where participants were aware
of their group assignments; thus, performance bias was possible.
Fourth, the study used a 12-week intervention and a 1-month
follow-up period according to previous TCM lifestyle programs
[35,37]. A follow-up period from 12 to 24 months may be
preferred in future studies. Fifth, the use of the mHealth apps
in the follow-up period was not monitored. In addition, during
the intervention period, the participants were reminded to use
the apps, but the time spent on app use varied, suggesting that
the participation level may be different. Lastly, this study
included three types of body constitutions. There are many other
types of body constitutions that could be considered in future
studies.

Conclusion
We developed a TCM mHealth app to incorporate TCM
concepts into an mHealth app for individuals with prediabetes.
Compared to controls not using the app, the TCM mHealth app
appeared to be effective in improving HbA1c, BMI,
yang-deficiency and phlegm-stasis body constitution, and
HRQOL. Compared to individuals using the ordinary mHealth
app, individuals using the TCM mHealth app showed higher
body energy and mental aspects of the HRQOL 1 month after
the intervention. The TCM mHealth app was not effective in
improving FPG, yin-deficiency body constitution, DASH dietary
behavior, and total PA. The study results suggest that individuals
with prediabetes could use the TCM mHealth app to improve
their body energy and HRQOL. Further studies with a larger
sample size and a longer follow-up period are warranted to
verify whether the differences favoring the TCM app are
clinically meaningful.
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