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Abstract 

Background We investigated the effects of a physical activity encouragement intervention based on a smartphone 
personal health record (PHR) application (app) on step count increases, glycemic control, and body weight in patients 
with type 2 diabetes (T2D).

Methods In this 12‑week, single‑center, randomized controlled, 12‑week extension study, patients with T2D who 
were overweight or obese were randomized using ratio 1:2 to a group using a smartphone PHR app (control group) 
or group using the app and received individualized motivational text messages (intervention group) for 12 weeks. 
During the extension period, the sending of the encouraging text messages to the intervention group was discontin‑
ued. The primary outcome was a change in daily step count after 12 weeks and analyzed by independent t‑test. The 
secondary outcomes included HbA1c, fasting glucose, and body weight analyzed by paired or independent t‑test.

Results Of 200 participants, 62 (93.9%) and 118 (88.1%) in the control and intervention group, respectively, com‑
pleted the 12‑week main study. The change in daily step count from baseline to week 12 was not significantly 
different between the two groups (P = 0.365). Among participants with baseline step counts < 7,500 steps per day, 
the change in the mean daily step count at week 12 in the intervention group (1,319 ± 3,020) was significantly larger 
than that in control group (‑139 ± 2,309) (P = 0.009). At week 12, HbA1c in the intervention group (6.7 ± 0.5%) was sig‑
nificantly lower than that in control group (6.9 ± 0.6%, P = 0.041) and at week 24, changes in HbA1c from baseline were 
significant in both groups but, comparable between groups. Decrease in HbA1c from baseline to week 12 of interven‑
tion group was greater in participants with baseline HbA1c ≥ 7.5% (‑0.81 ± 0.84%) compared with those with baseline 
HbA1c < 7.5% (‑0.22 ± 0.39%) (P for interaction = 0.014). A significant reduction in body weight from baseline to week 
24 was observed in both groups without significant between‑group differences (P = 0.370).

Conclusions App‑based individualized motivational intervention for physical activity did not increase daily step 
count from baseline to week 12, and the changes in HbA1c levels from baseline to week 12 were comparable.
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Background
It is anticipated that the global prevalence of diabetes will 
rise from 10.5% (536.6 million people) in 2021 to 12.2% 
(783.2 million people) in 2045. Additionally, the cost of 
treating and controlling diabetes and its related micro-
vascular and macrovascular complications is estimated 
to increase from $966 billion in 2021 to $1,054 billion in 
2045 [1]. Exercise has long been recognized as impor-
tant in the management and treatment of metabolic dis-
eases such as diabetes, metabolic syndrome, and obesity 
[2, 3]. The American Diabetes Association recommends 
that people with diabetes engage in at least 150  min of 
moderate-intensity aerobic activity, such as walking 
three–seven days a week, with no more than two days 
off [4]. Previous studies have also reported that walk-
ing more than 6500 steps per day is helpful in treating 
chronic diseases [5]. Also, 8,000–10,000 steps per day 
are recommended, approximately equivalent to walking 
for 60 min at an intensity of three metabolic equivalents 
of tasks (METs) per day, which corresponds to 23 METs-
hours of moderate physical activity per week [5]. Regular 
exercise has a beneficial effect on blood glucose control, 
weight loss, and insulin resistance and has been reported 
to be associated with a decrease in overall mortality and 
cardiovascular mortality in type 2 diabetes [6–9]. How-
ever, few randomized controlled trials have investigated 
whether step count interventions affect step count, blood 
glucose levels, and body weight in patients with well-
controlled type 2 diabetes. A previous study of system-
atic review and meta-analyses found that using apps can 
improve lifestyle aspects and reduce HbA1c levels in 
patients with diabetes [10]. A recent randomized con-
trolled trial investigated an app-based lifestyle interven-
tion to increase physical activity in patients with type 2 
diabetes, but the app was only provided to the interven-
tion group [11]. App-based intervention did not increase 
physical activity over 52  weeks compared with control 
group, although apparent benefits were observed for 
physical-related quality of life. The difference between 
the two groups may be attributed not only to the inter-
vention effect of the app but also to the use of the app 
itself. Recent research on digital treatment showed that 
the intervention group received a device with active soft-
ware designed to treat a specific disease, while the con-
trol group also received a device with inactive software, 
to control for the potential effects of the software or the 
device itself, similar to the placebo effect observed in 
drug trials [12]. Therefore, in this study, we monitored 
step count using a smartphone personal health record 
(PHR) application (app) and sent text messages encour-
aging physical activity once a week for 12 weeks to evalu-
ate the effect of this intervention on step count increase, 
glycemic control, and body weight for 12  weeks and an 

extension period of 12 weeks in patients with well-con-
trolled type 2 diabetes.

Methods
This was a single-center, double-arm, open-label, 
12-week  randomized controlled trial with a 12-week 
extension study comparing two groups: 1) that used a 
smartphone PHR app (control group) and 2) that used 
the app and received individualized motivational text 
messages every week to increase daily step counts based 
on the mean number of steps collected per day by the 
app (intervention group). The trial was conducted at the 
Diabetes Center, Division of Endocrinology and Metabo-
lism of the Samsung Medical Center (SMC), Republic of 
Korea, and participants were recruited from April 2018 
to September 2019. All the participants provided written 
informed consent. The Institutional Review Board (IRB) 
of the SMC approved the study protocol (No. 2017–12-
061), which was in accordance with the ethical guidelines 
of the Declaration of Helsinki and Korea Good Clinical 
Practice. This study was registered at ClinicalTrials.gov 
(NCT03407222).

Study participants
Eligibility criteria included patients with type 2 diabetes 
aged 20–69 years, with a HbA1c of less than 8.5%, who 
have not taken anti-diabetes medication for the past 
4  weeks or who have taken more than or equal to one 
oral hypoglycemic agent for more than 12  weeks using 
the same dosage, who had overweight or obesity (body 
mass index (BMI) ≥ 23  kg/m2), who were able to use an 
Android smartphone and wireless internet, and who vol-
untarily agreed to participate. The exclusion criteria were 
as follows: diabetes other than type 2 diabetes, including 
type 1 diabetes and gestational diabetes; use of insulin or 
a GLP-1 receptor agonist; presence of comorbidities such 
as uncontrolled chronic liver disease, acute kidney injury, 
and psychological disorders; use of a weight-lowering 
agent; presence of alcohol or drug addiction within the 
previous 3  years; use of systemic corticosteroids; preg-
nancy or lactation; no voluntary agreement to participate 
in the study; and unsuitable for participating in clinical 
research.

Study design
This trial consisted of the following three periods: a one-
week run-in period, a 12-week randomized treatment 
period, and a 12-week extension period (Figure  S1). At 
visit 1 (week -1), the participants who met the inclu-
sion criteria without meeting any exclusion criteria were 
provided smartphone PHR app to record blood glucose, 
blood pressure, and body weight, developed by Samsung 
Medical Center. The step count was measured using the 
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Samsung Health application, which was automatically 
linked to the PHR app. The number of steps taken by 
all participants was automatically uploaded to the app, 
and the weight measured using the Bluetooth scale pro-
vided to all participants was continuously linked to the 
app. The baseline number of steps was measured during 
the one-week run-in-period. At week 0, the participants 
were assigned randomly at 2:1 ratio to the intervention or 
control group for 12 weeks. During the 12-week period, 
both groups used the smartphone PHR app, and the 
intervention group received text messages every week, 
which encouraged step-by-step increments according to 
the mean daily number of steps per week monitored by 
the app, whereas the control group did not receive text 
messages. The participants of intervention groups were 
divided into six groups such as 1) basal activity (< 2,500 
steps/day), 2) limited activity (2,500–4,999 steps/day), 3) 
low activity (5,000–7,499 steps/day), 4) somewhat active 
(7,500–9,999 steps/day), 5) active (10,000–12,499 steps/
day), 6) highly active (≥ 12,500 steps/day) according to 
the average number of steps per day. [13]). The average 
number of steps taken by each participant per day dur-
ing the week was calculated and divided them into five 
groups. We suggested a step goal based on participants’ 
average number of steps in the past week. If a participant 
took an average of 9,000 steps per day during the week, 
a message was sent: ’You walked less than 10,000 steps a 
day on average this week. Next week, aim to walk more 
than 10,000 steps a day! Making changes to your lifestyle 
can improve your health.’ During the extension period, 
for 12 weeks from week 12 to week 24), encouraging text 
messages were discontinued in the intervention group to 
check the durability of the intervention.

Data collection
Demographic, anthropometric, and laboratory data 
were collected from all participants. Body weight and 
height were measured, and the BMI was estimated as 
body weight (kg) divided by height squared (m2). Smok-
ing status and alcohol consumption data were collected 
using a self-reported questionnaire and classified as 
never, ever, or current, and either less than a cup per day 
or not, respectively. The estimated glomerular filtration 
rate (eGFR) was estimated using the Chronic Kidney Dis-
ease Epidemiology Collaboration 2021 (CKD-EPI 2021) 
formula [14]. Medical history data, including duration 
of diabetes and type of medication, were collected. Dur-
ing the study period, the average step count per week, 
laboratory data, body weight, and physical activity were 
obtained at weeks 12 and 24 in both groups. Physical 
activity was measured using the 7-item International 
Physical Activity Questionnaire-Short Form (IPAQ-SF) 
designed by a team of specialists in physical activity for 

population-level tracking of adult physical activity [15, 
16]. Physical activity was classified with the following 
three categories: walking, moderate physical activity, and 
vigorous physical activity [17]. We used the total Meta-
bolic Equivalent of Task (MET)–min/week to express 
weekly metabolic engagement in walking and in both 
moderate and vigorous physical activity practice.

Outcomes
The primary outcome was the change in daily step 
count between the control and intervention groups after 
12 weeks of intervention. Secondary outcomes included e 
mean daily step count at weeks 12 and 24, mean HbA1c 
levels at weeks 12 and 24, fasting glucose levels at weeks 
12 and 24, body weight at weeks 12 and 24, physical 
activity at weeks 12 and 24, and lipid levels including 
total cholesterol, low-density lipoprotein (LDL) choles-
terol, high-density lipoprotein (HDL) cholesterol, and tri-
glycerides at weeks 12 and 24.

Statistical analysis
Assuming a 1,000 step difference in daily step count 
increments between the study groups (standard devia-
tion, 2,150 daily steps) according to previous studies 
[18–20], a sample size of 55 and 111 participants for con-
trol and intervention group, respectively was needed for 
a two-sided alpha threshold of 0.05 and 80% power. We 
aimed to recruit 200 participants to allow for a dropout 
rate of 17% during follow-up (control group, n = 66; inter-
vention group, n = 134).

Continuous and categorical variables are summarized 
as mean and standard deviation (SD) and percentages, 
respectively. Statistical analysis of the primary outcome 
was performed according to the intention-to-treat princi-
ple in the full analysis set (FAS) (i.e., all randomized par-
ticipants used the smartphone PHR app and had baseline 
measurements and at least one measurement during the 
study period). Two-sample t-tests for continuous vari-
ables and chi-square tests for categorical variables were 
used to compare the baseline characteristics between the 
intervention and control groups. For the primary out-
come, we conducted a two-sample t-test for the differ-
ence in the mean change in the daily step count between 
the intervention and control groups after 12 weeks. For 
secondary outcomes, we conducted independent t-tests 
for the mean difference at 12 and 24 weeks and change in 
mean difference from baseline to 12 and 24 weeks in aver-
age steps per day, HbA1c, fasting glucose, body weight, 
and total MET-min/week. A paired t-test was used to 
assess the mean difference in the intervention and con-
trol groups from baseline to 12 and 24 weeks. Although 
it is not pre-specified, subgroup analyses were conducted 
in the FAS, stratified by the baseline HbA1c levels (< 7.5% 
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and ≥ 7.5%) and baseline daily step counts (< 7,500 
and ≥ 7,500 steps). The mean HbA1c level for the entire 
population was 7.1% and to differentiate between low 
and high HbA1c groups with appropriate sample sizes, 
a cut-off value of 7.5% was chosen (n = 152 vs n = 30). A 
previous study conducted on the Asian population found 
that taking more than 7,500 steps per day was associated 
with a decrease in BMI and body fat, compared to taking 
fewer than 7,500 steps [13]. To identify the differences 
in outcomes by group and time, we conducted a linear 
mixed effect model for step counts and hemoglobin A1c 
considering random slope and intercept. All statistical 
analyses were performed using R software, version 4.1.3 
(R Foundation for Statistical Computing),. Two-sided P 
values < 0.05 were regarded as significant.

Results
Baseline characteristics
Of the 200 participants, 66 and 134 were randomly 
assigned to the control and intervention groups, respec-
tively. Of the randomized participants, 63 (95.5%) in the 
control group and 119 (88.8%) in the intervention group 
completed the 12-week main study (Fig.  1, Figure  S1). 
Among them, 63 participants in the control group and 
119 participants in the intervention group participated in 

the extension study as the control/control and interven-
tion/control groups, respectively. Finally, 63 participants 
(95.5%) in the control/control group and 119 participants 
(88.8%) in the intervention/control group completed the 
12-week extension study.

The baseline characteristics of the study participants on 
the FAS are summarized in Table 1. The baseline charac-
teristics of the intervention and control groups were sim-
ilar, with comparable age, sex, BMI, duration of diabetes, 
level of physical activity, use of oral antidiabetic agents, 
and HbA1c levels. The mean age of the study partici-
pants was 57.5 ± 6.8 years, 54 (29.7%) of participants were 
female, and mean duration of diabetes was 6.8 ± 6.1 years. 
The mean baseline BMI was 26.5 ± 2.6  kg/m2 and the 
mean baseline HbA1c level was 7.1 ± 0.4%.

Change in mean daily step count
Changes in daily step count from baseline to weeks 12 
and 24 are shown in Table 2 and Fig. 2A. At baseline, the 
mean step count per day was similar between the two 
group (P = 0.89). From baseline to week 12, the change 
in the daily step count was -766 ± 3,570 for the control 
group and -200 ± 4,160 for the intervention group, which 
was not significantly different between the two groups 
(P = 0.365). In addition, changes in mean step counts per 

Fig. 1 CONSORT flow diagram
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Table 1 Baseline characteristics of the study participants of the full analysis set

DPP4 Dipeptidyl peptidase 4, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, LDL low-density lipoprotein, SD standard deviation, SGLT2 
Sodium/glucose cotransporter 2

Values are mean ± SD or n (%)
a One study with missing data
b Three with missing data
c Two with missing data
d Four with missing data

Control (N = 63) Intervention (N = 119) P value

Age, years 58.3 ± 5.8 57.1 ± 7.2 0.257

Sex 0.684

 Female 17 (27.0%) 37 (31.1%)

 Male 46 (73.0%) 81 (68.9%)

Weight, kg 73.5 ± 8.6 73.7 ± 9.8 0.898

Body Mass Index, kg/m2 26.5 ± 2.8 26.5 ± 2.6 0.966

Systolic Blood Pressure, mmHg 128.8 ± 15.8 127.5 ± 14.3 0.586

Diastolic Blood Pressure, mmHg 75.2 ± 10.2 75.1 ± 10.2 0.967

Smoking status 0.721

 Never 48 (76.2%) 92 (77.3%)

 Ever 8 (12.7%) 11 (9.2%)

 Current 7 (11.1%) 16 (13.4%)

Alcohol consumption 0.539

  < 1 cup per a day 36 (57.1%) 75 (63.0%)

  ≥ 1 cup per a day 27 (42.9%) 44 (37.0%)

Family history of diabetes 0.952

 No 36 (57.1%) 70 (58.8%)

 Yes 27 (42.9%) 49 (41.2%)

Medication for hypertension 0.57

 No 33 (52.4%) 69 (58.0%)

 Yes 30 (47.6%) 50 (42.0%)

Lipid modifying agents 0.519

 No 9 (14.3%) 23 (19.3%)

 Yes 54 (85.7%) 96 (80.7%)

Duration of diabetes, years 7.0 ± 6.0 6.7 ± 6.2 0.818

Level of Physical  Activitya 0.568

 High 17 (27.0%) 24 (20.3%)

 Moderate 13 (20.6%) 29 (24.6%)

 Low 33 (52.4%) 65 (55.1%)

Oral antidiabetic agents, yes 43 (68.3%) 79 (66.4%) 0.929

Metformin 42 (66.7%) 77 (64.7%)

Sulfonylurea 13 (20.6%) 17 (14.3%)

DPP4 inhibitor 11 (17.5%) 30 (25.2%)

Thiazolidinedione 3 (4.8%) 8 (6.7%)

SGLT2 inhibitor 13 (20.6%) 21 (17.6%)

HbA1c, % 7.1 ± 0.4 7.0 ± 0.4 0.53

Fasting glucose, mg/dL 135.2 ± 21.1 138.2 ± 24.9 0.421

Total  cholesterolb, mg/dL 142.8 ± 27.2 147.6 ± 29.4 0.281

HDL  cholesterolc, mg/dL 55.1 ± 14.1 50.6 ± 13.7 0.036

Triglyceridec, mg/dL 131.1 ± 63.7 154.8 ± 140.7 0.123

LDL  cholesterolc, mg/dL 81.8 ± 25.6 86.7 ± 28.7 0.256

Creatinined, mg/dL 0.8 ± 0.2 0.9 ± 0.2 0.448

eGFRd, ml/min/1.73  m2 96.4 ± 11.1 95.1 ± 12.5 0.49
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day from baseline to week 24 were not significantly differ-
ent between the two groups (P = 0.828); however, among 
participants with baseline mean daily step counts of less 
than 7,500 steps per day (N = 114), the increase in mean 
daily step count from baseline to week 12 in the interven-
tion group (1,319 ± 3,020) was significantly larger than 
that in the control group (-139 ± 2,309), showing a sig-
nificant between-group difference (P = 0.009) (Fig. 2B). In 
those with baseline mean daily step counts equal or more 
than 7,500 steps per a day (N = 66), there was no signifi-
cant difference in the change of daily step count from 
baseline to week 12 between the two groups (P = 0.493) 
(Fig. 2C). In the linear mixed effect model, there was no 
significant interaction effect observed between group and 
time for step counts from baseline to week 24 (Table S1).

Glycemic outcomes
The mean HbA1c levels at weeks 12 and 24 and changes 
in HbA1c from baseline to weeks 12 and 24 in the con-
trol and intervention groups are shown in Table  3 and 
Figure S2. At week 12, HbA1c value in the intervention 
group (6.7 ± 0.5%) was significantly lower than that in the 
group (6.9 ± 0.6%, P = 0.043). The change in HbA1c from 
baseline to week 12 was -0.31 ± 0.53% for the intervention 
group (P < 0.001) and -0.18 ± 0.57% for the control group 
(P = 0.015) with no significant difference between the two 
groups (P = 0.167). In the subgroup analysis based on the 
baseline HbA1c level (< 7.5% and ≥ 7.5%) (Figures S3 and 
S4), the intervention group showed a greater decrease 
in HbA1c from baseline to week 12 in participants 
with a baseline HbA1c ≥ 7.5% (-0.81 ± 0.84% to week 
12) compared to those with a baseline HbA1c < 7.5% 
(-0.22 ± 0.39% to week 12). This was not observed in the 
control group (-0.23 ± 1.04% with baseline HbA1c ≥ 7.5%, 
-0.17 ± 0.42% with baseline HbA1c < 7.5%) (P for interac-
tion = 0.014). There was significant decrease in HbA1c 
from baseline to week 24 of -0.25 ± 0.58% in the interven-
tion group (P < 0.001) compared to -0.15 ± 0.62% in the 
control group (P = 0.054) with no significant difference 
between the groups (P = 0.326). The decrease in fast-
ing glucose from baseline to week 12 in the intervention 
group (-9.22 ± 21.25 mg/dL, P < 0.001) was significantly 

larger than in the control group (-0.84 ± 22.92 mg/dL, 
P = 0.774) with significant group difference (P = 0.016) 
(Table  S2). There was no significant interaction effect 
between group and time for HbA1c from baseline to 
week 24 in the linear mixed effect model (Table S1).

Changes in body weight, physical activity, and lipid levels
The changes in body weight from baseline to weeks 
12 and 24 in the control and intervention groups are 
shown in Table S3. In participants in the control group, 
changes in body weight were non-significant at week 12 
(− 0.65 kg, P = 0.161) but significant at week 24 (− 1.05 kg, 
P = 0.03) compared with baseline. In participants in the 
intervention group, changes in body weight were signifi-
cant at week 12 and 24 compared with baseline (− 1.07 kg 
and -1.46 kg, all P < 0.001). There were no significant dif-
ferences between the two groups in terms of body weight 
from baseline to weeks 12 and 24. The total MET-min/
week was similar between the two groups at baseline, 
week 12, and week 24 (Table  S4). Lipid levels including 
total cholesterol, LDL cholesterol, HDL cholesterol, and 
triglycerides, were similar between the two groups at 
week 12, and week 24 (Table S5).

Discussion
In this 12-week, single-center, randomized, open-label, 
controlled, and 12-week extension trial involving indi-
viduals with type 2 diabetes who had HbA1c < 8.5% and 
BMI ≥ 23 kg/m2, all participants used smartphone PHR 
app. The intervention group additionally received indi-
vidualized motivational text messages to increase daily 
step counts based on the information collected by app for 
the first 12-week periods. Although changes in the daily 
step count from baseline to week 12 between the inter-
vention and control groups were not significantly differ-
ent, there was a between-group difference in participants 
with a baseline mean daily steps of less than 7,500, show-
ing an increasing trend in the intervention group and a 
decreasing trend in the control group. Participants who 
had more than 7500 steps per day at baseline may have 
had increased motivation levels when they first used the 
monitoring PHR app as they participated in the trial. 

Table 2 Baseline, week 12, week 24, and changes in daily step counts from baseline

Values are presented as the mean ± standard deviation
a Two with missing data in control group

Control (N = 62) Intervention (N = 118) P value

Daily mean step at baseline 7047 ± 4348 7153 ± 5096 0.890

Daily mean step at week 12 6281 ± 3731 6952 ± 4054 0.280

Changes from baseline to week 12 ‑766 ± 3570 ‑200 ± 4160 0.365

Daily average step at week  24a 6653 ± 4370 6829 ± 4132 0.793

Changes from baseline to week  24a ‑449 ± 3256 ‑324 ± 3817 0.828
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Fig. 2 A Changes in mean step counts per a day. 2 B. Changes in mean step counts per a day (participants with baseline daily average step < 7,500, 
N = 114). C. Changes in mean step counts per a day (participants with baseline daily average step ≥ 7,500, N = 66)
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Although we did not measure the levels of motivation, we 
assumed that the number of steps appeared to decline as 
the motivation levels decreased over time without addi-
tional rewards or interventions other than the text mes-
sages. Additionally, using the PHR app and monitoring 
the step counts at baseline may have had an impact on 
the results. Unblinded self-monitoring at baseline may 
result in high baseline step counts if participants gain 
insight into their step pattern, which may explain the 
gradual decrease in steps over time, as self-monitoring 
of behavior is an intervention in itself. Furthermore, if 
individuals were already walking more than 7500 steps 
per day, it may be challenging to increase their step count 
compared to those who walked less than 7500 steps per 
day. Regarding glycemic outcomes, in the intervention 
group, HbA1c at week 12 was significantly lower than 
that in the control group, and significant group differ-
ences were found in the changes in fasting blood glucose 
levels from baseline to week 12. There was a significant 
difference in the changes in body weight within the inter-
vention group at weeks 12 and 24, with no significant 
difference between the groups. Physical activity tended 
to decrease at weeks 12 and 24 in the control group but 
increased slightly at week 12 and then decreased at week 
24 in the intervention group. Individuals may encoun-
ter challenges in maintaining new behaviors before they 
become stable [21]. Altering and sustaining behavior is a 
complex process that involves both conscious and uncon-
scious aspects [22]. Therefore, it is necessary to create 
multi-faceted interventions based on the personal aspect 
that can modify and maintain the healthy behaviors by 
providing necessary skills to do it themselves in future 
research.

According to the American Diabetes Association 
guidelines, patients with diabetes should perform at least 
150 min of moderate-intensity aerobic exercise (walking) 

for 3–7 days a week without more than 2 days of rest per 
week [4]. A Previous RCT examined the effect of smart-
phone games on daily physical activity (steps/day) in 
inactive patients with type 2 diabetes, randomized into 
18 patients in the intervention group and 17 patients in 
the control group [23]. The steps per day of intervention 
group was changed from 5,785 steps/day (pre-interven-
tion) to 9,783 steps/day (post-intervention), the step per 
day of control group was changed from 5,612 steps/day to 
6,552 steps/day, and the adjusted difference was signifi-
cant (3,128 steps/day, 95% CI:2,313–3,943, P < 0.001). The 
study found that the intervention resulted in an increase 
in the number of steps taken by individuals with insuf-
ficient levels of physical activity, similar to the increase 
observed in patients who took less than 7500 steps per 
day in our study. A systematic review study found that 
smartphone app-based lifestyle modification interven-
tions lowered HbA1c levels in patients with diabetes 
in several randomized controlled trials [10]. However, 
Thorsen IK and colleagues also investigated the effec-
tiveness of including an app-based approach to increase 
moderate and vigorous physical activity compared with 
standard care among individuals with type 2 diabetes, 
but it did not increase physical activity as same as our 
study [11]. In this study, app-based programs were pro-
vided to both the intervention and control groups to con-
trol for the effectiveness of the app program itself, unlike 
previous studies that provided app-based programs only 
to the intervention group, and an encouraging message 
was sent only to the intervention group. Although we 
found that the overall number of steps decreased and the 
adjusted difference was not significant in the interven-
tion and control groups, the number of steps per day of 
the intervention and control groups in participants with 
a baseline daily mean step of less than 7500 steps per 
day changed from 4,011 steps/day (pre-intervention) 

Table 3 Changes in HbA1c from baseline to week 12 and week 24

Abbreviations: HbA1c glycated hemoglobin, SD standard deviation
a P-values were derived using paired t-tests
b P-values were derived from a two-sample t-test

Control Intervention P-value

N HbA1c (%) N HbA1c (%)

Baseline (Mean ± SD) 63 7.1 ± 0.4 119 7.0 ± 0.4 0.53b

At week 12 (Mean ± SD) 63 6.9 ± 0.6 119 6.7 ± 0.5 0.043b

 Changes from baseline to week 12 (Mean ± SD) ‑0.18 ± 0.57 ‑0.31 ± 0.53 0.167b

 P‑value for mean difference from baseline to week 12 0.015a  < 0.001a

At week 24 (Mean ± SD) 63 6.9 ± 0.6 118 6.8 ± 0.6 0.12b

 Changes from baseline to week 24 (Mean ± SD) ‑0.15 ± 0.62 ‑0.25 ± 0.58 0.326b

 P‑value for mean difference from baseline to week 24 0.054a  < 0.001a
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to 5,329 steps/day (post-intervention) and from 4,627 
steps/day (pre-intervention) to 4,488 steps/day (post-
intervention), respectively, with a significant group dif-
ference (P = 0.009). Unlike the previous studies, our study 
provided all participants with a smartphone PHR app 
and the number of daily steps at baseline was more than 
7,000 steps, greater than those in the previous studies, 
which could weaken the effect of intervention in the total 
participants.

Given the glycemic outcomes, a meta-analysis of 47 
RCTs that confirmed the blood glucose-lowering effect 
of exercise in type 2 diabetes patients found that struc-
tured exercise training, which lasted more than 150 min 
a week, significantly lowered HbA1c by 0.67% compared 
to the control group but reported that the only physical 
activity advice was not significant for changes in HbA1c 
[24]. In our study, the change in HbA1c between the 
two groups from baseline to 12  weeks was not signifi-
cant; however, there was a significant mean difference in 
HbA1c levels at 12 weeks. Most of the studies included 
in the meta-analysis of physical activity advice alone 
had no limitation on HbA1c levels in inclusion criteria, 
with mean baseline HbA1c of 12 studies at 7.6%, while 
our study included patients with type 2 diabetes having 
less than HbA1c of 8.5%, and baseline HbA1c level of 
the current study was relatively low at 7.1 ± 0.4%, which 
could show weak intervention outcomes in glycemic con-
trol, as low baseline HbA1c level is associated with small 
magnitude of its change after medication treatment and 
intervention [25]. Based on these results, future studies 
should be conducted on patients with poor glycemic con-
trol, and more integrated and reward-enhancing inter-
ventions are needed, as shown to have a significant effect 
when dietary co-intervention is added to physical activity 
advice.

In this study, HbA1c and body weight decreased in 
both groups until 12 and 24  weeks, when the app was 
used in all participants. This indicates that the positive 
benefits of weight reduction and glycemic management 
can be observed with the use of the smartphone PHR app. 
Additionally, by receiving an encouraging text message 
on physical activity, the intervention group’s improve-
ments in HbA1c levels, fasting blood glucose levels, and 
body weight were identified. However, the degree of 
improvement achieved by app-based interventions may 
not be sufficient to yield great health benefits. Therefore, 
people with low level of physical activity or poor glyce-
mic control may benefit from this app-based interven-
tion and providing additional interventions may be help 
them improve. A meaningful finding of our study is that 
encouraging physical activity by sending text messages 
on steps per day is useful in patients with daily mean 
steps of less than 7500 steps per a day. Also encouraging 

strategy has a beneficial effect on glycemic control, espe-
cially in patients with baseline HbA1c ≥ 7.5%. Taken 
together, app-based interventions may be effective for 
patients with low levels of physical activity and uncon-
trolled glycemia.

This study has several strengths. This was a 12-week, 
randomized, controlled, and 12-week extension study 
with 200 participants, which had substantial data regard-
ing the efficacy of smartphone PHR app-based interven-
tions on physical activity and glycemic control in patients 
with type 2 diabetes. This study adopted a smartphone 
PHR app-based targeted encouraging text message for 
physical activity according to the mean number of steps 
per day in the previous week. In addition, since all par-
ticipants received monitoring smartphone PHR apps and 
additional devices such as a blood glucometer, sphyg-
momanometer, and scale linked to the app, we were able 
to identify the interventional effect of encouraging text 
messages on physical activity and glycemic outcomes. A 
limitation of our study is that unblinded data were col-
lected during the study period at baseline, week 12, and 
week 24. Second, as our study was conducted at a sin-
gle center, the study population may not be representa-
tive of all Korean patients with type 2 diabetes. Also, our 
study population was restricted to patients with type 2 
diabetes who had baseline less than HbA1c of 8.5% and 
BMI ≥ 23  kg/m2 and not use insulin, glucagon-like pep-
tide 1 agonist. Thus, further studies are needed with 
more obese patients, those receiving injection treatment, 
and patients with poorly controlled type 2 diabetes. The 
subgroup analysis based on HbA1c levels of 7.5% and 
daily step counts of 7,500 was not pre-specified. Finally, 
while the mean difference of HbA1c at week 12 was sta-
tistically significant, it may not be clinically significant as 
the clinically meaningful reduction of HbA1c is consid-
ered to be 0.5%.

Conclusions
App-based individualized motivational intervention for 
physical activity did not increase daily step count from 
baseline to week 12, and the changes in HbA1c levels 
from baseline to week 12 were comparable.
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