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Abstract:
Objective Exercise therapy is used for glycemic control in type 2 diabetes mellitus (T2DM). We evaluated

the effects of intensive health guidance using the Internet of things (IoT) among Japanese company workers

with early T2DM.

Methods Fifty-three men (mean age: 54 years) with glycated hemoglobin (HbA1c) levels of >6.5% were

enrolled in a 6-month exercise therapy program between August 2016 and January 2017. They used activity

meters, scales, and sphygmomanometers connected to the Internet by Bluetooth. These devices automatically

and continuously recorded daily information, and the participants simultaneously received health guidance

from a public health nurse twice a month.

Results The number of daily steps significantly increased, whereas the amount of physical activity in-

creased but was not significant. The mean decrease (±SD) in HbA1c levels after 3 and 6 months was esti-

mated to be -0.40% (±0.45, p<0.0001) and -0.19% (±0.55, p=0.033), respectively, by a linear mixed model

that included baseline HbA1c levels and age as covariates. The program failed to improve the body mass in-

dex and blood pressure of the participants. The percentage of active stage (action and maintenance stage) in

stage of health behavior significantly increased from 48% to 68% (p=0.011).

Conclusion Intensive lifestyle intervention using a wearable monitoring system and remote health guidance

improved diabetic control in middle-aged company workers.
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Introduction

Type 2 diabetes mellitus (T2DM) is one of the most

prevalent metabolic disorders worldwide; the population of

people living with diabetes had already increased to 415

million in 2015 and is estimated to reach 642 million by

2040 (1). According to the annual report from the Japanese

Ministry of Health, Labour and Welfare in 2016, the number

of diabetes patients is increasing rapidly, and although the

number of deaths caused by diabetes mellitus was reported

to be 13,327 (2), the much larger number of deaths caused

by cardiovascular disease, stroke, and other afflictions

caused by diabetes mellitus and poor diabetic control was

not considered.

Although a healthy lifestyle has been reported to be effec-

tive for preventing incident T2DM (3-5), in most cases it is

not easy for the individual to adopt and to continue to ad-

here to a healthy lifestyle (6, 7). According to the American

Diabetes Association’s (ADA) standards of medical care in

diabetes-2016, as diabetic care must cover self-management,

education, nutrition, counseling, physical activity, smoking
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cessation, psychosocial care, and immunization, the health-

care provider should take a holistic approach with the dia-

betic care program, accounting for all aspects of circum-

stances of the patients (8). Among them, exercise is a cor-

nerstone for treating T2DM. The effect of exercise in pa-

tients already diagnosed with T2DM may still be unclear in

terms of practicality and its contribution to reducing gly-

cated hemoglobin (HbA1c) levels (9). In this study, we at-

tempted to provide structured aerobic exercise. Aerobic exer-

cise is adequate as a training modality for improving HbA1c

levels (10). Aerobic exercise was reported to improve the

function of pancreatic β-cells (11), induce the expression of

M2 markers and peroxisome proliferative-activated receptor

gamma in monocytes, resolve inflammation, and prevent in-

sulin resistance (12). Intriguingly, it was recently reported

that crosstalk between endurance exercise and the metabolic

system in remote organs contributes to the upregulation of

anti-inflammatory myokines and the release of exosomes

containing antifibrotic particles and the circulatory dose in-

creased according to the intensity of the endurance exer-

cise (13). This means that exercise may play a role in pre-

venting diabetic complications and improving energy expen-

diture.

Since 2014, we have been organizing a project aimed at

promoting behavioral changes with the use of wearable

monitoring devices connected to Internet of things (IoT) sys-

tems, in order to encourage participants to adopt healthy

lifestyle habits. However, the scientific merits of our inter-

vention remain unclear. Thus, the aim of this study was to

evaluate whether participants using our IoT system made be-

havioral changes toward adopting healthy lifestyle habits

and whether our system contributed to good diabetic control

among Japanese company workers with early T2DM.

Materials and Methods

Study participants and design

The study participants were all male employees of Toyota

Motor in Japan and participated in an annual health exami-

nation in March, April, and May of 2017. Individuals whose

HbA1c levels were >6.5% and <7.9% were recruited. Sub-

jects who were prohibited from exercising by their doctors

were excluded. The study protocol was approved by the eth-

ics committee of Nagoya University School of Medicine and

was conducted in accordance with the guidelines of the

Declaration of Helsinki. After being informed of the purpose

of the study, all enrolled patients provided their written con-

sent for participation in the study.

Lifestyle intervention

The participants were provided with Bluetooth-enabled

activity meters (TOSHIBA Actiband WERAM1100, Tokyo,

Japan), Bluetooth-enabled sphygmomanometers (A&D UA-

851PBT-C, Tokyo, Japan), and Bluetooth-enabled body

weight scales (A&D UC-411PBT-C). All devices promptly

uploaded measurement data over a wireless network to a

cloud server. We constructed a health care system, called the

MY PAGE SYSTEM, to help with self-management,

wherein the participants could view their unified individual

data [exercise strength, exercise time, step count, body

weight (BW), and blood pressure (BP)] on a website ac-

cessed by individual passwords. Moreover, the participants

received health guidance from a public health nurse twice a

month on the phone. During the phone call, which lasted

approximately 20 minutes, the public health nurse, who was

familiar with the specific health guidance determined by the

Ministry of Health, Labour and Welfare of Japan, gave the

guidance using a coaching, mindfulness, and motivation in-

terview. She instructed the individuals on at least one goal

that could be achieved before the next instruction for each

diet and exercise item, according to the stage of health be-

havior (SHB) of the subject. She could simultaneously ac-

cess and share the subjects’ “MY PAGE.” The MY PAGE

SYSTEM is illustrated in Fig. 1.

Clinical data collection

We collected the following laboratory data: HbA1c, total

cholesterol, triglyceride, high-density lipoprotein cholesterol,

low-density lipoprotein cholesterol, serum creatinine, uric

acid, blood sugar (fasting), and hemoglobin from the annual

health checkups performed at the clinical chemistry facility

at Good Life Design (Toyota, Japan). The HbA1c level was

measured again at 3 and 6 months after the start of the pro-

gram. We also measured height, BW, systolic BP (SBP), and

diastolic BP (DBP) at baseline and after 6 months.

Assessment of physical activity and stage of health

behavior

The number of daily steps was extracted from the

uploaded data. Physical activity was assessed by the original

physical activity score (PAS), which was calculated as fol-

lows: daily PAS=[(score of exercise strength)×(score of du-

ration)×(score of frequency)]×(number of times/day). Each

score was determined. Exercise strength scores of 1, 10,

100, and 1,000 corresponded to 3-3.9, 4-5.4, 5.5-6.9, and >7

metabolic equivalents (METs), respectively. Duration scores

of 1, 10, and 100 corresponded to 10-29, 30-64, and >65

minutes, respectively. Frequency scores of 1, 10, and 20 cor-

responded to <2 times, 3-4 times, and >5 times per week,

respectively.

We graded the stage of health behavior (SHB) using a

self-administered questionnaire at baseline and after 6

months. The participants indicated their intentions regarding

regular physical exercise, healthy dietary habits, and smok-

ing cessation, by selecting one of the following options: 1)

You have no intention of changing the behavior (pre-

contemplation); 2) You acknowledge an intention to change

the behavior (contemplation); 3) You actively plan to change

the behavior (determination); 4) You have changed the be-

havior within the last 6 months (action); and 5) You have

sustained the behavioral change for at least 6 months (main-
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Figure　1.　An overview of the “MY PAGE” system.

tenance).

Endpoints

The primary endpoint was the change in the HbA1c levels

at 3 and 6 months after the start of the exercise program

relative to the baseline values. Next, to remove seasonal

fluctuations of HbA1c levels, we compared changes in the

HbA1c levels, BMI, SBP, and DPB of the study subjects

with those of concurrent nonrandomized control subjects. As

controls, we selected workers from the same company with

similar HbA1c levels at the same annual health check. The

control subjects underwent routine health guidance. The sec-

ondary endpoints were the changes in daily steps and SHB

at 6 months after the start of the exercise program relative to

the baseline.

Statistical analysis

A linear mixed model that included age, time, and the

HbA1c levels at baseline, was used to assess the change in

HbA1c levels, which was the primary endpoint of the study.

Next, to compare changes in HbA1c, BMI, SBP, and DPB

between the intervention subjects and controls, an analysis

of variance (ANOVA) was performed with age and HbA1c

levels at baseline as covariates. For the assessment of the

secondary endpoints, we used a paired t-test to evaluate the

increase in daily steps and PAS and a Wilcoxon rank-sum

test to evaluate the difference in SHB from baseline at the

final time point. P values of <0.05 were considered to indi-

cate statistical significance. All statistical analyses were per-

formed using the SAS and JMP Pro software programs (ver-

sions 9.4 and 13, respectively; SAS Institute, Cary, USA).

Results

Study participants

In total, 650 subjects who took the abovementioned an-

nual health examination above were screened, and 53 sub-

jects fulfilled the inclusion criteria. Forty-nine participants

completed the 6-month program. Four subjects dropped out

of this study because of transfer (n=1) and withdrawal (n=

3). This study had at least 85% statistical power to detect a

significant between-group difference in the change in

HbA1c from baseline, with a medium effect size of 0.5 stan-

dard deviations. The baseline characteristics of the subjects

of this study are shown in Table. The subjects were all men

and the mean age was 54.4±6.0 years. The mean BMI was

26.5±3.7 kg/m2, and 36 of 53 participants (68%) were obese

with a BMI of >25 kg/m2. Among the subjects, 27 received

oral medications for hypertension (51%) and 34 received an-

tidiabetic drugs (64%), which had been prescribed by their

general practitioner (insulin, n=1; oral antidiabetic drugs, n=

33). Among the subjects, 42 (79%) had received guidance in

relation to diet therapy for diabetes while 11 (21%) had not

received treatment for diabetes.

Changes in activity scores and daily steps

The effects of this exercise intervention program on PAS
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Table.　Characteristics of Participants at Start of Lifestyle Intervention Program.

Characteristics

Mean age, years 54.4±6.0

Men, n (%) 53 (100)

Height (cm) 169.7±6.0

Weight (kg) 76.5±12.4

BMI (kg/m2) 26.5±3.7

Systolic blood pressure (mmHg) 126.5±10.9

Diastolic blood pressure (mmHg) 76.9±8.3

Laboratory data Total cholesterol (mg/dL) 196.3±27.7

Triglyceride (mg/dL) 153.8±97.1

LDL cholesterol (mg/dL) 120.2±23.0

HDL cholesterol (mg/dL) 51.0±12.3

HbA1c (%) 6.9±0.4

Creatinine (mg/dL) 0.93±0.3

Uric acid (mg/dL) 6.1±1.5

Fasting blood sugar (mg/dL) 135.9±20.4

Hemoglobin (g/dL) 15.2±1.1

Medications Hypertension

Antihypertensive drug user, n (%) 27 (50.9)

Diabetes 

Antidiabetic drug user, n (%) insulin 1 (1.9)

oral 33 (62.2)

Diet therapy, n (%) 42 (79.2)

Untreated, n (%) 11 (20.8)

Stage of behavior changes Smoking cessation, n (%) Pre-contemplation 7 (14.0)

Contemplation 3 (6.0)

Determination 2 (4.0)

Action 1 (2.0)

Maintenance 37 (74.0)

Diet therapy, n (%) Pre-contemplation 0 (0)

Contemplation 4 (7.5)

Determination 27 (50.9)

Action 1 (2.0)

Maintenance 21 (39.6)

Regular exercise, n (%) Pre-contemplation 2 (4.0)

Contemplation 6 (11.3)

Determination 20 (37.7)

Action 4 (7.5)

Maintenance 21 (39.6)

Duration of daily walking*, n (%) Under 15 minutes 1 (2.0)

15-30 minutes 15 (28.3)

30-60 minutes 18 (34.0)

Over 1 hour 19 (35.8)

Daily steps*, n (%) No estimation 14 (26.4)

Under 5,000 steps 11 (20.8)

5,000-10,000 steps 19 (35.8)

Over 10,000 steps 9 (17.0)

*Self-assessment.

BMI: body mass index, HbA1c: glycated hemoglobin, HDL cholesterol: high density lipoprotein cholesterol, LDL 

cholesterol: low density lipoprotein cholesterol

and daily steps are shown in Fig. 2. The average number of

daily steps (±standard deviation; SD) was 6,743 (±3,030) at

the start (August), 8,188 (±3,008) after one month (Septem-

ber), 7,924 (±3,189) after 2 months (October), 8,432

(±3,478) after 3 months (November), 7,963 (±3,663) after 4

months (December), and 7,301 (±3,589) in the last month

(January). This exercise intervention program significantly

increased the daily steps from baseline by 1,443 (95% CI:

822-2,065, p<0.0001), 1,203 (95% CI: 631-1,775, p<

0.0001), 1,561 (95% CI: 779-2,343, p<0.0001), and 960

(95% CI: 23-1,897, p=0.045) steps/day in September, Octo-

ber, November, and December, respectively. There was no
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Figure　2.　The monthly number of daily steps and physical activity scores. Daily steps were mea-
sured by activity meters worn on the wrist. Black bars show the average number of daily steps. 
Physical activity scores were calculated using our original formula from data uploaded by the same 
activity meter. Striped bars show the average weekly physical activity scores. *p<0.05 from baseline 
(August) to each time point, as determined by a paired t-test.

Figure　3.　Changes in serum glycated hemoglobin (HbA1c) levels from baseline to 3 and 6 months. 
The HbA1c levels significantly deceased in the subjects enrolled in this exercise intervention program. 
This exercise program was effective for improving diabetic control. *p<0.05 from baseline to each 
time point, as calculated by a linear mixed model.

increase in daily steps in January.

The average PAS (±SD) in August, September, October,

November, December and January was 8,844 (±34,247),

11,837 (±21,625), 10,842 (±18,217), 12,244 (±19,075),

13,327 (±24,341), and 9,456 (±21,310), respectively. The

median (interquartile range) PAS values in August, Septem-

ber, October, November, December and January were 925

(331.3-3,218.8), 2,455 (593.8-8,625), 2,490 (975-7,610),

2,212.5 (650.0-19,906.3), 1,255 (19.2-9,000), and 738 (0-

8,962.5), respectively. Thus, the majority of the study sub-

jects showed low PASs. Although this exercise intervention

program increased the PAS from baseline at all points, the

differences were not statistically significant.

Effectiveness of the exercise program on reducing

HbA1c levels

We checked the HbA1c levels to evaluate the effect of the

exercise intervention program on diabetic control. A linear

mixed model that included baseline HbA1c levels and age

as covariates estimated that the decrease (±SD) in the

HbA1c levels of the subjects was -0.40% (±0.45, p�0.0001)

after 3 months and -0.19% (±0.55, p=0.033) after 6 months

(Fig. 3). The HbA1c levels at 3 and 6 months from baseline

were not significantly different, and the decrease in the

HbA1c level was attenuated at 6 months.

Next, we compared the changes in HbA1c levels of the
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Figure　4.　Comparison of the changes in glycated hemoglobin (HbA1c) levels, body mass index and 
blood pressure between subjects in the exercise program and the nonrandomized controls. The con-
trols were selected from the same pool of company workers who took the annual health check in the 
same season (month) and who were matched according to their HbA1c levels. This analysis was per-
formed to verify that the decrease in the HbA1c levels of the active subjects was not an artefact of 
seasonal fluctuation. *p<0.05 between study subjects and controls, as determined by an ANOVA. 
ANOVA: analysis of variance

study subjects to those of the controls. After 6 months, the

exercise program group showed decreased HbA1c levels

(delta; -0.16±0.10%), while the controls showed increased

HbA1c levels (delta; 0.10±0.06%), with the difference in the

delta HbA1c levels between the two groups being statisti-

cally significant (p=0.004) (Fig. 4). However, we failed to

detect decreases in BMI, SBP, and DBP (delta; 0.04±0.13

kg/m2, 3.17±2.11 mmHg and 0.31±1.33 mmHg, respec-

tively). In contrast these values decreased in the controls

(delta: -0.16±0.08 kg/m2, 0.56±1.12 mmHg and 0.60±0.85

mmHg, respectively); however, the differences were not sta-

tistically significant (Fig. 4).

Improvement of SHB with respect to regular physi-

cal exercise, healthy dietary habits, and smoking

cessation

The distribution of SHB is shown in Fig. 5. The number

(percentage) of subjects with pre-contemplation, contempla-

tion, determination, action, and maintenance of SHB at

baseline is shown in Table. At six months, the proportion of

patients who exhibited these behaviors in relation to regular

physical exercise was as follows: pre-contemplation, 0%;

contemplation, 8.3%; determination, 25.0%; action, 12.5%;

and maintenance, 54.2% (p=0.005). At six months, the pro-

portions of each SHB with respect to healthy diet were as

follows: pre-contemplation, 2.1%; contemplation, 4.3%; de-

termination, 25.5%; action, 14.9%; and maintenance, 53.2%

(p=0.013). In contrast, at six months, the proportions of

each SHB with respect to smoking cessation were as fol-

lows: pre-contemplation, 14.0%; contemplation, 6.0%; deter-

mination, 4.0%; action, 2.0%, and maintenance, 74.0%, with

no statistically significant differences (p=0.40).

Discussion

This study demonstrated that the 6-month self-

management support program using a wearable monitoring

system connected to the IoT and with the provision of re-

mote health guidance by a public nurse via phone was effec-

tive for improving glycemic control in Japanese company

workers with early T2DM. The program participants took

increased numbers of daily steps, although their PASs did

not increase to a statistically significant extent. The partici-

pants gained confidence regarding the efficacy of healthy

lifestyle with increasing SHB. HbA1c levels are generally

affected by seasonal variations, being lower in summer and

higher in winter. However, with standard care, the HbA1c

levels of the program participants decreased from summer to

winter in comparison to the control subjects, whose levels

followed the common seasonal variation.

In this study, we instructed the participants on aerobic ex-

ercise, with programs that were individually tailored based

on their level of obesity and the daily activities were

uploaded with the aim of safely increasing the amount of

high-impact exercise that each subject performed. Although

there have been various reports on the assessment of optimal

exercise intensity for patients with diabetes, in most of these

studies, complex interventions in diet and exercise were at-

tempted, and exercise was often unsystematic (14). Accord-

ing to the recommendations of the ADA, adults with diabe-

tes should perform at least 150 min/week of moderate inten-

sity aerobic physical activity, spread over at least 3 days/

week with no more than 2 consecutive days without exer-

cise (8). This ADA-recommended exercise intensity may be

considered to be the equivalent of 1,000 points in our origi-

nal PAS, although direct conversion is difficult. In this case,
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Figure　5.　Changes in stage of health behavior with respect to regular physical exercise, healthy di-
etary habits, and smoking cessation. Stages of health behavior with respect to regular physical exer-
cise and heathy dietary habits were significantly improved by the exercise intervention program. 
*p<0.05 between baseline and the end of this program, as determined by a Wilcoxon rank-sum test.

the PASs of the majority of our subjects were insufficient.

In a meta-analysis, the performance of physical activity

equivalent to the ADA recommendations reduced the risk of

incident T2DM by 26%, and higher levels of physical activ-

ity further reduced the risk in comparison to inactive indi-

viduals (14). According to another meta-analysis that in-

cluded 14 clinical trials involving patients already diagnosed

with T2DM, exercising significantly reduced HbA1c levels

by 0.66% in comparison to controls, although neither the

exercise intensity (METs) nor the exercise volume (total

MET hours) was associated with the degree of reduction in

the HbA1c level (14). Interestingly, there were no significant

differences in body weight loss between the exercise and

control groups in this meta-analysis, and the authors hy-

pothesized that the decrease in insulin resistance and in-

crease in insulin disposal induced by exercise would be in-

dependent of body weight change (15). Moreover, sedentary

behavior, which causes the exacerbation of postprandial glu-

cose and insulin responses (16), may be a more noteworthy

problem with respect to diabetes in company workers in

modern society (17). In this study, we also demonstrated

that even modest exercise interventions led to significant de-

creases in HbA1c levels, despite a lack of body weight loss,

which points to the pleiotropic action of exercise, independ-

ent of energy expenditure. Liubaoerjijin et al. recently re-

ported that higher-intensity exercise resulted in a greater re-

duction in HbA1c levels than lower-intensity exercise (18).

Thus, if physical activity had been elevated to the recom-

mended levels and the exercise program had been adhered

to, better outcomes would have been expected.

One of the special characteristics of our program was the

use of the wearable monitoring system connected to the IoT

and the provision of remote health guidance by a public

health nurse. Although each patient and medical staff mem-

ber may recognize the importance of diet and exercise ther-

apy for good control of T2DM, the majority of diet and

physical activity interventions fail to foster consistently

healthy lifestyles (9). Cradock et al. reviewed the main ef-

fective behavior modification techniques, namely “instruc-

tion on how to perform a behavior,” “action planning,” and

“feedback and monitoring” (9). General physical activity ad-

vice alone was not associated with improved HbA1c levels,

while structured exercise training regimens contributed to re-

ducing HbA1c levels (19). In our study, “action planning”

involved each subject starting to receive counselling from a

public nurse about the start and goal of his/her exercise re-
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gime, according to his/her SHB, physical condition and

clinical data. Self-management tools based on information

and communication technology (ICT), such as personal

computers and smartphones, might be available and use-

ful (20). We provided a movie with commentary to instruct

individuals on optimal exercise as “instruction on how to

perform a behavior” via “MY PAGE.” Regarding “feedback

and monitoring,” Jakicic et al. reported that-in comparison

to standard care-the use of wearable technology monitoring

energy expenditure and physical activity had no impact on

weight loss in obese young adults (21). However, Ong et al.

reported that a randomized control study of advanced

chronic kidney disease using a smartphone and Bluetooth-

enabled home BP monitoring gave the active group more

confidence in self-management in comparison to the control

group (22). In the study by Ong et al., both the subject and

the public nurse could access daily uploaded data and dis-

cuss increasing or decreasing exercise intensity while the

subjects had to manage this by themselves in the study by

Jakcic et al. Our program had the benefit in that the medical

staff supervised the subjects and provided encouraging ad-

vice. Since adherence to lifestyle changes is key to success

in the treatment of T2DM (23), we believe that our pro-

grams would be useful for maintaining adherence, as well as

economical, time-saving, practical, and effective.

The present study was associated with some limitations.

First, the sample size was small and composed entirely of

men; thus, the results could not be generalized. Moreover,

because we provided only 6 months of observation, this

timeframe may be insufficient to evaluate whether the par-

ticipants had mastered the maintenance of a healthy lifestyle

without reverting to old habits. Although there was no sig-

nificant difference, the HbA1c values were aggravated after

a significant decrease in the daily steps at the third month,

and the meaningful increase in daily steps disappeared at the

sixth month after the initiation of program. Continuity is im-

portant in lifestyle intervention; however, the long-term ef-

fects remained unclear. The observation period should have

been at least one year to exclude influence of the seasonal

variation. Furthermore, the study was single-armed and was

not a randomized control study. Because the participants

were all company workers at the same company, it was dif-

ficult for the health services of the company to assign any

workers to the disadvantaged control group. Despite these

limitations, we believe that this program demonstrated that

the HbA1c levels of busy company workers were reduced

by increasing physical activity, motivation and self-efficacy,

and that these findings will be useful as an option of future

diabetic therapy.

In conclusion, among middle-aged company workers, in-

tensive lifestyle intervention using a wearable monitoring

system connected to the IoT and the provision of remote

health guidance resulted in improved diabetic control. Al-

though further study is needed, encouraging physical activity

with the use of monitoring devices and the provision of re-

mote optimal advice may be a convincing, economical, and

practical tool to help the self-management of patients with T

2DM.
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