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ABSTRACT

Objectives: This study aimed to determine whether a mobile health (mhealth) intervention

is effective in reducing weight and changing dietary behavior among employees with over-

weight and obesity. The study also investigated whether engagement with the intervention

affected its effectiveness.

Methods: The intervention involved the use of a dietary coaching app, a wearable device

for monitoring physical activity and body composition, and a messenger app for communi-

cating with participants and an intervention manager. A total of 235 employees were

recruited for a 12-week intervention from eight workplaces in Korea. Questionnaire surveys,

anthropometric measurements, and 24-h dietary recalls were conducted at baseline and after

the intervention.

Results: After the intervention, significant decreases in the mean body weight, body mass

index, body fat percentage, and waist circumference were observed. Furthermore, the

consumption frequencies of multigrain rice and legumes significantly increased, whereas

those of pork belly, instant noodles, processed meat, carbonated beverages, and fast food

significantly decreased compared with those at baseline. The mean dietary intake of energy

and most nutrients also decreased after the intervention. When the participants were

categorized into three groups according to their engagement level, significant differences in

anthropometric data, dietary behaviors, and energy intake were observed following the

intervention, although there were no differences at baseline, indicating that higher engagement

level led to greater improvements in weight loss and dietary behavior.

Conclusions: The intervention had positive effects on weight loss and dietary behavior

changes, particularly among employees with higher engagement levels. These results indicate

the importance of increasing the level of engagement in the intervention to enhance its

effectiveness. The mhealth intervention is a promising model for health promotion for busy

workers with limited time.

KEY WORDS mobile health, mobile application, dietary coaching, wearable device,

engagement
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————————————————————————————————————————————————————

Introduction
————————————————————————————————————————————————————

Obesity has been identified as a major risk factor for several chronic illnesses, including cardiovascular diseases, diabetes,

and some types of cancer [1]. Therefore, the prevention and management of obesity are crucial. In 2021, the prevalence of

obesity with a body mass index (BMI) of 25 kg/m2 or above in Korean adults was 37.1%, with men having a higher prevalence

rate (46.3%) than women (25.7%) [2]. The prevalence of obesity in women increased with age, peaking at 40.3% among those

aged 60-69 years, whereas that in men was the highest in their 30s and 40s, with rates of 51.4% and 57.7%, respectively [2].

Adults in their 30s and 40s, who spend a significant amount of their time at work, tend to have unhealthy dietary habits, such

as skipping breakfast, eating out frequently, eating irregularly, and binge eating, as well as health risk factors, such as drinking,

smoking, and lack of exercise [3-7]. Furthermore, they often face challenges in maintaining their health and encounter

difficulties in accessing healthcare services offered by public health centers or medical institutions owing to their busy schedule

and lifestyle. A study conducted on industrial workers demonstrated that they desired regular nutrition education and counseling

at their workplaces [7]. Previous studies on workplace healthcare interventions have shown positive impacts on dietary habits

and health outcomes, including weight loss, of employees [8-12]. These results highlight the importance of implementing

effective healthcare interventions in the workplace.

Recent advances in information and communication technology have led to the development of mobile healthcare, which can

track and manage certain health data without the need to meet a healthcare provider using smartphones and wearable devices.

Mobile health (mhealth) intervention, aimed at promoting health without any time and space limitations, is gaining momentum

[13]. As of 2022, 94.2% and 21.0% of Koreans owned smartphones and wearable devices, respectively [14]. A considerable

proportion (30.3%) of wearable device owners reported using them for health and fitness purposes [14]. Therefore, smartphones

and wearable devices can be used as promising tools for improving the health of individuals or specific groups in certain

settings, such as workplaces. Mhealth interventions have been shown to be effective in promoting health behavior changes

among employees [15].

Motivation and active engagement are crucial for mhealth interventions to be effective in promoting such changes [12, 15,

16]. Engagement is defined as the extent of app usage and is an important factor in increasing the effectiveness in mhealth

interventions [17]. Engagement metrics, such as login frequency, app usage time, and the number of pages visited, have been

demonstrated to be positively correlated with increased physical activity and weight loss [17-22]. However, the current

literature lacks information on whether engagement levels are linked to changes in dietary behaviors or nutrient intake.

The present study aimed to evaluate the effect of a mhealth intervention on weight loss and dietary behavior changes among

employees with overweight and obesity. The intervention involved the use of a dietary coaching app, a wearable device for

monitoring physical activity and body composition, and a messenger app for communicating with participants and an

intervention manager. The study was conducted for 12 weeks, during which we investigated the effects of the intervention on

weight loss, dietary behavior changes, and nutrient intake. Our hypothesis was that the level of engagement in the intervention

is related to the outcomes. Therefore, we aimed to compare the outcomes among the three groups of participants in terms of the

extent of their app use.

————————————————————————————————————————————————————

Methods
————————————————————————————————————————————————————

Ethics statement 

The study was approved by the Institutional Review Board of Chungbuk National University (CBNU-201906-BMSB-0113). 

All participants were informed of the study purposes and protocols, and they provided written informed consent.
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1. Study participants and recruitment methods

The recruitment of workplaces to implement the intervention involved explaining the purpose and content of the study to

persons in charge of public institutions and small and medium-sized enterprises in Seoul, Gyeonggi, and Chungcheong. Eight

workplaces from seven companies with more than 100 but less than 500 employees were recruited, and each workplace

recruited more than 30 employees. The researchers provided posters, leaflets, and the applications to each business site to

promote the purpose and procedure of the intervention. Interested employees were instructed to write down their height and

weight on the application form and submit it to the person in charge of their workplace. Of the 293 applicants, 266 with a BMI

of 23 kg/m² or above participated in the pre-intervention survey and the 12-week intervention. The intervention was conducted

from July to October 2019, and the data of a total of 235 employees were analyzed, excluding 7 who left the company, 3 who

voluntarily withdrew, and 21 who did not participate in the post-intervention survey.

2. Research methods 

1) Purpose of the intervention 

The purpose of the 12-week healthcare intervention was to enhance the ability of employees with overweight and obesity to

manage healthy eating and lifestyle using a dietary coaching app and a wearable device, to facilitate weight loss, and to

improve their overall health status.

2) Mobile Apps 

The features of the apps used in the intervention are as presented in Fig. 1. 

(1) Dietary coaching app

A dietary coaching app, specifically the NOOM (Noom Korea, Korea), was purchased and provided to the participants. The

NOOM offers evaluation results of nutrient intake based on the type and amount of food recorded by the participant, 1:1

coaching service, nutrition information, and step-by-step exercise and stretching videos. The participants were required to

record their meals at least 2 days a week using the app to check nutrient intake and receive 1:1 coaching service.

Fig. 1. The features of the apps used in the intervention
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(2) Wearable device that can monitor physical activity and body composition

A smartband, the InBody band 2 (InBody, Korea), was purchased and provided to the participants for the monitoring of their

physical activity and body composition. This device is worn on the wrist and measures body composition effortlessly, providing

information on the amount of activity, such as walking and exercise, in addition to percentage of body fat and muscle mass.

The participants were required to wear the band daily, link it with the app once a day to check their physical activity, and

measure their body composition at least once a week.

(3) Messenger app

KakaoTalk (Kakao, Korea) was used for communication and support for the participants in the intervention. The manager

could simultaneously send messages to multiple people from a single account for necessary notices during the intervention.

Furthermore, the participants could contact the manager at any time through 1:1 chat.

 

3) Pre-intervention survey

In July 2019, a pre-intervention survey was conducted in each workplace, either in a conference room or a cafeteria. The

survey schedule and location were determined in consultation with the site supervisor, considering the time zone of each

participant for their convenience. Before the survey, the details of the intervention were explained to the participants, and they

signed a written consent form to participate in the intervention study and to provide information collected from the app to the

researchers. After conducting a questionnaire survey, anthropometric measurement, and dietary assessment, the apps were

installed on the participant’s smartphone.

(1) Questionnaire survey

About 1 week prior to the pre-intervention survey, an intervention description and a self-administered questionnaire were

distributed to the participants to examine their general characteristics, dietary behavior and lifestyle habits. General

characteristics included gender, age, marital status, educational level, average monthly income, occupation, and shift work.

Dietary behavior and lifestyle habits were assessed using the Cardiovascular and Metabolic Disease Health Risk Assessment

Question from the Diet-Related Health Risk Appraisal (D-HRA) [23]. The D-HRA consists of 8 questions of basic information

and 15 questions of dietary behavior to assess the risk of chronic diseases through the diagnosis of individual eating habits.

Basic information includes gender, age, height, weight, educational level, alcohol consumption, smoking, and activity level.

Alcohol consumption is categorized as “rarely”, “once a month”, “ twice a month”, “ twice a week and < 7 drinks at once”,

and “ twice a week and  7 drinks at once”. Smoking is categorized as “does not smoke”, “< 1 pack a day”, and “ 1 pack a

day"; and activity level as “inactive”, “average”, and “active”. Dietary questions include the consumption frequency of fruits,

multigrain rice, milk and dairy products, legumes, fish, pork belly, instant noodles, processed meat products, carbonated

beverages, and fast food, as well as the frequency of breakfast and eating out. In addition to the D-HRA questions, the

frequency of eating three times a day, mealtime regularity, meal duration, amount of meals, snack frequency, and exercise

frequency of at least 30 min a day were included in the final questionnaire with reference to previous studies [5, 6, 24]. 

(2) Anthropometric measurement

During the anthropometric measurement, the participants were instructed to remove metal items, such as rings and watches.

Trained investigators measured the participants’ height, weight, body composition, and waist circumference. Height was

measured to the nearest 0.1 cm using a portable extensometer, InLabS 50 (InBody, Korea). Weight and body composition were

measured using InBody 570 (InBody, Korea) with open arms after the participants wiped their hands and feet with tissues.

Waist circumference was measured to the nearest 0.1 cm using a smart tape measure (Bagel Labs, Korea) in the horizontal

plane midway between the lowest ribs and the iliac crest while exhaling.
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(3) Dietary assessment

A trained dietitian investigated the type and amount of food consumed by the participants on the preceding day by a 24-h

recall method. To enhance the participants’ memory recall, they were asked to write a list of foods consumed or capture images

using a mobile phone. During the survey, photos of food and dishes were presented to the participants to facilitate the amount

estimation [25]. 

Nutrient intake was calculated using CAN-Pro 5.0 (Web ver.) of the Korean Nutrition Society [26]. The Index of Nutritional

Quality (INQ) was calculated for nine nutrients, including protein, vitamin A, thiamin, riboflavin, niacin, vitamin C, calcium,

phosphorus, and iron, according to the 2020 Korean Dietary Reference Intakes [27]. INQ is determined by comparing the

intake of a specific nutrient per 1,000 kcal to the Recommended Nutrient Intake (RNI) of the same nutrient per 1,000 kcal, and

values greater than 1 indicate a higher nutrient density than energy consumed.

(4) App installation

Once the pre-intervention survey was finished, the participants were given smartbands and were assisted in installing the

dietary coaching app, smartband app, and messenger app on their smartphones. The investigators also provided instructions

regarding the use of each app during the 12-week period and handed out checklists for participants to track their daily progress.

Any inquiries during the intervention could be directed to the investigators through the messenger app at any time.

4) Intervention process and management

The manager of the intervention collected app-generated data on a weekly basis throughout the intervention period. A

password file was sent via email from the company to the manager. The manager devised strategies to boost engagement and

promote behavioral changes based on the participants’ engagement levels. In the first 3 weeks, content was shared via

KakaoTalk to help participants adapt to the intervention. At week 4, mobile coupons were offered as incentives for exceptional

participants. Participants with an engagement of less than 50% received encouraging messages at week 5, and phone calls were

made if necessary. At week 6, the participants were informed of changes in body fat, and at week 7, engagement level by

workplace was announced. Weeks 8-11 consisted of reinforcement of engagement by weekly events with rewards. At week 12,

outstanding participants and companies were promised a reward plan following the intervention.

5) Post-intervention survey

Post-intervention survey was conducted at the workplace using the same methodology as the pre-intervention survey. After

anthropometric measurements, the participants were informed of their changes in weight and body composition during the 12-

week intervention. Individual nutrition counseling was also provided, and the participants were given nutrition information to

continue managing their health even after the intervention ended.

6) Categorization of engagement level

Engagement level was calculated by scoring the information obtained from the participant’s app usage data. To ensure equal

weighting of the dietary coaching and smartband usage, the scores obtained from each were converted to a maximum of 50

points and then combined for a total out of 100. To achieve a score for the dietary coaching app usage, meal records for at least

2 days a week were required, with 1 point awarded per week for meeting this threshold and a maximum score of 12 points,

which was then converted to 50 points. For the smartband usage, a score was awarded for wearing the device every day and

linking it to the app, with a maximum score of 84 points. In addition, a score was awarded for measuring body fat at least once

a week, with 1 point per week and a maximum score of 12 points. The two smartband usage scores were given equal weight,

with a maximum of 25 points each, making the overall score 50 points.

To improve interpretability, the participants were categorized into three groups based on fixed score ranges of engagement
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levels: (1) those with a score of 80 points or higher (upper group, UPG), (2) those with a score of lower than 80 points but 50

points or higher (median group, MDG), and (3) those with a score of lower than 50 points (lower group, LG).

3. Statistical analysis

The categorical variables were expressed as frequency and percentage, and the continuous variables as mean and standard

deviation. To compare pre- and post-intervention data, the McNemar test and paired t-test were used for categorical and

continuous variables, respectively. To determine the differences in anthropometric data, dietary behavior, lifestyle habits, and

nutrient intake among the UPG, MDG, and LG before and after the intervention, categorical variables were analyzed using the

χ2-test, whereas continuous variables were analyzed using analysis of variance, followed by Duncan’s multiple range test. After

the intervention, the differences among the UPG, MDG, and LG were also analyzed using analysis of covariance corrected for

pre-intervention results for continuous variables. Data analysis was conducted using SAS version 9.4 (SAS Institute Inc. Cary,

NC, USA), and the significance level for all analyses was set at P < 0.05.

————————————————————————————————————————————————————

Results
————————————————————————————————————————————————————

1. General characteristics

Table 1 presents the general characteristics of the participants. The majority (78.3%) of the participants were men, with

Table 1. General characteristics of the participants according to engagement level1) 

Variables
Total

(n = 235)

UPG

(n = 105)

MDG

(n = 59)

LG

(n = 71)
P-value2)

Gender

Male 184 (78.3) 79 (75.2) 47 (79.7) 58 (81.7) 0.570 

Female  51 (21.7) 26 (24.8) 12 (20.3) 13 (18.3)

Age (years)

20-29  56 (23.8) 21 (20.0) 14 (23.7) 21 (29.6) 0.271

30-39  99 (42.1) 44 (41.9) 24 (40.7) 31 (43.6)

40-49  58 (24.7) 33 (31.4) 14 (23.7) 11 (15.5)

≥ 50  22 (69.4)  7 (66.7)  7 (11.9)  8 (11.3)

Average 36.9 ± 8.7 37.4 ± 8.4 37.3 ± 9.1 35.8 ± 8.9 0.471 

Marital status

Married 138 (58.7) 66 (62.9) 30 (50.8) 42 (59.2) 0.324

Single/living alone  97 (41.3) 39 (37.1) 29 (49.2) 29 (40.8)

Educational level

≤ High school  45 (19.1) 22 (21.0) 15 (25.4)  8 (11.3) 0.102

≥ College 190 (80.9) 83 (79.0) 44 (74.6) 63 (88.7)

Monthly income (10,000 won)

< 300  68 (28.9) 30 (28.6) 22 (37.3) 16 (22.5) 0.321 

300-499  90 (38.3) 44 (41.9) 18 (30.5) 28 (39.4)

≥ 500  77 (32.8) 31 (29.5) 19 (32.2) 27 (38.1)

Occupation

Office job 157 (66.8) 65 (61.9) 40 (67.8) 52 (73.2) 0.288

Manufacturing job  78 (33.2) 40 (38.1) 19 (32.2) 19 (26.8)

Shift work 

Yes  28 (11.9) 12 (11.4)  7 (11.9)  9 (12.7) 0.969 

No 207 (88.1) 93 (88.6) 52 (88.1) 62 (87.3)

n (%) or mean ± SD
1) Engagement level was calculated by scoring the usage data of the dietary coaching app and the smartband, and was cat-

egorized into three groups (UPG, MDG, LG).
2) P-value was determined by 2-test or ANOVA.
UPG: upper group, MDG: median group, LG: lower group
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42.1% being in their 30s and 24.7% in their 40s. The average age of the participants was 36.9 years. Furthermore, 58.7% of the

participants were married, and 80.9% had a college degree or higher. Approximately 38.3% of the participants had a monthly

income of between 3 and 4.99 million won, and 32.8% had an income of at least 5 million won. Regarding occupation, 66.8%

of the participants were office workers, 33.2% were production workers, and 11.9% worked shifts. No significant differences

were observed in the general characteristics of the participants across the three different engagement groups.

 

2. Anthropometric changes pre- and post-intervention

Table 2 demonstrates significant reductions in weight (P < 0.001), BMI (P < 0.001), percentage of body fat (P < 0.05), body

fat mass (P < 0.001), skeletal muscle mass (P < 0.001), and waist circumference (P < 0.001) after the intervention. When the

participants were categorized into three groups according to their engagement level, the UPG showed significant reductions in

all six indicators after the intervention (P < 0.001). The MDG showed significant reductions in weight (P < 0.001), BMI

(P < 0.01), skeletal muscle mass (P < 0.001), and waist circumference (P < 0.001) but not in body fat mass or percentage of

body fat. The LG only showed significant reductions in skeletal muscle mass (P < 0.01) and waist circumference (P < 0.001).

No significant differences in anthropometric variables were observed between the UPG, MDG, and LG pre- and post-

intervention. However, after adjusting for pre-intervention anthropometric data, differences were observed between the three

groups in weight (P < 0.05), BMI (P < 0.001), body fat mass (P < 0.01), skeletal muscle mass (P < 0.01), and waist

circumference (P < 0.05). Specifically, the UPG showed a greater decrease in weight, BMI, body fat mass, skeletal muscle

mass, and waist circumference than the LG after the intervention.

3. Dietary and lifestyle habit changes pre- and post-intervention

The dietary and lifestyle habit changes pre- and post-intervention are presented in Table 3. After the intervention, significant

changes in breakfast frequency (P < 0.01), mealtime regularity (P < 0.05), meal duration (P < 0.01), amount of meals

(P < 0.001), physical activity level (P < 0.001), and frequency of exercise for at least 30 min (P < 0.001) were observed.

Specifically, breakfast frequency increased from 25.5% to 34.1% for “almost every day”, and mealtime regularity increased

from 11.9% to 19.2% for “very regular”. Meal duration “less than 10 min” decreased from 21.3% to 12.3% , and the rate of

eating “extremely full” and “slightly full” decreased from 81.3% to 65.5%. The percentage of physical activity being “active”

and exercising “ 3/week” for at least 30 min increased from 10.2% to 18.3% and from 23.8% to 38.2%, respectively.

When comparing pre- and post-intervention in the UPG, there were significant differences in breakfast frequency (P < 0.01),

meal duration (P < 0.05), amount of meals (P < 0.001), physical activity level (P < 0.001), and frequency of exercise for at least

30 min (P < 0.01). In the MDG, there was a significant difference in the frequency of eating three times a day (P < 0.05), and in

the LG, there was a significant difference in snack frequency (P < 0.05).

Prior to the intervention, no significant differences were observed between the UPG, MDG, and LG in all categories of

dietary and lifestyle habits. However, significant differences were observed between the three groups in the frequency of eating

three times a day (P < 0.01), breakfast frequency (P < 0.01), amount of meals (P < 0.05), physical activity level (P < 0.001),

and frequency of exercise for at least 30 min (P < 0.05) after the intervention. In terms of the frequency of eating three times a

day, the UPG and MDG had a higher frequency of eating “6-7 days/week” (27.6% and 27.1%, respectively) compared with the

LG (11.3%). The UPG also had a higher proportion of eating “almost every day” for breakfast (44.8%) compared with the

MDG (33.9%) and LG (18.3%). Furthermore, the UPG had a higher proportion of eating “moderately” (39.0%) compared with

the MDG (23.7%) and LG (21.1%). In terms of physical activity level, the UPG had a higher proportion of “active” (24.8%)

compared with the MDG (10.2%) and LG (15.5%). Finally, the proportion of participants exercising “ 3/week” for at least 30

min was higher in the UPG (49.6%) than in the MDG (28.8%) and LG (31.0%).
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4. Changes in food group consumption frequencies pre- and post-intervention

Table 4 presents the changes in food group consumption frequencies pre- and post-intervention. After the intervention, the

consumption frequencies of multigrain rice (P < 0.001) and legumes (P < 0.01) significantly increased, whereas those of pork

belly (P < 0.01), instant noodles (P < 0.01), processed meat (P < 0.05), carbonated beverages (P < 0.001), and fast food

(P < 0.001) significantly decreased. Specifically, the proportion of participants who reported eating multigrain rice “almost

every day” and legumes “twice a week or more” significantly increased from 36.6% to 46.8% and from 42.6% to 54.9%,

respectively. Conversely, the proportion of participants who reported eating pork belly “rarely” increased from 6.0% to 12.8%.

In addition, the proportion of participants who reported “rarely” eating instant noodles and processed meat increased from

23.4% to 32.8% and from 24.7% to 31.5%, respectively. Furthermore, the proportion of participants who reported “rarely”

drinking carbonated beverages significantly increased from 26.0% to 45.5%, and the proportion of participants who reported

eating fast food “less than once a week” significantly increased from 67.2% to 78.3%.

After the intervention, the UPG showed significant improvement in the consumption frequencies of all food groups, except

for milk and dairy products, and fish, whereas the MDG showed an increase in the consumption frequency of milk and dairy

products (P < 0.05) and a decrease in the consumption frequencies of carbonated beverages (P < 0.001) and fast food

(P < 0.05). Contrarily, the LG only showed significant decrease in the consumption frequency of carbonated beverages

(P < 0.05).

No differences were observed in the consumption frequency of the food group among the three groups before the

intervention; however, af ter the intervention, significant differences were observed in the consumption frequencies of fruit

(P < 0.01), multigrain rice (P < 0.05), legumes (P < 0.01), pork belly (P < 0.05), and instant noodles (P < 0.05). The proportion

of the UPG who ate fruit “at least once a day” was higher at 17.2% compared with those of the MDG at 10.2% and the LG at

0.0%. The proportion of the UPG who ate multigrain rice “almost every day” was 54.3%, whereas those of the MDG and LG

were 49.2% and 33.8%, respectively. For legumes, the proportion of the UPG who ate “twice a week or more” was the highest

at 60.0%, followed by the MDG at 55.9% and LG at 46.5%. The proportion of the UPG who ate pork belly “rarely” was

20.0%, whereas those of the MDG and LG were 5.1% and 8.4%, respectively. Even for instant noodles, the proportion of the

UPG who ate “rarely” was the highest at 41.9%, followed by the MDG at 27.1% and LG at 23.9%.

5. Changes in nutrient intake and INQ pre- and post-intervention

The changes in the average daily intake of energy and nutrients pre- and post-intervention are presented in Table 5. After the

intervention, there was a significant decrease in energy (P < 0.001) and all nutrient intake (P < 0.05), except vitamin C. When

comparing pre- and post-intervention in the UPG, a significant decrease in energy and all nutrient intake, except vitamin A and

vitamin C was observed. In addition, intakes of energy, carbohydrates, protein, niacin, phosphorus, and iron were significantly

decreased in the MDG, and intakes of energy, carbohydrates, protein, fat, vitamin A, riboflavin, niacin, phosphorus, iron, and

sodium were significantly decreased in the LG.

Before the intervention, no differences were observed in energy and nutrient intake among the three groups; however, after

the intervention, significant differences were observed in energy (P < 0.01), fat (P < 0.05), and vitamin C (P < 0.05) intakes.

The UPG had lower average daily energy intake of 1,544 kcal/day than the MDG and LG, which had 1,892 and 1,868 kcal/day,

respectively. Fat intake was also lower in the UPG with 45.7 g/day than in the LG with 55.9 g/day. However, vitamin C intake

was higher in the UPG with 64.7 mg/day than in the LG with 47.3 mg/day. After adjusting for baseline intake, significant

differences were observed in the intakes of energy (P < 0.001), carbohydrates (P < 0.001), protein (P < 0.05), fat (P < 0.01),

thiamin (P < 0.01), vitamin C (P < 0.05), phosphorus (P < 0.05), and iron (P < 0.05) among the three groups.

Table 6 presents the changes in INQ pre- and post-intervention. In the overall participants, the INQ of vitamin C (P < 0.01),

calcium (P < 0.05), and phosphorus (P < 0.01) significantly increased after the intervention. When compared pre- and post-

intervention in the UPG, there was a significant increase in the INQ of protein, vitamin A, niacin, vitamin C, calcium,
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phosphorus, and iron. In the MDG, the INQ of calcium significantly increased, whereas there were no differences in the INQ of

any nutrients in the LG. Before the intervention, there were no differences in the INQ among the three groups; however, after

adjusting for baseline INQ, significant differences were observed in the intake of all nutrients, except for vitamin A and

thiamin, with the UPG having higher INQ than the LG.

————————————————————————————————————————————————————

Discussion
————————————————————————————————————————————————————

The participants in the 12-week intervention, who were overweight and had obesity, achieved weight loss and had improved

dietary behavior and nutrient intake. It was made possible by the use of a mobile dietary coaching app, a smartband for

measuring physical activity and body composition, and a messenger app. Our findings are consistent with those of Toro-Ramos

et al. [28]. They demonstrated an average weight loss of 7.5% in 104 adults with a BMI of 23 kg/m2 or higher who used a

dietary coaching app for 15 weeks, and weight loss was sustained even 1 year later. Another study also obtained comparable

results, which reported that 77.9% of the 35,921 users achieved weight loss when they used the app for a median of 267 days

[29], indicating that the use of mobile dietary coaching apps are effective in reducing weight.

Contrarily, Cadmus-Bertram et al. reported no weight change among women with a BMI of 25 kg/m2 or higher who used a

wearable device for 16 weeks [30]. In a 12-week intervention that involved the use of a smartband among patients diagnosed

with metabolic syndrome, no changes in weight, body fat percentage, and waist circumference were also observed [31].

Similarly, in a study conducted on sedentary office workers using a smartband for 12 weeks, there was a significant increase in

physical activity, but weight change was not reported [32]. In a meta-analysis of studies using wearable devices without dietary

coaching, wearable devices were found to increase physical activity but had no effect on weight, BMI, and waist circumference

reduction [33]. This suggests that dietary behavior changes must be accompanied by increased physical activity for weight loss.

The present study examined the effect of the intervention on weight loss and dietary behavior changes among the three

groups with varying levels of engagement to ascertain if the group with higher engagement level yielded superior outcomes.

The findings indicated that the UPG demonstrated greater improvements in weight loss and dietary behavior than the LG. No

notable disparities were observed among the three groups prior to the intervention; however, significant differences were

observed post-intervention, highlighting the importance of adopting strategies to enhance intervention adherence. 

The UPG showed improvements in physical activity level and the frequency of exercise, in addition to dietary behavior,

including the frequency of eating three times a day, breakfast frequency, and amount of meals. Active engagement seemed to

have helped reducing weight by checking their dietary habits through meal records and regularly monitoring changes in their

physical activity using the wearable devices. Carey et al. [21] also reported that weight loss was associated with the number of

articles read, meals and exercise logged, steps recorded, messages to coach in a mhealth intervention.

Our study demonstrated that the UPG had notably healthier dietary patterns than the MDG or LG after the intervention. This

was evidenced by the UPG having a higher frequency of consuming fruits, multigrain rice, and legumes and lower frequency of

consuming pork belly and instant noodles. Previous research demonstrated that increasing whole grain intake by 30 g/day

decreased the risk of being overweight and obesity by 7%, whereas increasing legume intake by 50 g/day reduced the risk by

12% [34]. These results indicate that the dietary choices made by the UPG were more favorable. Furthermore, after the

intervention, the participants consumed less energy, carbohydrates, protein, fat, vitamins, and minerals on average. Notably, the

UPG consumed significantly less energy and fat than the MDG or LG. Despite the decrease in energy intake, the UPG had a

higher INQ for protein, riboflavin, niacin, vitamin C, calcium, phosphorus, and iron than the LG, suggesting that the UPG

consumed high-density meals. It is noteworthy that only the UPG had an INQ higher than 1 for vitamin C. Although the

intervention increased the INQ for calcium, an INQ of 0.75 was still insufficient. Recent data from the 2021 Korea National

Health and Nutrition Examination Survey indicated that adults aged 19 years and above consumed only 64.3% of the RNI,

making it one of the most deficient nutrients [2]. Studies have suggested that calcium-rich dairy products can help reduce body
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weight and fat mass as well as preventing cardiovascular disease and diabetes [35]. Thus, education to increase calcium intake

is necessary.

The challenge that participants faced during the intervention was that the body composition data was not integrated with the

dietary coaching app, requiring the use of two separate apps. The manager continued to motivate participants and address any

issues they encountered while using the apps through messages. While this study had a limitation in that it compared pre- and

post-intervention results of a single group without a control group, it was observed that a higher engagement level was more

effective in reducing weight and changing dietary behavior. Thus, this limitation may be mitigated. Previous studies often used

self-reported weights, which may have limitations [21]; however, our study had the advantage of actually measuring weight and

body composition using highly validated devices. Furthermore, this intervention had a high retention rate (88.3%), indicating

that the participants were committed to completing the full 12-week intervention. This study emphasized the importance of

engagement in improving dietary behavior and nutrient intake, and achieving weight loss. Future studies should explore

effective strategies for increasing engagement in mhealth intervention. 

————————————————————————————————————————————————————

Conclusion
————————————————————————————————————————————————————

The mhealth intervention used in this study was effective in promoting weight loss and improving dietary behavior among

employees with overweight and obesity, particularly those with a high level of engagement. This intervention is expected to be

a good model for busy workers with limited time for healthcare.
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