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Abstract

Background: Estimating the nutritional content of food is essential for 
self-management in people with type 2 diabetes mellitus, but it is a dif-
ficult skill to learn. The aim of this study was to investigate how diabetes 
management was impacted by the ability of patients to search for items 
they ate from a database of 26,300 different foods, and to visualize nu-
tritional intake using the Japanese mobile application (app) “Calomeal.”

Methods: This was a single-arm, single-center, pilot study. Eighteen 
outpatients with type 2 diabetes mellitus used the “Calomeal” app 
for 3 months. The primary endpoint was change in hemoglobin A1c 
(HbA1c). Secondary endpoints were changes in body weight (BW), 
lipid parameters, and quality of life scores.

Results: The baseline characteristics of the study subjects were as 
follows: age: 53.4 ± 7.8 years; male/female ratio: 11/7; HbA1c: 7.9 
(7.58 - 8.23)%; and body mass index (BMI): 25.17 (21.63 - 28.59) 
kg/m2. Significant reductions in HbA1c and BMI were observed 
over 3 months (HbA1c: 7.9 (7.58 - 8.23)% to 7.6 (7.3 - 8.23)%, P = 
0.0410; BMI: 25.17 (21.63 - 28.59) to 24.54 (21.57 - 27.81) kg/m2, 
P = 0.0057). Reductions in HbA1c and BMI both correlated with de-
creased carbohydrate intake estimated by the mobile app.

Conclusions: Japanese patients who used their smartphones to visu-
alize their nutritional intake using the “Calomeal” app demonstrated 

improved short-term glycemic control and BMI. Although the valid-
ity of the results should be tested in future randomized controlled tri-
als, this approach may be a clinical option for improving self-man-
agement in Japanese patients with type 2 diabetes mellitus.

Keywords: Medical nutrition therapy; Mobile applications; Self-
management; Type 2 diabetes mellitus

Introduction

According to the National Health and Nutrition survey of Ja-
pan, 12.1% of the Japanese population was estimated to have 
diabetes in 2016 [1]. The majority of them had type 2 diabetes 
mellitus, and the prevalence of diabetes in Japan has been in-
creasing every year [2]. To improve prognosis and quality of 
life (QOL) in type 2 diabetes mellitus, it is important to man-
age the risk factors for macro- and microvascular disease. The 
fundamental way to achieve this is through self-management 
of diabetes mellitus, a core component of which is medical 
nutrition therapy. Therefore, nutritional guidance by registered 
dietitians is an effective method, as described in many guide-
lines worldwide [3-5]. However, it is difficult for patients to 
know what and how much they can eat in daily life. In addi-
tion, dietary habits vary depending on culture, religion, eco-
nomic state, and individual preferences. In particular, since 
Japanese cuisine involves many ingredients, it is difficult for 
Japanese to monitor their nutritional intake.

Many types of healthcare-related mobile applications 
(apps) have been developed globally, some of which have been 
shown by systematic reviews to be effective for glycemic con-
trol [6, 7]. However, most currently available and evaluated 
diabetes-related apps are not available in languages other than 
English [8], yet. Accordingly, healthcare apps are not yet wide-
ly used as a formal treatment tool in Asian countries, including 
Japan. The Japanese app “Calomeal” that the patients are able 
to easily download on their smartphones with basically cost-
free, enables them to search a database for the foods they eat 
or drink, and to visualize their nutritional content. The aim of 

Manuscript submitted July 9, 2021, accepted July 23, 2021
Published online August 30, 2021

aDepartment of Metabolism and Endocrinology, Juntendo University Gradu-
ate School of Medicine, Tokyo, Japan
bDepartment of Nutrition, Juntendo University Hospital, Tokyo, Japan
cCenter for Therapeutic Innovations in Diabetes, Juntendo University Gradu-
ate School of Medicine, Tokyo, Japan
dCenter for Identification of Diabetic Therapeutic Targets, Juntendo Univer-
sity Graduate School of Medicine, Tokyo, Japan
eCorresponding Author: Junko Sato, Department of Metabolism and Endo-
crinology, Juntendo University Graduate School of Medicine, 2-1-1 Hongo, 
Bunkyo-ku, Tokyo 113-8421, Japan. Email: jsato@juntendo.ac.jp

doi: https://doi.org/10.14740/jocmr4558

https://crossmark.crossref.org/dialog/?doi=10.14740/jocmr4558&domain=pdf&date_stamp=2021-08-04
https://orcid.org/0000-0002-9784-5362


Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org426

Intervention With a Mobile App for Diabetes J Clin Med Res. 2021;13(8):425-433

this pilot study was to investigate the efficacy of intervention 
using a mobile app on the management of Japanese patients 
with diabetes mellitus.

Materials and Methods

Design

This was a single-center, single-arm, open-label study. The study 
protocol was approved by the Ethics Committee of Juntendo 
University Hospital (Approval No.18-146) on November 26, 
2018. The study conformed to the provisions of the Declaration 
of Helsinki and each participant provided written informed con-
sent.

Study subjects

The study was conducted from December 2018 to December 
2019. The inclusion criteria were the following: 1) type 2 dia-
betes mellitus; 2) adults aged from 20 to 65 years; and 3) hemo-
globin A1c (HbA1c) values from 7.5% to 9%. The exclusion 
criteria were as follows: 1) type 1 diabetes; 2) steroid-induced 
diabetes; 3) currently pregnant; 4) stage 3 - 5 nephropathy; 5) 
current cancer diagnosis; and 6) past experience using similar 
apps. Among 32 patients at Juntendo University Hospital who 
met the inclusion criteria, agreement to participate was ob-
tained from 22 patients, two of whom were excluded because 
they did not use smartphones. Thus, we recruited 20 patients 
with type 2 diabetes mellitus.

Healthcare app “Calomeal”

“Calomeal”, one of commercially available Japanese mobile 
apps, was initially developed by Life Log Technology, Inc., in 
2016. It has several functions, including artificial intelligence-
based image analysis and identification, manual search for 
numerous foods and subsequent analysis, calculation of exer-
cise-induced energy consumption, and logging of body weight 
(BW) and body fat percentage. This study used only two func-
tions, specifically manual search and analysis of foods and BW 
logging, which were available without payment to the com-
pany. The app enabled patients to search for what they ate or 
drank from a database of 26,300 different foods and products, 
and to visualize nutritional content on their smartphones. The 
database covered not only everyday home-cooked items, but 
also foods available in many popular Japanese restaurants and 
convenience stores. A graph of daily energy intake and the in-
take of different nutritional components was displayed on the 
smartphone screen, and if the target intake for any of these was 
exceeded, the line turned red (Fig. 1).

In this study, we set the target daily energy intake at 30 
kcal per target BW (body height (m)2 × 22) (kg), and aimed 
for carbohydrates, proteins, and lipids to comprise 50%, 20%, 
and 30% of the daily energy intake, respectively, based on the 
Japanese Clinical Practice Guidelines published by the Japan 

Diabetes Society in 2018 [9]. Patients recorded the details of 
each meal they ate. If at any point they did not eat a meal, 
they could select the “skipped meal” option displayed on the 
screen, which enabled us to distinguish the lack of information 
from data loss. Patients were considered to be adherent to their 
use of the app if they recorded the number of meals eaten per 
day on at least 3 days per week (2 weekdays and 1 weekend 
day). They could use their smartphones to visualize not only 
daily data but also weekly or monthly graphs.

Observation variables and schedules

The 20 recruited patients with type 2 diabetes mellitus used the 
“Calomeal” app for 3 months while undergoing regular treat-
ment. Throughout the study period, they did not receive any 
advice about nutrition therapy from either staff members or the 
registered dietician.

At the beginning and end of the study, information regard-
ing 3 days’ meals was used to compare nutrient intake esti-
mated by the app and the registered dietitian. Considering the 
difficulty in estimating nutrient intake, we asked patients to 
estimate energy intake only.

The 3-day record of weighed/measured was assessed by 
the registered dietitian based on photos of meals provided by 
each patient in a face-to-face meeting. The total energy and nu-
trient intake were calculated using the Super Nutrition Calcu-
lation System, Healthy Maker Pro 501 Series (Mushroomsoft, 
Okayama, Japan), a software program that is widely used in 
the nutrition departments of Japanese hospitals. Patients were 
required to take photos of meals from both an overhead per-
spective and from an angle of approximately 45°, and also to 
place a standard reference object (a 8.5 cm × 5.0 cm card) next 
to the foods to clarify the size.

Patients’ BW and blood pressure were measured by the 
staff at the beginning and end of the study. Blood and urine 
samples were obtained at the same time, and serum lipids 
(low-density lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), triglycerides (TG)), blood 
glucose (BG), HbA1c, liver enzymes, serum creatinine, and 
urinary albumin were measured with standard techniques.

Diabetes treatment satisfaction questionnaire (DTSQ) and 
problem areas in diabetes (PAID)

The DTSQ and PAID were administered to evaluate patient 
QOL at the beginning and end of the study. The DTSQ consists 
of eight items scored on a scale of 0 - 6 [10]. Items 1, 4, 5, 6, 7, 
and 8 are summed to calculate the treatment satisfaction score 
(range: 0 - 36). The higher the score is, the greater the satisfac-
tion with treatment. In this study we excluded item 2, “per-
ceived frequency of hyperglycemia,” and item 3, “perceived 
frequency of hypoglycemia.” The PAID scale is widely re-
garded as the first patient-reported outcome measure to assess 
diabetes distress in adults [11]. The PAID comprises a 5-point 
scale ranging from “not a problem” (score of 0) to “serious 
problem” (score of 4). Multiplying the summed score by 1.25 
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Figure 1. Sample app screenshots (translated into English). When eating one bowl of white rice, the participant searched for 
the word “Rice” and then selected the closest match from the presented list, including the amount they ate (a). After logging all 
meals of the day, the home screen displayed the total daily intake of energy and various nutrients. If the participant exceeded 
the recommended amount of any of these, the corresponding line would turn red (b). BW: body weight; Pro: protein; Carbo: 
carbohydrate; app: application.
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yields the overall PAID score, which can range from 0 to 100; 
higher scores indicate greater levels of distress [12].

Endpoints

The primary endpoint was change in HbA1c after 3 months. 
Secondary endpoints were changes in BW, lipid parameters, 
and QOL scores (DTSQ/PAID).

Statistical analysis

Data were expressed as means ± standard deviation (SD) for 
normally distributed data and medians (interquartile range) for 
data with skewed distributions. The Mann-Whitney U test, Wil-
coxon signed-rank test, and Spearman’s rank correlation coeffi-
cient test were used for data analysis. A P value < 0.05 denoted 
the presence of a statistically significant difference. Statistical 
analyses were conducted using the JMP statistical software 
package, version 10.0.2 (SAS Institute, Cary, NC, USA). The 
validity and reliability of nutrient estimates obtained using the 
“Calomeal” app were compared to those calculated by a regis-
tered dietitian by intraclass correlation coefficients (ICCs) and 
Bland-Altman analysis using SPSS for Windows version 17.0, 
(SPSS Inc., Chicago, IL, USA). ICCs were interpreted as fol-
lows: < 0, poor agreement; 0.01 - 0.20, slight agreement; 0.21 
- 0.40, fair agreement; 0.41 - 0.60, moderate agreement; 0.61 
- 0.80, substantial agreement; and 0.81 - 1.00, almost perfect 
agreement [13]. The analysis excluded patients who dropped 
out during the study and other missing data.

Results

Baseline characteristics

During the study period, two patients were considered to have 
dropped out because they stopped going to the hospital, and 
therefore we analyzed the remaining 18 patients. The mean 
age of the study subjects was 53.4 ± 7.8 years, with 11 males 
and seven females. The mean duration of diabetes mellitus was 

13.7 ± 8.2 years, the mean HbA1c was 7.9 (7.58 - 8.23)%, and 
the mean BMI was 25.17 (21.63 - 28.59) kg/m2. Regarding 
medications for diabetes, patients received oral hypoglycemic 
agents alone (n = 10), with a glucagon-like peptide-1 (GLP-1) 
analogue (n = 4), with insulin (n = 3), or with a GLP-1 ana-
logue and insulin (n = 1). Most participants had no diabetic 
microvascular complications (retinopathy: no diabetic retin-
opathy (n = 14), simple retinopathy (n = 3), proliferative retin-
opathy (n = 1); nephropathy: stage 1 (n = 17), stage 2 (n = 1)).

Reliability and validity of nutrient estimates using the 
“Calomeal” app

ICCs and Bland-Altman analysis were used to compare the re-
liability and validity of nutrient estimates using the “Calomeal” 
app with those calculated by the registered dietitian based on 
a 3-day record of weighed/measured food (Table 1). For the 
intake of overall energy and each nutrient, including protein, 
lipid, carbohydrate, fiber, and salt, all ICCs were over 0.81, 
indicating high reliability. Bland-Altman analysis, a method 
of evaluate the bias between two methods, demonstrated no 
significant bias between the “Calomeal” app and the estimates 
of the registered dietician [14, 15].

Endpoints

Compared with baseline data, statistically significant reduc-
tions were observed in HbA1c, glycated albumin (GA), BW, 
and BMI at 3 months after patients began using the app (Ta-
ble 2). HbA1c decreased from 7.9 (7.58 - 8.23)% to 7.6 (7.3 
- 8.23)% (P = 0.0410), and BMI decreased from 25.17 (21.63 
- 28.59) to 24.54 (21.57 - 27.81) kg/m2 (P = 0.0057). There 
were no statistically significant differences in other parameters 
between baseline and 3 months. The DTSQ score and PAID 
score improved non-significantly, while the intake of energy, 
lipid, and carbohydrate decreased non-significantly.

Factors associated with the reduction of HbA1c and BMI

We applied Spearman’s rank correlation coefficient to identify 

Table 1.  Reliability and Validity of Estimates by the “Calomeal” App, Compared to the Estimates of a Registered Dietitian

ICC (2, 36) (95% CI)
Bland-Altman analysis

Fixed bias Proportional bias
95% CI (%) Test of no correlation Bias

Energy 0.94 (0.89 - 0.97) -268.0 - 306.9 R = 0.12 P = 0.64 None
Protein 0.92 (0.83 - 0.96) -0.6 - 1.4 R = 0.01 P = 0.99 None
Lipid 0.88 (0.76 - 0.94) -0.8 - 1.7 R = 0.03 P = 0.85 None
Carbohydrate 0.95 (0.90 - 0.97) -44.4 - 36.7 R = 0.12 P = 0.36 None
Fiber 0.82 (0.65 - 0.91) -0.2 - 1.5 R = -0.06 P = 0.74 None
Salt 0.84 (0.67 - 0.92) -3.5 - 2.0 R = -0.19 P = 0.26 None

An ICC over 0.81 indicates high reliability. ICC: intraclass correlation coefficient; app: application; CI: confidence interval.
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factors associated with the reduction of HbA1c and BMI (Table 
3). ΔHbA1c over 3 months correlated with ΔGA (P = 0.0449) and 
with Δcarbohydrate as estimated by the app (P = 0.0338). ΔBMI 
over 3 months correlated with ΔBW (P < 0.0001), Δenergy (P 
= 0.0393), and Δcarbohydrate (P = 0.0170) as estimated by the 
app (Fig. 2). These results suggested that a reduction of carbo-
hydrate intake based on data provided by this app could be ben-
eficial for improving glycemic and BW control.

Adherence and the ability to estimate energy intake

In this study, we defined adherence as logging meal records at 
least 3 days per week (2 weekdays and 1 weekend day). Over 
the course of 12 weeks, the mean percent adherence of the 18 
patients was 80.3±27.3%. Using the “Calomeal” app may im-
prove the ability of patients to estimate their energy intake, and 
thus we evaluated these estimates at the beginning and end of 
the study. Patients wrote down their estimated energy intake 

for each meal on a 3-day food record. An estimate was defined 
as correct if it was within 10% of the actual value. By the end 
of the study, the ability to correctly estimate energy intake had 
improved in nine patients, worsened in five, and remained the 
same in four.

Discussion

This study showed that the intervention by visualizing meal nu-
trients with the app significantly improved HbA1c and BMI in 
Japanese patients with type 2 diabetes mellitus. An important 
point regarding the “Calomeal” app is that according to ICCs and 
Bland-Altman analysis, its nutrient estimates demonstrated reli-
ability and validity compared to the estimates of the registered 
dietitian based on a 3-day record of weighed/measured food.

The intervention in this study involved the use of an app on 
a smartphone, an indispensable device in modern life, to visual-
ize BW, target energy and nutrient intake, and intake over daily, 

Table 2.  Data at Baseline and at the End of the Study (3 months After Baseline)

Baseline 3 months P value
HbA1c (%) 7.9 (7.58 - 8.23) 7.6 (7.3 - 8.23) 0.0410*
GA (%) 18.9 (17.9 - 20.1) 18.75 (17.025 - 9.825) 0.0032*
BW (kg) 68.3 (56.95 - 81.88) 66.1 (55.45 - 79.63) 0.0044*
BMI (kg/m2) 25.17 (21.63 - 28.59) 24.54 (21.57 - 27.81) 0.0057*
LDL-C (mg/dL) 100 (79.25 - 132.75) 99 (77.75 - 138.75) 0.7220
HDL-C (mg/dL) 54 (42.5 - 60.5) 57.5 (40.75 - 65.75) 0.0532
Triglycerides (mg/dL) 126 (90.25 - 289.75) 154 (77.75 - 268.75) 0.7281
Glucose (mg/dL) 147 (132 - 163.75) 149.5 (128.25 - 181.25) 0.6650
Urinary albumin (mg/gCre) 8.5 (6.75 - 13.25) 8 (3.75 - 24.5) 0.1359
DTSQ 20 (18 - 24) 21 (18 - 24.5) 0.1063
PAID 40 (27.5 - 51.56) 33.75 (16.88 - 52.5) 0.1361
Systolic BP (mm Hg) 129.5 (112 - 140.25) 125.5 (115.5 - 145.75) 0.7060
Energy by app (kcal/day) 1,998.5 (1,754.25 - 2,407.75) 1,991 (1,752.75 - 2,154) 0.1068
Energy by dietician (kcal/day) 1,884 (1,762.5 - 2,314.5) 2,122.5 (1,664 - 2,276) 0.4020
Protein by app (g/day) 69.35 (63.25 - 82.3) 70 (59.78 - 83.98) 0.9753
Protein by dietician (g/day) 71.05 (66.1 - 80.55) 69.05 (59.5 - 90.38) 0.7662
Lipid by app (g/day) 75.8 (65.15 - 96.25) 73.55 (62.55 - 86.38) 0.2067
Lipid by dietician (g/day) 72.45 (63.03 - 85.3) 72.85 (57.93 - 90.93) 0.9736
Carbohydrate by app (g/day) 238.1 (213.35 - 301.75) 237.6 (209.68 - 277.35) 0.1941
Carbohydrate by dietician (g/day) 247.3 (199.73 - 297.95) 240.9 (192.25 - 281.08) 0.2295
Fiber by app (g/day) 12 (9.4 - 19.3) 13.35 (10.03 - 20.43) 0.7346
Fiber by dietician (g/day) 12.5 (10.08 - 18) 13.6 (9.28 - 17.2) 0.2174
Salt by app (g/day) 11 (9.48 - 12.48) 10.25 (8.4 - 14.48) 0.9864
Salt by dietician (g/day) 10.75 (9.48 - 11.68) 10.65 (8.38 - 11.95) 0.3303

Total n = 18. Data are expressed as means ± SD for normally distributed data and medians (interquartile range) for data with skewed distributions. *A 
P value < 0.05 denotes the presence of a statistically significant difference. HbA1c: hemoglobin A1c; GA: glycated albumin; BW: body weight; BMI: 
body mass index; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; DTSQ: diabetes treatment satisfaction 
questionnaire; PAID: problem areas in diabetes; BP: blood pressure; app: application.
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weekly, and monthly periods. Patients could determine what 
they should eat based on displayed data. For example, messag-
es such as “overeating” or “need to ingest more protein” might 
help improve the self-management of diabetes mellitus.

Medical nutrition therapy with registered dieticians is 
known to effectively improve glycemic control, and it is rec-
ommended that patients start it in the early stages of type 2 
diabetes mellitus and continue it throughout their lives [3-5, 
16-18]. The term “medical nutrition therapy” was defined in 
1994 by the American Diabetes Association as the use of spe-
cific nutrition services to treat an illness, with two phases: 1) 
assessment of the nutritional status of the patient; and 2) the 
provision of treatment that includes nutrition therapy, coun-

seling, and the use of specialized nutrition supplements [19]. 
Our study showed that the healthcare app such as “Calomeal,” 
which is effective in both of these phases partially, may be a 
beneficial clinical choice for medical nutrition therapy in Jap-
anese patients. Merits of using smartphone apps for medical 
therapy include their convenience, however we must also con-
sider individuals who are not proficient at using smartphones 
(for example, older patients), those with certain physical and 
mental disabilities, and those who live in remote areas with 
extreme socioeconomic deprivation [8].

While the intake of energy and carbohydrate did not de-
crease significantly as a whole, the reductions in HbA1c and 
BMI significantly correlated with the reduction in carbo-

Table 3.  Correlations of ΔHbA1c and ΔBMI With Other Clinical Parameters Over the 3-Month Study Period

Variable 1 Variable 2 RS P
ΔHbA1c Age 0.3255 0.1874

Duration -0.0600 0.8132
Δbody weight 0.0016 0.9951
ΔBMI 0.0354 0.8891
ΔGA 0.4779 0.0449*
Δenergy by app 0.2297 0.3592
Δprotein by app -0.0818 0.7470
Δlipidby app -0.0198 0.9379
Δcarbohydrate by app 0.5018 0.0338*
Δenergy by dietician 0.1478 0.5582
Δprotein by dietician 0.0026 0.9918
Δlipid by dietician 0.0541 0.8310
Δcarbohydrate by dietician 0.3915 0.1082
ΔDTSQ 0.1139 0.6527
ΔPAID 0.2075 0.4087

ΔBMI Age 0.4078 0.0929
Duration 0.3473 0.1579
Δbody weight 0.9907 < 0.0001*
ΔHbA1c 0.0354 0.8891
ΔGA 0.1281 0.6125
Δenergy by app 0.4894 0.0393*
Δprotein by app 0.2623 0.2931
Δlipidby app 0.1785 0.4784
Δcarbohydrate by app 0.5542 0.0170*
Δenergy by dietician 0.1187 0.6390
Δprotein by dietician -0.0774 0.7600
Δlipid by dietician 0.2157 0.0390
Δcarbohydrate by dietician 0.0506 0.8421
ΔDTSQ -0.3559 0.1472
ΔPAID -0.1592 0.5281

*A P value < 0.05 denotes the presence of a statistically significant difference. HbA1c: hemoglobin A1c; GA: glycated albumin; BMI: body mass index; 
DTSQ: diabetes treatment satisfaction questionnaire; PAID: problem areas in diabetes; app: application.
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hydrate intake as estimated by the app (P = 0.0338 and P = 
0.0170, respectively). The data suggest the possibilities that 
the app contributed to a reduction of carbohydrate intake, 
which may be one of the main reasons for the improvement in 
glycemic and BW control in some patients, as shown in previ-
ous studies [17, 20, 21].

On the other hand, QOL scores did not improve over the 
course of the study. In a post hoc evaluation, we divided the 
patients into two groups, one in which DTSQ scores improved, 
and the other in which they did not. The changes in carbo-
hydrate intake in each group were not significantly different. 
However, there was a significant difference in deviation from 
the target carbohydrate intake (50% energy) throughout the 
study period. The deviation from the target intake was signifi-
cantly lower in the group whose DTSQ score improved than 
the group in which it did not (P = 0.0319). These results sug-
gested that patients’ treatment satisfaction scores were higher 
when their carbohydrate intake was closer to the target (50% 
energy). In another words, although our data suggest that the 
reduction of carbohydrate intake as a result of using the app 
was one of the main reasons for improvement in glycemic and 
BW control in some patients, an excessive decrease in carbo-
hydrate intake below the target level may reduce QOL. In ad-
dition, according to a study with more than two decades of 
follow-up that investigated mortality risk in a large cohort of 
adults in the USA, mid-life dietary patterns characterized both 
by low-carbohydrate (< 40% of energy from carbohydrates) 
and high-carbohydrate (> 70% of energy from carbohydrates) 
consumption were associated with increased mortality risk and 
shorter residual lifespan; the minimum risk was observed in in-
dividuals who obtained 50-55% of their energy from carbohy-
drates [22]. Accordingly, a moderate reduction in carbohydrate 
intake seems to be most appropriate for patients with diabetes 
mellitus.

Adherence of using the app and the ability to estimate en-
ergy intake of the patients did not show any significant cor-

relations with the improvement of HbA1c and BMI. Over 
the course of 3 months, the mean percent adherence was 
80.3±27.3%, when it was required to log meal records only at 
least 3 days per week. It is not certain that the patients are able 
to use the app for more than 3 months in real life.

The additional issues that require attention are frailty and 
sarcopenia associated with diabetes mellitus and accelerated 
aging. Both quantitative (energy intake) and qualitative nu-
tritional factors were shown to contribute to the development 
of frailty and sarcopenia in older adults [23, 24]. Considering 
these problems, the healthcare app “Calomeal” and its ability 
to display graphs of both actual and target daily intake may be 
helpful, if the accuracy and proper use of data are sometimes 
assessed by registered dieticians.

The findings of this study should be considered in the con-
text of several limitations. First, energy and carbohydrate did 
not decrease significantly as a whole, although the reductions 
in HbA1c and BMI significantly improved and correlated with 
the reduction in carbohydrate intake as estimated by the app. 
We have to consider and evaluate other factors too, besides 
meals, which improve HbA1c and BMI, for example, behavior 
change including strengthening exercises, stopping smoking, 
etc., about which we did not consider in this study. Also, the 
reductions in HbA1c and BMI did not significantly correlated 
with the reduction in carbohydrate intake as estimated by the 
dietician, although the app’s estimates demonstrated reliability 
and validity compared to the estimates of the registered dieti-
cian. Second, it is because that this was the pilot study, there 
was no control group. A randomized study including control 
group, with larger size and longer duration will be needed. 
Third, we have to consider about the possibilities of bias, in 
case that the participants, with the average age 53.4 ± 7.8 years 
old, may have been familiar with or interested in participating 
in studies involving app use. Mobile app might be difficult to 
handle with, rather inconvenient for the elderly patients and for 
those with certain disabilities. Fourth, in this study, the patients 

Figure 2. (a) Scatter plot of ΔHbA1c, ΔGA and Δcarbohydrate by app. (b) Scatter plot of ΔBMI, ΔBW, Δenergy and Δcarbohydrate 
by app. HbA1c: hemoglobin A1c; GA: glycated albumin; BMI: body mass index; BW: body weight; app: application.
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did not receive any advice about nutrition therapy from either 
staff members or the registered dietician because we tried to 
evaluate the efficacy of mobile app itself. In the real life, we 
need to consider the proper methods of using mobile app in the 
system of medical nutrition therapy with registered dieticians.

In summary, visualizing nutrient content with the mobile 
app could be good intervention to improve glycemic control 
and BMI in Japanese patients over a short period. This kind of 
app may be clinically beneficial for self-management of Japa-
nese patients with type 2 diabetes mellitus.
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