
© 2017 Frandes et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Patient Preference and Adherence 2017:11 259–269

Patient Preference and Adherence Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
259

O r i g i n A l  r e s e A r c h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/PPA.S127922

instrument for assessing mobile technology 
acceptability in diabetes self-management: 
a validation and reliability study

Mirela Frandes1

Anca V Deiac2

Bogdan Timar1,3

Diana lungeanu1,2

1Department of Functional 
sciences, “Victor Babes” University 
of Medicine and Pharmacy of 
Timisoara, 2Department of 
Mathematics, Polytechnic University 
of Timisoara, 3Third Medical clinic, 
emergency hospital of Timisoara, 
Timisoara, romania

Background: Nowadays, mobile technologies are part of everyday life, but the lack of 

instruments to assess their acceptability for the management of chronic diseases makes their 

actual adoption for this purpose slow.

Objective: The objective of this study was to develop a survey instrument for assessing patients’ 

attitude toward and intention to use mobile technology for diabetes mellitus (DM) self-management, 

as well as to identify sociodemographic characteristics and quality of life factors that affect them.

Methods: We first conducted the documentation and instrument design phases, which were 

subsequently followed by the pilot study and instrument validation. Afterward, the instrument 

was administered 103 patients (median age: 37 years; range: 18–65 years) diagnosed with type 1  

or type 2 DM, who accepted to participate in the study. The reliability and construct validity 

were assessed by computing Cronbach’s alpha and using factor analysis, respectively.

Results: The instrument included statements about the actual use of electronic devices for 

DM management, interaction between patient and physician, attitude toward using mobile 

technology, and quality of life evaluation. Cronbach’s alpha was 0.9 for attitude toward using 

mobile technology and 0.97 for attitude toward using mobile device applications for DM self-

management. Younger patients (Spearman’s ρ=−0.429; P0.001) with better glycemic control 

(Spearman’s ρ=−0.322; P0.001) and higher education level (Kendall’s τ=0.51; P0.001) had 

significantly more favorable attitude toward using mobile assistive applications for DM control. 

Moreover, patients with a higher quality of life presented a significantly more positive attitude 

toward using modern technology (Spearman’s ρ=0.466; P0.001).

Conclusion: The instrument showed good reliability and internal consistency, making it suitable 

for measuring the acceptability of mobile technology for DM self-management. Additionally, we 

found that even if most of the patients showed positive attitude toward mobile applications, only 

a moderate level of intention to indeed use them was observed. Moreover, the study indicated 

that barriers were truthfulness and easiness to use.

Keywords: mobile technology, mobile health, mHealth, Internet, disease management, diabetes, 

quality of life

Introduction
Mobile technology has become increasingly affordable and important in society, with 

new emerging concepts, such as mHealth. Although, mobile applications belong to 

our everyday life, embracing these gadgets in managing chronic conditions, such as 

diabetes and heart disease, is still slow.1

Diabetes mellitus (DM) is one of the most common widespread chronic diseases. 

Like other chronic diseases, DM has a major impact on both patient’s health status and 
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quality of life. The patient’s quality of life may be decreased 

both in a direct and in an indirect manner: diagnosis of the 

disease has an immediate impact on patient’s lifestyle; for 

DM management, the diagnosed patient has to improve his/

her diet-related habits and has to adopt a special schedule 

for taking the specific medication. On the other hand, the 

possible associated acute and chronic DM complications 

lead in a direct manner to an impairment in the patient’s 

perception toward the quality of life. Acceptance of mobile 

technology among patients with DM may lead to a better self-

management and a better support from health care providers.2 

Disease management among patients with DM is not just a 

matter of choice but also a social problem. Moreover, success-

ful self-management demands knowledge and understanding 

of disease effects on the body, the goals of the treatment, and 

the consequences of various actions on glucose regulation.3,4 

Hence, responsible behaviors, such as the capacity to learn, 

reason, and solve problems, result in better health behavior 

and overall self-management.5,6 Consequently, the continuous 

process of DM self-management is influenced not only by the 

socioeconomic factors but also by the cognitive skills.7

Many mHealth solutions for DM assistive control were 

proposed, ranging from technical interventions,8 web-based 

applications,9 clinical decision support systems,10 online 

self-management programs,11 and specific-task mobile 

applications12–15 to applications promoting behavior change 

techniques, but the actual use has been demonstrated 

to be still limited.16–19 However, the acceptance and use of 

mobile technology for disease management requires positive 

attitude and openness.20,21

Various survey-based instruments were developed 

and validated for DM care research, ranging from evalua-

tion of patient satisfaction about disease management22 to 

instruments measuring self-care,23 disease knowledge24 or 

DM self-management barriers.25

The aim of this study was twofold, namely, 1) to develop 

an instrument that evaluates the attitude and behavior toward 

mobile technology for DM self-management and 2) to inves-

tigate if sociodemographic characteristics and health-related 

quality of life factors are drivers or barriers in accepting 

innovative technologies for DM management. Additionally, 

the study focused on real-time notifications and risk assess-

ment that are expected from mobile applications and how the 

interaction between a physician and patient might change.

Methods
study design and participants
In using mobile technology for better disease management, 

successful solutions for changing behavior proved to be 

those involving not only smart software engineering but also 

psychology theories and techniques.26 Therefore, we decided 

to design an assessment questionnaire from scratch, using 

the theory of planned behavior (TPB), designed to explain 

and predict human behavior in specific contexts.27

We followed sequential developing stages, namely, 

literature review and qualitative research and semi-structured 

interviews with physicians and diabetic patients. Afterward, 

we conducted a pilot study, which was subsequently followed 

by the development of the final version of the instrument. An 

overview of the study flow is illustrated in Figure 1.

Participants were aged between 18 and 65 years and had 

hemoglobin A1c (HbA1c) measured within the last 6 months. 

We excluded from the study patients who were not meeting 

the inclusion criteria or refused to participate in the study. The 

participants were recruited from the Emergency Hospital of 

Timisoara and the Diabetics Association of Timisoara, Romania. 

The enrollment held from April to December 2014, while the 

pilot study was conducted and validated in 2015. At the Emer-

gency Hospital of Timisoara, the instrument was applied by a 

diabetic resident physician, while at the Diabetics Association 

of Timisoara, it was self-administered by diabetic patients. 

The study protocol and informed consent were reviewed and 

approved by the ethics committee of the Emergency Hospital 

of Timisoara. Each patient signed an informed consent.

Pilot study
The pilot version of the instrument included statements about 

the actual use of electronic devices, the attitude toward mobile 

technology, the disease management decisions, the confiden-

tiality issues, and the evaluation of health-related quality of 

life and lifestyle. The instrument design followed the TPB,27 

in conjunction with technology acceptance-related models.28,29 

We considered that perceived usefulness influences both 

confidence and attitude toward using mobile technology. In 

addition, external factors were demographic and socioeco-

nomic characteristics, quality of life level, as well as the actual 

use of electronic devices for DM self-management and the 

interaction between the patient and physician. A schematic 

representation of the used model is presented in Figure 2.

The rewording suggestions were integrated into the 

instrument’s statements. The aim of the pilot data analysis 

was to develop and validate an investigation and a data col-

lection instrument, an instrument that can be used and applied 

on a larger number of respondents in the next study phase.

internal consistency
Internal consistency evaluates the strength of statements within 

their measured domains. Cronbach’s alpha was used to evaluate 
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the internal reliability of all the sections of the pilot and final 

survey instrument. An acceptable coefficient is 0.7.30

criterion and face validity
The criterion validity ensures that a measurement instrument 

evaluates what it is meant to assess.31 It was achieved by 

administrating the questionnaire to two independent groups 

of participants who were expected to have different attitude 

toward and intention to use mobile technology.

Face validity ensures the appropriateness and ease to 

complete the questions.32 It was guaranteed by professionals’ 

and patients’ review during the pilot study.

content validity
Content validity was assessed by analyzing if the semantic is 

compatible with the study population and if the presentation 

of attributes is adequate. In addition, semi-structured inter-

views with diabetic patients and physicians were conducted, 
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Figure 1 summary of the study design.
Abbreviation: hbA1c, hemoglobin A1c.
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and the received feedback was integrated into a revised ver-

sion of the instrument during the pilot study.

construct validity
Construct validation was assured by performing explor-

atory factor analysis with principal component analysis and 

orthogonal rotation via the Varimax method. The principal 

component analysis was used to extract the factors with 

eigenvalues 1.0 and factor loading 5.0. Initial sampling 

adequacy was evaluated by using the Kaiser–Meyer–Olkin 

(KMO) test and the Bartlett’s test of sphericity.

Main study
The final version of the instrument included five main 

sections, which measured 1) actual use of electronic devices 

for DM self-management; 2) interaction between patient and 

physician, and attitude toward mobile technology and mobile 

device applications for DM self-management, which was 

indirectly measured by 3) perceived ease of use; 4) perceived 

usefulness; and 5) confidence. The actual use of electronic 

monitoring was assessed by five statements designed on 

5-point Likert scale, 1 indicating complete disagreement 

and 5 indicating complete agreement. The perceived ease of 

use and confidence about mobile technology were assessed 

by four statements each, also designed on 5-point Likert 

scale, 1 indicating complete disagreement and 5 indicating 

complete agreement. The perceived usefulness of mobile 

device applications for DM management was assessed by 

statements designed on 10-point Stapel scale, 1 correspond-

ing to not at all useful and 10 corresponding to very useful.

health-related quality of life and lifestyle
Health-related quality of life was evaluated by three main 

aspects, considering 1) the degree of satisfaction about 

usual activities of a diabetic patient, such as the time spent 

to measure the glycemic level and the time spent to make 

physical activities; 2) how often DM negatively influences 

patients’ life; and 3) how often (in the last 3 months) the 

DM-related events caused problems when doing usual physi-

cal activities.

For assessing the first aspect, we included seven state-

ments on 5-point Likert scale, 1 corresponding to very 

unsatisfied and 5 corresponding to very satisfied, while the 

other two aspects were each one evaluated by six statements 

designed on 5-point Likert scale, 1 indicating very often 

and 5 indicating very rare. For each patient, we quantified a 

total score, which was considered a measure of the patients’ 

health-related quality of life.

Lifestyle was assessed by open-answer and multiple-

choice questions about the frequent physical activities, the 

usual method of transport, or the number of days with at 

least 30 minutes of physical activity of moderate or high 

•

•

•
•
•

•

Figure 2 Mobile technology acceptance model for DM self-management.
Abbreviation: DM, diabetes mellitus.
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intensity, such as actively walking, riding bicycle, swimming, 

and jogging.

statistical analysis
For categorical variables, description was done by their abso-

lute frequencies or percent and for continuous variables with 

non-Gaussian distribution by median and interquartile range 

(IQR). The applied statistical tests were Mann–Whitney U 

test for investigation of differences between central tendency 

in case of rang variables and Kruskal–Wallis test for compar-

ing median ranks for more than two groups. To assess the 

existence of correlation between patient’s age, quality of life, 

optimal glycemic control, and attitude toward and intention 

to use modern technologies and mobile device applications 

for assistance in DM self-management, we computed the 

Spearman’s ρ correlation coefficient, while Kendall’s τ was 

derived to investigate the existence of correlation between 

education level, working status, income, and attitude toward 

and intention to use mobile technologies.

The degree of positive attitude toward and intention to 

use mobile technology and mobile device applications was 

calculated as the weighted mean of the corresponding points 

and the number of respondents, for statements designed on 

5-point Likert and 10-point Stapel scales. The obtained coef-

ficient ranged between 0 as the lower limit, corresponding 

to a total negative attitude and intention, and 1 as the upper 

limit, corresponding to a total positive attitude and inten-

tion. For multiple-choice questions, attitude was expressed 

as proportions of patients who had chosen the respective 

options.

A limit of 0.05 was considered the statistical significance 

threshold. Statistical processing was performed with SPSS 

v17 (SPSS Inc., Chicago, IL, USA).

Results
Participants
Demographic, socioeconomic, and anthropometric character-

istics of the participants are presented in Table 1. The median 

age of the participants was 37 years (IQR: 26–59 years), and 

female participants were in proportion of 50.5%. Most of the 

participants were patients diagnosed with type 1 DM (61.2%), 

while only a low proportion of patients had an optimal DM 

management (HbA1c 7.5%) in the last 6 months (35.9%). 

More than a half of the patients (52.4%) were diagnosed with 

DM for 10 years. Most of the patients (64.0%) had high 

school or bachelor as their highest education level, while 

9.8% did not have an education. The highest proportion of 

patients (52.2%) were unemployed or independent, while 

a proportion of 35.0% were retired and only 28.2% were 

full-time workers. A total of 38.9% and 30.1% of patients 

had middle- and low-income levels, respectively, while only 

7.8% had a high-income level and 23.3% did not know or 

did not want to answer.

Participants indicated that they used classical auxiliary 

instruments for various activities related to DM manage-

ment, namely, noting glycemic values (63.1%), eaten food 

types (24.3%), physical activities (14.6%), and tracking 

administered medication (32.0%). Most of the patients used 

glucometer (90.3%) and blood pressure monitor (33.0%). For 

disease management, most of the patients, 80.6% and 66.0%, 

declared that the decisions were taken by the physician and 

themselves, respectively, while only a small proportion 

Table 1 Patients’ anthropometric, demographic, and socioecono-
mic characteristics

Patients’ characteristics Values

number of patients 103
DMa

Type 1 63 (61.16)
Type 2 40 (38.83)

Age (years)b 37 (26–59)
gender (female)a 52 (50.5)
Weight (kg)b 73 (63.5–89.5)
height (cm)b 167.5 (163–173.5)
Abdominal circumference (cm)b 80 (69.5–101)
DM durationa

1 year 10 (9.7)
1–5 years 15 (14.6)
6–10 years 24 (23.3)
10 years 54 (52.4)

latest hbA1c 7.5a 37 (35.9)
Major cardiovascular events (yes) 9 (8.7)
education levela

Without studies 10 (9.8)
elementary level 2 (4.9)
secondary level 9 (8.7)
Professional school 13 (12.6)
high school 33 (32)
Bachelor 33 (32)
Master/PhD 3 (2.9)

employment statusa

Unemployed 13 (12.6)
retired 36 (35)
Working full time 29 (28.2)
Working part time 1 (0.97)
independent 13 (12.6)

Total incomea

low level 31 (30.1)
Middle level 44 (38.9)
high level 8 (7.8)
i do not want to answer/i do not know 24 (23.3)

Notes: acategorical variables are presented by absolute frequency and percentage 
in the sample. bcontinuous variables (with non-gaussian distribution) are indicated 
by their median (interquartile range).
Abbreviations: DM, diabetes mellitus; hbA1c, hemoglobin A1c.
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(15.5%) said that their family participates in taking decisions 

about their disease.

A large proportion of patients had Internet access 

(75.7%). Almost half of them used a PC (46.6%) and fewer 

used a mobile phone (44.7%), a laptop (39.8%), or a tablet 

(11.7%). More than a half of the patients used Internet several 

times a day (57.3%), while only 6.8% had Internet access 

only once in a day. Most of the patients indicated that they 

usually use Internet for social networks (58.3%), e-mails 

(48.5%), news or weather forecast (40.8%), documentation 

(35.0%), forums dedicated to patients (31.1%), games and 

entertainment (29.1%), and online shopping (21.4%).

We found that most of the patients (94.1%) owned a 

mobile phone and only a half (51.0%) had a smartphone, 

while 10.4% of the patients did not know the type of their 

mobile phone.

Pilot study
The first version of the survey instrument was analyzed 

question by question. We chose to present the analysis for 

one statement, but we went through all statistical procedures 

for the entire instrument. For example, the actual use of 

electronic devices for DM self-management was evaluated by 

five items. Each item was separately rated on a 5-point Likert 

scale, where 1 represented a strongly disagree and 5 denoted 

a strongly agree. We calculated Cronbach’s alpha coefficient 

on all five items, obtaining a value below the recommended 

limit of 0.7 for internal consistency, which suggested an 

internal design issue for the statement. For improving the 

score, a solution was to eliminate the items. In addition, factor 

analysis with principal component method was applied. Two 

factors were extracted with eigenvalues 1, explaining 

57.3% of total items variance. For a better interpretation of 

factor loadings, the initial extraction solution was rotated 

using the Varimax method and only those with communali-

ties 0.35 were accepted.

The results obtained through rotated solution confirm the 

reliability analysis made on the statement. Items were fac-

tored in a separate component, confirming that they belonged 

to a different dimension than the one investigated. Rerunning 

the principal component analysis with only four items 

included led to an improved KMO and a new Cronbach’s 

alpha coefficient of 0.85.

construct validity
Considering the results of the pilot study, we designed the final 

version of the survey instrument. The KMO measure of the 

sampling adequacy was 0.877, while the Bartlett’s test of sphe-

ricity showed a significant relationship among instrument’s 

statements (χ2(496) =3,746.8; P0.001). Table 2 presents 

the loadings of the statements belonging to the five extracted 

components, after Varimax rotation with Kaiser normalization. 

Coefficients with an absolute value 0.5 were not considered. 

Components depicting the perceived usefulness loaded on the 

first factor explained 45.5% of the variance on the sample, 

while components about the actual use of electronic devices for 

DM management loaded on a second factor explained 13.8% 

of the variance. In addition, components about the perceived 

ease of use loaded on a third factor explained 10.1% of the 

variance, while the components about confidence and patient–

physician interaction loaded on factors four and five explained 

4.6% and 4.4% of the variance, respectively.

internal consistency
Computing Cronbach’s alpha, we found a very good internal 

consistency for the attitude toward mobile technology for DM 

self-management and the compound parts, namely, perceived 

ease of use of mobile technology for DM self-management, 

confidence about technology and latest generation products, 

and perceived usefulness of notifications about the risk of 

DM-related complications. Alpha values were 0.7 for all 

the components measuring the attitude toward mobile tech-

nology for DM self-management (Table 3).

Cronbach’s alpha indicated a good internal reliability for 

both the attitude toward mobile device applications for DM 

self-management and the compound parts, namely, track-

ing functions of glycemic values, ingested carbohydrates, 

administered medication, security and confidentiality of 

personal data, backup system, data portability, multiple user 

profiles, off-line notifications, and notifications about medi-

cation administration, eating behaviors, and physical effort 

optimization. Alpha values were 0.7 for all the components 

measuring the attitude toward mobile applications for DM 

self-management (Table 4).

criterion validity
Total scores for the section measuring the attitude toward 

using mobile technology for DM control of the group using 

Internet and the group not using Internet were compared. 

Scores differed statistically significantly between groups 

for the respective section (Mann–Whitney U test, U=486; 

P0.001). At the same time, total scores for the section 

measuring the attitude toward various attributes of a mobile 

device application for DM self-management of the group 

using smartphone and the group not using smartphone were 

compared. Similarly, scores differed statistically significant 

between groups for the respective section (Mann–Whitney 

U test, U=360; P0.001).
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health-related quality of life and lifestyle
We found a moderate level of patients’ satisfaction 

about their current treatment of DM (0.676) and the time 

spent for DM-related activities (0.61). Additionally, we 

observed moderate frequencies, when looking how often 

DM negatively influences the social life of the patients 

and their overall well-being. In addition, almost a half of 

patients (49.15%) declared that they were not satisfied 

about their weight.

Attitude toward and intention to use 
mobile technology
A rather moderate rate (0.682) of positive attitude toward 

using innovative technologies for DM control and a moderate 

Table 2 results of factor analysis – rotated component matrix

Instrument’s statements Component

1 2 3 4 5

electronic monitoring is more precise 0.278 0.842 0.054 0.061 0.041
electronic monitoring is more convenient 0.153 0.863 0.047 −0.125 −0.062
Raises confidence in decisions for DM monitoring 0.104 0.759 0.294 0.157 0.056
helps monitor the hyper- or hypoglycemic events −0.001 0.818 0.188 0.01 −0.294
new technology is helpful 0.216 −0.039 −0.114 −0.598 0.413
i am actively interested in testing cutting-edge products 0.199 0.095 0.754 −0.202 −0.148
i want to learn myself how to use cutting-edge products 0.276 0.227 0.815 0.255 0.045
i am passionate about exploring the potential of cutting-edge products 0.271 0.258 0.803 0.308 0.073
Technology is part of my life 0.479 0.339 0.386 0.574 0.076
Utility of a smartphone application 0.708 −0.119 0.186 −0.025 0.169
Utility of notifications 0.799 −0.065 0.131 0.063 0.001
Tracking glycemic values 0.837 −0.022 0.353 −0.127 −0.063
Tracking ingested carbohydrates 0.841 0.146 0.288 −0.024 −0.028
Tracking daily physical activity 0.861 0.154 0.110 0.200 0.027
Tracking administered medication 0.766 0.245 0.365 −0.168 0.149
Monitoring by the physician and medication adjustment 0.732 −0.22 0.168 −0.295 −0.243
Security and confidentiality of the personal data 0.784 0.281 0.163 −0.200 −0.192
Multiple user profiles 0.792 0.297 0.119 −0.036 −0.158
Option to input data on a website 0.836 0.423 0.042 −0.088 −0.102
Backup system for information already included 0.865 0.298 −0.092 0.221 −0.144
sending data; export and print the inputted information 0.890 0.304 −0.068 0.185 −0.097
Notification without Internet connection 0.845 0.290 −0.007 0.270 −0.115
Available on many operating systems 0.847 0.397 0.119 −0.065 −0.127
Available on many languages 0.826 0.217 0.335 −0.087 −0.064
Notifications about medication administration 0.807 0.163 0.258 −0.202 0.078
Notifications about eating behavior 0.855 0.196 0.274 −0.123 0.047
Notifications about physical effort optimization 0.921 0.130 0.071 0.145 −0.014
Alerts a potential risk 0.839 0.082 0.152 0.241 0.057
interaction with the physician −0.168 −0.077 0.002 −0.097 0.844

Note: The bold values show the statements which loaded in each of the five components.
Abbreviation: DM, diabetes mellitus.

Table 3 Attitude toward mobile technology for DM self-management

Components Internal 
consistency

Reliability Criterion validity

αa ICC Group Median (IQR)b P-valuec

(i) Perceived ease of use of mobile technology  
for DM self-management

0.898 0.746 group 1 11.5 (9–14) 0.001
group 2 5 (1–10)

(II) Confidence about technology and latest  
generation products

0.909 0.714 group 1 15 (12.5–18.5) 0.001
group 2 5 (2.5–20)

(III) Usefulness of notifications about the risk  
of DM-related complications

0.9 0.818 group 1 19 (15–20) 0.01
group 2 10 (4–20)

Notes: acronbach’s alpha. bAttitude rated where the lower limit indicates poor attitude and the upper limit indicates good attitude (i) 1–25, (ii) 1–20, and (iii) 1–20. 
cMann–Whitney U test, null hypothesis: the distribution of scores is the same across the categories of using or not internet.
Abbreviations: DM, diabetes mellitus; ICC, interclass correlation coefficient; IQR, interquartile range; Group 1, group of patients using Internet; Group 2, group of patients 
not using internet.
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level (0.63) of confidence that these technologies could indeed 

be helpful for DM self-management were measured. In addi-

tion, we found that 28.2% of the patients liked to be among the 

first ones who use cutting-edge products. Similar proportions, 

30.1% and 27.2%, used mobile technology to stay in touch 

with other people or to stay in contact with the family, while 

10.7% of patients could live without a mobile phone.

On the contrary, a high rate (0.832) of perceived useful-

ness of modern technologies and a high rate of intention 

(0.811) to use these technologies for receiving advice and 

notifications about the risk to develop certain complications 

associated with DM were observed.

Attitude toward and intention to use 
mobile device applications
We observed a high rate of positive attitude (0.852) toward 

mobile device applications for DM control. In addition, high 

rates of positive attitude were observed when considering 

the inclusion of different attributes, such as security and 

confidentiality of personal data (0.831); backup system for 

information already included (0.751); send, export, and print 

data (0.75); multiple user profiles (0.788); notifications about 

Internet connection (0.763); availability on many operating 

systems (0.767); and availability on many languages (0.836). 

Similarly, we observed a high rate of positive attitude toward 

and intention to use mobile application if it would be free.

Considering application’s functions of tracking glycemic 

values, ingested carbohydrates, daily physical activity, and 

administered medication, we found a high level of perceived 

usefulness (0.814) about their inclusion into a mobile applica-

tion. Similarly, we observed high levels of confidence about 

the inclusion of notifications for medication administration 

(0.815), eating behaviors (0.811), physical activities optimiza-

tion (0.788), and alerts of potential DM-related risks (0.849). 

When asking about what information would be more useful 

to include into an assistive mobile application, most of the 

patients said glycemic values (71.8%) and medication admin-

istration with daily doses (43.7%) and less answered informa-

tion about ingested carbohydrates (32.0%), weight (33.0%), 

laboratory results (34.0%), and daily physical activity (27.2%). 

A statement about the intention to use mobile applications was 

formulated negatively instead of positively to force patients to 

evaluate every statement on its own. We found that almost a 

half of the patients would not use applications if the informa-

tion already inserted would be lost (48.5%), the price would be 

high (40.8%), in case of not receiving notifications (36.9%), 

and in case it would be in a foreign language (35.9%). Moder-

ate proportions of patients answered that reasons for not using 

mobile applications would be having to learn by themselves 

how to use the application (21.4%), having to insert too much 

information in the application (22.3%) and lack of experience 

using mobile technologies (17.5%).

We observed a very low confidence about using mobile 

device applications for taking decisions about the disease 

(4.9%), when comparing to physician advice, but a higher 

proportion of patients (21.4%) would use both applications 

and their physician, when comparing to physicians alone, 

themselves, or their family. In addition, 43.5% considered 

that using applications would change the interaction with 

their physician. A high percent of patients (63.1%) would 

agree to give their DM-related data for developing an applica-

tion. Finally, we observed only a moderate level of intention 

(0.671) to actually use mobile applications for assistance in 

DM control. To further underline the results, we tested the 

structural acceptance model, as described in Figure 2. The 

actual use of electronic devices for DM self-management was 

found to have a significant influence on perceived usefulness. 

Additionally, we observed that the perceived ease of use 

and perceived usefulness had a strong impact on trust and 

intention to use (Figure 3). This highlights the importance of 

usability and usefulness for mobile technology and mobile 

device applications.

Table 4 Perceived usefulness about the inclusion of various attributes into a mobile device application for DM self-management

Attributes of mobile device applications for DM 
self-management

Internal 
consistency

Reliability Criterion validity

αa ICC Group Median (IQR)b P-valuec

(i) Tracking functions for glycemic values, ingested  
carbohydrates, and administered medication

0.949 0.823 group 1 40 (36–40) 0.001
group 2 28 (9–36)

(II) Security and confidentiality of personal data, backup  
system, data portability, and off-line notifications

0.978 0.815 group 1 99 (85.5–100) 0.001
group 2 57 (20–85)

(III) Notifications about medication administration,  
eating behaviors, and physical effort optimization

0.97 0.889 group 1 40 (34–40) 0.001
group 2 25.5 (8–37.5)

Notes: acronbach’s alpha. bAttitude rated where the lower limit indicates poor attitude and the upper limit indicates good attitude (i) 1–40; (ii) 1–100; (iii) 1–40. cMann–
Whitney U test, null hypothesis: the distribution of scores is the same across the categories of using or not using smartphone.
Abbreviations: DM, diabetes mellitus; ICC, interclass correlation coefficient; IQR, interquartile range; Group 1, group of patients using smartphone; Group 2, group of 
patients not using smartphone.
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A multiple correlation analysis evaluated the association 

between both sociodemographic characteristics and quality 

of life factors and attitude toward using mobile technology 

and mobile device applications for DM self-management. We 

found that younger patients had a significantly more posi-

tive attitude toward using mobile technology (Spearman’s 

ρ=−0.393; P0.001) and mobile device applications 

(Spearman’s ρ=−0.429; P0.001). In addition, patients with 

a higher quality of life presented a significantly more favor-

able attitude toward mobile technology (Spearman’s ρ=0.37; 

P0.001) and mobile device applications (Spearman’s 

ρ=0.466; P0.001). Moreover, patients with optimal gly-

cemic control had more positive attitude toward both mobile 

technology for DM self-management (Spearman’s ρ=−0.322; 

P0.001) and mobile applications (Spearman’s ρ=−0.317; 

P0.001). A higher education level significantly correlated 

with more favorable attitude toward mobile applications 

(Kendall’s τ=0.33; P0.001). Similarly, participants who 

had higher income presented a significantly more favor-

able attitude toward mobile applications (Kendall’s τ=0.33; 

P=0.002). Gender had no significant impact on the attitude 

toward mobile technology (Mann–Whitney test, U=727.5; 

P=0.46), neither the length of DM (Kruskal–Wallis test, 

H(3) =3.331; P=0.343). On the contrary, superior employ-

ment status significantly associated with a more positive 

attitude toward mobile technology (Kruskal–Wallis test, 

H(8) =28.62; P0.001).

Discussion
Novelty of the study is brought by the proposed instru-

ment to assess the attitude toward and intention to use 

modern technology and mobile device applications for 

DM self-management, as well as its design and validation 

process. Assessment of the instrument’s validation and 

reliability was done on a national sample, in conjunction 

with multiple correlation analysis, including demographic 

and socioeconomic characteristics, as well as health-related 

quality of life factors.

The instrument was self-administered or administered by 

a diabetic resident physician. On the site where the instru-

ment was self-administered, the participants were younger 

and had a higher education level. On the contrary, on the site 

where the instrument was administered by a resident physi-

cian, the participants were older and had a lower education 

level. Moreover, each participant was trained about how to 

fill-in the questionnaire before completion. Therefore, the 

way the instrument was administered should not influence 

the answers.

For designing the survey instrument, we took advantage 

from the TPB and technology acceptance models, which 

clearly separate the attitude toward intention and actual adop-

tion. We observed that the main components influencing the 

attitude toward mobile technology and mobile applications 

for DM self-management were the actual use of electronic 

devices for DM monitoring and perceived usefulness. In fact, 

the perceived usefulness has also been found as a principal 

factor increasing the acceptance of smartphones for health 

care professionals.33

We observed that younger patients presented a more posi-

tive attitude toward and intention to use mobile technology. 

The result might relay on the fact that young patients are 

generally more enthusiastic about the use of communication 

technologies. This fact may overcome the usual barriers to 

technology adoption,34 in comparison with older patients, for 

Figure 3 The correlated factors of the mobile technology acceptance model for DM self-management.
Notes: *Correlation is significant at the 0.05 level (two tailed t-test); **Correlation is significant at the 0.01 level (two tailed t-test).
Abbreviations: DM, diabetes mellitus; iPP, interaction patient-physician; eD, electronic devices; PeOU, perceived ease of use; PU, perceived usefulness; iU, intention to use.
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whom using mobile technology and mobile device applica-

tions is more challenging.35

Nevertheless, even for the young patients, there is a gap 

between wanting to use technology in self-management and 

actually using it.36 Considering the principles of the TPB, 

we could say that if behavioral intention is under volitional 

control, other factors may influence it, such as time, financial 

resources, and technological skills, which represent the 

actual control over the behavior. Indeed, we found that patients 

with a higher income, education level, and health-related qual-

ity of life had a more favorable attitude toward and intention 

to use mobile technology for assistive DM control.

Conclusion
New health care strategies should empower the users, the 

patients themselves, by engaging them in managing their 

own health. In this context, our study brings the instrument to 

assess the evidence of effectively beneficial changes mHealth 

and handheld devices would leverage in the management of 

chronic diseases.
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