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Abstract

Background The rising incidence of chronic diseases among the population, further exacerbated by the phe-
nomenon of aging, is a primary concern and a serious challenge for the healthcare systems worldwide. Among the
wide realm of health digital technologies, the rise of Digital Therapeutics (DTx), which are medical devices able to
deliver evidence-based treatments to manage and treat diseases, opens new opportunities. However, their diffusion
and usage are still fragmented among countries. As the diffusion results from the adoption of technology from a
social system and individual acceptance, this study aims to design and test a theoretical model that investigates the
intention to use DTx, with a particular focus on the treatment of obesity, as a widespread and burdensome chronic
condition.

Methods This research is built on 336 answers coming from a survey to test the proposed model, which consists
of a combination of organizational mechanisms, derived from Institutional Theory, and rational factors, derived from
the Technology Acceptance Model (TAM). The survey has been delivered to patients and former patients of Istituto
Auxologico Italiano, a hospital with several locations in northern Italy, recognized as a center of excellence for the
treatment of obesity.

Results The analyses of the answers, performed through the Structural Equation Modelling (SEM) technique,
confirmed the influence of the Perceived Usefulness on Intention To Use, and of the Perceived Ease Of Use on the Per-
ceived Usefulness, confirming the validity of the assumptions derived from the TAM. On the other hand, institutional
factors were introduced as antecedents of the Perceived Usefulness, and the Perceived Ease Of Use. Results show that
the Regulative Pillar influences both the TAM constructs, the Normative Pillar (peer influence) has a positive effect only
on the Perceived Usefulness, and finally, the Cultural Pillar impacts the Perceived Ease Of Use.

Conclusion This study allows filling the knowledge gap regarding the usage of the Institutional as a means to pre-
dict individuals'intentions. Moreover, managerial contributions are available as the results have been operationalized
into practical advice to managers and healthcare professionals to foster the adoption, and thus the diffusion, of Digital
Therapeutics.
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Background

According to the (World Health Organization), 1 out of
10 people worldwide is obese [1]. Obesity constitutes
a global and wicked societal challenge, as it reduces the
quality of life by negatively impacting both physical and
psychosocial functioning [2], increases the risk for other
chronic and non-communicable diseases, and ultimately
affects healthcare economic resources. Indeed, it has
been estimated that the cost for an obese patient can be
50% higher than the one for a patient with an ideal weight
[3].

For these reasons, comprehensive obesity manage-
ment is an urgent yet complex challenge [4]. Specifically,
a multidisciplinary approach integrating a psychological
approach to the more traditional physical and nutritional
interventions has been suggested by medical guidelines
as the most effective option [5], pinpointing cognitive
behavioral therapy for changing behaviors to successfully
lose and maintain weight. Indeed, it acts through a com-
bination of cognitive and behavioral therapies modifying
patients’ cognitive processes and, consequently, behav-
iors [4].

In this setting, the area of research involving tech-
nology for behavioral change is rapidly growing. Past
research involves periodic prompts [6], psychologist
coaching programs based on cognitive-behavioral ther-
apy (CBT) modules [7], telehealth trials with telephone
and text support [8], and smartphone-based physical
activity coaching interventions which were able to signifi-
cantly increase daily physical activity [9]. More recently,
Digital Therapeutics (DTx) are gaining momentum
thanks to their benefits as they have proven not only to
be effective but also cost-efficient [10, 11], thus departing
from the results of previous interventions [12]. DTx are
evidence-based therapeutic interventions driven by high-
quality software to treat a medical disorder or disease
(DTA, 2020), and they are in the form of apps, web-based
systems, videogames, virtual reality (VR), text messages,
social media platforms, and others [13]. Thus, they are
also able to guarantee continuity of care for the patients
and real-world data for physicians and providers.

Due to their benefits, DTx are raising strong interest
as of January 2021, 136 randomized clinical trials of DTx
were either ongoing or concluded [14]. Anyway, proper
ecosystem building for DTx is facing some challenges.

Firstly, being software without hardware, each Digi-
tal Therapeutic is Software as a Medical Device (SaMD)
according to the classification provided by FDA (FDA,
2018) [15]. Thus, the demonstration of efficacy through

clinical trials together with Real World Evidence (RWE)
[16]. Additionally, the regulatory framework also
deserves attention [17]. For instance, while in Italy proper
regulation is still lacking, Germany’s Digital Health-
care Act (Digitale-Versorgung-Gesetz — DVG@G) [18, 19]
and the Pre-cert program in the U.S. represent stream-
lined and efficient paths dedicated to DTx [20]. Moreo-
ver, reimbursement represents a crucial aspect that is
not always straightforward, and, also, in this case, some
countries are developing their systems to face this chal-
lenge, while other countries are still lagging [17].

Besides the abovementioned issues, the know-how for
DTx development represents a further aspect that might
affect their diffusion: indeed, the know-how for DTx
development is lacking among pharmaceutical incum-
bents, thus requiring diverse and various kinds of coop-
eration with different actors in the field [21].

Notwithstanding, a more individual perspective should
be taken into account when dealing with DTx. Despite
these benefits, chronic patients” acceptance of DTx can-
not be taken for granted because of the Copernican revo-
lution of delivering therapies through apps, which poses
great empowerment to patients’ choices. Acceptance is
a key factor to predict the diffusion over time of health
digital technologies [22], which is fundamental to size the
positive effects they can have on obese patients’ health.
Specifically, this study aims at shedding new light on
the key elements driving the acceptance of DTx to fully
unlock their potential. Indeed, a lack of acceptability by
users of digital technologies could be inefficient in terms
of both economic advantage and clinical outcomes [23].

The paper is structured as follows. In the next sub-
section (Model antecedents) the literature on addressing
the topic of acceptance of new technology is reviewed
to highlight the gaps and develop a research frame-
work comprising elements of diverse theories and able
to support the subsequent empirical analysis. In the
Methods section, the methodology and data collection
and analysys are presented. Results section outlines the
findings of the empirical investigation and discusses the
major achievements of the paper. Finally, the last section
drowns the final discussion about the value for research-
ers and managers of the main results.

Model antecedents

Rational factors

One of the most diffused models is the Technology
Acceptance Model (TAM) [24, 25], which is derived from
the Theory of Reasoned Actions (TRA) [26]. TAM has its
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deepest roots in social psychology and aims to analyze
how external variables influence an individual’s beliefs,
attitudes, and intentions. TAM continues to be one of the
most widely used models for defining and predicting user
acceptance of technology. According to the model, there
are two main predictors of the user’s intention to adopt
an innovation: Perceived Usefulness (PU) and Perceived
Ease of Use (PEU).

PU is defined as “the degree to which a person believes
that using a particular system would enhance his or her
job performance” [24, 25]. PU defines the productivity
and the effectiveness, that the individual perceived in
using the technology for his/her work.

PEU refers to “the degree to which a person believes
that using a particular system would be free of effort”
[24, 25]. This means that the perception of the person
who uses the technology is free from physical and mental
pain.

According to TAM, PEU and PU are affected by exter-
nal variables such as design and user features, task char-
acteristics, nature of development and implementation
process, political influences, and others. The two vari-
ables are considered the main predictors of usage inten-
tion and, consequently, of usage behavior.

As mentioned above, TAM is one of the most exploited
approaches to investigate the dynamics of acceptance
of information system technologies in healthcare [27],
together with its extended versions TAM2 [28] and
TAMS3 [29], which include additional antecedents such as
social influence, namely Subjective Norm, and cognitive
tools. More specifically, it has been used to analyze both
patients’ and physicians’ acceptance of digital technolo-
gies in healthcare, such as telemedicine [30] and Elec-
tronic Medical Records (EMR) [31].

Institutional factors

An alternative perspective sees actions as a result of irra-
tionalities coming from the institutional environment
and not as based upon a rational process. The establish-
ment, evolution, and decline over time of institutional
structures as guidelines for actions are explored in the
Institutional Theory [32]. In this perspective, organiza-
tions are built over a set of values, norms, and beliefs
which affect and constrain actions over time. In this way,
institutions constrain the options available to individuals
and collectives. From Scott’s definition, institutions are
built upon three main pillars: regulative (coercive), nor-
mative, and cultural-cognitive.

— The Regulative Pillar (RP) is based on the coercion
institutions can exert to constrain and regulate the
actors’ behavior. This exists as there are rules, norms,
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and regulations that establish what can be done and
sanctions for breaches when rules are not respected.

— The Normative Pillar (NP) exploits the expecta-
tions and norms elaborated by social groups about
what could be appropriate behavior in some cir-
cumstances, ie., in the organization. Organizations
can exert normative influence through forms of peer
influence, which is meant to align individuals to the
belief of the necessity of the new technology.

— The Cultural-cognitive Pillar (CP) includes the com-
mon mental schemes and the symbolic representa-
tions shared among the social group. The more the
idea that the status quo must be changed, the more
the individual is likely to adhere to the cultural
change.

For what concerns the healthcare domain, researchers
have previously studied the effects of institutional pres-
sures on electronic health records (EHR) adoption in the
hospitalized setting, proposing a framework highlight-
ing key constructs such as Cause, Constituents, Content,
Context, and Control [33].

Most of the studies focus on the physicians’ perspective
highlighting how they perceive the institutional forces
and how they behave in response to such pressures [34].
However, the point of view of patients has been largely
overlooked. In particular, chronic patients who need a
life-lasting care path with the involvement of a high num-
ber of different professionals might experience strong
institutional pressure from the health institution (e.g., the
hospital).

Methods

In this section, the model used to study the diffusion of
DTx is presented with its theoretical underpinnings.
Past studies mainly focus on the adoption of technology
from a social system rather than its diffusion and can be
divided between those which explore the adoption of the
technology through a general classification of enablers
and barriers [35-40] and those which apply validated
models in the literature [33, 41-45]. In the latter case, the
most frequently used models are built over very different,
if not even contrasting, hypotheses. Indeed, on the one
hand, theories like the Technology Acceptance Model
[24, 25] identify rational factors as the driving force of
individual behavior. On the other hand, the Institutional
Theory [32] suggests that individual behavior is limited
by the set of institutional rules, expectations, culture, and
meaning systems.

The proposed model explores the institutional effects
on the rational behavior of patients. The hospital setting
has been a testing place both for the acceptance model
and for institutional explanations, although no evidence
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Table 1 Theoretical sources for selected constructs

Construct Theory Theory

Conceptualization

Intention to Use Technology Acceptance  Davis [24]
Model

Perceived Usefulness  Technology Acceptance  Davis [24]
Model

Perceived Ease of Use  Technology Acceptance Davis [24]
Model

Regulative Pillar Institutional Theory Scott [32]

Normative Pillar Institutional Theory Scott [32]

Cultural Cognitive Pillar  Institutional Theory Scott [32]

has been collected on the results of institutional pressure
on patients. Therefore, this study will be able to test the
integrative explanatory power of the two theories.

Model design

In recent years, the institutional theory included the
importance of a degree of rational behavior while TAM
included the importance of the social norm, yet there is
not a strong integration of the two theories in the past
literature. Hence, the research model that has been
developed aims to investigate the interplay between the
organizational and individual mechanisms, represented
by the constructs in Table 1, which could influence the
continued use of digital therapeutics among obese
patients.
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The selected constructs come from both Davis’ [25]
TAM and Institutional Theory. The former are the three
basic and fundamental elements of TAM. For what con-
cerns the institutional factors, Scott [32] conceived
institutions as made of pillars limiting the rational assess-
ment and directing actors’ behavior. These are regula-
tive, normative, and cultural pillars, which in turn can
be exploited by the organizations to exert the following
influences.

Once defined the constructs, the configuration of the
model was formalized with the support of existing stud-
ies, therefore the following hypotheses were stated as fol-
lows and as shown in Fig. 1.

The basic relations of TAM were included. Specifically,
the first two hypotheses test the positive influence of PU
and PEU on ITU. Also, the hypothesized positive effect of
the PEU on PU was included [25, 28].

Additionally, six other hypotheses were tested.

Regulative Influence is expected to impact PU by
stimulating how individuals perceive the benefits (H4)
[43] but also on PEU as rules can be felt as guidelines
for the usage (H5). The Normative Pillar can influence
PU through peer influence, as by seeing peers using
technology and exploiting the benefits, one can think to
have similar results (H6) [43]. Similar pressure can work
on the PEU, by leveraging peer experience (H7). Cul-
tural Influence can positively affect PEU by fostering the
disposition of individuals toward the new technology
and the challenges arising from it (H8). Similarly, it has

Fig. 1 Research model

TECHNOLOGY
Regulative - ACCEPTANCE MODEL
Influence T Perceived
Usefulness
Normative
Influence
Perceived
Cultural Ease of Use
Influence CONTROL
VARIABLES
INSTITUTIONAL
THEORY Gender (GEN) Age

Body-Mass Index (BMI)

Marital Status (MS)

Level of education (EDU)

Employment (JOB)

weight loss (DIFF)

Difficulties in maintaining

Willingness to be
supported (SUPP)

solution (EAS)

Ease of use the digital

Willingness to change
(CHNG)
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been hypothesized that Cultural Influence has a positive
impact on the disposition of individuals to feel that the
technology is appropriate and useful (PU) (H9).

From past literature and considering the context, 10
control variables have been included in the model to
see if the Intention To Use would have been influenced.
These variables are gender [46, 47], age [48], marital
status, Body-Mass Index (BMI), level of education [49],
employment [50], difficulties in maintaining weight loss
[51], ease of use of the digital solution [46], and willing-
ness to change and to be supported [52].

Data collection

The proposed research model questionnaire is aimed
at exploring the DTx acceptance among obese patients
thanks to the collaboration with Istituto Auxologico
Italiano, an Italian hospital structure that is a national
excellence center for obese patients’ treatment. The ques-
tionnaire has been developed and delivered to actual
and former obese patients of the hospital, who had pre-
viously given their consent for being contacted for fur-
ther research purposes. Furthermore, data collection has
been performed in compliance with GDPR regulations,
as respondents have been informed and ensured ano-
nymity The questionnaire was delivered in two ways, an
additional file shows this more in detail [see Supplemen-
tary Information.pdf]. A first paper-based version was
distributed to individuals who were receiving inpatient
treatments, collecting 164 high-quality responses. Health
professionals supported patients in answering the ques-
tionnaire, hence, there have been no discarded or unfin-
ished surveys. The second online version, instead, was
delivered digitally by email through Qualtrics to a 3.7k
mail addresses database of patients and former patients
of Istituto Auxologico. 305 patients (response rate of
about 8.2%) engaged in answering, among which 167
provided complete and high-quality answers (dropout
rate of 45%). By merging the results from the paper-based
and the online versions a total of 331 responses have been
analyzed. Given the nature of obesity as a disease, namely
a chronic disease, that requires continuous and poten-
tially life-lasting care and follow-ups, all the patients
included in the sample experienced or are experiencing
the institutional role of the hospital and its members. The
institutional pressure exerted by an institution (i.e., the
Istituto Auxologico) over the patients could be success-
fully observed.

The questionnaire has been divided into two parts.
The first one has been dedicated to gathering gen-
eral information on respondents, such as personal and
demographic data, but also investigated health status,
the social and familiar context, their satisfaction with
past care and follow-ups, and their usage of technology.
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The second one measured the constructs present in the
research model through items retrieved from the litera-
ture. As for institutional constructs, past research shows
few examples of empirical measures for institutional con-
structs, which are mostly investigated through the quali-
tative methodology. For this reason, non-institutional
items were adapted to the context. All the items have
been measured through a 5-points Likert scale.

Data analysis
Once collected, the data have been analyzed. Firstly, a
descriptive analysis has been performed on the questions
about demographics and personal information. Secondly,
the model has been tested through the software STATA
17. An overview of the flow chart describing the meth-
odology adopted for this study is shown in Fig. 2. Specifi-
cally, a first Kaiser-Meyer-Olkin (KMO) test was applied
to verify the sample adequacy for the factor analysis. Sub-
sequently, for the first evaluation of the items measuring
contracts, an Exploratory Factor Analysis (EFA) has been
carried out through the Principal Component Methodol-
ogy, together with Cronbach’s alpha to test the internal
consistency reliability. The testing of the model went
through Structural Equation Modeling (SEM), which has
been proven to be an effective tool of analysis in health
system research [53]. The validity and consistency of the
method to measure the constructs have been assessed
through the Confirmatory Factor Analysis (CFA). The
convergence validity has been assessed by two indicators:
composite reliability and average variance extracted.
Lastly, the goodness of fit (GOF) was proved through
four indicators, both absolute like the square error of
approximation (RMSEA) and the standardized root
mean residual (SRMR), and incremental like comparative
fit index (CFI) and the Tucker-Lewis index (TLI).

Results
Among the 331 respondents, 71% were mainly female,
around 60% of respondents are aged between 51 and
70vyears old, and most of the respondents are in a situa-
tion of moderate or severe obesity (BMI among 31-50).
The school level and employment of respondents are in
line with the general situation in Italy. Their digital pro-
ficiency can be positively evaluated as around 45% of the
respondents can easily use a smartphone and a similar
proportion use digital solutions to manage their health,
representing a strong possibility to use this new tool of a
DTx.

The quantitative analysis started with the KMO test,
with a value of 0.9332, thus showing that the factor
analysis was worth it. Both EFA and CFA confirmed the
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Questionnaire design from literature
review

Questionnaire preliminary validity
check with physicians

!

Online version of the survey sent to a
3.7k mail addresses database

Collection of 305 responses, of which
167 complete and high-quality

Collection of 164 high-quality
responses through paper-based
version of the survey

Analysis of 331 answers through
Structural Equation Modelling and
interpretation of results

Fig. 2 Flow chart of the methodology adopted

validity of the relation between items and latent variables,
as shown in Table 2.

Subsequently, the SEM validated the model applied.

Specifically, the relations between the PU and ITU, and
between PEU and PU have been confirmed, while the one
between PEU and ITU has been found to be not signifi-
cant. NP had a significant impact on PU, but not on PEU,
while RP positively affected both PU and PEU. No con-
trol variables had a significant relation with the Intention
to Use. Instead, CP positively influenced PEU but was
not significant on PU. All the hypotheses coefficients and
the goodness of fit indexes were shown to be inside the
acceptability threshold, as presented in Tables 3 and 4.

Discussion

The main theoretical contribution comes from the fact
that to the best of the authors’ knowledge, the application
of theoretical models to study the acceptance of DTx is
not recurrent, also considering the innovativeness of the
product. Additionally, the novel combination of two dif-
ferent frameworks, namely TAM and Institutional The-
ory, provides an original contribution. It has been proven
that the institutional factors influence TAM constructs.
The regulatory factor, indeed, contributes to the technol-
ogy’s PU on the one hand, while simultaneously making
it appear easier to use on the other hand. Peer influence
represents a great source of confidence for the patient
when dealing with a new treatment fostering the PU. In
the scenario, where DTx becomes a “habit” or “ritual”

through the positive cultural change, it could become
simpler to utilize and approach (PEU). Additionally,
the theoretical frameworks can be generalized. Indeed,
the application of this model can be certainly studied
for others innovative digital solutions in healthcare to
understand their acceptance from users. For instance,
a different DTx addressing diseases others from obesity
could be interestingly studied by relying on the proposed
model.

The interpretation of the results made it also possible to
deduce some insightful managerial considerations, which
were deeply discussed with both managers and physi-
cians from the institute. The fact that the DTx are easy to
use does not directly affect Intention To Use. The PEU, on
the other hand, might be viewed as an added benefit that
contributes to a higher PU. Given the potentially high
benefits that could derive from effective communication,
Auxologico Hospital would significantly benefit from a
clear disclosure towards patients. Additionally, training
or external support may be recommended to break down
the barrier of unfamiliarity with digital solutions.

The regulatory factor, in particular, has a positive
impact on both PU and PEU. As a result, the institu-
tion can encourage the patient to use the DTx both by
leveraging on the Perceived Usefulness and by creating
rules which work as guidelines. Indeed, the institution
should establish a set of laws and regulations to safe-
guard patients while letting them feel guided during the
application.
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Table 2 Constructs, measurament items and relevant measurement properties of the proposed model

Construct Item Measurament Item Factor Loading CR AVE
Intention To Use (ITU) [TUT  T'will want to use this medical APP 0.942 0912 0.777
ITU2 I planto use this medical APP in the future 0.939
TU3 I would like to use this medical APP to keep fit 0.750
Perceived Usefulness (PU) ~ PUT  Using this medical APP will improve my lifestyle and health 0.810 0.926 0.806
PU2  The use of this medical APP will allow me to manage my care pathway more 0.941
effectively
PU3  The use of this medical APP will help me to manage my health 0.938
Perceived Ease of Use (PEU) PEU1  Using this medical APP will NOT require much effort from me 0.822 0.886 0.722
PEU2  Using this medical APP will be intuitive and easy for me 0.847
PEU3  When | use this medical APP on my mobile phone | will easily be able to do what 0.878
I need to do
Regulative Pillar (RP) RP1  Ialways agree with what the doctors who treat me tell me, including the use of ~ 0.862 0936 0.774

this medical APP

RP2  Ialways agree with the priorities given to me by the doctors treating me, includ-  0.894
ing on the use of this medical APP

RP3  Ialways agree with the therapies prescribed by the doctors treating me, includ- ~ 0.885
ing when using this medical APP

Normative Pillar (NP) NP1 People | rate most highly think | should use this medical APP to improve my care  0.825 0.886 0.721
pathway
NP2 People | estimate most would use a medical APP to improve their care pathway if 0.858
prescribed by their doctor

NP3 People | value most think that medical apps can help improve their care pathway 0.865
if certified and validated

Cultural Pillar (CP) CP1  In my circle of family/friends/colleagues there is full confidence in technological ~ 0.806 0861 0.674
innovation (like, for example, this medical APP)

CP2  Thereis NO fear in my circle of family/friends/colleagues to try new things (like, ~ 0.813
for example, this medical APP)

CP3  In my circle of family/friends/colleagues there is full openness to digital solutions  0.843
(like, for example, this medical APP)

Table 3 Path analysis and hypotheses testing results of model L . X .
y P 9 In addition, since peer influence impacts PU, one

constructs
approach could be to form a community among Aux-
Hypothesis Path B Coef. td. Em. P-Value  logico patients who are planning to adopt or have
H1 PUSITU 0830 0057 0000+  adopted DTx. The consequences are favorable since, on
H2 PEUSITU 0057 0070 0414 the one hand, collected feedback serves the patients to
H3 PEUSPU 0491 0058 0000+  compare themselves with peers and, on the other hand,
Ha RP = PU 0297 0062 0000+ it is also beneficial to the hospital in terms of continuous
H5 RP=>PEU 0527 0061 0000+  improvement.
He NP=>PU 0145 0066 0028* Finally, the Cultural Pillar embedded in the organi-
H7 NP=>PEU 0120 0083 0.148 zation has a good impact on PEU. This latter aspect, in
Hs CP=>PU 0007 0065 0910 turn, opens reflection on interesting and necessary policy
Ho CP=>PEU 0179 0079 0025 implications for properly managing Digital Therapeutics
in an institutional setting, such as Istituto Auxologico
Italiano. More specifically, the hospital could consider
Table 4 The goodness of fit indexes modifying the current Integrated Care Pathaways in
Indicator Threshold value order to include DTx as further therapeutic approaches.
In assessing the most appropriate treatment, on a case-
RMSEA <008 0046 by-case basis, physicians might include the prescription
SRMR <008 0044 for DTx for the care path of eligible patients. Therefore,
CF > 09 0.961 the key point is to make DTx “ordinary” and “familiar” for
TL > 09 0.956

the patient so that they can be seen as simple as possible.
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Digital Therapeutics should not be viewed as a niche or
experimental treatment for a selected few. Instead, DTx
must be open to everybody, adaptable to each condition,
and expandable over time, so that the patient perceives
them as basic and easy to use.

Limitations of the study and further research

The findings revealed some weaknesses in the research.
Firstly, the main constraint is due to the features of the
sample examined. Indeed, 341 answers from a single
healthcare facility were collected, and further research to
widen the sample could be suggested by involving a wider
number of hospitals (institutions) and their patients.
Enlarging the sample could also allow for improving the
sample characteristics. In Italy, indeed, obesity is more
common among males than women, while in the current
sample, women represent the majority (about 70% of the
sample).

Future studies can be conducted based on the gaps
highlighted by this work, with the goal of ongoing devel-
opment. Firstly, the collaboration with Auxologico
revealed the need to collect opinions also from physi-
cians. Doctors, indeed, play a crucial role in the process
related to the diffusion of a Digital Therapeutic, as they
are involved in the prescription of DTx. Obtaining evi-
dence of the factors related to physicians’ perception of
DTx would allow for obtaining a more comprehensive
perspective about the acceptance of such technologies.
The current research provides first insights in this direc-
tion by looking at the role of (health) institutions, where
physicians are among the main representative. Therefore,
an additional step could be to administer a questionnaire
dedicated to the healthcare professionals and repeat
the analysis assuming this different, yet fundamental,
perspective.

Given the distribution of the sample centered on
mildly obese patients, and the peculiar care path dedi-
cated to bariatric patients who instead are affected
by severe obesity, a future study could differentiate
between these two subgroups, focusing mainly on
mild obesity which can be more effectively treated
through DTx.

Additionally, thanks to the above-mentioned adapt-
ability of the theoretical model, additional research
directions could investigate the acceptability of DTx in
patients affected by diseases other than obesity. More-
over, other researchers could test the applicability of
the model with respect to other digital innovations in
healthcare, whose acceptability and diffusion can be
interestingly predicted through interaction with Insti-
tutional actors.
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Conclusions

Overall, the findings of the present study show that
the proposed model can be employed to predict obese
patients’ acceptance of digital technology, such as Digi-
tal Therapeutics, for the treatment of obesity via Cogni-
tive Behavioral Therapy. The original combination of
well-established, yet different, theories allows target-
ing both the rational and institutional factors affecting
individuals’ Intention To Use DTx, which the adopted
methodological approach has validated. Besides the theo-
retical achievements, this study also sheds light on pos-
sible practical implications, being an insightful starting
point for all those professionals dealing with the timely
topic addressed, namely obesity treatment.

Abbreviations

DTx Digital Therapeutics

TAM Technology Acceptance Model
ITU Intention to Use

PU Perceived Usefulness

POU Perceived Ease of Use

RP Regulative Pillar

NP Normative Pillar

cp Cultural Pillar

GEN Gender

BMI Body-Mass Index

MS Marital status

EDU Level of education

JOB Employment

DIFF Difficulties in maintaining weight loss
SUPP Willingness to be supported

EAS Ease of use of the digital solution
CHNG Willingness to change

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512913-023-09090-7.

Additional file 1. Questionnaire. Supplementary material is provided in a
separate file (file name: Supplementary Information.pdf). The file contains
the questionnaire submitted to obese patients. More in detail, the ques-
tionnaire is made by two sections: part A (demographics and personal
information) and part B (Model Measurement). Part B has been measured
through Likert Scale from 1: strongly disagree to 5: strongly agree.

Acknowledgements
Not applicable.

Authors’ contributions

All authors meet the journal’s authorship guidelines. AC, FZ and MM made
substantial contributions to the design of the work, the acquisition, analysis,
and interpretation of data, and have drafted the work. EL and GT have made
substantial contributions to the conception and design of the work and have
substantively revised it. SB and GC made substantial contributions to the
interpretation of data. EF has made substantial contributions to the concep-
tion of the work, and to the acquisition of data. All authors read and approved
the final manuscript.

Funding
Not applicable.


https://doi.org/10.1186/s12913-023-09090-7
https://doi.org/10.1186/s12913-023-09090-7

Carrera et al. BMC Health Services Research (2023) 23:145

Availability of data and materials

The datasets generated and analysed during the current study are not publicly
available. Although we have removed identifying information, we cannot

risk identification by making the data available for public inspection, as we
guaranteed anonymity to respondents. Datasets could be available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study has been fully performed in accordance with guidelines and
regulations. The study did not require to pass through approval from an ethics
committee because this study did not change in any way patients'therapy
plans, as stated by the Decree of the Minister of Health dated February 1, 2022,
and by the Regulations of the “National Ethics Committee for trials of public
research institutions (EPRs) and other public institutions of national character,
at the Istituto Superiore di Sanita (ISS). Such laws state that ethic committee
approval is required in the following circumstances: evaluation of clinical trials
under EU Regulation 536/2014 carried out by ISS, EPRs and other public bod-
ies of national character; evaluation of protocols of other studies (including
clinical, observational, diagnostic, public health, with medical devices, with
the use of human biological material, with environmental ethics implications)
carried out by ISS and, possibly, by other EPRs and public bodies of national
character; Advice and expression of opinions on ethical aspects of activities
and interventions of ISS, in relation to its functions and duties as defined

by the Statute of ISS, the Rules of Organization and Operation of ISS, and in
compliance with applicable regulations.

In the current paper, instead, patients were involved in this study just to
express their anonymous opinions about digital therapeutics. Patients were
recruited by their doctors who informed them of the purpose of this study
and the policy for data collection, processing, and communication (aggre-
gated and anonymously) coherently to the GDPR indications.

Participants expressed their acceptance through an informed consent form,
and they cannot be reached by researchers. Attached, is possible to see the
screenshot of the first page of the survey where participants were informed
about the treatment of the data according to the European General Data
Protection Regulation. Participants were also explicitly asked to accept the
conditions regarding the data used for this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Polytechnic University of Milan, School of Management, Milan, Italy. 2IRCCS
Istituto Auxologico Italiano, Milan, Italy. *Department of Food, Environmental
and Nutritional Sciences, University of Milan, Milan, Italy. “Department of Psy-
chology, Catholic University, Milan, Italy.

Received: 24 August 2022 Accepted: 23 January 2023
Published online: 10 February 2023

References

1. World Health Organization. https://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight. Accessed 2 October 2021.

2. Kolotkin RL, Meter K, Williams GR. Quality of life and obesity. Obes Rev.
2001;2:219-29. https://doi.org/10.1046/j.1467-789X.2001.00040.

3. Obesity Monitor. https://www.diabete.com/wp-content/uploads/2019/
04/0BESITY-BAROMETER-REPORT-4-4-2019-LOW.pdf. Accessed 12 May 2021.

4. YumukV, Tsigos C, Fried M, Schindler K, Busetto L, Micic D, et al.
European Guidelines for Obesity Management in Adults. Obes Facts.
2015,8(6):402-24. https://doi.org/10.1159/000442721 Erratum in: Obes
Facts. 2016;9(1):64. PMID: 26641646; PMCID: PMC5644856.

5. Fossati M, Amati F, Painot D, et al. Cognitive-behavioral therapy with
simultaneous nutritional and physical activity education in obese

20.

21

22.

23.

24.

25.

26.

27.

28.

Page 9 of 10

patients with binge eating disorder. Eat Weight Disord. 2004;9:134-8.
https://doi.org/10.1007/BF03325057.

Fry JP, Neff RA. Periodic prompts and reminders in health promotion and
health behavior interventions: Systematic review. J Med Internet Res.
2009;11(2):e16. https://doi.org/10.2196/jmir.1138.

Kim M, KimY, Go Y, Lee S, Na M, Lee Y, et al. Multidimensional cognitive
behavioral therapy for obesity applied by psychologists using a digital
platform: open- label randomized controlled trial. JMIR Mhealth Uhealth.
2020;8(4):14817. https://doi.org/10.2196/14817.

Lewis E, Hassmén P, Pumpa KL. Participant perspectives of a telehealth
trial investigating the use of telephone and text message support in
obesity management: a qualitative evaluation. BMC Health Serv Res.
2021;21:675. https://doi.org/10.1186/512913-021-06689-6.

Shcherbina A, Hershman SG, Lazzeroni L, King AC, O'Sullivan JW, Hekler
E, et al. The effect of digital physical activity interventions on daily step
count: a randomised controlled crossover substudy of the MyHeart
counts cardiovascular health study. Lancet Digit Health. 2019;1(7):e344-
52 ISSN 2589-7500.

Digital Therapeutic Alliance. https://dtxalliance.org/reset/. Accessed 9
May 2021.

. GrafeV, Greiner W. Internet based treatment of depressive symptoms

- a health economic evaluation of costs and benefits. Value Health.
2017;20:A399-811. https://doi.org/10.1016/}jval. 2017.08.1893.

Miners A, Harris J, Felix L, et al. An economic evaluation of adaptive
e-learning devices to promote weight loss via dietary change for people
with obesity. BMC Health Serv Res. 2012;12:190. https://doi.org/10.1186/
1472-6963-12-190.

Santoro E, Boscherini L, Caiani EG. Digital therapeutics: a systematic
review of clinical trials characteristics. Eur Heart J. 2021;42(Supplement_1)
:ehab724.3115. https://doi.org/10.1093/eurheartj/ehab724.3115.

IQVIA. https.//www.iqvia.com/insights/the-iqvia-institute/reports/digit
al-health-trends-2021. Accessed 29 June 2021.

FDA. https://www.fda.gov/medical-devices/digital-health-center-excel
lence/software-medical-device-samd. Accessed 9 September 2021.
Digital Therapeutic Alliance. https://dtxalliance.org/wp-content/uploads/
2021/01/DTA_FS_DTx-Product-Categories_010521.pdf. Accessed 11 May
2021,

Recchia G, Capuano DM, Mistri N, Verna R. Digital therapeutics-what they
are, what they will be. Acta Sci Med Sci. 2020;4(3).

Federal Institute for Drugs and Medical Devices. https://www.bfarm.de/
SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=
publicationFile. Accessed 13 September 2021.

Dahlhausen F, Zinner M, Bieske L, Ehlers JP, Boehme P, Fehring L. There's
an app for that, but nobody’s using it: insights on improving patient
access and adherence to digital therapeutics in Germany. Digit Health.
2022;8:20552076221104672.

FDA. https://www.fda.gov/medical-devices/digital-health-center-excel
lence/digital-health-software-precertification-pre-cert-program -
Accessed 13 September 2021.

Mandolini B, Modugno F, Beccaria M, Recchia G, Lettieri E. Collaborazioni
tra imprese farmaceutiche e startup per lo sviluppo di terapie digitali.
Tendenze Nuove. 2021;1:3-23.

Safi S, Danzer G, Schmailzl K. Empirical research on acceptance of digital
Technologies in Medicine among Patients and Healthy Users: question-
naire study. JMIR. Hum Factors. 2019;6(4):e13472. https://doi.org/10.2196/
13472.

Torbjgrnsen A, Ribu L, Rennevig M, et al. Users'acceptability of a mobile
application for persons with type 2 diabetes: a qualitative study. BMC
Health Serv Res. 2019;19:641. https.//doi.org/10.1186/512913-019-4486-2.
Davis F, Bagozzi R, Warshaw P. User acceptance of computer technology:
a comparison of two theoretical models. Manag Sci. 1989;35(8):982-1003.
Davis F. Perceived Usefulness, Perceived ease of use, and user acceptance
of information technology. MIS Q. 1989;13(3):pag. 319.

Fishbein M, Ajzen |. Belief. Attitude, and intention and behavior: an intro-
duction to theory and research. Reading: Addison-Wesley; 1975.

Al Qudah AA, Al-Emran M, Shaalan K. Technology acceptance in health-
care: a systematic review. Appl Sci. 2021;11:10537. https://doi.org/10.
3390/app112210537.

Venkatesh V, Davis FD. A theoretical extension of the technology accept-
ance model: four longitudinal studies. Manag Sci. 2000;46(2):186-204.


https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1046/j.1467-789X.2001.00040
https://www.diabete.com/wp-content/uploads/2019/04/OBESITY-BAROMETER-REPORT-4-4-2019-LOW.pdf
https://www.diabete.com/wp-content/uploads/2019/04/OBESITY-BAROMETER-REPORT-4-4-2019-LOW.pdf
https://doi.org/10.1159/000442721
https://doi.org/10.1007/BF03325057
https://doi.org/10.2196/jmir.1138
https://doi.org/10.2196/14817
https://doi.org/10.1186/s12913-021-06689-6
https://dtxalliance.org/reset/
https://doi.org/10.1016/j.jval.2017.08.1893
https://doi.org/10.1186/1472-6963-12-190
https://doi.org/10.1186/1472-6963-12-190
https://doi.org/10.1093/eurheartj/ehab724.3115
https://www.iqvia.com/insights/the-iqvia-institute/reports/digital-health-trends-2021
https://www.iqvia.com/insights/the-iqvia-institute/reports/digital-health-trends-2021
https://www.fda.gov/medical-devices/digital-health-center-excellence/software-medical-device-samd
https://www.fda.gov/medical-devices/digital-health-center-excellence/software-medical-device-samd
https://dtxalliance.org/wp-content/uploads/2021/01/DTA_FS_DTx-Product-Categories_010521.pdf
https://dtxalliance.org/wp-content/uploads/2021/01/DTA_FS_DTx-Product-Categories_010521.pdf
https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile
https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile
https://www.bfarm.de/SharedDocs/Downloads/EN/MedicalDevices/DiGA_Guide.pdf?__blob=publicationFile
https://www.fda.gov/medical-devices/digital-health-center-excellence/digital-health-software-precertification-pre-cert-program
https://www.fda.gov/medical-devices/digital-health-center-excellence/digital-health-software-precertification-pre-cert-program
https://doi.org/10.2196/13472
https://doi.org/10.2196/13472
https://doi.org/10.1186/s12913-019-4486-2
https://doi.org/10.3390/app112210537
https://doi.org/10.3390/app112210537

Carrera et al. BMC Health Services Research (2023) 23:145

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Venkatesh V, Bala H. Technology acceptance model 3 and a research
agenda on interventions. Decis Sci. 2008;39:273-315.

Kamal SA, Shafig M, Kakria P. Investigating acceptance of telemedicine
services through an extended technology acceptance model (TAM).
Technol Soc. 2020;60:101212, ISSN 0160-791X. https://doi.org/10.1016/j.
techsoc.2019.101212.

Kim S, Lee KH, Hwang H, et al. Analysis of the factors influencing health-
care professionals’adoption of mobile electronic medical record (EMR)
using the unified theory of acceptance and use of technology (UTAUT)
in a tertiary hospital. BMC Med Inform Decis. 2015;Mak 16:12. https://doi.
org/10.1186/512911-016-0249-8.

Scott WR. Institutional theory: contributing to a theoretical research
program. In: Smith KG, Hitt MA, editors. Great minds in management: the
process of theory development. Oxford: Oxford University Press; 2005. p.
460-85.

Fareed N, Bazzoli GJ, Farnsworth Mick SS, Harless DW. The influence of
institutional pressures on hospital electronic health record presence. Soc
Sci Med. 2015;133:28-35 ISSN 0277-9536.

Dahlhausen F, Zinner M, Bieske L, Ehlers J, Boehme P, Fehring L. Physi-
cians'attitudes toward Prescribable mHealth apps and implications for
adoption in Germany: mixed methods study. JMIR Mhealth Uhealth.
2021;9(11):233012. URL: https://mhealth.jmir.org/2021/11/e33012.
https://doi.org/10.2196/33012.

Gagliardi D, Ramlogan R, Navarra P, Dello Russo C. Diffusion of comple-
mentary evolving pharmaceutical innovations: the case of Abacavir and
its pharmacogenetic companion diagnostic in Italy. Technol Forecast Soc
Chang. 2018;134:223-33 ISSN 0040-1625.

Kalisz DE, Khelladi |, Castellano S, Sorio R. The adoption, diffusion &
categorical ambiguity trifecta of social robots in e-health - insights from
healthcare professionals. Futures. 2021;129:102743 ISSN 0016-3287.

Or C, Dohan M, Tan J. Understanding critical barriers to implementing

a clinical information system in a nursing home through the Lens of a
socio-technical perspective. J Med Syst. 2014;38:99.

Quaglio G, Schellekens A, Blankers M, Hoch E, Karapiperis T, Esposito

G, et al. A brief outline of the use of new Technologies for Treat-

ing Substance use Disorders in the European Union. Eur Addict Res.
2017;23:177-81.

Steinhauser S, Doblinger C, Husig S. The relative role of digital comple-
mentary assets and regulation in discontinuous telemedicine innovation
in European hospitals. J Manag Inf Syst. 2020;37(4):1155-83.

Yao W, Chu CH, Li Z. The adoption and implementation of RFID Technolo-
gies in Healthcare: a literature review. J Med Syst. 2012;36:3507-25.
Chow M, Chan L, Lo B, Chu WP, Chan T, Lai YM. Exploring the intention to
use a clinical imaging portal for enhancing healthcare education. Nurse
Educ Today. 2013;33:655-62 ISSN 0260-6917.

Escobar-Rodriguez T, Mercedes RA. The acceptance of information
technology innovations in hospitals: differences between early and late
adopters. Behav Inform Technol. 2014;33(11):1231-43.

Gastaldi L, Radaelli G, Lettieri E, Luzzini D, Corso M. Professionals’ use of
ICT in hospitals: the interplay between institutional and rational factors.
Int JTechnol Manag. 2019;80(1-2):85-106.

Johnson MP, Zheng K, Padman R. Modeling the longitudinality of user
acceptance of technology with an evidence-adaptive clinical decision
support system. Decis Supp Syst. 2014;57:444-53.

Lee HW, Ramayah T, Zakaria N. External factors in hospital informa-

tion system (HIS) adoption model: a case on Malaysia. J Med Syst.
2012,;36:2129-40.

Venkatesh V, Morris M, Davis G, Davis F. User acceptance of information
technology: toward a unified view. MIS Q. 2003;27(3):425-78.

Yuen AH, Ma WW. Gender differences in teacher computer acceptance. J
Technol Teach Educ. 2002;10(3):365-82.

Chung JE, Park N, Wang H, Fulk J, McLaughlin M. Age differences in
perceptions of online community participation among non-users: an
extension of the technology acceptance model. Comput Hum Behav.
2010,26(6):1674-84.

Tol J, Swinkels IC, De Bakker DH, Veenhof C, Seidell JC. Overweight and
obese adults have low intentions of seeking weight-related care: a cross-
sectional survey. BMC Public Health. 2014;14:582.

Porter C, Donthu N. Using the technology acceptance model to explain
how attitudes determine internet usage: the role of perceived access
barriers and demographics. J Bus Res. 2006;59(9):999-1007.

Page 10 of 10

51. WuT, Gao X, Chen M, van Dam RM. Long-term effectiveness of diet-plus-
exercise interventions vs. diet-only interventions for weight loss: a meta-
analysis. Obes Rev. 2009;10:313-23.

52. Sein M, Bostrom R, Olfman L. Training end users to compute: cognitive,
motivational and social issues. INFOR: information systems and opera-
tional. Research. 1987;25:3, 236-55.

53. Singh M, Alam MS, Majumdar P, Tiwary B, Narzari H, Mahendradhata Y.
Understanding the spatial predictors of malnutrition among 0-2 years
children in India using path analysis. Front Public Health. 2021;9:667502.
https://doi.org/10.3389/fpubh.2021.667502 PMID: 34395360; PMCID:
PM(C8362662.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.techsoc.2019.101212
https://doi.org/10.1016/j.techsoc.2019.101212
https://doi.org/10.1186/s12911-016-0249-8
https://doi.org/10.1186/s12911-016-0249-8
https://mhealth.jmir.org/2021/11/e33012
https://doi.org/10.2196/33012
https://doi.org/10.3389/fpubh.2021.667502

	What drives patients’ acceptance of Digital Therapeutics? Establishing a new framework to measure the interplay between rational and institutional factors
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Model antecedents
	Rational factors
	Institutional factors


	Methods
	Model design
	Data collection
	Data analysis

	Results
	Discussion
	Limitations of the study and further research

	Conclusions
	Acknowledgements
	References


