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Abstract
Background: Clinical decision support systems are known to improve adherence to clinical practice guidelines and patient
outcomes by providing clinicians with timely, accurate, and appropriate knowledge.
Objective: This study investigates the perceived usefulness and practical implementation of UpHill Route v3, a personalized
digital care pathway (PDCP) system, in enhancing clinical decision-making and patient management across various clinical
settings.
Methods: A mixed-methods retrospective study was conducted among medical doctors and nurses from four National Health
System-Local Health Units in Portugal. Data were collected from May 2023 to April 2024. The primary data source was an
anonymous questionnaire assessing health care professionals’ perceptions of UpHill Route v3’s usefulness using the Likert
scale ranging from 0 (do not agree) to 10 (totally agree). Secondary analysis involved quantifying decisions across heart
failure, multimorbidity, diabetes, and colorectal and breast cancer clinical pathways. These data were collected from user
interactions with UpHill Route v3 as well as from its internal database. Descriptive and bivariate statistics were used to analyze
the data.
Results: A total of 22 health care professionals with mean age 44.7 (SD 10.6) years, including 15 (68%) female participants
and 9 (41%) physicians were included in the study. High ratings for adherence to clinical protocols, mean score 8.06 (SD
1.73); clinical decision support, mean score 8.05 (SD 1.73); patient care improvement, mean score 7.63 (SD 2.22); and
confidence in patient management, mean score 8.26 (SD 1.56) were reported. Secondary analysis showed that across 3574
patients, 25,741 clinical decisions were informed, and 9254 actions were performed with the assistance of the PDCP tool.
Conclusions: The UpHill Route v3 PDCP tool is highly valued by health care professionals for its ability to support clinical
decision-making and improve operational efficiency across various clinical settings. Our findings suggest that this tool can
effectively bridge the gap between clinical guidelines and real-world practice.
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Introduction
Computerized clinical decision support systems (CDSS) are
designed to enhance patient care by providing clinicians and
patients with timely, accurate, and appropriate knowledge
in the context of specific medical interactions or encoun-
ters. These systems have gained significant traction for their
potential to improve adherence to clinical practice guidelines,
bridging the gap between knowledge and its application
in diverse clinical contexts [1,2]. Systematic reviews and
studies have been conducted to evaluate the effectiveness
of CDSS, showing that CDSS can lead to improvements in
process adherence, thus leading to higher diagnosis accu-
racy and comprehensive disease management [3,4]. There
are multiple types of CDSS. Traditional CDSS primarily
offer static recommendations, whereas personalized CDSS
integrates patient-specific data from an electronic health
record (EHR) to tailor clinical recommendations. Person-
alized digital care pathway (PDCP) represents a further
advancement, extending CDSS capabilities beyond single
encounters by ensuring continuity of care across multiple
medical interactions. PDCP systems facilitate decision-mak-
ing and action execution across multidisciplinary teams,
while maintaining compliance with best practice protocols
and continuously adapting based on patient-specific data.
These systems have demonstrated benefits for patients, health
care professionals (HCP), and institutions by contributing to
improved service quality, workforce efficiency, and patient
outcomes. This expands the scope of CDSS to the entire
continuum of care, enabling the interaction among multiple
multidisciplinary teams through a shared care pathway. [4,5].

PDCPs ensure that each HCP delivers tailored care aligned
with standard protocols and guidelines, especially relevant for
chronic conditions requiring frequent assessments and timely
therapy adjustments across different contexts [6]. Current
management strategies for chronic patient care typically
rely on traditional methods such as face-to-face consulta-
tions, periodic monitoring, and manual documentation of
patient records. Care plans are often manually developed
based on clinical guidelines and personal clinical judgment,
with minimal decision support integration. Most EHRs lack
advanced decision support capabilities, decision characterisa-
tion, and patient communication features. Overall, current
management strategies can be time-consuming and prone to
variability in care delivery.

For example, CDSS have been shown to improve
patient outcomes in heart failure management by enhancing
monitoring, management, and optimization of therapies [7].
As more clinical practice guidelines emphasize the necessity
of digital solutions for early disease detection and patient
self-care [8], multidisciplinary chronic disease management
programs powered by CDSS tools have yielded better quality
of life, lower readmission rates, and reduced mortality [3].
Despite these benefits, there is a lack of evidence regarding
the perceived usefulness of CDSS among HCPs using these
systems and on the quantification and characterization of
this usage on the number and types of decisions and actions

usually performed by CDSS in chronic disease management
[3,9].

This study hypothesizes that HCPs consider PDCPs, such
as Uphill Route v3, to be more valuable than current
management strategies for chronic patient management. As
a PDCP and a subtype of CDSS, UpHill Route v3 aids
medical decision-making and improves patient management
by increasing compliance with locally validated clinical
pathways. The software creates personalized care pathways
by capturing patient health and demographic data from
hospital EHRs, manual inputs by HCPs, or self-reported
patient questionnaires (sent via text messages, web forms, or
voice interaction capabilities). This approach further supports
HCP clinical decisions and tasks throughout the clinical
pathway. Thus, the main aim of this study was to char-
acterize the perceived usefulness of a PDCP in chronic
patient management. The secondary aim was to describe the
number and types of decisions supported by the software,
thus quantifying them as a proxy for the system’s impact on
decision support and patient management efficiency.

Methods
Study Design
This was a mixed-methods retrospective study, conducted
to evaluate the usefulness of PDCP as a CDSS for HCPs.
For the primary aim, qualitative data was collected through
a questionnaire directed at HCPs using UpHill Route v3,
to assess the perceived usefulness of PDCP and compare it
with current management practices for chronic patient care.
For the secondary aim, quantitative data on decisions and
tasks performed during care pathways was retrieved from
UpHill Route v3. This design allowed for a comprehensive
understanding of the impact of UpHill Route v3 on clinical
decision-making and patient management.
Setting
Medical doctors and nurses from four National Health System
Local Health Units (LHUs) in Portugal, who were pilot-test-
ing UpHill Route v3, were invited to participate. These
professionals were trained in using UpHill Route v3 as part of
the software implementation framework, as described in the
software technical documentation and instructions for use. As
part of the implementation process, clinical content embedded
in the software was validated and approved, meaning that
clinical leaders from the enrolled institutions approved the
protocols reflected on the software.

The inclusion of patients in UpHill Route v3 was the
exclusive responsibility of HCPs, who were instructed and
trained to use the software in accordance with the technical
documentation for noncritical patients in non-critical clinical
settings.

The study encompassed the central, capital, and southern
coastal regions of Portugal and conducted from May 2023
to April 2024. The LHUs—Litoral Alentejano, Amadora
Sintra, Coimbra, and São José—serve a combined population
of over 1.40 million people across 17,660 km². This vast
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region includes urban and suburban populations, and the
clinical journeys in these four LHUs include heart failure,
multimorbidity (ie, combined heart failure, chronic obstruc-
tive pulmonary disease, and diabetes), diabetes, and colorec-
tal and breast cancer, which represent a diverse spectrum of
chronic diseases with frequent acute care interventions.

Participants
To be eligible for this study, participants were required to be
part of the HCP user base at the previously described health
units that were pilot testing UpHill Route v3 in their daily
practice and to have completed the training sessions in the
proper use of the software. The instruction to use UpHill
Route v3 only in noncritical settings was directly related
to the targeted diseases, which were chronic or elective
conditions integrated into predefined care pathways. The
HCPs were briefed on the appropriate use of the system, and
adherence to this criterion was monitored through participant
feedback and usage data.

It is important to note that the device does not autono-
mously provide care to patients, and all the content and
behavior are based on the locally validated clinical pathway.
All participants provided informed consent to be included in
each care journey, ensuring their voluntary participation.

Endpoints and Variables
The primary aim was to study the perceived usefulness of this
PDCP captured through a questionnaire administered to HCPs
piloting UpHill Route v3. This questionnaire was developed
so that the constructs under each question contributed to
understanding the perceived usefulness of UpHill Route
v3: (1) adherence to clinical protocols (ease of compliance
with protocols; (2) clinical decision support (measure of
recommendation relevance); (3) improvement in patient care
(perceived value of the presented recommendations to the
patient); (4) task management (time-saving benefits); and (5)
confidence in patient management (reliability of support for
delivery of exhaustive and proper care). Each question was
answered using a Likert scale ranging from 0 to 10, indicat-
ing the participant’s level of agreement with the presented
component concerning PDCP usefulness. The questionnaire
was written in Portuguese and distributed to participants via
email. It is available in the supplementary materials (Multi-
media Appendix 1).

The secondary aim was to describe the number and type
of decisions supported by the software, by analyzing human-
computer interactions made on the UpHill Route v3 graphi-
cal user interface. Decisions made with the support of the
software are encapsulated in decision gateways, which are
elements within UpHill Route v3 that prompt decision-mak-
ing based on specific criteria. These criteria may be related
to the patient’s condition, signs and symptoms, or clini-
cal results. Multimedia Appendix 2 represents an example
interface for UpHill Route v3 graphical interface for the
type 2 diabetes mellitus clinical pathway of a test patient.
In this interface, HCPs are presented with patient-specific
actions and decisions in the center panel. On the right panel,
supportive complementary information related to the selected

action or decision in the central panel is presented to the HCP.
Data were collected from user interactions with UpHill Route
v3, as well as from its internal database. Participants were
characterized according to demographic variables (eg, sex,
age) and years of clinical experience. Additionally, infor-
mation on academic activity as a binary variable indicat-
ing whether participants were involved in academic roles
alongside their clinical duties was collected.
Data Sources/Measurement
Primary objective data were collected through an online
questionnaire. The questionnaire (in Portuguese) was
delivered through Microsoft Forms and sent to the par-
ticipants through email and are available in Multimedia
Appendix 1. The analysis of the data was done using
Microsoft Excel and STATA (version 14; StataCorp).

Secondary objective data were collected through queries
from UpHill Route v3 internal database.
Data Processing Protocol
Data were collected from the software’s database to describe
the number and type of decisions supported by the software.
The database recorded each option clicked on by the user
for each pathway element. Then, these data were aggregated
by pathway elements (ie, actions and decisions), each with
a unique identification number. To analyze these elements
and their selected options, queries on the database were
performed, aggregating the same pathway element across all
patient records.

Decisions were categorized into one of the ten clinical
decision types as defined in the Decision Identification
and Classification Taxonomy for Use in Medicine (DIC-
TUM) [10]. These includes gathering additional informa-
tion, evaluating test results, defining problems, drug-related
decisions, therapeutic procedure-related decisions, legal and
insurance-related decisions, contact-related decisions, advice,
and precaution, setting treatment goals, and deferment.

Actions were categorized as clinical if assigned to nurses
or physician profiles, or as nonclinical if assigned to
administrative profiles. For example, clinical tasks included
the recommendations to request a mandatory diagnostic test,
while nonclinical tasks involved appointment scheduling. All
data were aggregated by pathway elements, combining all the
patient records without any identifiable patient variable.
Study Size
For the primary objective, all 48 potentially eligible HCPs
who were actively piloting UpHill Route v3 at the time
of study recruitment were invited via email to answer the
questionnaire.

For the secondary objectives, internal data were retrieved
anonymously for HCPs and patient data. Therefore, data from
the activities of all 48 professionals was analyzed.
Statistical Methods
Descriptive statistics were used to summarize the dem-
ographic characteristics of the participants. Continuous
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variables were summarized with central tendency and
dispersion measures, namely mean and standard deviation.
Categorical variables were reported as relative and absolute
frequencies. Bivariate analysis was conducted with a χ2 test
for categorical variables and a 2-tailed Student t test for
continuous variables.

To address the primary objective, responses collected from
the questionnaire were analyzed by calculating mean scores
and measures of dispersion (standard deviation) for each
question. Higher mean scores indicated greater perceived
usefulness of UpHill Route v3, while low dispersion
reflected stronger agreement among participants regarding the
software’s usefulness.

To address the secondary objective, we categorized and
counted the types of decisions involving human-computer
interaction, which were presented as absolute and relative
frequencies. Additionally, we analyzed the tasks suggested by
UpHill Route v3 within each care pathway, reporting these
tasks as percentages.
Ethical Considerations
This research project was submitted and approved by NOVA
Medical School under the main author’s PhD research project
“Characterizing uncertainty in decision making with complex
multimorbidity patients,” (No.108/2021/CEFCM) (Multime-
dia Appendix 3). The study involved secondary analysis
of existing data for which informed consent was obtained
at the time of initial collection, and the original consent
and institutional review board approval covered secondary
analysis without requiring additional consent from the
participants. All data used in this study were fully anony-
mized to ensure privacy and confidentiality. No compensation
was provided to participants.

Results
A total of 22 participants answered the questionnaire
(response rate, 46%). The mean age of the participants was
44.7 (SD 10.6) years, while mean years of experience was
20.6 (SD 11.0) years. Of the 22 participants, 15 (68%) were
female; 9 (41%) were medical doctors, and the remaining 13
(59%) were nurses. Additionally, 2 (9%) of participants were
involved in academic activities.

Bivariate analysis showed no significant associations
between gender and medical doctor status (P=.30), gender
and nurse status (P=.13), or gender and involvement in
academic activities (P=.66). Similarly, t tests for continuous
variables indicated no significant differences in age (P=.54)
or years of experience (P=.44) between male and female
participants.
Perceived Usefulness of UpHill Route V3
Participants rated the statement “UpHill Route v3 makes it
easier to manage patients according to the clinical protocols
of my institution” with a mean score of 8.06 (SD 1.73), a
statement that aimed to assess the ability to easily comply
with protocols. Focusing on clinical decision support, the
statement “the UpHill Route v3 provides me with relevant
clinical recommendations at the right time” received a mean
score of 8.05 (SD 1.73). For the statement “the UpHill Route
v3 helps me to improve my patient care”, which evaluated
the sense of patient care improvement, the mean score was
7.63 (SD 2.22). Finally, for confidence in patient manage-
ment, “the UpHill Route v3 gives me more confidence that
my patients are being properly cared for” received a mean
score of 8.26 (SD 1.56). The results of the questionnaire are
presented in Table 1.

Table 1. Results of the questionnaire applied to HCPsa to assess the perceived usefulness of the UpHill Route v3b.
Question Mean score (SD)
UpHill Route v3 makes it easier to manage patients according to the clinical protocols of my institution 8.06 (1.73)
The UpHill Route v3 provides me with relevant clinical recommendations at the right time 8.05 (1.73)
The UpHill Route v3 helps me to improve my patient care 7.63 (2.22)
The UpHill Route v3 gives me more confidence that my patients are being properly cared for 8.26 (1.56)

aHCP: health care practitioner.
bResponses collected from the questionnaire were analyzed by calculating mean scores and measures of dispersion (standard deviation) for each
question using the Likert scale ranging from 0 (do not agree) to 10 (totally agree) indicated the participant’s level of agreement with UpHill Route
v3..

There were no significant differences in the perceptions of
effectiveness of the UpHill Route v3 between physicians and
nurses, as well as between genders.

Overall, the demographic characteristics or perceived
usefulness of the UpHill Route v3 did not significantly differ
based on gender or professional role (ie, medical doctor vs.
nurse).
Decisions Supported by the Software
Data were collected from heart failure, diabetes, and cancer
(colorectal and breast) care pathways across the four different
institutions (ie, LHUs).

Forty-eight HCPs used UpHill Route for supporting
decisions of a total of 3574 patients, with 25,741 decisions
captured. HCPs answered 427 decision gateways, performed
9254 actions, and the system generated 2429 clinical notes.
Overall, there were 37,534 activities (ie, sum of decisions,
actions, and notes) performed in UpHill Route v3. These
results are summarized in Table 2.
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Table 2. Aggregated data of human-computer interactions across care pathways.

Local health unit (Care pathway)
Patients
(n=3574)

Gateways
(n=427)

Decisions
(n=25,741)

Actions
(n=9254)

Clinical notes
(n=2429)

Total activities per pathway, n
(activities per patient)

Litoral Alentejano (heart failure) 609 76 8249 2570 0 10,819 (19.5)
Litoral Alentejano
(multimorbidity)

668 207 10,680 2350 0 13,030 (17.8)

Coimbra (colorectal cancer) 355 3 685 1356 0 2041 (5.8)
São José (colorectal cancer) 202 25 883 856 144 1883 (9.3)
São José (breast cancer) 223 32 878 1079 107 2064 (9.3)
Amadora/Sintra (diabetes) 1517 84 4466 1053 2178 7697 (5.1)
Total —a — — — — 37,534 (10.5)

aNot applicable.

The Litoral Alentejano multimorbidity care pathway
presented the highest number of activities per patient, with an
average of 19.5 activities, followed by the Litoral Alentejano
heart failure care pathway which exhibited a high level of
clinical activity, with 17.8 activities per patient. São José
colorectal and breast cancer pathways had an average of
9.3 activities per patient. Coimbra colorectal cancer and
Amadora/Sintra diabetes care pathways averaged 5.8 and 5.1
activities per patient, respectively. Overall, the mean number
of clinical activities per patient performed in the four health
institutions using the UpHill Route v3 was 10.5.

As part of the secondary objective, the categorization
of clinical decisions showed that the majority of decisions
(9215/25,841, 35.7%) were related to “defining problem”,
followed by “gathering additional information” (n=5759,
22.3%) and “treatment goal” (n=4845, 18.7%). The distribu-
tion of these decisions varied across different care pathways,
with Litoral Alentejano multimorbidity and heart failure
accounting for the largest proportions, representing 41.3%
(n=10,678) and 31.9% (n=8251) of the total decisions,
respectively. Other decision types, such as “contact-related”
and “therapeutic procedure–related,” accounted for smaller
proportions, 7.0% (n=1814) and 5.0% (n=1280), respectively.
This distribution highlights the diverse range of decision
types supported by UpHill Route v3, tailored to the specific
needs of different clinical contexts. The results of the decision
categorization, presented by clinical journey are summarized
in Multimedia Appendices 4 and 5 .

While analyzing decision types, a total of 1814 (n=7.0%)
decisions were found to be contact-related. These involved
admitting or discharging patients, scheduling follow-ups, and
referring patients to other parts of the health care system.
There were 460 (1.8%) deferment decisions, which involved
actively delaying or rejecting a decision on a problem
presented by the patient. The highest number of deci-
sions were defining-problem decisions, totaling 9215/25,841
(35.7%). These complex, interpretative assessments defined
what the problem was, including diagnostic conclusions,
evaluations of health status, etiological inferences, and
prognostic judgments. A total of 1415 (5.5%) decisions were
related to drug therapy, which involved starting, stopping,
altering, or maintaining a drug regimen. There were 1053
(4.1%) decisions related to the evaluation of test results,

involving simple, normative assessments of clinical findings
and tests. A total of 5759 (22.3%) decisions were aimed
at gathering additional information, which involved obtain-
ing information from sources other than patient interviews,
physical examinations, and patient charts. There were 1280
(5.0%) decisions related to therapeutic procedures; these
involve planning, performing, or refraining from therapeutic
interventions. A total of 4845 (18.7%) decisions were related
to setting treatment goals, which involved defining specific
objectives for patient care. The comprehensive details of each
decision type’s categorization can be found in Multimedia
Appendix 6.

Discussion
Principal Findings
This study evaluated the perceived usefulness and practi-
cal implementation of the UpHill Route v3 as a PDCP in
various clinical settings. The primary outcome focused on
the perceived usefulness of the system, as assessed by HCPs
through a structured questionnaire. The results demonstrated
high scores across multiple dimensions, including adherence
to clinical protocols, clinical decision support, and confidence
in patient management. Specifically, participants rated the
system highly in the ease of adhering to clinical protocols by
providing relevant clinical recommendations, demonstrating
that HCPs perceive UpHill Route v3 as a valuable tool in
clinical settings. Our analysis found no significant differen-
ces in the perceived usefulness of UpHill Route v3 between
genders or professional roles (medical doctors vs nurses).
This lack of disparity indicates that UpHill Route v3 is
perceived to be equally beneficial across different demo-
graphic and professional groups within health care settings.
Overall, this posits that the software with its decision support
capabilities proves valuable in adhering to clinical guidelines,
providing relevant clinical guidance, enhancing patient care,
and instilling confidence in the provided care.

The high scores across multiple dimensions of perceived
usefulness indicate that HCPs find the UpHill Route v3
system valuable for clinical decision support. The system’s
ability to integrate clinical protocols and provide timely
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recommendations appears to enhance both clinical efficiency
and the quality of patient care.

Concerning secondary outcomes, the data indicated
significant usage of clinical activities being supported by
UpHill Route v3, averaging 10.5 activities per patient. There
were expected variations in clinical activities per patient
across different care pathways. Litoral Alentejano multi-
morbidity and heart failure cases required the most activi-
ties per patient, suggesting highly complex pathways with
numerous decision points. These care pathways naturally
require more complex clinical activity for the management
of these conditions. In contrast, Coimbra Colorectal Can-
cer and Amadora Sintra Diabetes involved fewer activi-
ties per patient, reflecting a more focused and shorter
clinical pathway in those users. The distribution of deci-
sions supported by UpHill Route v3 varied significantly,
with defining–problem decisions and gathering additional
information being the most common. This finding is
consistent with the complex nature of clinical diagnostics
and the need for comprehensive information gathering to
inform clinical decisions in the follow-up phase of symp-
tomatic chronic diseases such as heart failure or multimor-
bidity [11]. The system’s ability to support these critical
decision types highlights its relevance and utility in clinical
practice. Overall, the categorization of decisions and tasks
demonstrates the system’s versatility in supporting various
aspects of patient management, from diagnosis and treatment
to follow-up care. These findings suggest that the UpHill
Route v3 system can effectively bridge the gap between
clinical guidelines and real-world practice, potentially leading
to improved patient management.

The study’s findings on UpHill Route v3 align with
existing literature on the effectiveness of CDSS in health-
care [12]. Our findings emphasize the importance of CDSS,
particularly PDCP, in providing timely and accurate decision
support, through personalization and longitudinal continuity,
which is crucial for clinicians in complex and dynamic
environments [13]. This aligns with findings from multi-
ple systematic reviews and studies. Although many CDSS
enhance practitioner performance, evidence of their impact on
patient outcomes remains limited and inconsistent, indicat-
ing a need for further research[14]. A recently published
systematic review and meta-analysis focused on the pri-
mary prevention of cardiovascular disease demonstrated that
CDSS were effective in improving blood pressure clinical
target attainments. However, multilayered barriers affect-
ing the uptake, longer-term use and active engagement
from clinicians and patients may hinder their full poten-
tial in achieving other quality-of-care outcomes [15]. While
digital care pathways have shown promise in optimizing
the efficiency of care delivery, effective implementation
requires training, resource allocation, support for informa-
tion management, and optimizing alert algorithms to manage
information overload [16,17].

The positive feedback on UpHill Route v3’s decision
support capabilities reinforces the concept that a PDCP as
a CDSS can enhance clinical decision-making and patient
management, and the subsequent step for PDCPs is likely

to be task automation of predictable and mandatory tasks.
Previous findings in the literature highlight its benefits. For
instance, a systematic review by Jones et al [18] highlighted
how task automation through CDSS can streamline work-
flows, reduce administrative burdens, and minimize human
errors, allowing HCPs to focus more on direct patient care.

Future research should explore the long-term impacts of
task automation on clinical outcomes and examine how the
integration of PDCPs with other health care technologies can
provide efficient orchestration of patient health care.

Several limitations and potential sources of bias need to be
acknowledged in this study. First, only 22 HCPs replied to the
questionnaire, a small number that may limit the generaliza-
bility of the findings, although they worked at multiple health
care centers. Additionally, the study relied on self-reported
data to assess the perceived usefulness of the system, which
could be subject to response bias. Despite anonymization,
participants may have provided favorable responses due to
social desirability or perceived expectations of the study
organizers. However, a strength of the study is the inclusion
of aggregated data from diverse patient populations (eg, heart
failure, diabetes, breast and colorectal cancer) across various
clinical settings (ie, primary and secondary care) and contexts
(ie, urban and rural).

Although all authors are affiliated with UpHill Health,
S.A., the study design, data collection, and analysis were
conducted using standardized methodologies to ensure
objectivity. The findings were interpreted transparently and
align with prior research on clinical decision support systems,
reinforcing their validity.

While the study’s findings are promising, the small sample
size limits the generalization of the results. Future research
should aim to include a larger and more diverse cohort
across multiple health care settings (ie, various specialties
and practice settings) and geographic regions to enhance
external validity and applicability to broader clinical contexts.
We speculate that variations in health care system infrastruc-
ture, clinical workflows, cultural factors, and user experience
levels may influence the adoption and perceived effectiveness
of PDCP.

Additionally, this study primarily focuses on short-term
implementation outcomes. Future research should adopt a
longitudinal approach to evaluate sustained adherence to
protocols, patient outcomes, and cost efficiency, allowing for
a more comprehensive assessment of the long-term impact
of the UpHill Route v3 system on clinical outcomes and
health care efficiency. Despite these limitations, the positive
qualitative feedback and the objective quantitative interaction
with the software by HCPs suggest that the UpHill Route
v3 system is a valuable tool in various clinical settings,
supporting decision-making and enhancing patient care.
Conclusion
This study demonstrates that HCPs highly value PDCPs
as CDSSs for enhancing adherence to clinical protocols,
providing timely recommendations, and improving patient
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care. The system showed significant activity, with several
decisions supported across various clinical journeys and
settings.

Despite the study’s small sample size, the anonymous
nature of the questionnaire and objective secondary out-
come data provide robust evidence of the system’s effec-
tiveness across different clinical scenarios such as chronic,

oncological, and surgical conditions. Further research with
larger and more diverse populations is needed to confirm
these findings and explore the system’s long-term impact.

In summary, the PDCP systems support clinical decision-
making and operational efficiency and promote the accurate
execution of a wide range of clinical activities in patient
management in health care settings.

Acknowledgments
This study was supported by UpHill, S.A., which provided funding as part of the main author’s PhD studies. The funder's role
was limited to facilitating the research activities and data collection. UpHill, S.A. was not involved in the study design, data
analysis or interpretation, writing of the manuscript, or the decision to submit the article for publication.
Conflicts of Interest
All authors of this study are employees of UpHill, S.A. This affiliation may represent a potential conflict of interest. Efforts
were made to ensure the study’s design, data collection, analysis, and interpretation were conducted impartially and without
undue influence from the author’s employment status. The findings and conclusions presented in this manuscript are based on
objective data and aim to contribute to the scientific understanding of clinical decision support systems.
Multimedia Appendix 1
Health Care Professionals Questionnaire.
[DOCX File (Microsoft Word File), 65 KB-Multimedia Appendix 1]

Multimedia Appendix 2
UpHill Route V3 graphical interface.
[DOCX File (Microsoft Word File), 222 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Ethics committee approval.
[DOCX File (Microsoft Word File), 404 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Decision categorisation presented by care pathway.
[PNG File (Portable Network Graphics File), 158 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Aggregated clinical pathway supported decisions categorized as by DICTUM taxonomy.
[DOCX File (Microsoft Word File), 68 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Table with detailed information on decision categorization presented by care pathway.
[DOCX File (Microsoft Word File), 23 KB-Multimedia Appendix 6]
References
1. El Asmar ML, Dharmayat KI, Vallejo-Vaz AJ, Irwin R, Mastellos N. Effect of computerised, knowledge-based, clinical

decision support systems on patient-reported and clinical outcomes of patients with chronic disease managed in primary
care settings: a systematic review. BMJ Open. Dec 22, 2021;11(12):e054659. [doi: 10.1136/bmjopen-2021-054659]
[Medline: 34937723]

2. Sutton RT, Pincock D, Baumgart DC, Sadowski DC, Fedorak RN, Kroeker KI. An overview of clinical decision support
systems: benefits, risks, and strategies for success. NPJ Digit Med. 2020;3(17):17. [doi: 10.1038/s41746-020-0221-y]
[Medline: 32047862]

3. Chen Z, Liang N, Zhang H, et al. Harnessing the power of clinical decision support systems: challenges and
opportunities. Open Heart. Nov 28, 2023;10(2):e002432. [doi: 10.1136/openhrt-2023-002432] [Medline: 38016787]

4. Rotter T, Kinsman L, James E, et al. Clinical pathways: effects on professional practice, patient outcomes, length of stay
and hospital costs. Cochrane Database Syst Rev. Mar 17, 2010;17(3):CD006632. [doi: 10.1002/14651858.CD006632.
pub2] [Medline: 20238347]

JMIR HUMAN FACTORS Rodrigues et al

https://humanfactors.jmir.org/2025/1/e68581 JMIR Hum Factors 2025 | vol. 12 | e68581 | p. 7
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=humanfactors_v12i1e68581_app1.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e68581_app1.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e68581_app2.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e68581_app2.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e68581_app3.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e68581_app3.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e68581_app4.png
https://jmir.org/api/download?alt_name=humanfactors_v12i1e68581_app4.png
https://jmir.org/api/download?alt_name=humanfactors_v12i1e68581_app5.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e68581_app5.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e68581_app6.docx
https://jmir.org/api/download?alt_name=humanfactors_v12i1e68581_app6.docx
https://doi.org/10.1136/bmjopen-2021-054659
http://www.ncbi.nlm.nih.gov/pubmed/34937723
https://doi.org/10.1038/s41746-020-0221-y
http://www.ncbi.nlm.nih.gov/pubmed/32047862
https://doi.org/10.1136/openhrt-2023-002432
http://www.ncbi.nlm.nih.gov/pubmed/38016787
https://doi.org/10.1002/14651858.CD006632.pub2
https://doi.org/10.1002/14651858.CD006632.pub2
http://www.ncbi.nlm.nih.gov/pubmed/20238347
https://humanfactors.jmir.org/2025/1/e68581


5. Allen D, Gillen E, Rixson L. The effectiveness of integrated care pathways for adults and children in health care settings:
a systematic review. JBI Libr Syst Rev. 2009;7(3):80-129. [doi: 10.11124/01938924-200907030-00001] [Medline:
27820426]

6. Rotter T, Jong RB, Evans-Lacko S, Ronellenfitsch U, Kinsman L, et al. Clinical pathways as a quality strategy. In: Busse
R, Klazinga N, Panteli D, editors. Improving Healthcare Quality in Europe: Characteristics, Effectiveness and
Implementation of Different Strategies [Internet]. European Observatory on Health Systems and Policies; 2019:12. URL:
https://www.ncbi.nlm.nih.gov/books/NBK549262/ [Accessed 2025-05-09]

7. McBeath KCC, Angermann CE, Cowie MR. Digital technologies to support better outcome and experience of care in
patients with heart failure. Curr Heart Fail Rep. Jun 2022;19(3):75-108. [doi: 10.1007/s11897-022-00548-z] [Medline:
35486314]

8. McDonagh TA, Metra M, Adamo M, et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic
heart failure. Eur Heart J. Sep 21, 2021;42(36):3599-3726. [doi: 10.1093/eurheartj/ehab368] [Medline: 34447992]

9. Chen W, O’Bryan CM, Gorham G, et al. Barriers and enablers to implementing and using clinical decision support
systems for chronic diseases: a qualitative systematic review and meta-aggregation. Implement Sci Commun. Jul 28,
2022;3(1):81. [doi: 10.1186/s43058-022-00326-x] [Medline: 35902894]

10. Ofstad EH, Frich JC, Schei E, Frankel RM, Gulbrandsen P. What is a medical decision? A taxonomy based on physician
statements in hospital encounters: a qualitative study. BMJ Open. Feb 11, 2016;6(2):e010098. [doi: 10.1136/bmjopen-
2015-010098] [Medline: 26868946]

11. Román-Villarán E, Alvarez-Romero C, Martínez-García A, et al. A personalized ontology-based decision support system
for complex chronic patients: retrospective observational study. JMIR Form Res. Aug 2, 2022;6(8):e27990. [doi: 10.
2196/27990] [Medline: 35916719]

12. Funer F, Schneider D, Heyen NB, et al. Impacts of clinical decision support systems on the relationship, communication,
and shared decision-making between health care professionals and patients: multistakeholder interview study. J Med
Internet Res. Aug 23, 2024;26:e55717. [doi: 10.2196/55717] [Medline: 39178023]

13. Huang S, Liang Y, Li J, Li X. Applications of clinical decision support systems in diabetes care: scoping review. J Med
Internet Res. Dec 8, 2023;25:e51024. [doi: 10.2196/51024] [Medline: 38064249]

14. Garg AX, Adhikari NKJ, McDonald H, et al. Effects of computerized clinical decision support systems on practitioner
performance and patient outcomes: a systematic review. JAMA. Mar 9, 2005;293(10):1223-1238. [doi: 10.1001/jama.
293.10.1223] [Medline: 15755945]

15. Buzancic I, Koh HJW, Trin C, et al. Do clinical decision support tools improve quality of care outcomes in the primary
prevention of cardiovascular disease: a systematic review and meta-analysis. Am J Prev Cardiol. Dec
2024;20(100855):100855. [doi: 10.1016/j.ajpc.2024.100855] [Medline: 39416379]

16. Connell A, Black G, Montgomery H, et al. Implementation of a digitally enabled care pathway (part 2): qualitative
analysis of experiences of health care professionals. J Med Internet Res. Jul 15, 2019;21(7):e13143. [doi: 10.2196/
13143] [Medline: 31368443]

17. Connell A, Raine R, Martin P, et al. Implementation of a digitally enabled care pathway (part 1): impact on clinical
outcomes and associated health care costs. J Med Internet Res. Jul 15, 2019;21(7):e13147. [doi: 10.2196/13147]
[Medline: 31368447]

18. Jones SS, Rudin RS, Perry T, Shekelle PG. Health information technology: an updated systematic review with a focus on
meaningful use. Ann Intern Med. Jan 7, 2014;160(1):48-54. [doi: 10.7326/M13-1531] [Medline: 24573664]

Abbreviations
CDSS: clinical decision support systems
EHR: electronic health record
HCP: health care professional
PDCP: personalized digital care pathway

Edited by Avi Parush; peer-reviewed by Ali Panahi, Rafael Vidal-Perez; submitted 09.11.2024; final revised version
received 03.04.2025; accepted 06.04.2025; published 15.05.2025

Please cite as:
Rodrigues D, Jasmins C, Ladeiras-Lopes R, Patrao L, Rodrigues EF
Personalized Digital Care Pathways Enable Enhanced Patient Management as Perceived by Health Care Professionals:
Mixed-Methods Study
JMIR Hum Factors 2025;12:e68581
URL: https://humanfactors.jmir.org/2025/1/e68581

JMIR HUMAN FACTORS Rodrigues et al

https://humanfactors.jmir.org/2025/1/e68581 JMIR Hum Factors 2025 | vol. 12 | e68581 | p. 8
(page number not for citation purposes)

https://doi.org/10.11124/01938924-200907030-00001
http://www.ncbi.nlm.nih.gov/pubmed/27820426
https://www.ncbi.nlm.nih.gov/books/NBK549262/
https://doi.org/10.1007/s11897-022-00548-z
http://www.ncbi.nlm.nih.gov/pubmed/35486314
https://doi.org/10.1093/eurheartj/ehab368
http://www.ncbi.nlm.nih.gov/pubmed/34447992
https://doi.org/10.1186/s43058-022-00326-x
http://www.ncbi.nlm.nih.gov/pubmed/35902894
https://doi.org/10.1136/bmjopen-2015-010098
https://doi.org/10.1136/bmjopen-2015-010098
http://www.ncbi.nlm.nih.gov/pubmed/26868946
https://doi.org/10.2196/27990
https://doi.org/10.2196/27990
http://www.ncbi.nlm.nih.gov/pubmed/35916719
https://doi.org/10.2196/55717
http://www.ncbi.nlm.nih.gov/pubmed/39178023
https://doi.org/10.2196/51024
http://www.ncbi.nlm.nih.gov/pubmed/38064249
https://doi.org/10.1001/jama.293.10.1223
https://doi.org/10.1001/jama.293.10.1223
http://www.ncbi.nlm.nih.gov/pubmed/15755945
https://doi.org/10.1016/j.ajpc.2024.100855
http://www.ncbi.nlm.nih.gov/pubmed/39416379
https://doi.org/10.2196/13143
https://doi.org/10.2196/13143
http://www.ncbi.nlm.nih.gov/pubmed/31368443
https://doi.org/10.2196/13147
http://www.ncbi.nlm.nih.gov/pubmed/31368447
https://doi.org/10.7326/M13-1531
http://www.ncbi.nlm.nih.gov/pubmed/24573664
https://humanfactors.jmir.org/2025/1/e68581
https://humanfactors.jmir.org/2025/1/e68581


doi: 10.2196/68581

© David Rodrigues, Clara Jasmins, Ricardo Ladeiras-Lopes, Luis Patrao, Eduardo Freire Rodrigues. Originally published in
JMIR Human Factors (https://humanfactors.jmir.org), 15.05.2025. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Human Factors, is properly
cited. The complete bibliographic information, a link to the original publication on https://humanfactors.jmir.org, as well as
this copyright and license information must be included.

JMIR HUMAN FACTORS Rodrigues et al

https://humanfactors.jmir.org/2025/1/e68581 JMIR Hum Factors 2025 | vol. 12 | e68581 | p. 9
(page number not for citation purposes)

https://doi.org/10.2196/68581
https://humanfactors.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://humanfactors.jmir.org
https://humanfactors.jmir.org/2025/1/e68581

	Personalized Digital Care Pathways Enable Enhanced Patient Management as Perceived by Health Care Professionals: Mixed-Methods Study
	Introduction
	Methods
	Study Design
	Setting
	Participants
	Endpoints and Variables
	Data Sources/Measurement
	Data Processing Protocol
	Study Size
	Statistical Methods
	Ethical Considerations

	Results
	Perceived Usefulness of UpHill Route V3
	Decisions Supported by the Software

	Discussion
	Principal Findings
	Conclusion



