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Abstract

Purpose: Cognitive impairment is a common complication in persons with multiple sclerosis (MS). Using a mobile application has
been shown to improve patient’s awareness of cognitive symptoms. The purpose of this quality improvement project was to im-
prove awareness of cognitive symptoms in adult patients with MS using a mobile application.

Design: A pre/post-implementation quality improvement design was used.

Methods: Patients were instructed to download the application MS Care Connect. Patients completed a pre/post-questionnaire
regarding their awareness of cognitive symptoms and if they were likely to discuss symptoms with providers. They were instructed
to use the application to rate the severity of their cognitive symptoms at least weekly.

Results: Thirty-two patients completed both pre- and post-implementation questionnaires. No significant change in awareness of
cognitive symptoms was found; however, patients were more likely to discuss cognitive changes with their healthcare team. In the
18 patients who used the application, a total of 60 cognitive symptom ratings were reported.

Clinical Relevance to the Practice of Rehabilitation Nursing: Nurses may recommend use of a mobile application for patients to
track their cognitive symptoms; however, further research is needed.

Conclusion: This project showed that adding a mobile application did not change awareness of patients’ cognitive symptoms.

Keywords: Cognitive awareness; cognitive impairment; mobile application; multiple sclerosis.

Multiple sclerosis (MS) is an immune-mediated process in
which the myelin in the central nervous system is attacked
by the immune system (Hickey, 2020). MS has a high
prevalence in the United States, affecting nearly one mil-
lion people (Wallin et al., 2019). Furthermore, a diagnosis
of MS adds an additional $29,253 in health-related costs
per person per year compared with those without MS
(Bebo et al., 2022). MS can cause progressive disability
because of motor and cognitive changes, which signifi-
cantly affects the daily life of persons with MS (Ziemssen
et al., 2016). Common issues of cognitive changes include
poor judgment, word finding difficulty, or trouble re-
membering what to do on the job or at home. Cognitive
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impairment is one of the most common complications of
MS with prevalence in up to 82% of patients (Ziemssen
et al., 2016).

Changes in cognition may be difficult to identify
early in the disease process as cognition is poorly evalu-
ated in routine visits, and patients may be unaware that
their cognitive symptoms are related to MS (Kalb et al.,
2018). The inability to identify MS-related cognitive
changes can delay discussions with healthcare teams
and lower the potential for early intervention (Kalb
et al., 2018). One study found patients who did not have
cognitive impairment identified early in their disease pro-
cess were more likely to have disability progression,
sometimes requiring more aggressive therapeutic strate-
gies (Carotenuto et al., 2019). A literature review found
that there is a need for more clinician and patient aware-
ness, combined with increased education, regarding cog-
nitive changes associated with MS (Kalb et al., 2018). A
lack of awareness of cognitive changes prevents patients
from using available cognitive resources, which could
help manage their declining cognition (Mazancieux
et al.,, 2019). Though cognitive impairment can have a
substantial impact on people with MS, there are consider-
able gaps in awareness and management (Lakin et al.,
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2021). As such, there is a need to improve patient’s
awareness of MS-related cognitive symptoms.

Using mobile applications is becoming a popular plat-
form to track health-related symptom changes (MacKrill
et al., 2020). Han and Lee (2018) conducted a systematic
review of randomized controlled trials and found that mo-
bile applications positively impact health behaviors and
clinical outcomes. The mobile application MS Care Con-
nect (MSCC) was developed in 2019 by MS researchers
who wanted to create tools to help health professionals
and patients. Using the application, persons with MS can
rate the severity of their cognitive symptoms on a 5-point
Likert scale (1 = mild, 5 = severe). These metrics could po-
tentially be used as a tool to manage MS by making them
available to clinicians (Metzger et al., 2022). Furthermore,
in a review of MS mobile applications, MSCC was shown
to improve patients’ self-management of MS and increase
adherence to therapies (Salimzadeh et al., 2019). Identifying
cognitive decline through self-evaluation via mobile applica-
tions may be helpful for clinicians by identifying changes
early and helping to determine the impact of cognitive
changes (Riccardi et al., 2019).

At a large MS clinic in northern Texas, members of
the healthcare team noted that patients with MS were
not aware of their cognitive symptoms or were unaware
that symptoms were potentially related to their MS diag-
nosis. Team members identified a need to have open dis-
cussions with patients with MS to better capture early
cognitive changes. As such, a quality improvement pro-
ject to improve awareness of cognitive symptoms in adult
patients with MS using the MSCC mobile application
was undertaken. The specific aims of the project were to
(1) increase patient awareness of cognitive symptoms in
adult patients with MS after 12 weeks of using the MSCC
application via pre/post-questionnaire, (2) evaluate the
frequency with which cognitive symptoms were rated
via the MSCC application, and (3) evaluate patient utili-
zation of the MSCC application measured via usage
tracking. The purpose of this article was to provide results
of this quality improvement project.

Methods
Design, Setting, and Sample

A pre/post-implementation quality improvement design
was used for this project. The project took place at a large
MS clinic in northern Texas. The practice sees around 60
patients with MS per week, with a total census of approx-
imately 800 patients with MS. The sample for the project
was chosen from scheduled patients at the clinic from the
two main MS providers. Patients were asked to participate
in the project if they had access to a smart device and were
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willing to use the MSCC mobile application. The MSCC
application was chosen based on favorable evidence, as
previously mentioned (Metzger et al., 2022; Salimzadeh
et al., 2019). Participation was voluntary, and retrieved
data were de-identified. Patients were ineligible to partici-
pate if they were currently enrolled in an MS clinical trial,
which included cognitive assessment; if they had signifi-
cant vision loss; or if they were unable to use a smart device
because of dexterity, weakness, or advanced cognitive
changes noted on any prior neuropsychological testing.
The project was reviewed and approved by the Duke Uni-
versity Institutional Review Board.

Procedure

After eligibility was assessed, patients were provided infor-
mation about the project and were invited to participate. If
the patient agreed to participate, they were provided a
quick response code and completed a pre-questionnaire
regarding their awareness of cognitive symptoms. The
questionnaire was developed through a literature search
and was reviewed for face validity by two MS specialists
(Kalb et al., 2018; Lakin et al., 2021). The questionnaire
asked patients to state the number of years and months
since they were diagnosed with MS, along with nine ques-
tions regarding their awareness of cognitive symptoms
utilizing a 4-point Likert scale (1 = strongly disagree,
4 = strongly agree).

After the pre-questionnaire, patients were instructed
how to download the MSCC mobile application on their
smart device. In the application, the patient identified their
provider from the clinic. The patient was educated on how
to use the application and rate their cognitive symptoms,
including thinking, memory, and attention on a S-point
Likert scale (1 = mild to 5 = severe); this information was
made available to the healthcare team. Patients were
instructed to use the mobile application at home for
12 weeks and complete cognitive symptom ratings at least
once per week at minimum. The project lead sent weekly
reminders through the application to participants. After
12 weeks, during the patient’s follow-up clinic appointment,
patients were asked to complete the post-implementation
questionnaire via a quick response code.

Data Analysis

A Wilcoxon signed-ranks test was used to compare pa-
tient’s awareness of their MS cognitive changes from the
pre- and post-implementation questionnaire. Descriptive
statistics and run charts were used to evaluate the fre-
quency with which patients rated their cognitive symptoms
via the MSCC mobile application, as well as patient’s uti-
lization of the application each week.
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Results

A total of 45 patients were eligible to participate in the
project and downloaded the MSCC mobile application.
Thirty-two patients completed both the pre- and post-
implementation questionnaires. These patients had a
mean age of 42.4 years (SD = 10.14), with an average
time since MS diagnosis of 8.1 years (SD = 6.9). No sig-
nificant changes were found for any questions (Table 1).
Most patients noted high awareness of their cognitive
symptoms during the pre-implementation questionnaire.
Responses to the question “I feel I am aware of what cog-
nitive changes could relate to MS well enough to currently
discuss with my provider” increased from a mean of 2.91
(SD =0.73) before implementation to 3.13 (SD = 0.79) fol-
lowing implementation; however, this was not significant,
p = .059. Participants rated their satisfaction using the
MSCC mobile application as high, with a mean of 3.35
(SD = 0.55), following implementation.

A total of 18 patients used the mobile application.
Across the 18 participants, the MSCC mobile application
was accessed 83 times over the course of 16 weeks. The
number of uses per week is displayed in Figure 1. The per-
centage of patients utilizing the application each week is
displayed in Figure 2. The range of weekly access was
0—4, with several weeks showing at least eight access points,
although some were as a result of multiple access points for
one patient. Across the 18 patients, a total of 60 cognitive
symptom ratings were reported. Figure 3 displays the total
number of cognitive symptom ratings each week.

Discussion

This project did not find improvements in patients’ aware-
ness of MS cognitive symptoms after implementation of a

Table 1 Overview of Pre/Post-Questionnaire Responses

D. Miller et al.

Number of times the MSCC Mobile Application was
Accessed

S —~ N W R L O

Number of times the Application was
Accessed

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Week

Figure 1. Number of times the MS Care Connect mobile application was
accessed.

mobile application; this may have been due to poor adher-
ence of using the application by enrolled patients. Previous
research found that sending reminders can help increase
patient’s adherence with evidence-based practices (Jeffrey
et al., 2019; Salimzadeh et al., 2019). For this project, pa-
tients received reminders to enter data into the mobile ap-
plication; however, this strategy did not increase adher-
ence. When asked why they did not use the mobile applica-
tion on a consistent basis, many patients stated they forgot;
this may constitute a possible sign of cognitive changes
that warrants further follow-up. Future projects may con-
sider other strategies to help increase adherence to using
the mobile application, such as regular feedback regard-
ing participant’s use of the application. In addition, many
patients stated in both pre- and post-implementation
questionnaires that they were already aware of symptoms
of cognitive impairment, which made it difficult to deter-
mine if those who used the mobile application experi-
enced improvement. Because of these shortcomings with
low adherence to the mobile application and high
pre-implementation awareness of cognitive changes, we

Pre-Implementation Post-Implementation

(n=32) (n=32

Question Mean (SD) Mean (SD) p

| understand what symptoms are related to cognitive changes. 3.19 (065) 0 (0.80) 360
I'am aware that | have cognitive changes. 3.09 (0.69) 3 09 (0.78) 860
| feel my cognitive changes are related to my multiple sclerosis (MS). 3.28 (063) 3.06 (0.88) 318
| feel my cognitive changes are related to aging. 2.09 (064 2.19 (0.64) 519
I monitor myself for cognitive-related changes. 3.0 (0.84) 3.03(0.78) 825
| consider cognitive changes a relapse or relapsing symptom. 2.68 (0.60) 269 (0.90) 644
| discussed any cognitive symptoms with my provider at my last visit. 2 78 0.75) 0(0.76) 229
| feel | am aware of what cognitive changes could relate to MS well enough to 91 (0.73) 3. 13 0.79) 059

currently discuss with my provider.
I'am currently using an MS mobile application to monitor my cognitive changes. 5 (15.6%) reported — —
“es”
I'am satisfied with my experience with using the MS Care Connect mobile — 335 (0.55) —

application
1 = very unsatisfied to 4 = very satisfied

Note. Likert scale response of 1 = strongly disagree to 4 = strongly agree, unless otherwise noted.
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Utilization
(% of patients that accessed the MSCC mobile
application at least once during the week)

35%

33.3% 33.3%

30%

25%

20%

16.7% 16.7%

15%

Utilizaiton Rate

11.1% 11.1%

10%
5% 5.6%
0%

Week

Figure 2. Percentage of patients that accessed the MS Care Connect
application at least once during the week.

did not identify the improvements that we sought, as
noted in the specific aims.

Whereas this project did not find improvements in
the patient’s awareness of cognitive changes, improve-
ments were identified in the patient’s response to the state-
ment “I feel [ am aware of what cognitive changes could
relate to MS well enough to currently discuss with my pro-
vider.” Discussing cognitive changes with providers has
been identified as a need in the literature (Kalb et al.,
2018; Mazancieux et al., 2019). Discussions between pa-
tients and their providers regarding early or subtle cogni-
tive symptoms have the potential to lead to earlier detection
and treatment options, potentially preventing long-term dis-
ability (Carotenuto et al., 2019). Using the MSCC mobile
application may have helped patients feel more knowledge-
able and empowered to have these discussions with their
providers (Riccardi et al., 2019). As this project only mea-
sured patient’s perceptions as to whether they were aware
of their cognitive symptoms enough to discuss with their
provider, future research is warranted to evaluate if these
discussions actually took place and if patients received
earlier treatment impacting patient outcomes.

Implications for Rehabilitation Nursing Practice

For nurses and other healthcare team members caring for
persons with MS, it is important to educate on potential

Number of Cognitive Symptom Ratings

Number of Ratings
S = NN W ks W N N o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Week

Figure 3. Total number of cognitive symptom ratings each week.
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cognitive symptoms so patients are aware of changes that
may be due to their MS. Early discussion of these changes
with the healthcare team may help initiate prompt treat-
ment. Nurses may consider recommending use of a mo-
bile application for patients to track their cognitive symp-
toms; however, further research is needed.

Limitations

This project has several limitations. Forty-five patients
were eligible for the project and downloaded the mobile
application; however, only 32 completed both pre- and
post-implementation questionnaires, and only 18 actu-
ally used the application to rate cognitive changes. Be-
cause of the data being de-identified, we were unable to
extract which questionnaires were completed for the 18
patients who rated cognitive changes. However, all 32
patients rated their experience with using the MSCC mo-
bile application on the post-implementation survey; as
such, they may have used the application to rate other
MS symptoms or take additional functional surveys of-
fered by the application. These patients were also
instructed to use the application weekly, though many
of them accessed it infrequently. Only one mobile appli-
cation was provided for use; offering a different or multi-
ple mobile applications based on patient preference may
have increased adherence. In addition, patient awareness
of cognitive changes was measured by utilizing an
author-developed questionnaire. Use of a validated tool
may have yielded different results.

Conclusions

Early identification and treatment of MS-related cognitive
changes can help prevent long-term disability. Previous re-
search has shown that using an MS-focused mobile applica-
tion can help improve a patient’s awareness of MS-related
cognitive symptoms. This project implemented the MSCC
mobile application; however, improvements in patient’s
cognitive awareness did not change. Adherence with using
the mobile application was low among participants. Future
projects may consider using a different mobile application
and include strategies other than weekly reminders to
increase adherence.
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Key Practice Points

- Cognitive impairment is a common complication in
persons with MS.

- Using an MS mobile application to track cognitive
symptoms may improve patient’s awareness of changes.

- Patient’s awareness of cognitive symptom changes may
improve their ability to have early discussions with their
healthcare team, leading to earlier treatment options.
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