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Abstract

Introduction: Clear communication of diagnostic test results and dementia diagnosis

is challenging yet important to empower patients and care partners. A personalized

diagnostic report could support the communication of dementia diagnostics and aid

patients’ understanding of diagnosis. In this study, we aimed to design a diagnostic

report in co-creation with patients and care partners.

Methods:Weusedamixed-methods approach, combining surveyswith focus groups in

iteration. Phase 1 consisted of an international survey assessing needs among patients

(n = 50) and care partners (n = 46), and phase 2 consisted of focus group meetings

(n= 3) to co-create the content and to hands-on co-design the layout of the diagnostic

report with patients (n = 7) and care partners (n = 7). Phase 3 validated results from

phase 2 in a survey among patients (n = 28) and care partners (n = 12), and phase 4

comprised final feedback by dementia (care) experts (n=5). Descriptive statisticswere

used to report quantitative results and directed content analysis was used to analyze

qualitative data.

Results:Most patients (39/50, 78%) and care partners (38/46, 83%) positively valued

a diagnostic report to summarize test results. The report should be brief, straight-

forward, and comprise results of the diagnostic tests, including brain imaging and

information on future expectations. Despite a clear preference for visual display

of test results, several visualization options were deemed best and were equally

comprehended.

Discussion: In this study, we developed a prototype of a personalized patient report

through an iterative design process and learned that co-creation is highly valuable to

meet the specific needs of end-users.
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1 BACKGROUND

The diagnostic workup of dementia requires an elaborate set of

investigations, including neuropsychological testing and brain imaging,

sometimes supplemented with biomarkers.1–6 With increasing use of

these tests,7 a new challenge for the clinician arises: how to adequately

discuss these results with the patient? Should they explain every test

result or summarize the conclusion? How to stimulate understanding

while preventing information overload?

Patients and care partners need to remember and understand the

given information to cope with their condition and its implications.8 A

lack of understanding about dementia might lead to uncertainty about

the future and suboptimal disease management.9 However, patients

and care partners frequently feel that test results and their meaning

are inadequately explained.10,11 This might result from patients’ recall

of information, as patients generally remember only half of the pro-

vided information directly after consultation and even less in the long

term.12 Furthermore, the more information the clinician supplies, the

more the patient will forget13—which is problematic considering the

increasing number of diagnostic tests.

Several communication strategies could be used to present informa-

tion in a comprehensible and orderly manner to stimulate understand-

ing and recall in cognitively impaired patients. Health communication

research has shown that tailored information is more effective for recall

than standard information.14 In othermedical fields like oncology,writ-

ten summaries have promoted patient understanding and recall.15,16

Effective explanation of test results could also be facilitated by visual

aids, for example, adding visualizations to written and spoken lan-

guage increases patients’ comprehension and recall,13,17 especially for

thosewith low literacy.18,19 Overall, an individualizeddiagnostic report

containing tailored information and visualized test results could be a

delicate way of presenting a patient’s health data in a comprehensible

manner, supporting clinician-patient communication about test results,

and stimulating information recall and understanding by patients and

their care partners.18,19

In this study, we aim to design a diagnostic report in an iterative

design process, in co-creation with patients and care partners, follow-

ing the concept of design thinking.20 By creating the diagnostic report

in iterationwith the end-users, we aim tomeet their specific needs and

preferences.

2 METHODS

2.1 Study design

Weused an iterative, mixed-methods study design based on the design

thinking framework20 consisting of four phases (Figure 1). Table 1

shows anoverviewof the study participants per phase of the study. The

study was reviewed by the board of the Medical Ethics Committee of

the VU University Medical Center, Amsterdam UMC. All participants

gave (digital) informed consent before participation.

RESEARCH INCONTEXT

1. Systematic Review: Patients and care partners need to

remember and understand all given information on diag-

nostic test results and dementia diagnosis to cope with

their condition and its implications. The literature shows

that several communication strategies could be used to

present information in a comprehensible manner. A tai-

lored diagnostic report including diagnostic test results

could aid communication and stimulate understanding

and recall of all given information.

2. Interpretation: Through several iterative steps involv-

ing patients and care partners, this study resulted in

the development of a prototype of a tailored diagnostic

report including information on diagnosis, visualization of

diagnostic test results, brain health, practical issues, and

information sources.

3. Future Directions: This study showed that one size does

not fit all regarding the diagnostic report. Preferably,

diagnostic reports should be compiled on the spot,

attuned to patients’ and care partners’ informational

needs, preferences, phase of the disease, and health

literacy.

2.2 Phase 1—Needs assessment

2.2.1 Online survey

We performed a needs assessment using an online survey sent out

between July and November 2020. The survey was part of a more

extensive survey, of which the methods are described in detail in our

previous study.21 We added specific topics relevant to the present

study to explore the views of patients and their care partners regard-

ing a diagnostic report. To explore topics they wanted to include in a

report, we used a predefined list of 10 topics22,23 (Table 2), which they

could complement with their topics.

2.2.2 Participants

An international, memory clinic population from the Amsterdam

Dementia Cohort (ADC),24,25 the Amsterdam Ageing Cohort (AAC),26

Alzheimer Europe and Alzheimer’s Society UK, consisting of patients

(n = 50) with subjective memory decline (SCD, n = 21, 42%), mild

cognitive impairment (MCI, n = 16, 32%), and dementia (n = 13,

26%); and care partners (n = 46) of patients with SCD (n = 2, 4%),

MCI (n = 8, 17%), or dementia (n = 36, 78% dementia) participated

(Table 1).
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F IGURE 1 Study flowchart of developing the diagnostic report

TABLE 1 Participant characteristics

1. Needs survey 2. Focus groups 3. Validation survey

Phase Patients Care partners Patients Care partners Patients Care partners

N 50a 46 7 7 28b 12

Age, years 73± 8c 65± 12c 68± 6 70± 4 75± 7c 69± 6c

Female (%) 17 (41%)c 25 (60%)c 4 (57%) 4 (57%) 5 (18%) 3 (25%)

Education, years 11.8± 4.1 12.2± 4.4 12.3± 2.6 12.3± 2.6 12.3± 4.4 11.9± 4.1

Relation to patient, n (%)

Spouse N/A 33 (72%) N/A 6 (86%) N/A 12 (100%)

(Grand)child N/A 12 (26%) N/A 0 N/A 0

Sister/brother N/A 1 (2%) N/A 0 N/A 0

Other N/A 0 N/A 1 (14%) N/A 0

Diagnosis of patient, n (%)d

SCD 21 (42%) 2 (4%) 5 (71%) 2 (29%) 10 (36%) 0

MCI 16 (32%) 8 (17%) 2 (29%) 2 (29%) 11 (39%) 1 (8%)

Dementia 13 (26%) 36 (78%) 0 (0%) 3 (43%) 7 (25%) 11 (92%)

Note: Data represent mean± SD or n (%). The groups of participants in phase 2 and phase 3 are subgroups of the participants from phase 1.

Abbreviations:MCI, mild cognitive impairment; N/A, not applicable; SD, standard deviation; SCD, subjective cognitive decline.
aOf whom n= 20 (44%) participated together with their care partner.
bOf whom n= 10 (36%) participated together with their care partner.
cPairwise comparisons indicate a group difference (P< .05).
dSelf-reported data.

2.2.3 Analysis

Quantitative survey results were analyzed using IBM SPSS Statistics

version 26. P-values<.05were considered statistically significant. Fre-

quencies andpercentages of topics in the topic listwere calculated, and

similarities between patients and care partners were studied.

2.3 Phase 2—Design

Subsequently, we used focus groupmeetings (1) to further examine the

most relevant topics to be summarized, using the topic list from phase

1 as input; and (2) to design the diagnostic report.

2.3.1 Focus group meetings

In November and October 2020, we conducted three focus groups,

each consisting of four to six participants with a duration of 2

hours. We recruited participants from all Dutch survey respondents.

Patients were eligible if they had an Mini-Mental Status Exam-

ination (MMSE) score ≥18. All focus groups were conducted in

the Alzheimer Center Amsterdam, Amsterdam UMC. Due to the

coronavirus disease 2019 (COVID-19) situation, the focus groups

had a hybrid format, with some participants (n = 3) participating

through a video connection and others being present live. All groups

included a mix of patients and their care partners, patients alone,

or care partners alone, and were heterogeneous in gender, age,
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F IGURE 2 Visualizations to depict test results

and disease stage. All participants were relatively highly educated

(Table 1).

2.3.2 Procedures

The focus group procedure was based on the nominal group tech-

nique (NTG) and consisted of three parts.27 All focus groups were

audio-recorded.

First, we provided participants with topics from phase 1 and asked

them to rate these on a 5-point Likert scale (1, unimportant; 2, not

very important; 3, neutral; 4 important; and 5, very important). After-

ward, we asked each participant to explain which topics they had

rated as important (Likert 4 or 5) and why. Results were discussed,

and participants were asked if they would change their initial ratings.

Then we asked participants to select five topics they considered most

important.

Second, we supplied the participants with six visual options to dis-

play test results (Figure 2). The visualizations were based on original

designs from Visualizing Health, a collaborative project between the

University of Michigan and the Robert Wood Johnson Foundation

made publicly available via Creative Commons license28 and derived

froma literature search.18,19,29 We includedvisualizationswithno text,

a small amount of text, and only text, andwe asked participants to rank

the visualizations. Afterward, the rankings were discussed.

Third, participants were instructed to design their preferred diag-

nostic report. All topics from part 1 and all visualizations from part

2 were available during this hands-on design exercise. Participants

were encouraged to write down additional information from their

perspectives.

2.3.3 Analysis

One author (A.G.) transcribed the audiotapes using intelligent ver-

batim transcription. A second author (H.H.) checked the transcripts.

The transcripts were analyzed using directed content analysis30 using

MAXQDAsoftware.31 One author (A.G.) generated a start list of codes.

Two authors (A.G., H.H.) independently coded all audio records and the

designed diagnostic reports. Any text that could not be categorized

based on the start list was given a new code. Afterward, A.G. and H.H.

discussed the codes until consensus was reached. To select the most

important topics to be summarized and thebest visualization(s) for test

results, and to build the initial prototype, quantitative and qualitative

analyses were combined.

2.4 Phase 3—Validation survey

According to phase 2, there was no consensus on the visualization

of test results. To further investigate the ideal visualization and val-

idate the layout of the prototype, we conducted a second survey

among patients and care partners in which Dutch participants from

the initial survey were invited. Patients who participated in the focus

groups were excluded. In total, n = 28 patients and n = 12 care

partners participated (Table 1). We provided the participants with

a fictive case of a person with dementia and the diagnostic report

with summarized diagnostic test results. To test the comprehensibil-

ity of the report, we asked questions about the content of the report

(e.g., “what is the diagnosis of this patient?”). To test the comprehen-

sibility of the individual visualizations, we supplied two versions of

each visualization—one correctly illustrated the test result mentioned

in the text and one that was not in correspondence to the written

test result—and asked the participants which visual corresponded to

the patients’ results as summarized in the report. In addition, we

asked which type of visualization they would prefer to summarize test

results.

2.5 Phase 4—Feedback round

Phase 4 emerged during the study, spurred by spontaneous written

feedback from one of the care partners participating in the survey and

additionally from a formal caregiver to whom a participating care part-

ner supplied the prototype. Accordingly, we decided to present the

prototype to other dementia (care) experts (two dementia care nurses

and one elderly care physician) to gather more feedback, after which

the final prototype was compiled.
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3 RESULTS

3.1 Phase 1—Needs assessment

As part of the more extensive project, we performed a survey to

assess the views of clinicians, patients, and care partners toward com-

puter tools for support during the diagnostic process (Clinical Decision

Support Systems [CDSS]).21 If a CDSS could be used to explain test

results in “layperson” language, 78% of patients and 83% of the care

partners would want their doctor to use such a tool. Ninety-two per-

cent (71/77) of those patients and care partners would like to receive

a hand-out of this explanation on paper. Patients and care partners

would use this hand-out to re-read it at home (72/96, 75%) or to

inform family and friends about their situation (47/96, 49%). Theseper-

centages did not differ between patients and care partners (P-values

>.20), but patients were more inclined to use this summary to com-

pare future test results (33/50, 66%) than care partners (21/46, 46%,

P= .036).

Table 2 shows our list of pre-selected topics and the proportion of

patients and care partners selecting topics to be included in a diagnos-

tic report. Nine of 11 pre-selected topics were chosen by over half of

the patients and care partners. Apart from the topic, the best way (for

the person I care for) to cope with (their) symptoms (patients 67%, care

partners 88%,P= .025), no differenceswere found in answers between

patients and care partners. Suggestions for additional topicswere: con-

tact details of thememory clinic, information on facilities, services, and

support groups.

3.2 Phase 2—Design

3.2.1 Focus groups—topics

Given the high percentages of favored topics in phase 1, selecting the

most relevant topics was challenging. Based on phase 1 and the first

focus group results, we divided the topic “test results” into (1) Lumbar

puncture, and (2) Cognitive test results and added the topic “Explanation

of brain imaging,” resulting in a list of 13 topics to present to the sec-

ond and third focus group participants. After the first part of the focus

group, all participants were asked to compose their top-five topics of

the 13-item topic list. Next, we calculated how often topics appeared

in each top-five and defined the most important topics to be included

in the diagnostic report: diagnosis (100%) including a short explanation

(85%), test results (cognitive and lumbar puncture) (62%), future expec-

tations (69%), explanation of brain imaging (54%), and how to deal with

complaints (54%).

3.2.2 Focus groups—layout

Visualizations

According to the rankings, the top-three of visualizations of test results

consisted of (1) Paragraph (Figure 2D; 57%). (2) Icon (Figure 2C; 43%)

and Bar chart with comparative score (Figure 2E; 43%), and (3) Smileys

(Figure 2A; 36%). Thematic content analyses revealed that visualiza-

tion preferences differed between patients and care partners and

within patients and care partners groups. One of the participants

(patient with MCI, 60 years of age) said,“[..] what phase you are in, and

is it for you or your partner? That is quite a difference. Suppose you take the

paragraph of text, and you are already a bit further [in the disease process];

it is quite difficult to read, and it is the clearest to show an image.” Further-

more, the participants had different opinions onwhether to show their

test scores compared to the test scores of other people of the same

age. Most participants were positive and thought it could help them

better understand their situation. On the other hand, some were more

negative and did not see the point in comparing their scores to others.

In addition, the visualization with the smileys was judged twofold. On

the one hand, negative: “Not the smiley’s, I think they do not fit this mis-

erable [situation][. . . ]” (partner of SCD patient, 67 years of age), and on

the other hand, positive: “Well I think of course if you use this it is just very

clear with all those emoticons. Everybody understands.” (MCI patient, 60

years of age).

TABLE 2 Preferences regarding pre-selected list of ten topics during phase 1—the needs survey

Topics

(n, %)
Total

(n= 76)

Patients

(n= 42)

Care partners

(n= 34) P-value

Short explanation of the diagnosis 68 (90%) 39 (93%) 29 (85%) .244

The test results 63 (83%) 37 (88%) 26 (77%) .151

Future –What can I expect over the course of the symptoms 63 (83%) 35 (83%) 28 (82%) .574

Tips for brain health 62 (82%) 36 (86%) 26 (77%) .230

Diagnosis 60 (79%) 31 (74%) 29 (85%) .174

The best way (for the person I care for) to copewith (their) symptoms 58 (76%) 28 (67%) 30 (88%) .025

The best way to copewith the person I care for N/A N/A 30 (88%) N/A

Pictures of brain imaging 45 (59%) 25 (60%) 20 (59%) .568

Where to findmore information 38 (50%) 19 (45%) 19 (45%) .245

Test results comparedwith other people of the same age 29 (38%) 19 (45%) 10 (29%) .120

Abbreviations: N/A, not applicable.
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F IGURE 3 Overview of the hands-on design session during the focus groupmeeting.

Layout

Several important themes regarding the layout of the diagnostic report

were identified. The themes were divided into twomain categories: (1)

Content and (2) Display. Regarding “content,” the report should con-

tain information on where reliable information can be found and how

to get formal help. It should entail (practical) tips, for example, how to

get in touch with other patients and care partners, and tips for brain

health, such as eating healthy and exercising regularly. Furthermore,

participants wanted to include information about the future, such as

follow-up procedures and future expectations. Regarding “display,” the

report must be brief and concise, that is, include the main points. One

of the participants (patient with SCD, 76 years of age) said: “I have been

writing [during the consultation], [. . . ] and then something goes through your

head I have to ask, and a little later you forget it. So that is very nice if you

know that you get themain points home.” Furthermore, the report should

contain clear language, comprehensible for a layman. One of the par-

ticipants (care partner, 71 years of age) mentioned: “I can look for that

letter [from the general practitioner], [. . . ]; however, when I am going to read

it, I do not understand it [. . . ].”

3.2.3 Focus groups—hands-on designing the
diagnostic report

At the final stage of phase 2, a total of 13 report pages were made

by the participants (Figure 3). One report page was constructed by a

patient-care partner couple. Analyses of the hands-on designing of the

layout of the diagnostic report showed that diagnosis was included in

11 of 13 report pages and explanation of diagnosis in 10 of 13. Then,

10 of 13 contained future expectations. Relating this topic, two partic-

ipants wrote down wanting to know about both expected symptoms

and progression rates.Brain imagingwas placed on10of 13 pages. Both

cognitive test results and how to deal with complaints (of loved ones)were

included on 9 of 13 pages. A slight majority of 7 of 13 pages contained

the topic tips, and lumbar puncture result was placed on 6 of 9 pages.

According to phases 1 and 2, a prototype was built.

3.3 Phase 3—Validation

The focus group results indicated a preference but no consensus on

the ideal visualization of test results. However, we could exclude two

visualizations (Figure 2B,F). To keep the report comprehensible for all

end-users, we also decided to exclude the visual paragraph (Figure 2D).

We presented the three remaining visualizations (Figure 2A,C,E) to

a larger group in the validation survey. Most participants preferred

either the icon (Figure 2C, n = 33, 38%) or the bar chart (Figure 2E, n

= 37, 43%). When asked to correctly match one of two visualization

versions to the written test result, we found that most participants

matched the correct visualization version to the results summarized

on the report page. The highest scores were found for the smiley

(Figure 2A; 81% answered correctly) and the icon bar (Figure 2C;

79% answered correctly) compared to the bar chart (Figure 2E; 66%

answered correctly). After combining the results from the focus groups

and the validation survey, the icon (Figure 2C) was chosen as the

visualization to display test results for the prototype.

3.4 Phase 4—Feedback round

After the validation survey, we received written feedback from one of

the participants (care partner) and a formal caregiver involved through

this care partner. They pointed out that the textual information was

not clear enough, contained too many words, and was too academic.
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F IGURE 4 Prototype of the diagnostic report

They advised us to rephrase some sentences to make the report more

comprehensible. According to this feedback,we adapted the prototype

and decided to present it to three other dementia (care) experts. They

provided us with verbal feedback, and together we made changes to

linguistics and layout. Afterward, the final prototype was constructed.

3.5 Prototype

The final prototype of the diagnostic report consisted of two pages,

shown in Figure 4. The first page includes information on diagno-

sis and displays the results from diagnostic tests. The second page

entails information on the course of the disease, tips for brain health,

information on practical issues, andwhere to findmore information.

4 DISCUSSION

This study reports the development of a diagnostic report for demen-

tia diagnosis in co-creation with patients and care partners. Overall,

patients and care partners were enthusiastic and eager to join, and

they provided constructive input. In the first phase of the study, in

which we conducted a needs assessment, we found that patients and

care partners positively value a diagnostic report to summarize and

communicate test results. In the second and third phases, consensus

was reached on the topics to be outlined, and a choice was made on

the visualization to explain test results. A prototype was made, and in

phase 4, we asked experts for their opinion. Subsequently, we designed

the diagnostic report according to the results from all phases, in close

collaboration with patients and care partners.

Our study intends a first step toward developing a personal-

ized diagnostic report that contributes to a personalized medicine

approach.32 By portraying the needs of patients and care partners

through the design thinking process, we developed an example of what

a diagnostic report should entail. The diagnostic report developed

in the current study can support the harmonization of clinical prac-

tice and is aimed at supporting both clinicians and patients. Clinicians

might use the report as a guide to explain test results and diagnoses.

For patients, the report can improve their understanding of their test

results and diagnosis. They can take the report home on paper as a

reference page and facilitate communication about test results with

relatives.

We strived to develop an acceptable and comprehensible diagnos-

tic report that eventually contributes to effective implementation.33

However, the feasibility of generating and structurally using this report

in clinical practice remains to be tested. In a subsequent study, we col-

laborate in a public-private partnership to study the implementation of

this report in various memory clinics. In that study, the report pagewill

be generated fromaCDSS that combines digital cognitive testing,mag-

netic resonance imaging (MRI), and lumbar puncture results in a simple
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machine learningmethod.34Wewill studyhowcliniciansuse the report

page in a real-life setting, what barriers and facilitators can be iden-

tified for successful implementation, and what requirements must be

met to generate a report for all memory clinic patients. In addition, we

will further examine outcomes and experiences reported by patients

and care partners.

In designing the diagnostic report, we aimed to balance the opinions

of patients and care partners and what is considered to be advan-

tageous based on research and expertise.33 For instance, as existing

literature suggests that adding visual information to a written report

enhances recall, we aimed to display test results visually.13,14 It was

difficult to get a consensus on one ideal visualization, as patients and

care partners differed in their preferences. Because almost all visual

options were rated with high scores, the final choice to use the icon

(Figure 2C) as visualization for the diagnostic report in our study was

made on the high scoring combined with our expert-based opinion.

Preferably, in the future, diagnostic reports should not be static but

should leave room for adaptation to individual patients. Different visu-

alizations could be generated (e.g., a bar chart and an icon array; see,

e.g., www.ADappt.health23), and the clinician and patient could decide

together which visualization appeals most to the patient and should

appear in the printed report page, or the clinician could switch between

both.

In this study and others,11,23,35 we found that patientswant to know

about their expected symptoms and progression rates. Furthermore,

they indicated feeling left in ignorance after receiving the diagnosis.8

With the ongoing developments in biomarker-based prognosis for

patients with early stages of Alzheimer’s disease, there might be a

future in which a personalized prediction of progression is possible

and could be added to the diagnostic report.36,37 Before we get there,

supplying information on coping strategies, practical tips, and tips stim-

ulating brain health canmake patients and care partners feel less alone

after receiving the diagnosis and enable adequate coping.

The strength of our study is the careful and iterative design, based

on the proven design thinking methodology, and carried out in co-

creation with a heterogeneous group of patients and care partners.20

As a result, we optimally understood and depicted their needs and

preferences regarding a diagnostic report. The limitation of our study

was that the study participantswere relatively highly educated. There-

fore, we do not yet know whether the diagnostic report is also suited

for patients with less education. However, we strove for comprehen-

sibility, even for lower educated or illiterate patients, by using easily

understandable visualizations to depict test results.14

5 CONCLUSION

We co-created a diagnostic report to communicate test results in

dementia diagnostics to meet the urgent patient need for more infor-

mation on their diagnosis. By developing the diagnostic report with

patients and care partners, we learned that not one size fits all. It is

most important that all essential information is delivered in line with

their preferences in a comprehensible manner. Next, we will perform

a pilot study in clinical practice to study the usability and feasibility

of this prototype of the diagnostic report, thereby strengthening the

results of this study.
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