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Objective: We described the development and pilot-testing of an application based patient decision-making aid (PDA) for nutrition in 
age-related macular degeneration (AMD). Alpha-testing and beta-testing were performed to explore the PDA’s usability, acceptability, 
and comprehensibility in the design stage and in “real-life” conditions.
Methods: A nutrition PDA was developed in this study by a multidisciplinary steering committee that consisted of ophthalmologists, 
nurses, nutritionists, and methodologists using a systematic development process. The PDA was based on a smartphone native 
installation and a free-to-use app. First, based on information from literature reviews and focus group interviews for needs assessment, 
we developed a decision aid prototype. Second, we conducted the alpha testing to explore the acceptability, usability, and comprehen-
sibility of the PDA prototype among 18 AMD patients. Third, a before/after study was conducted to assess changes in the attitudes, 
risk perceptions, intentions, knowledge, decisional conflicts, and decision self-efficacy of 33 AMD patients.
Results: The alpha test proved that the nutrition PDA is acceptable and usable. In the beta test, after the AMD participants used the 
PDA, their scores for knowledge [mean = 13.3, standard deviation (SD) = 2.92], attitude (mean = 18.97, SD = 2.19), decision self- 
efficacy (mean = 23.94, SD = 6.04), and preparation significantly increased (mean = 26.30, SD = 4.90), and their score for decisional 
conflict significantly decreased (mean = 10.15, SD = 3.66). There was no significant difference in anxiety (mean = 2.64, SD = 1.08) 
before and after the use of the PDA. The mean score in the system usability scale was above 70 (mean = 72.61; SD = 5.38), which 
indicates the good usability of the PDA. With regard to the PDA acceptability, the scores for satisfaction with its comprehensibility, 
satisfaction with its attractiveness, and satisfaction with its emotional support were 5.49 (SD = 1.03), 5.30 (SD = 1.40), and 4.91(SD = 
1.07), respectively, which show its adequate acceptability.
Conclusion: Our study showed that the nutrition PDA was an acceptable and suitable instrument for AMD patients and fit the values 
of all its stakeholders. This study is an important step in supporting shared decision-making, which has the potential to provide a more 
patient-centered and value-based nutrition health system for individuals with different types of AMD.
Keywords: age-related macular degeneration, nutrition, decision-making aid

Introduction
Age-related macular degeneration (AMD) is a neurodegenerative and late-onset multifactorial disease that affects the central 
region of the retina, resulting in blindness of the central vision. The prevalence of early and late AMD among Chinese 
populations older than 50 years is 5.6%; and with further population aging, the number of AMD patients is expected to increase.1

AMD can be clinically divided into dry and wet categories. Therapeutic interventions such as intravitreal injection of 
the antivascular endothelial growth factor are the main treatment modalities for wet AMD, which represents a small 
proportion of all types of AMD.2,3 However, 65% of the patients did not show significant improvement in visual acuity 
after the treatment.4 Recently, other interventions, such as nutrition interventions, including antioxidant supplementation 
and dietary modifications, were reported to have benefited both wet and dry AMD patients.5–8 Evidence suggests5,6,9–12 
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that all AMD patients, regardless of their disease severity, should be given dietary advice. Additionally, 25% of the 
intermediate- and late-AMD patients showed reduced progression to more advanced AMD when they took Age-Related 
Eye Disease Study (AREDS) type antioxidant vitamins (such as vitamin C or vitamin E), lutein, zeaxanthin, and zinc 
within five years.13 Therefore, nutrition intervention has become the key modifiable factor of the reduced incidence of 
AMD and one of the main tools for preventing and slowing down both dry and wet AMD.5,14

However, there is still some confusion about decision-making on nutrition interventions among patients and medical 
staff. Patients comply poorly with nutrition interventions because they lack nutrition knowledge and have different 
dietary attitudes.15,16 Medical staff could not provide patients enough information and have no effective instruments for 
guiding patients in dietary adjustment.17 Furthermore, a large number of studies have reported contradictory results on 
nutritional supplementation for AMD patients, which makes it very difficult for medical staff to educate patients on 
nutrition.18 Consequently, patients are uncertain about whether they should modify their nutrition sources and what foods 
and supplements they should take.19

Shared decision-making (SDM) is a patient-centered approach in which patients and medical staff work together to 
make better and more reasonable decisions based on the patient’s preferences and values.20 An important tool for 
promoting SDM is the patient decision aid (PDA). It helps patients make specific and prudent choices based on evidence- 
based medicine by providing treatment options and information on related outcomes, including benefits and risks.21 

Recently, some PDAs have been developed and applied in the field of ophthalmological medicine, including for cataract 
surgery22 and primary open-angle glaucoma treatment.23 Although a PDA for nutrition advice for AMD is already 
available, it needs to be standardized and made more reliable.24 This is because first, its development process was not 
based on the International Patient Decision Aid Standards (IPDAS), and only patients who met the eligibility criteria for 
the Age-Related Eye Disease Study 2 (AREDS 2) could use it. Second, it uses flowcharts to assist with nutrition advice, 
whereas other forms of PDAs, such as apps, might provide better options. Finally, due to dietary and cultural differences, 
its suitability for Chinese patients must be determined.

This study developed and pilot-tested an app-based PDA for nutrition in AMD. The app was intended to provide 
AMD patients general advice and personalized interventions. We used alpha testing and beta testing to explore the PDA’s 
usability, acceptability, and comprehensibility in the design stage and in “real-life” conditions.

Methods
The PDA was developed in accordance with the IPDAS development process model for decision aids25 and its quality 
criteria.26,27 The nutrition PDA developed in this study is based on smartphone native installation and a free-to-use app.

Steering Group
A multidisciplinary expert team that included ophthalmologists, nurses, nutritionists, and methodologists acted as the 
multidisciplinary steering group for the development of the PDA and its evaluation in different phases of this study.

The expert inclusion criteria were as follows: (1) has work experience in the field of ophthalmology, nursing, or 
nutrition for 5 years or more; (2) has a master’s or higher degree or an associate senior or higher rank in any of the fields 
stated in; (3) has a high academic level in a related field; and (4) has given their informed consent to participate in the full 
conduct of this study.

Prototype Development
The development of the PDA prototype was based on information from literature reviews and two focus group interviews 
(FGIs). One interview was with AMD patients, and the other, with health professionals. The steering group was required 
to create a standard PDA format for future writing and development.

Literature Review
A review of literature from major databases was conducted based on current international guidelines to obtain informa-
tion on the general management of AMD, specifically on nutrition interventions and PDA content design. Then, 
a standardized approach was used to assess options and to formulate recommendations.
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The information on the background of the nutrition PDA and the clinical evidence that informed its development were 
based on a needs assessment among health professionals and patients, as well as on an assessment of the quality and 
content of all kinds of evidence. We searched for original studies and systematic literature reviews on the Cochrane 
Library, JBI, Pubmed, EMBASE, Web of Science, CNKI, and Wanfang databases using the keywords (“age-related 
maculopathies” OR “age-related macular degeneration” OR “macular degeneration, age-related” OR“ macular dystro-
phy”) AND (“nutritional support” OR “dietary intervention” OR “nutritional supplement” OR “dietary adjustment” OR 
“dietary supplement” OR “food supplement” OR “nutraceutical” OR “antioxidant” OR “lutein” OR “zeaxanthin” OR 
“fatty acids” OR “meso-zeaxanthin” OR “vitamin”). Current international guidelines on AMD interventions and nutrition 
were also reviewed from the National Institute for Health and Care Excellence, National Guideline Clearinghouse, 
Scottish Intercollegiate Guidelines Network, Guidelines International Network, Canadian Medical Association, 
Registered Nurses’ Association of Ontario (RNAO), New Zealand Guidelines Group, and Australia’s National Health 
and Medical Research Council (Clinical Practice Guidelines).

High-quality tools were used to evaluate the evidence and to obtain accurate PDA information. The Chinese version 
of the Appraisal of Guidelines for Research and EvaluationII(AGREE II28) tool was used to evaluate the quality of the 
included clinical guidelines. The quality standards for the systematic reviews were adopted from the quality evaluation of 
the Systematic Evaluation project of the Centre for Evidence-Based Medicine of the University of Oxford.29 The quality 
of the original studies was evaluated using the quality evaluation criteria of the JBI Evidence-based Health Care Australia 
(2016) for randomized controlled trials, class trials, cross-sectional studies, and case control studies.30 The quality 
evaluation standards for the evidence summary were adopted for the quality evaluation and evidence recommendation of 
the included studies using the Evidence Classification and Evidence Recommendation Level system of the JBI Evidence- 
based Health Care Center in Australia (2014).31

The methods of these reviews are presented in the electronic Supplementary Material 1.

Performance of Needs Assessments for the PDA
The needs of the patients and health professionals (ophthalmologists and nurses) had to be assessed once the evidence 
was established. Two in-depth semi-structured FGIs, one with patients and the other, with health professionals, were 
conducted based on the user-centered design model.32

The FGI with the patients was recorded and had two parts. The first part explored the worries and considerations of the 
patients and investigated the physical, emotional, and social influences on them to determine the information they needed in 
the PDA. The second part figured out the patients’ needs related to the design, content, and functionalities of the PDA.

In the FGI with the health professionals, they were asked what information they believed AMD patients should know in 
their decision-making process and how the PDA should present such information. To determine how to disseminate and best 
apply the PDA in clinical practice, they were also asked to discuss the timing and ways of applying the PDA to patients.

Finally, the data from both FGIs were analyzed, summarized, and synthesized to determine the main content of the 
PDA prototype.

Prototype Alpha Testing
Alpha testing was performed to explore the PDA prototype’s acceptability (ie, the evaluation of its comprehensibility), 
usability (ie, the quality of its user’s experience with it), and comprehensibility (ie, the degree of understandability of its 
content).33,34

Participants
The participants in this prototype alpha testing phase were recruited from the Eye Clinic of Southwest Hospital. The 
inclusion criteria for all three stages of this study were as follows: (1) surgically diagnosed with AMD by an 
ophthalmologist; (2) older than 45 years; (3) has no history of any other eye disease that affects the vision such as 
retinal detachment and diabetic retinopathy; and (4) does not have any other systematic disease.
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Data Collection
Purposive sampling was used to recruit patients from the Eye Clinic, and the recruitment was stopped when the data were 
saturated. The semi-structured interviews were conducted in a meeting room of the clinic after the patients used the PDA. 
First, they were asked to answer a questionnaire on their demographic and clinical characteristics. Second, they were 
asked to individually use the PDA through an iPad. Third, the external facilitators asked them questions to assess the 
acceptability, usability, and comprehensibility of the PDA. Among the questions were: “How do you feel about the 
PDA?” “Do you think the PDA helps you make decisions? Please give examples.” “Did you have any difficulty in using 
the PDA?” “How did you navigate through the PDA, and what barriers did you encounter?” “Do you believe the outputs 
of the PDA?” “What do you want to achieve by using the PDA?” An audio recording of the entire interview was made, 
and field notes were taken by JW and WB.

Data Analysis
The audio recording was transcribed verbatim and listened to several times to ensure the accuracy of the transcription. 
All the transcriptions and field notes were summarized and thematically analyzed. The data analysis went hand in hand 
with the data collection and helped with the iterative development of the PDA. This procedure resulted in a list of 
positive remarks on the PDA, which informed its needed main improvements and those of each of its parts. Finally, the 
draft was approved by the steering group and the patients.

Prototype Beta Testing
After the draft was accepted, beta testing was conducted to analyze the effectiveness of the PDA in “real-life” conditions 
among AMD patients who did not participate in the PDA’s development.25,35 Then, the pre- and post-test results were 
compared to assess differences in the attitudes, risk perceptions, intentions, knowledge, decisional conflicts, and decision 
self-efficacy between the first and second groups of AMD patients.

For this beta testing phase, the sociodemographic characteristics (age, gender, level of education, and time from 
diagnosis) of the second group of AMD patients were collected, and the Preparation for Decision-Making (PrepDM), 
Decisional Conflict Scale (DCS), Decision-Making Self-Efficacy Scale (DM-SES), and Hospital Anxiety and Depression 
Scale (HADS) were administered to them. PrepDM was used to evaluate the strength of a decision support in the process 
of decision communication. There were 11 items in the source scale, and the 5-point Likert scale was used to evaluate 
each item from 1 (“totally useless”) to 5 (“very useful”). The higher the score was, the higher the readiness of the patient 
was for decision-making. DCS was used to assess the patients’ uncertainty about the treatment options and their 
effectiveness. There are 16 items in the scale, including three dimensions of leading uncertainty, leading factors, and 
effective decisions. DM-SES was used to assess the confidence of the patients in making informed choices in the process 
of receiving medical care. The scale consists of 11 items. HADS was used to assess the anxiety status of the patients. The 
scale has two dimensions—anxiety and depression—with a total of 14 items.

Data Collection
AMD patients who met the inclusion criteria in the in alpha testing phase were recruited from the Eye Clinic for this beta 
testing phase. For the pre-test study, the participants were asked to complete a series of questionnaires before using the 
PDA. Their sociodemographic characteristics, including their age, gender, educational level, and marriage status, were 
collected as the baseline data. In the before/after study, the measures of the outcomes (ie, knowledge,38 attitude, 
decisional conflict,39 decision self-efficacy,40 preparation for decision-making,41 and anxiety42) were selected based on 
the Ottawa Decision Support Framework36 and IPDAS37 and are presented and explained in Table 1. The additional 
outcome measures in the post-test (after the patients used the PDA) were acceptability43 and usability.44 The entire 
process lasted approximately 30 min.

Sample Size Calculation
According to a study45 on the acceptable sample size for usability testing, 12 research objects can test 80% of general 
usability problems. Also, a sample size higher than 30 was determined as appropriate for intervention pilot studies.46 

Therefore, considering dropouts, we decided on a sample size of 33.
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Data Analysis
Data analysis was performed using the Statistical Package for the Social Sciences (SPSS, Version 20.0). Descriptive 
statistics were generated for all outcome measures (in the pre- and post-tests). The Wilcoxon signed-rank test was used to 
assess the differences between the outcomes of the pre- and post-tests in terms of the continuous outcome measures 
(knowledge, attitude, decisional conflict, decision self-efficacy, preparation for decision-making, and anxiety). Only the 
acceptability and usability of the PDA were measured in the post-test using frequency statistics calculations.

Ethics Approval
The verbal and written consent of the patients to participate in this study were obtained before their interview. This study was 
registered at clinicaltrials.gov with Identification Number ChiCTR2000031853, was approved by the Ethics Committee of 
the First Affiliated Hospital of Army Medical University (NO. KY2019100), and was conducted in accordance with the 
Declaration of Helsinki. The participants were informed that they had the right to withdraw from the study at any time. All of 
them were assured that their names, interview transcripts, and other personal data would be kept confidential.

Results
Steering Group
The steering group was composed of two ophthalmologists and two nurses (with expertise in the management and long- 
term care of AMD patients), one nutritionist, one methodologist (with expertise in evidence-based medicine and PDA 
development), and three patients (with adequate knowledge of AMD).

Prototype Development
Performance of Needs Assessments for the PDA
Six health professionals (two ophthalmologists and four nurses) and four AMD patients participated in the two FGIs.

Table 1 Outcome Measures in the Pre- and Post-Tests

Outcome Indicator Measurement Number of Items and Scoring Pre-Test Post-Test

Knowledge Knowledge of risks and benefits 
of nutrition intervention in AMD

15 items scored as to whether they were true/ false/ 
unsure

√ √

Attitude Attitude scale 4 items scored on a 5-point scale √ √

Decisional conflict Decisional conflict scale 16 items scored on a 5-point scale, with higher scores 

indicating higher decision conflict

√ √

Decision self-efficacy Decision self-efficacy scale 11 items scored on a 5-point scale, with higher scores 
indicating higher decision self-efficacy

√ √

Preparation for 
decision-making

Preparation for decision-making 
scale

10 items scored on a 5-point scale, with higher scores 
indicating higher decision preparation

√ √

Anxiety Hospital anxiety and depression 
scale

7 items scored on a 4-point scale, with higher scores 
indicating a higher anxiety level

√ √

Acceptability Acceptability testing scale 12 items and 3 subscales (satisfaction with 
comprehensibility, satisfaction with attractiveness, and 

satisfaction with emotional support) scored on 

a 7-point scale, with higher scores indicating better 
acceptability

√

Usability Systems usability scale 10 items scored above 70 indicating “good” or 
“acceptable”

√
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The patients pointed out that the information provided by the PDA should be simple, big, clear, and pictorial so that 
they could be seen and understood easily. They added that more information should be included in the PDA, such as the 
concept and meaning of nutrition for AMD, the kinds of foods to take, and the methods of food preparation to maximize 
nutrient absorption. They further said that the PDA should also offer information on the potential benefits and risks of 
nutrition interventions and the duration of their effects. They also stated that the PDA should stress that nutrition 
intervention is a supple mental treatment but not the only way to slow down the progression of AMD.

The health professionals indicated that the PDA should include information on the disease and on the interventions to 
improve the knowledge of the patients. They added that the benefits and risks of the interventions should also be 
presented in a balanced way. Additionally, they pointed out that items to test patients’ knowledge of their current 
situation and their preferences should be included to help health professionals to fully understand patients’ fears, worries, 
and willingness to accept the interventions.

The patients and the health professionals agreed that too many words in the PDA would burden the patients and thus, 
should be simplified by adding pictures to help improve understanding. How to present the benefits and risks of the 
interventions in a balanced way was a challenge. Additionally, all the patients and health professionals believed that the 
PDA was a useful tool for improving patients’ knowledge of AMD and its treatment, for evaluating patients’ preferences, 
for enhancing the relationship between patients and health professionals, for improving patients’ treatment compliance, 
and ultimately, for improving health outcomes. However, how to utilize the PDA in a more useful and time-saving way in 
a clinical setting presents a problem.

The details of focus group interviews are presented in the electronic Supplementary Material 2.

Prototype Alpha Testing
Usability Test Among the Patients
Eight (44.44%) men and 10 (55.55%) women were recruited for the alpha testing, with an average age of 70.56 years 
(range: 56–79 years, SD = 7.63). Three subjects (16.67%) received primary or lower education; 11 (61.11%), inter-
mediate education; and 4 (22.22%), college or higher education. All the patients were diagnosed with AMD 2 to 60 
months earlier. Nine patients (50.0%) had bilateral AMD, and the other nine (50.0%) had unilateral AMD. Five patients 
(28%) were in the early stages of AMD, and 13 patients (72%) were in the intermediate and late stages.

Most of the patients, after visiting the homepage of the PDA, agreed that the structure was very convenient to use and 
the parts were closely connected. The PDA demonstrated full knowledge of the disease and of the benefits and risks of 
different options. It could also test the patients’ preferences and provide suggestions based on their conditions. 
Additionally, the PDA had plenty of graphics and texts, and the information provided was simple and easy to understand. 
The detailed comments are as follows.

“This tool is much better than ordinary propaganda materials. It is rich in content and pictures for us to understand.”
“It helps me understand deeply and think systematically about the options.”

I think the decision aid tool is very useful. It not only provides disease-related knowledge but also explains the advantages and 
disadvantages of different interventions in detail. It is very practical for us to use to make decisions. 

However, there still were some obstacles to the PDA’s usability. First, because it displayed only one font size, some 
patients with poor visual acuity took a long time to read it. Many patients said it would have been better had we added 
the font size selection function or the voice broadcasting function. Two participants mentioned the need for more pictures 
and suggested that adding some animation would be more helpful. Second, six patients hoped to get more details on the 
treatment and complained that some words were not professional. They hoped those words would be revised and that the 
new words would be easier to understood. Third, three participants had difficulty understanding the benefits and risks 
provided by the PDA and were surprised about some related information. All the information was provided in the same 
way, and the sources of evidence were not mentioned. Fourth, when the patients chose the option “Patients’ preferences”, 
they did not know what to do and stopped to ask for help. They commented that the display of this part is not clear 
enough to understand.
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Redraft and Redesign of the PDA
The steering group discussed the PDA adjustments based on the results of the usability tests among the patients. We 
set three font sizes for the patients with different degrees of visual acuity to choose from—that is, large, medium, and 
small—and added the function of voice broadcasting, which made the PDA user-friendly. The benefits and risks of all 
the options were adjusted and presented on only one side of the PDA to show a clear overview of all treatment 
options, details of the procedures, and recommendations of the ophthalmologists. In the part on the instructions for the 
disease and related nutrition modification, unnecessary words were removed and more pictures were added. On the 
options for the patients’ preferences, chart selection and arrows were added to facilitate patients’ better understanding.

The general structure of the APP-based PDA for nutrition in AMD (in Chinese) are presented in the electronic 
Supplementary Figure 1.

Prototype Beta Testing
Characteristics of the Participants
Of all the patients (n = 33) who had an average age of 56.76 years (SD = 6.84) in the beta-testing stage, 25 (75.76%) 
were women, 29 (87.88%) were married, 12 (36.36%) had a middle or high education level, and 16 (48.48%) had a low 
education level. The duration of the disease was 17.85 (SD = 7.19) years, and 11 patients (33.33%) were affected in 
bilateral eyes. Eleven patients (33%) were in the early stages of AMD, and 22 patients (67%) were in the middle and late 
stages of AMD.

Before/After Study Findings
The changes in the outcome variables after the patients used the PDA are shown in Table 2. After they used the PDA, 
their scores for knowledge, attitude, decision self-efficacy, and preparation significantly increased, and their score for 
decisional conflict significantly decreased. There was no significant difference in anxiety before and after the use of 
the PDA.

Acceptability and Usability of the PDA
The mean score in the system usability scale was above 70 (mean = 72.61; SD = 5.38), which indicated good usability of 
the PDA. As for the PDA’s acceptability, the scores for satisfaction with the PDA’s comprehensibility, attractiveness, and 
emotional support were 5.49 (SD = 1.03), 5.30 (SD = 1.40), and 4.91(SD = 1.07), respectively, which show adequate 
acceptability.

Discussion
We used a mixed-methods design (alpha and beta testing) to develop and pilot-test a PDA for AMD patients that would 
help them choose a nutrition intervention. Based on the needs assessments among health professionals and patients and 
on the quality of all kinds of evidence, we developed a PDA that consisted of the following: (1) general information on 
the PDA, AMD, and nutrition modification for AMD; (2) comparison of benefits and risks of nutrition interventions; (3) 
questions to explain the patient’s preferences and worries; and (4) patients’ understanding of the information provided by 
the PDA and of the final decision according to their preferences after discussion with their health professionals. The PDA 

Table 2 Pre-Test and Post-Test Findings on the Use of the PDA (mean±SD, n = 33)

Outcome Pre-Test Post-Test t p value

Knowledge 4.27±1.44 13.33±2.92 −17.663 0.000
Attitude 17.75±2.48 18.97±2.19 −2.803 0.009

Decisional conflict 17.03±7.67 10.15±3.66 5.184 0.000

Decision self-efficacy 18.27±6.73 23.94±6.04 −4.746 0.000
Preparation for decision-making 20.12±5.39 26.30±4.90 −4.679 0.000

Anxiety 3.39±2.65 2.64±1.08 1.922 0.064
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was an acceptable and useful instrument for helping with SDM by improving patients’ knowledge, attitude, decision self- 
efficacy, and preparation, and by reducing their decisional conflicts.

In the prototype development stage, the patients’ and health professionals’ needs for information and decision support 
were assessed based on the IPDAS development process model. A larger font size, clarity, and sufficient information on 
the PDA were the basic requirements of the patients. The patients stressed their need for more information on the disease 
and the interventions, such as on the concept and content, potential risks and benefits, and side effects of the intervention, 
and the post-treatment care. Like the patients, the health professionals believed that it was essential to provide sufficient 
information about the disease and the nutrition modification. However, the patients and the health professionals evaluated 
the intervention options differently: the health professionals tended to focus on the disease, the intervention, and the 
patients’ knowledge and preferences, whereas the patients cared more about whether the intervention would have side 
effects and would affect their quality of life in the short and long terms. Therefore, a common app for making informed 
decisions from different viewpoints is needed based on these two perspectives.

In the alpha testing, the patients gave a positive response that confirmed that the PDA was an acceptable, usable, and 
comprehensive instrument. Most of them preferred a simple and clear PDA interface, and the voice-broadcasting function 
was particularly important for patients with poor vision. Some patients admitted that they did not fully understand the 
benefits and risks of the PDA. Therefore, we used plenty of pictures to make the PDA more vivid and thus, easier to 
understand. However, a few patients mentioned that the information on the potential harms of the nutrition modification 
should be excluded because it would increase the anxiety of the patients and inhibit them from participating in the 
intervention. However, in line with a study10,11 on the willingness of AMD patients to undergo a dietary intervention, 
most of the participants in this study had preventive beliefs and positive attitudes towards dietary intervention, so they were 
more inclined towards the potential benefits rather than the risks. Therefore, it would be better for patients to fully 
understand the advantages and disadvantages of various options and make the best decision according to their own 
situation. Further research should focus on optimizing the PDA according to different levels of the patients’ basic 
knowledge, attitudes, and beliefs in nutrition interventions to promote the application of the PDA in clinical practice. 
Additionally, most of the patients preferred chart selection and arrows in choosing their preference rather than a single 
Likert option. Therefore, we made some modifications of the PDA to improve its comprehensibility and communicability.

In the beta-testing stage, significant improvements were found in the patients’ knowledge, attitude, preparation for the 
SDM, and decision-making self-efficacy. The results showed that this tool can achieve efficient knowledge transmission, 
and then, promote the patients’ mastery of AMD nutrition-related information.47 The PDA can also significantly improve 
patients’ ability to analyze the advantages and disadvantages of nutritional interventions, reduce their blindness and 
uncertainty, increase their participation in the decision-making process, and help them prepare for decision-making.48 

The decision conflict was significantly reduced because the patients felt informed about the pros and cons of nutrition 
modification, felt uncertain about the options, felt supported in making decisions, and had clear values of their own. 
However, we did not find any difference in anxiety after the use of the PDA in our study, which is consistent with the 
finding of Cox.49 However, there was no clear certainty about the effect of the PDA on patients’ anxiety, which may be 
due to the small sample size of the beta test and the short tracking time. Therefore, a large sample size and a longer 
research time would be needed in a future study to clarify the impact of the PDA application on patients’ anxiety.

Although the results were satisfactory, some limitations should be mentioned. First, we tried to include all stakeholders in 
the development of our PDA, but only small groups of patients and health professionals were recruited from only one 
hospital. Therefore, the generalizability of our study results was limited, although the number of participants reached the 
recommended number.50 Consequently, more participants should be involved in further research on the PDA. Second, the 
PDA did not present the probabilities of the outcomes because there was no sufficient evidence on the interventions and their 
security. Otherwise, the PDA presented benefits and risks based on evidence as well as specific intervention options and their 
possible impacts on the patients’ daily life in a structured way. The patients regarded this way of presenting results as useful. 
Third, the knowledge questionnaire might have made the participants unresponsive because of anxiety over the publicizing of 
the results. Hence, we encouraged the patients to express all their positive and negative opinions anonymously, as our 
purpose for this study was to make the PDA suitable and acceptable for all the patients. Fourth, the sample size for the beta 
testing was small. A larger sample size is needed in a future study to test the effectiveness of the PDA.
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In further studies, we will combine other influencing factors with interventions to further improve the quality of life of 
AMD patients.

Conclusion
Our study showed that the PDA for nutrition is an acceptable and suitable instrument for AMD patients and fits the values of all 
stake-holders. It could provide evidence-based information on the condition and on the benefits, risks, and probabilities of 
different care options, which would help the patients to make decisions consistent with their values and preferences. Besides, the 
PDA could be easily integrated into the patient pathway and the daily workflow of medical professionals. Although the results 
were encouraging, they also suggested some improvements, especially in terms of availability. In future research, we will 
optimize the performance of the PDA and develop diversified display forms and functions to make it usable for more patients. In 
conclusion, this study is an important step in supporting SDM, which has the potential to provide a more patient-centered and 
value-based healthcare system involving nutrition for individuals with different types of AMD.20
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