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Abstract
Background
Presbyopia is a progressive condition that reduces the eye’s ability to focus on near objects with increasing age. After a systematic literature review identified no existing presbyopia-specific patient-reported outcome (PRO) instruments meeting regulatory guidance, a new PRO instrument, the Near Vision Presbyopia Task-based Questionnaire (NVPTQ), was developed.

Results
To explore the patient experience with presbyopia, concept elicitation interviews were conducted with 20 presbyopic participants. The most frequently reported impacts were difficulty with reading menus/books/newspapers/magazines, reading on a cell phone/caller ID, and reading small print. Based on these results, a task-based PRO instrument (the NVPTQ) was developed instructing participants to complete four near-vision, paper-based reading tasks (book, newspaper, nutrition label, menu) under standardized settings, and subsequently assess their vision-related reading ability and associated satisfaction. The draft NVPTQ was cognitively debriefed with a sample of 20 presbyopes, which demonstrated that most participants interpreted the items as intended and endorsed the relevance of the concepts being assessed. After the qualitative research, the draft instrument was psychometrically tested using data from a Phase 2 study. Based on item-level analyses, all items in the NVPTQ demonstrated expected response option patterns and lacked substantial floor or ceiling effects. The reliability, validity, and responsiveness of the NVPTQ Performance and Satisfaction domain scores were assessed. All domains scores had large Cronbach’s coefficient α values and good test–retest statistics, indicating that the scores are internally consistent and produce stable values over time. The pattern of correlations with a concurrent measure of visual functioning (National Eye Institute Visual Function Questionnaire 25) demonstrated that the NVPTQ domain scores were related to an alternative assessment of near-vision activities. The NVPTQ domain scores were able to distinguish between groups that were known to differ on the clinical outcome of uncorrected near visual acuity, supporting the construct validity of these scores. The NVPTQ domain scores showed evidence of responsiveness to change by being able to distinguish between groups defined as improved and not improved based on patient-reported and clinical outcomes.

Conclusions
This research has resulted in a content-valid and psychometrically sound instrument designed to evaluate vision-related reading ability and satisfaction with vision-related reading ability.
Trial registration: ClinicalTrials.gov NCT02780115. Registered 23 May 2016, https://​www.​clinicaltrials.​gov/​ct2/​show/​NCT02780115?​term=​NCT02780115&​draw=​2&​rank=​1.​
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Background
Presbyopia is an age-related progressive visual condition characterized by the loss of the ability of the eye to focus on near objects. Uncorrected presbyopia has been found to significantly reduce quality of life, as individuals experience a reduction in near visual acuity [1]. The ability to perform common near-vision reading tasks resulting from blurred near vision was identified as an integral presbyopia concept for measurement based on a review of the literature [2]. To manage the impacts of presbyopia, individuals often implement various coping mechanisms to better see things at close distance, such as squinting while reading. Therefore, evaluating the efficacy of any presbyopic treatment should include studying its ability to improve functional reading at near distance.
Several patient-reported outcome (PRO) instruments have been utilized to measure the functioning aspects of living with presbyopia, including the National Eye Institute Visual Functioning Questionnaire-25 (NEI VFQ-25) [3, 4], National Eye Institute Refractive Error Quality of Life Instrument-42 (NEI RQL-42) [4, 5], and Near Activity Visual Questionnaire (NAVQ) [6]. However, none meet the standards in the FDA’s PRO Guidance due to inadequate documentation of content validity, insufficient psychometric measurement properties, and a lack of item content relevance to presbyopia symptoms and impacts [7–9].
This article describes the development of a new PRO instrument, the Near Vision Presbyopia Task-Based Questionnaire (NVPTQ), to assess near-distance reading ability, in accordance with the development standards described in the US Food and Drug Administration (FDA) PRO Guidance [7].
Methods
Concept elicitation (CE) interviews were planned to inform the development of a new PRO instrument assessing near-vision reading ability. This study was conducted in accordance with the tenets of the Declaration of Helsinki, and all applicable local laws/regulations. Before study start, the Copernicus Group Independent Review Board reviewed and approved the qualitative study protocols, Quorum Independent Review Board reviewed and approved the clinical study protocols, and all patients provided written informed consent.
Concept elicitation interviews were conducted in-person with 20 participants with a clinically confirmed diagnosis of presbyopia. Semi-structured interviews were designed to explore and document the concepts relevant to presbyopia symptoms, impacts, coping behaviors, and treatment satisfaction that were most relevant and important to measure for presbyopic individuals. Inclusion and exclusion criteria were developed to ensure that the study sample was similar to the sample expected to be enrolled in presbyopia clinical trials. Specifically, subjects were required to be 40 years of age and older, have uncorrected visual acuity (VA) of 20/40 or worse for near vision, and have best corrected VA of 20/20 for distance vision. In an effort to achieve adequate participant representation of varying refractive errors, recruitment quotas included at least 6 myopic participants (> − 0.5D to < − 6.0D), at least 7 emmetropic participants (≤ − 0.5D to ≤  + 0.5D), 3 hyperopic participants (> + 0.5D to <  + 3.0D), and 7 participants with astigmatism (> 0.5D to < 3.0D). Recruitment targets for sex were 50% female and 50% male. Participants were recruited through 3 US-based sites, located in Bakersfield, CA, St. Louis, MO, and Newport Beach, CA. Trained and experienced qualitative researchers conducted the interviews using a semi-structured interview guide. Audio recordings of the interviews were transcribed verbatim and anonymized by removing identifying information such as names and places.
A coding scheme based on the research objectives was developed by the researchers prior to coding and was updated as necessary to reflect the actual terms subjects used to describe concepts, as well as to incorporate newly emerging data. The first transcript was coded by all team members and reviewed by the research manager to confirm intercoder reliability; all further transcripts were coded by one individual. The qualitative data were analyzed using a combination of grounded theory methods and traditional content analysis, and the data were assessed for conceptual saturation [10]. Upon completion of the interview analysis, an item-generation meeting (IGM) was held, during which the results of the CE interviews were reviewed and discussed. The IGM participants included measurement experts and sponsor representatives. To ensure that the questionnaire represented relevant concepts in presbyopia, an expert in optics provided input after selection of the initial concepts for measurement. After the IGM, a draft version of the NVPTQ was developed for further evaluation.
To test the relevance and interpretability of the draft items and to ensure the comprehensiveness of the instrument to the experience of individuals with presbyopia, cognitive debriefing (interviews were conducted with 20 participants with a clinically confirmed diagnosis of presbyopia). Interviews were conducted in person using a semi-structured interview guide and included a brief concept confirmation phase, followed by item-level debriefing. The inclusion and exclusion criteria were similar to those used for the CE interviews. Qualitative data were analyzed using traditional content analysis at the item and domain level. Findings were reviewed by the study team to inform whether revisions were needed for the instrument.
After the qualitative research, psychometric analyses were conducted for the NVPTQ using data from a Phase 2 multicenter, double-masked, randomized, vehicle-controlled, parallel-group study (NCT02780115). Study medication was administered once daily in the morning for 28 days. After screening, site visits occurred on Day 1 (Visit 1), Day 2 (Visit 2), Day 14 ± 2 (Visit 3), Day 21 ± 2 (Visit 4), and Day 28 ± 3 (Visit 5), with study medication administered at Hour 0 in-clinic. During site visits within the treatment period, Hour 1 was considered the peak-efficacy assessment time point, whereas Hour 8 was expected to be outside of the peak efficacy period. After the treatment period, all participants remained in the study for a 14-day follow-up period, during which site visits occurred on Day 1 (Visit 6), Day 7 ± 2 (Visit 7) and Day 14 ± 2 (Visit 8). The NEI VFQ-25 and the Patient Global Impression of Change (PGIC) were included in the study as concurrent PRO measures. The study included 151 participants in the modified intent-to-treat population, defined as all randomized participants with a baseline and at least 1 post-baseline assessment of mesopic, high-contrast uncorrected near visual acuity (UNVA).
Psychometric testing began with an item-level evaluation of response frequencies and inter-item relationships. To understand the structural relationship among the NVPTQ items, item response theory (IRT) was chosen rather than factor analysis due to the nominal nature of the data. Testlet variables were proposed to address local dependence between item pairs, and IRT methods were used to refine the way in which individual item scores were combined to form the testlet variables. Nominal response models were used to identify an ordering of response categories in the new testlet variables, and graded response models were used to evaluate the appropriateness of the proposed testlet definitions and the structural relationship among the NVPTQ items through examination of slopes and fit statistics.
After the IRT results were interpreted, a scoring algorithm was identified and the measurement properties of the resulting domain scores were assessed. Specifically, the reliability, validity, and responsiveness of the NVPTQ scores were evaluated, and thresholds for interpreting meaningful within-patient change were established. To confirm that the NVPTQ produces reliable scores, 2 types of reliability were evaluated. First, Cronbach’s coefficient α was calculated to assess the internal consistency of the NVPTQ scores [11]. If the coefficient α exceeds 0.70, then it is generally considered appropriate to combine the values together into a total score [12]. Second, test–retest reliability was computed using the intraclass correlation coefficient (ICC) for the NVPTQ scores between Day 21 Hour 1 and Day 28 Hour 1 using data from participants who were relatively stable on the PGIC (i.e., the same, slightly better, slightly worse) at the retest time point [13]. The ICC was computed using a 2-way mixed-effects regression model based on absolute agreement [14]. For ICCs, excellent reliability is indicated with an ICC > 0.9, good reliability is indicated by 0.75 < ICC ≤ 0.9, moderate reliability is indicated by 0.5 < ICC ≤ 0.75, and values below 0.5 indicate poor reliability [15].
To confirm that the NVPTQ produces valid scores, 2 methods for assessing construct validity were applied. First, correlations were produced between the NVPTQ scores and the NEI VFQ-25 to assess convergent validity (i.e., NVPTQ domain scores well-correlated with scores that measure similar concepts) and discriminant validity (i.e., NVPTQ domain scores less correlated with scores that measure dissimilar concepts). Second, known-groups methods were used to evaluate the construct validity of NVPTQ scores. Three groups were defined based on the mesopic high-contrast UNVA: 20/125 or worse; 20/80 and 20/100; and 20/63 or better. An η2 effect size was computed as the between-groups sum of squares divided by the total sum of squares. Values of 0.01 to < 0.06 are considered small, 0.06 to < 0.14 are considered medium, and 0.14 or larger are considered large [16].
To assess that the NVPTQ scores are able to detect changes over time, responsiveness methods were used to examine score changes. Participants were classified based on concurrent PRO measures at the same time points according to the following definitions:	PGIC	Improved = complete improvement, far better, or moderately better

	Not Improved = slightly better, no change, slightly worse, moderately worse, or far worse





	Mesopic high-contrast UNVA:	Improved = 3-line improvement or greater

	Not Improved = worsening, no change, or less than a 3-line improvement.








Means and standard deviations (SDs) for the NVPTQ scores were reported for each of the change groups defined above. Guyatt's responsiveness statistic (GRS) was reported as an effect size comparing the improved group to the not improved group [17]. The GRS is computed as the mean change for the target group (i.e., improved) minus the mean of the change for the comparison group (i.e., not improved) divided by the SD of the comparison group (e.g., not improved) and is interpreted as small (0.2 to < 0.5), medium (0.5 to < 0.8), and large (≥ 0.8) [16]. Finally, methods highlighted in the FDA’s PRO Guidance for interpreting meaningful within-patient changes on the NVPTQ were considered, namely anchor-based methods and distribution-based methods [7, 18].
Results
Qualitative results
Of the 20 participants interviewed during concept elicitation (Tables 1, 2), the majority were female (n = 14, 70.0%), with an average age of 50.1 years (range: 41–57 years). The median and mode for near visual acuity in the right eye (OD), left eye (OS), and both eyes (OU) was 20/50. Emmetropia (n = 9, 45.0%) was the largest accommodative status of subjects, followed by myopia (n = 7, 35.0%) and then hyperopia (n = 4, 20.0%) and astigmatism (n = 4, 20.0%).Table 1Participants’ demographics


	 	Concept elicitation interviews
(N = 20)
	Cognitive debriefing interviews
(N = 20)

	Average age (SD), y
	50.1 (4.7)
	48.8 (5.0)

	 Range
	41, 57
	41, 59

	Age category, n (%)

	 40–44
	3 (15.0)
	5 (25.0)

	 45–49
	3 (15.0)
	6 (30.0)

	 50–54
	10 (50.0)
	6 (30.0)

	 55–59
	3 (15.0)
	3 (15.0)

	 Data unavailable
	1 (5.0)a
	0 (0.0)

	Sex, n (%)

	 Female
	14 (70.0)
	11 (55.0)

	 Male
	6 (30.0)
	9 (45.0)

	Race, n (%)b

	 White
	9 (45.0)
	14 (70.0)

	 Black or African American
	4 (20.0)
	2 (10.0)

	 Native Hawaiian or other Pacific Islander
	2 (10.0)
	0 (0.0)

	 Asian
	1 (5.0)
	0 (0.0)

	 American Indian or Alaska Native
	0 (0.0)
	1 (5.0)

	 Other
	4 (20.0)c
	3 (15.0)d

	Ethnicity, n (%)

	 Not Hispanic/Latino
	15 (75.0)
	16 (80.0)

	 Hispanic/Latino
	5 (25.0)
	4 (20.0)

	Highest level of education, n (%)

	 Some college or certificate program
	8 (40.0)
	10 (50.0)

	 College or university degree (2- or 4-year)
	5 (25.0)
	3 (15.0)

	 High school diploma/GED or less
	4 (20.0)
	7 (35.0)

	 Graduate degree
	3 (15.0)
	0 (0.0)

	Work status, n (%)b

	 Working full-time
	13 (65.0)
	12 (60.0)

	 Homemaker
	3 (15.0)
	2 (10.0)

	 Retired
	3 (15.0)
	2 (10.0)

	 Working part-time
	1 (5.0)
	3 (15.0)

	 Unemployed
	0 (0.0)
	2 (10.0)

	 On disability
	1 (5.0)
	0 (0.0)

	 Other
	1 (5.0)e
	0 (0.0)


GED, General Educational Development; SD, standard deviation; y, year
aThe participant did not report his/her age
bParticipants were able to select all that applied
cOther races reported were Hispanic/Spanish (n = 2, 10.0%), Mexican (n = 1, 5.0%), and Indian (n = 1, 5.0%)
dOther races reported were Hispanic/Spanish (n = 2, 10.0%) and Filipino (n = 1, 5.0%)
eReported as “as the situation demands” (n = 1, 5.0%)


Table 2Participants’ vision-related information


	 	Concept elicitation interviews
(N = 20)
	Cognitive debriefing interviews
(N = 20)

	Uncorrected near-vision acuity in both eyes, n (%)a

	 20/39 or bettera
	0 (0)
	3 (15.0)

	 20/40–20/59
	14 (70.0)
	11 (55.0)

	 20/60–20/79
	2 (10.0)
	4 (20.0)

	 20/80 or worse
	3 (15.0)
	2 (10.0)

	 Data unavailable
	1 (5.0)
	0 (0)

	Uncorrected near-vision acuity in the right eyes, n (%)

	 20/39 or betterb
	0 (0)
	1 (5.0)

	 20/40–20/59
	13 (55.0)
	12 (60.0)

	 20/60–20/79
	2 (10.0)
	5 (25.0)

	 20/80 or worse
	4 (20.0)
	2 (10.0)

	 Data unavailable
	1 (5.0)
	0 (0)

	Uncorrected near-vision acuity in the left eyes, n (%)

	 20/39 or betterb
	0 (0)
	1 (5.0)

	 20/40–20/59
	14 (70.0)
	11 (55.0)

	 20/60–20/79
	3 (15.0)
	3 (15.0)

	 20/80 or worse
	2 (10.0)
	5 (25.0)

	 Data unavailable
	1 (5.0)
	0 (0)

	Average time (SD) with near-vision difficulty, y
	7.6 (8.4)
	7.5 (8.8)

	 Range
	1–36
	0.5–37

	Near-vision treatment experience, n (%)c
	Current
	Past
	Current
	Past

	 Prescription reading glasses
	10 (50.0)
	3 (15.0)
	13 (65.0)
	1 (5.0)

	 OTC reading glasses
	8 (40.0)
	0 (0)
	18 (90.0)
	0 (0)

	 Magnifying glasses
	9 (45.0)
	1 (5.0)
	2 (10.0)
	0 (0)

	 Prescription glasses for distance vision
	7 (35.0)
	1 (5.0)
	1 (5.0)
	1 (5.0)

	 Prescription bifocals
	5 (25.0)
	1 (5.0)
	3 (15.0)
	0 (0)

	 Prescription progressive glasses
	5 (25.0)
	0 (0)
	2 (10.0)
	0 (0)

	 Contact lenses for near vision
	0 (0)
	2 (10.0)
	0 (0)
	1 (5.0)

	 Contact lenses for distance vision
	1 (5.0)
	1 (5.0)
	0 (0)
	0 (0)

	 No treatment
	2 (10.0)
	0 (0)
	0 (0)
	0 (0)

	 Prescription trifocals
	0 (0)
	0 (0)
	1 (5)
	0 (0)

	Time (SD) using near-vision treatment, y

	 OTC reading glasses
	5.3 (1.9)
	4.0 (4.0)

	  Range
	3.0, 8.0
	0.1, 16.0

	  n
	6
	18

	 Prescription glasses
	5.1 (6.7)
	5.6 (6.2)

	  Range
	0.4, 20.0
	0.6, 20.0

	  n
	8
	12

	 Prescription bifocals
	3.5 (3.9)
	7.0 (7.0)

	  Range
	0.1, 8.8
	2.0, 15.0

	  n
	4
	3

	 Other
	6.1 (7.9)
	6.8 (7.4)

	  Range
	0.2, 15.0
	1.5, 12.0

	  n
	3d
	2e

	Time (SD) using distance-vision treatment, y

	 Prescription glasses
	11.2 (13.7)
	1.5 (NA)

	  Range
	0.2, 41.4
	NA

	  n
	9
	1

	 Prescription bifocals
	4.3 (4.3)
	8.5 (9.2)

	  Range
	0.1, 8.8
	2.0, 15.0

	  n
	3
	2

	 Contact lenses
	7.0 (NA)
	0

	  Range
	NA
	0

	  n
	1
	0

	 Other
	0
	1.0 (NA)

	  Range
	0
	NA

	  n
	0
	1e


NA, not applicable; OTC, over-the-counter; SD, standard deviation; y, year
aIncluded 2 cognitive debriefing interview participants who had uncorrected visual acuity of 20/40 or worse in each eye separately (per the eligibility criteria), and 20/39 or better in both eyes. One cognitive debriefing interview participant had uncorrected visual acuity of 20/39 or better in both eyes and in each eye separately, and thus did not meet the eligibility criteria; however, this participant was included in analysis in error
bRefers to 1 of 2 participants with uncorrected visual acuity of 20/40 or worse in each eye separately (per the eligibility criteria), and 20/39 or better in both eyes
cReflects all treatments that applied to each participant, as reported in their demographic information form and during their interview
dIncluded prescription progressive glasses (n = 2, 10.0%) and “target shooting” glasses (n = 1, 5.0%)
eDetails were not collected during the cognitive debriefing interviews



The most frequently reported presbyopia symptoms were blurred near vision (n = 20, 100.0%) and eyestrain (n = 20, 100.0%); all reports of blurred near vision were spontaneous. The most frequently reported impacts pertained directly to reading different types of material: reading a restaurant menu (n = 20, 100.0%), reading a nutrition/recipe label (n = 19, 95.0%), reading on a cell phone/caller ID (n = 19, 95.0%), reading in low or dim lighting (n = 19, 95.0%), reading small print (n = 18, 90.0%), reading a book (n = 15, 75.0%), and reading newspapers (n = 11, 55.0%). Impacts with the highest average bothersome ratings, rated by at least 5 (25.0%) participants on a 0–10 scale (“0” being not bothersome at all and “10” being extremely bothersome), were reading books/newspapers/magazines and reading in low/dim light ([image: $$\overline{x }$$]= 7.5 and 6.9, respectively). Non-reading impacts were also reported, with feeling angry or frustrated (n = 17, 85.0%), forgetting glasses (n = 17, 85.0%), and relying on others to read materials (n = 14, 70.0%) being reported most frequently.
Saturation was considered to be achieved at the point when additional interviews were unlikely to yield new information (i.e., new concepts of importance and relevance to participants). Through a structured reporting process, concepts emerging from the interviews were analyzed for saturation in sets in the order the data were collected, specifically in 4 rounds of 5 interviews each. Through this assessment, it was established that conceptual saturation was achieved by the end of the third round of interviews, and the study sample size was deemed sufficient.
NVPTQ content development
As difficulty with reading was the most frequently reported impact by participants during CE interviews, the ability to assess functional reading at near distance was determined to be an important and salient concept of interest to evaluate with the development of a new presbyopia PRO instrument. During the IGM, the team recommended creating a standardized performance-based PRO experiment that allows subjects to assess their own ability to perform near vision reading tasks typically performed on a daily basis. The tasks would be setup in clinic so that subjects would sit at a standardized distance away from the task, under standardized lighting conditions, read the task example, and answer questions about how well they were able to read text in the example. The task-oriented PRO would allow subjects to complete the reading task at their own pace and assess their vision-related reading ability and associated satisfaction in a subjective manner. Four paper-based reading tasks (that are typically completed on a daily basis) were then developed for the NVPTQ, which included excerpts from a book, newspaper article, nutrition label, and menu. Three exploratory electronic tasks were also developed, which included excerpts from text messages on an iPhone, book excerpt on iPad tablet, and a credit card statement on a Macbook Pro computer. The distance between the participant and the task material, and the text size of the task materials were all standardized to minimize compensatory behaviors used by participants. Lighting was also standardized at 250 lumens for photopic conditions, and 10 lumens for mesopic conditions. To control for learning effects in the tasks across repeated administrations, 8 comparable but different versions of each task’s reading material were generated so that they could be varied across administrations. While this new instrument would be performance-based, the NVPTQ would be considered a PRO rather than a performance outcome (i.e., PerfO) assessment because its resulting scores would be based on direct patient reports of their experience while performing the tasks rather than being based on their actual performance on the standardized tasks.
The draft NVPTQ included 21 items consisting of the 4 selected paper-based reading tasks, and 3 exploratory electronic tasks. For each task, participants were asked to read the specified material in both mesopic and photopic conditions, and then answer 3 questions that measured the following: (1) the participant’s self-reported ability to read the material; (2) the use of a coping behavior (i.e., squinting) to read the material; and (3) the participant’s self-reported satisfaction with his/her ability to read the material. The “squinting” item was included in the instrument to account for behavior that could not be standardized in the clinic setting. Response options for reading ability included: “I could not read any of the text due to problems seeing up close,” which ranged from “poor” to “excellent.” The item measuring squinting as a compensatory behavior included the response options: “No,” “Yes, and squinting helped me read the text,” and “Yes, but I could still not read the text.” Finally, response options for satisfaction with the ability to complete each task ranged from “very dissatisfied” to “very satisfied.”
After development of the draft NVPTQ tasks and items, 20 presbyopic individuals participated in the CD interviews to evaluate the instrument (Tables 1, 2). Seven participants reported their highest education level to be high school or less (n = 7, 35.0%); the remaining 14 participants reported completing at least some college or higher (n = 13, 65.0%). The median for near VA in the OD, OS, and OU was 20/50, 20/45, and 20/40, respectively. Since the inclusion/exclusion criteria were revised for the CD interviews to more accurately reflect the population that the sponsor was planning to recruit in their upcoming clinical trials, only emmetropes with presbyopia that required a + 1.00 to + 2.50 reading add were interviewed in this round. Overall, participants interpreted the NVPTQ paper-based tasks as intended and reported the reading samples included in the tasks to be relevant to their daily lives. Some minor revisions were made to the instructions based on participant feedback to ensure it was clear that the questions were asking about their ability to read the text, rather than their reading comprehension of the tasks. Additionally, the “squinting” response options were revised to include another option to account for participants who could squint but could only see “some of the text”. The exploratory electronic tasks were ultimately not included given the challenges associated with standardizing their appearance, as well as feedback from participants noting that the tasks did not accurately capture how they would interact with devices in daily life.
Psychometric results
All 151 modified intent-to-treat participants completed all 12 NVPTQ items at Day 1 Hour 0, suggesting that there were no concerns with task administration or comprehension. At Day 1 Hour 0 (before treatment administration), NVPTQ item responses were skewed with the largest proportion of participants endorsing response categories towards the floor of the response scales (i.e., poor reading performance and dissatisfaction). For Performance, the most-frequently endorsed response category was the lowest category (i.e., no ability) for the book and newspaper tasks and the second lowest category (i.e., “poor”) for the menu and nutrition-label tasks, whereas for Satisfaction, all 4 tasks observed the lowest category (i.e., “very dissatisfied”) as the most-frequent endorsed. However, this skewed pattern was expected due to participants being symptomatic at Day 1 Hour 0. At this time point, squinting was used by approximately half of the participants on each task, and squinting was split between being helpful (range: 22–30%) and not helpful with reading (range: 15–26%).
Correlations between the 12 NVPTQ items at Day 1 Hour 0 showed a strong relationship between Performance and Satisfaction (range: 0.87–0.92, within task), whereas Squinting was observed to be moderately correlated with both Performance (range: − 0.28 to − 0.65, within task) and Satisfaction (range: − 0.34 to − 0.47, within task). Although the NVPTQ was developed with the intention of deriving a Performance domain score based on the responses to the 4 Performance items and a Satisfaction domain score based on the responses to the 4 Satisfaction items, this pattern of correlations suggests that the use of squinting may influence performance of and satisfaction with the reading tasks and, therefore, should be incorporated into the scoring algorithm.
Because the Squinting items correspond to the same tasks as the Performance and Satisfaction items, responses to these items cannot be considered locally independent, which is an assumption of IRT, the method selected to inform scoring. To account for this local dependence, the responses to the pairs of items for each task were reframed as a single testlet variable based on the cross-tabulation of all possible response categories (i.e., 18 possible response pairs for Performance and Squinting, 15 possible response pairs for Satisfaction and Squinting). However, while Day 28 Hour 1 was selected for IRT evaluation due to its observed variability across response categories, sparse cells in the cross-tabulations necessitated that testlet categories be collapsed before analysis (Table 3). The Performance and Squinting testlet variable was reduced to 10 categories, whereas the Satisfaction and Squinting testlet variable was reduced to 8 categories (Table 4).Table 3Item response frequencies for pairs of Performance + Squinting items and Satisfaction + Squinting items


	Item Response Pairs
	Book n (%)
	Newspaper n (%)
	Menu n (%)
	Nutrition Label n (%)

	Performance + Squinting

	 “Yes, but I still could not read any of the text” and…

	   “I could not read any of the text due to problems seeing up close”
	18 (12.24)
	15 (10.20)
	9 (6.12)
	10 (6.80)

	   “Poor”
	11 (7.48)
	9 (6.12)
	4 (2.72)
	14 (9.52)

	   “Fair”
	0 (0.00)
	0 (0.00)
	1 (0.68)
	2 (1.36)

	   “Good”
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)

	   “Very Good”
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)

	   “Excellent”
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)

	 “Yes, and squinting helped me read some or all of the text” and…

	   “I could not read any of the text due to problems seeing up close”
	0 (0.00)
	0 (0.00)
	1 (0.68)
	0 (0.00)

	   “Poor”
	10 (6.80)
	11 (7.48)
	13 (8.84)
	11 (7.48)

	   “Fair”
	9 (6.12)
	10 (6.80)
	13 (8.84)
	18 (12.24)

	   “Good”
	1 (0.68)
	2 (1.36)
	4 (2.72)
	5 (3.40)

	   “Very Good”
	1 (0.68)
	1 (0.68)
	1 (0.68)
	1 (0.68)

	   “Excellent”
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)

	 “No, I did not squint” and…

	   “I could not read any of the text due to problems seeing up close”
	15 (10.20)
	19 (12.93)
	8 (5.44)
	14 (9.52)

	   “Poor”
	15 (10.20)
	13 (8.84)
	14 (9.52)
	23 (15.65)

	   “Fair”
	23 (15.65)
	24 (16.33)
	20 (13.61)
	22 (14.97)

	   “Good”
	22 (14.97)
	21 (14.29)
	32 (21.77)
	12 (8.16)

	   “Very Good”
	15 (10.20)
	13 (8.84)
	15 (10.20)
	8 (5.44)

	   “Excellent”
	7 
(4.76)
	9 (6.12)
	12 (8.16)
	7 (4.76)

	Missing response to either item
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)

	Satisfaction + Squinting

	 “Yes, but I still could not read any of the text” and…
	 	 	 	 
	   “Very dissatisfied”
	20 (13.61)
	16 (10.88)
	9 (6.12)
	12 (8.16)

	   “Dissatisfied”
	7 (4.76)
	8 (5.44)
	3 (2.04)
	11 (7.48)

	   “Neither satisfied nor dissatisfied”
	2 (1.36)
	0 (0.00)
	2 (1.36)
	2 (1.36)

	   “Satisfied”
	0 (0.00)
	0 (0.00)
	0 (0.00)
	1 (0.68)

	   “Very satisfied”
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)

	 “Yes, and squinting helped me read some or all of the text” and…

	   “Very dissatisfied”
	3 (2.04)
	4 (2.72)
	7 (4.76)
	4 (2.72)

	   “Dissatisfied”
	8 (5.44)
	6 (4.08)
	11 (7.48)
	15 (10.20)

	   “Neither satisfied nor dissatisfied”
	7 (4.76)
	9 (6.12)
	9 (6.12)
	10 (6.80)

	   “Satisfied”
	3 (2.04)
	5 (3.40)
	5 (3.40)
	6 (4.08)

	   “Very satisfied”
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)

	 “No, I did not squint” and…

	   “Very dissatisfied”
	19 (12.93)
	20 (13.61)
	14 (9.52)
	23 (15.65)

	   “Dissatisfied”
	14 (9.52)
	19 (12.93)
	17 (11.56)
	16 (10.88)

	   “Neither satisfied nor dissatisfied”
	15 (10.20)
	13 (8.84)
	11 (7.48)
	16 (10.88)

	   “Satisfied”
	35 (23.81)
	32 (21.77)
	45 (30.61)
	23 (15.65)

	   “Very satisfied”
	14 (9.52)
	15 (10.20)
	14 (9.52)
	8 (5.44)

	Missing response to either item
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)


Data are from Day 28 Hour 1


Table 4Testlets variables for Performance + Squinting and Satisfaction + Squinting used for nominal IRT


	 	Squinting

	Yes, but I still could not read any of the text
	Yes, and squinting helped me read some or all of the text
	No, I did not squint

	Performance

	  “I could not read any of the text due to problems seeing up close”
	1
	3
	5

	  “Poor”
	2
	3
	6

	  “Fair”
	2
	4
	7

	  “Good”
	2
	4
	8

	  “Very Good”
	2
	4
	9

	  “Excellent”
	2
	4
	10

	Satisfaction

	  “Very dissatisfied”
	1
	2
	4

	  “Dissatisfied”
	1
	2
	5

	  “Neither satisfied nor dissatisfied”
	1
	3
	6

	  “Satisfied”
	1
	3
	7

	  “Very satisfied”
	1
	3
	8




As these testlet response categories do not have an inherent ordering (e.g., when considering the use of squinting that does not help in reading text compared with refraining from squinting and not being able to read the text), nominal response models were used to identify a linear order of the testlet categories so that a graded response model, which requires an a priori response category ordered, could be used to fully evaluate the NVPTQ items. An example item characteristic curve for Performance on the book task presented in Fig. 1 shows the pattern that was generally seen across all 4 tasks. The order of the Performance testlet category curves for the nominal model indicated that unhelpful squinting was associated with the poorest performance, and helpful squinting corresponded to lower performance than the non-squinting counterparts. For the Satisfaction testlet category curves (e.g., Fig. 2), the best testlet categories were clearly defined as satisfaction in the absence of squinting, whereas the worst testlet categories were observed as unhelpful squinting or helpful squinting with dissatisfaction, but the order for the remaining categories was more difficult to determine.[image: ../images/41687_2021_378_Fig1_HTML.png]
Fig. 1Nominal item characteristic curves for the Performance + Squinting testlet for reading a book. Note Curves are based on data from at Day 28 Hour 1 and correspond to the testlet responses as defined in Table 4

[image: ../images/41687_2021_378_Fig2_HTML.png]
Fig. 2Nominal item characteristic curves for the Satisfaction + Squinting testlet for reading a book. Note Curves are based on data from at Day 28 Hour 1 and correspond to the testlet responses as defined in Table 4


Based on the results of the nominal model, the Performance testlet response groupings were updated such that participants who did not squint when performing the task were assigned ordinal values ranging from the worst possible outcome (“I couldn’t read any of the text due to problems seeing up close” = 0) to the best possible outcome (“Excellent” = 5) (Table 5). Participants who reported helpful squinting had a single point deducted from their Performance responses (e.g., “Excellent” = 4). This is supported by the helpful squinting nominal response curves being shifted to the left of the non-squinting curves. Participants who reported unhelpful squinting were assigned a response value of 0 regardless of their performance rating because the Squinting item response indicates that they could not read any of the text, which is the worst possible outcome. A similar approach was taken for the Satisfaction response groupings so that an absence of squinting was assigned the original Satisfaction response scores (“Very dissatisfied” = 0, “Very satisfied” = 4), helpful squinting was assigned a numerical single step down (e.g., “Very satisfied” = 3), and unhelpful squinting was assigned the poorest outcome regardless of Satisfaction rating (Table 5).Table 5Testlets variables for Performance + Squinting and Satisfaction + Squinting used for graded IRT


	 	Squinting

	Yes, but I still could not read any of the text
	Yes, and squinting helped me read some or all of the text
	No, I did not squint

	Performance

	  “I could not read any of the text due to problems seeing up close”
	0
	0
	0

	  “Poor”
	0
	0
	1

	  “Fair”
	0
	1
	2

	  “Good”
	0
	2
	3

	  “Very Good”
	0
	3
	4

	  “Excellent”
	0
	4
	5

	Satisfaction

	  “Very dissatisfied”
	0
	0
	0

	  “Dissatisfied”
	0
	0
	1

	  “Neither satisfied nor dissatisfied”
	0
	1
	2

	  “Satisfied”
	0
	2
	3

	  “Very satisfied”
	0
	3
	4




The graded response model demonstrated that the 4 Performance tasks and 3 out of the 4 Satisfaction tasks each had good item fit, as determined by nonsignificant S-X2 values (p ≥ 0.05). Item characteristic curves for the Performance testlets and for the Satisfaction testlets are presented in Figs. 3 and 4, respectively (root mean square error of approximation [RMSEA] ≤ 0.05). Both the Performance model and the Satisfaction model had good fit with pr(C2) ≥ 0.05, RMSEA ≤ 0.05, standardized root mean square residual (SRMSR) ≤ 0.05, Tucker–Lewis index [TLI] ≥ 0.95, and comparative fit index (CFI) ≥ 0.95. Although these graded IRT results were supportive of the proposed testlet response ordering, the overall study sample size is modest for precise IRT parameter estimation, as evidenced by some unexpectedly large slopes among the items (Table 6). Further, some individual response category pairs (e.g., helpful squinting and excellent performance) did not have sufficient observations to allow for unique parameters to be estimated, thus making it difficult to generalize the IRT parameters derived here to scoring for future samples. Therefore, simple linear sum scoring based on testlets as supported by the IRT analyses was chosen for the NVPTQ scoring algorithm.[image: ../images/41687_2021_378_Fig3_HTML.png]
Fig. 3Graded item characteristic curves for the Performance + Squinting testlets. Note Curves are based on data from at Day 28 Hour 1 and correspond to the testlet responses as defined in Table 5

[image: ../images/41687_2021_378_Fig4_HTML.png]
Fig. 4Graded item characteristic curves for the Satisfaction + Squinting testlets. Note Curves are based on data from at Day 28 Hour 1 and correspond to the testlet responses as defined in Table 5

Table 6Graded item parameters for the Performance + Squinting testlets and Satisfaction + Squinting testlets


	NVPTQ Domain/Item Parameter
	Book
	Newspaper
	Menu
	Nutrition Label

	Performance + Squinting

	 a
	6.40
	13.04
	5.24
	3.86

	 b1
	− 0.34
	− 0.33
	− 0.69
	− 0.43

	 b2
	0.09
	0.08
	− 0.17
	0.32

	 b3
	0.52
	0.51
	0.27
	0.90

	 b4
	1.02
	0.98
	0.90
	1.36

	 b5
	1.83
	1.63
	1.49
	1.90

	Satisfaction + Squinting

	 a
	10.12
	10.24
	6.66
	4.70

	 b1
	− 0.24
	− 0.33
	− 0.49
	− 0.14

	 b2
	0.09
	0.12
	− 0.04
	0.30

	 b3
	0.39
	0.41
	0.23
	0.79

	 b4
	1.36
	1.30
	1.38
	1.76


Data are from Day 28 Hour 1



Testlets are scored according to the values in Table 5. In this scoring algorithm, participants who were helped by squinting are assigned one point lower than their observed score on the Performance or Satisfaction item to account for the fact that their vision-related reading ability and associated satisfaction likely received a small benefit from the act of squinting. Participants who could not read the text despite the use of squinting are assigned the lowest possible score to reflect that not being able to read the text is the poorest possible outcome on the scale. These testlet values are then used to compute domain scores as the average for the non-missing testlet values within the Performance domain, with scores ranging from 0 to 5, and within the Satisfaction domain, with scores ranging from 0 to 4. On both domains, higher scores correspond to better outcomes. If the response to either item within each testlet is missing, then the testlet is assigned a missing value. Because the 4 tasks are highly related, there is no limit on the number of missing testlet scores to be able to calculate the domain scores.
This NVPTQ scoring algorithm balances model fit with retention of concepts that are important to individuals with presbyopia. The conceptual framework (Fig. 5) displays the relationship between the 4 reading tasks and the 3 associated items (i.e., reading performance, reading satisfaction, and squinting) for each task.[image: ../images/41687_2021_378_Fig5_HTML.png]
Fig. 5Near Vision Presbyopia Task-based Questionnaire Conceptual Framework. ©2021 AbbVie. All rights reserved


The Cronbach’s α value for both NVPTQ domain scores at Day 28 Hour 1 far exceeded the recommended threshold of 0.70, with alpha of 0.96 for both the Performance and Satisfaction domain scores. This suggests that it is appropriate to combine the testlet values together into Performance and Satisfaction scores and the testlets are highly consistent with each other. No alpha-if-item-deleted values exceeded alpha, which indicates that no individual testlet is impairing the consistency of the domain score. All of the item-to-total correlations exceeded 0.40 and were generally similar within a domain, indicating that all testlets contribute similarly to the consistency of the scores.
The ICCs between Day 21 Hour 1 and Day 28 Hour 1 were 0.84 for Performance and 0.83 for Satisfaction. These values fall within the range classified as “good” test–retest reliability, so NVPTQ scores can be considered reliable over time.
Correlations were produced between the NVPTQ domain scores and the NEI VFQ-25 domain scores at Screening/Day 1 Hour 0 and at Day 21 Hour 1. The Pearson correlation with Near-vision Activities was expected to be strong (r ≥ 0.5) for both NVPTQ domain scores, but the correlations were only low to moderate in strength (range: 0.23 to 0.31 for Performance and 0.23 to 0.27 for Satisfaction). This pattern of correlations may be attributed to the NEI VFQ-25 instructing participants to answer as if they were wearing their glasses for correction, while the use of glasses during completion of the NVPTQ was not permitted. Across the full range of correlations, the Near-vision Activities domain had the strongest correlations with the NVPTQ domain scores at Day 21 Hour 0 (range of correlations for other NEI VFQ-25 domains: 0.01 to 0.28 for Performance and − 0.11 to 0.25 for Satisfaction), but the correlations at Day 21 Hour 1 exceeded Near-vision Activities for Mental Health with Performance (r = 0.31) and for Mental Health and Role Difficulties with Satisfaction (r = 0.33 and 0.26, respectively). Despite this unexpected trend, it is desirable to observe that Mental Health and Role Difficulties track with Performance and Satisfaction post-treatment.
NVPTQ domain scores were evaluated for 3 groups that were known to differ based on the clinical outcome of mesopic high-contrast UNVA at Day 1 Hour 0 and Day 28 Hour 1. Both Performance and Satisfaction scores at both time points were able to significantly distinguish between clinically differentiated levels of mesopic high-contrast UNVA (all p < 0.001). The poorest mesopic high-contrast UNVA values (i.e., 20/125 or worse) had the poorest scores on the Performance and Satisfaction domains, with mean values near 0. The best mesopic high-contrast UNVA values (i.e., 20/63 or better) had the best scores on the NVPTQ domains, with mean values of 1.44 and 1.96 on Performance at the 2 time points and mean values of 1.13 and 1.69 on Satisfaction at the 2 time points. The NVPTQ domain scores for the middle mesopic high-contrast UNVA group (i.e., 20/80 and 20/100) was consistently between the worst and best mesopic high-contrast UNVA group mean scores. The η2 effect sizes ranged from 0.14 for Satisfaction at Day 21 Hour 1 to 0.20 for Performance at Day 1 Hour 0, which are all considered “large.”
NVPTQ domain change scores were evaluated for groups defined as improved and not improved based on change on the patient outcome of PGIC and change on the clinical outcome of mesopic high-contrast UNVA from Day 1 Hour 0 to Day 28 Hour 1. Although the mean change for Performance and Satisfaction was positive for all improved and not improved groups, the Performance scores increased by 1.36 points on PGIC and 1.21 points on UNVA and the Satisfaction scores by 1.28 points on PGIC and 1.26 points on UNVA for the groups defined as improved, whereas the groups defined as not improved changed by no more than 0.58 points. The GRS effect sizes comparing improved and not improved groups were medium (GRS = 0.58 for UNVA) and large (GRS = 0.87 for PGIC) for Performance and medium for both Satisfaction groups (GRS = 0.67 for UNVA and 0.70 for PGIC).
Before proceeding with anchor-based analyses for interpreting change on the NVPTQ, the correlations between the anchors and the NVPTQ domain scores were reviewed to ensure that each anchor is viable for use in setting interpretation thresholds. The correlation with PGIC was 0.30 for Performance and 0.26 for Satisfaction, whereas the correlation with UNVA was 0.32 for both Performance and Satisfaction. Because the PGIC correlation with Satisfaction did not exceeded the a priori level of 0.30 for indicating a sufficiently related anchor, results for Satisfaction based on PGIC were reviewed, but given less consideration during triangulation.
For each anchor and each NVPTQ domain score, empirical cumulative distribution functions (eCDFs), classification statistics (i.e., sensitivity, specificity, positive predictive value, negative predictive value), and nonparametric discriminant analysis were used to produce responder threshold estimates. A responder threshold is the change score at which an individual would need to meet or exceed to be classified as a treatment responder, which can be used for interpreting meaningful within-patient changes in a treatment setting. For NVPTQ Performance scores, which have a possible change score range from − 5 to + 5, the responder threshold estimates ranged from 0.6 to 2.6. Despite this range, the location where target anchor groups (i.e., moderately better on PGIC, 3-line improvement on UNVA) exceeds 50% on the eCDF was 0.75 for both PGIC (Fig. 6) and UNVA (Fig. 7). At this value, the classification statistics were well-balanced, while the discriminant analysis was less conclusive. Further, this threshold exceeds the distribution-based estimates of 0.41 for standard error of measurement (SEM) and 0.52 for one-half standard deviation (SD), so it can be considered sufficiently large to be reliably measured by the scale. Thus, the proposed NVPTQ Performance responder threshold is 0.75.[image: ../images/41687_2021_378_Fig6_HTML.png]
Fig. 6eCDF of change in NVPTQ Performance by PGIC. Note Change is computed as Day 28 Hour 1 minus Day 1 Hour 0. Positive scores indicate improvement. eCDF, empirical cumulative distribution; NVPTQ, Near Vision Presbyopia Task-based Questionnaire; PGIC, Patient Global Impression of Change

[image: ../images/41687_2021_378_Fig7_HTML.png]
Fig. 7eCDF of change in NVPTQ Performance by change in UNVA. Note Change is computed as Day 28 Hour 1 minus Day 1 Hour 0. Positive scores indicate improvement. eCDF, empirical cumulative distribution; NVPTQ, Near Vision Presbyopia Task-based Questionnaire; UNVA, uncorrected near visual acuity


For NVPTQ Satisfaction scores, which have a possible change score range from − 4 to + 4, the responder threshold estimates ranged from 0.6 to 3.6. Although the PGIC anchor also suggested a threshold of 0.75 on NVPTQ Satisfaction according to the eCDF results (Fig. 8), the PGIC was poorly correlated with NVPTQ Satisfaction. Thus, the UNVA eCDF estimate of 1.00 (Fig. 9) is a more appropriate threshold, and at this location the classification statistics were well-balanced (the discriminant analysis was less conclusive). This threshold also exceeds the distribution-based estimates of 0.40 for SEM and 0.49 for one-half SD, so it can be considered sufficiently large to be reliably measured by the scale. Therefore, the proposed NVPTQ Satisfaction responder threshold is 1.00.[image: ../images/41687_2021_378_Fig8_HTML.png]
Fig. 8eCDF of change in NVPTQ Satisfaction by PGIC. Note Change is computed as Day 28 Hour 1 minus Day 1 Hour 0. Positive scores indicate improvement. eCDF, empirical cumulative distribution; NVPTQ, Near Vision Presbyopia Task-based Questionnaire; PGIC, Patient Global Impression of Change

[image: ../images/41687_2021_378_Fig9_HTML.png]
Fig. 9eCDF of change in NVPTQ Satisfaction by change in UNVA. Note Change is computed as Day 28 Hour 1 minus Day 1 Hour 0. Positive scores indicate improvement. eCDF, empirical cumulative distribution; NVPTQ, Near Vision Presbyopia Task-based Questionnaire; UNVA, uncorrected near visual acuity


Discussion
The deterioration in near-vision acuity in individuals with presbyopia leads to difficulty performing essential near-vision tasks, such as reading [2]. As such, when assessing treatment benefit for individuals with presbyopia, it is critical to evaluate the impact on activities of daily life. To evaluate near-vision reading decrements from the patient perspective, the NVPTQ was developed based on a comprehensive and rigorous instrument development approach following the principles described in the FDA’s PRO Guidance [7]. The relevant patient-centered concepts were identified through a targeted literature review, and CE interviews confirmed the relevance of functional reading at near distance. Based on the types of reading activities for which CE interview participants reported having difficulty, a series of four paper-based reading-based tasks were constructed to measure vision-related reading ability and satisfaction with vision-related reading ability. CD interviews confirmed that these tasks and their associated patient-reported items were well-understood and relevant to individuals’ experience with presbyopia.
One limitation of the qualitative research is that the inclusion criteria for presbyopia participants differed between the concept elicitation and cognitive debriefing phases. While the concept elicitation phase included a broader range of participants (i.e., presbyopia participants that were emmetropic, myopic, hyperopic, and/or with astigmatism), the cognitive debriefing phase only included natural or surgery-corrected emmetropes at distance. Regardless, most participants in the cognitive debriefing phase still found the NVPTQ item content and tasks to be relevant to their experience. Another limitation is that the tasks included in the NVPTQ cannot account for or represent all of the potential activities that individuals with presbyopia complete on a daily basis. For example, it does not include non-reading activities (e.g., sewing, knitting, woodworking) that were reported as difficult to complete by presbyopia participants in concept elicitation interviews. These non-reading near vision tasks were ultimately excluded from the NVPTQ for the following reasons: Difficulty finding a non-reading task that was a common experience (e.g., putting on makeup, threading a needle were not tasks that all subjects had experience completing); difficulty of mimicking real-life non-reading tasks in a clinical setting (e.g., driving a car, repairing electronics, etc.); and difficulty with reading tasks were by far the most frequently reported impacts of presbyopia, as non-reading tasks impacts were less frequently reported, and instead could be assessed in a different PRO.
A Phase 2 psychometric evaluation of the NVPTQ provided support for the construction of Performance and Satisfaction scores that demonstrate strong psychometric properties and are easily interpretable. The NVPTQ Performance and Satisfaction scores are able to account for the impact of squinting in a simple and logical manner, resulting in a scoring algorithm that is parsimonious with face validity and is supported through extensive statistical testing using IRT.
The NVPTQ Performance and Satisfaction domain scores demonstrated strong internal consistency, good test–retest reliability, and desirable construct validity. The NVPTQ scores were further shown to be responsive to changes over time as defined by patient-reported and clinical variables. This pattern of psychometric properties supports the use of the NVPTQ in constructing presbyopia clinical trial endpoints. When interpreting results in a presbyopia clinical trial, score improvements of 0.75 points or greater on NVPTQ Performance domain and of 1.00 point or greater on NVPTQ Satisfaction domain may be considered clinically meaningful for an individual.
The totality of the evidence from the Phase 2 psychometric evaluation of the NVPTQ establishes a parsimonious and interpretable scoring algorithm and sufficiently robust measurement properties of the instrument scores. These psychometric properties were later confirmed in an independent Phase 3 clinical trial sample, providing additional support for the reliability, validity, and responsiveness of the NVPTQ scores, as well as the proposed score interpretation thresholds. This evidence supports the NVPTQ as an appropriate patient-centered endpoint to substantiate treatment efficacy claims for presbyopia clinical development programs. While the NVPTQ scores demonstrated good measurement properties, the modest sample size available from the phase 2 clinical trial is a limitation of this research. This sample of 151 is considered “very good” for reliability and validity (e.g., N ≥ 100) and “adequate” for responsiveness (i.e., 30–50 patients in the smallest group) according to the COSMIN Study Design checklist, but COSMIN considers samples less than 250 to be “inadequate” for multiparameter IRT models [19]. For this reason, we used IRT to inform the scoring algorithm, but we did not consider the IRT parameters stable enough for IRT scoring, opting for simple linear sum scoring instead.
The resulting NVPTQ is a novel type of clinical outcome assessment, combining assessment properties of a traditional PRO and a performance outcome measure. It is a traditional PRO in the sense that patients answer questions regarding their own ability to complete the reading tasks; however, it also incorporates aspects of a performance outcome as patients must complete specific tasks before answering questions. This novel approach strives to eliminate recall bias experienced by patients when answering the questions, while ensuring patients are responding to problems that they encounter in everyday life.
Although the other compensatory and coping behaviors during NVPTQ administration are controlled, a “squinting” item is included in the NVPTQ due to the inability to control for squinting when completing the tasks. Despite the inclusion of clear instructions, and an item that asks patients to assess the degree of squinting after completing each task, every effort was and should be taken to instruct patients to consciously minimize squinting during NVPTQ administration.
Conclusions
The research conducted to develop and evaluate the NVPTQ has resulted in a content-valid and psychometrically sound instrument designed to evaluate vision-related reading ability and satisfaction with vision-related reading ability, which are important and relevant concepts to individuals with presbyopia.
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