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Abstract

Background: Assessing changes in quality of life in patients with hay fever–related allergic conjunctivitis requires validated
and clinically meaningful metrics. A minimal clinically important difference (MCID) that can be applied to assess Domain II of
the Japanese Allergic Conjunctival Disease Quality of Life Questionnaire (JACQLQ) in a smartphone app setting has yet to be
determined.

Objective: This cross-sectional observational study aimed to determine MCIDs for the app-based JACQLQ in assessing hay
fever–related allergic conjunctivitis.

Methods: This study used data from a crowdsourced, cross-sectional, observational study conducted via the smartphone app
“AllerSearch” between February 1, 2018, and May 1, 2020. Participants were recruited through digital media and social networking
platforms and voluntarily provided electronic informed consent. Participants completed the JACQLQ, which includes items on
daily activity and psychological well-being, as well as a visual analog scale to measure stress levels related to hay fever. Data
were collected through the app, ensuring comprehensive user input. MCIDs were determined using both anchor- and
distribution-based methods. The face scale of the JACQLQ Domain III and stress level scale for hay fever were used as anchors
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to estimate the MCID; ranges were derived from these MCID estimates. In the distribution-based method, MCIDs were calculated
using half the SD and SE of the JACQLQ Domain II scores. SEs were derived from the intraclass correlation coefficient of an
app-based JACQLQ test-retest reliability metric.

Results: A total of 17,597 individuals were identified, of which 15,749 individuals provided electronic consent. After excluding
those with incomplete data, 7590 participants with hay fever were included in the study (mean age 35.3, SD 13.9 years; n=4331,
57.1% of women). MCID ranges calculated using the anchor-based method were 1.0-6.9, 1.2-5.6, and 2.1-12.6 for daily activity,
psychological well-being, and total JACQLQ Domain II scores, respectively. Using the distribution-based method, the intraclass
correlation coefficients were odds ratio (OR) 0.813 (95% CI 0.769-0.849) for daily activity, OR 0.791 (95% CI 0.743-0.832) for
psychological well-being, and OR 0.841 (95% CI 0.791-0.864) for total JACQLQ Domain II scores. In addition, the
distribution-based method resulted in 2 MCIDs based on half the SD and SE of measurement for daily activity (4.8 and 4.2),
psychological well-being (3.4 and 3.1), and total JACQLQ Domain II (7.8 and 6.4) scores. The final suggested MCID ranges for
daily activity, psychological well-being, and total JACQLQ Domain II scores were 4.2-6.0, 3.1-4.7, and 6.4-10.5, respectively.

Conclusions: MCID ranges for the JACQLQ estimation could help to standardize the app-based quality of life assessment for
patients with hay fever–related allergic conjunctivitis. These MCIDs enhanced the precision of remote symptom monitoring and
facilitated timely, data-driven interventions, ultimately improving the overall management and outcomes of allergic conjunctivitis
through mobile health platforms.

(JMIR Form Res 2024;8:e60731) doi: 10.2196/60731
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Introduction

Hay fever is one of the most common allergic diseases. The
global prevalence of hay fever is estimated at 14.4% and is
increasing [1,2]. Hay fever is a systemic, multiorgan disease
that is associated with diverse comorbidities including allergic
conjunctivitis, rhinitis, dermatitis, and asthma [3,4]. Allergic
conjunctivitis associated with hay fever is broadly categorized
into seasonal and perennial subtypes and comprises a highly
multifactorial process that, besides pollen distribution, is
mediated by factors such as particulate matter, house dust, dust
mites, early childhood pollen exposure, and contact lens use
[5-9].

The mainstay of treatment for hay fever with allergic
conjunctivitis is post facto symptom management and
suppression of exacerbations by antiallergy (antihistamine) or
steroid medications [10]. However, owing to the complex
interplay of the underlying causal factors and diversity of
presentation, optimal treatment and prevention strategies vary
from person to person [4]. To improve the individualized
treatment of co-occurring hay fever and conjunctivitis, it is
essential to conduct a longitudinal evaluation of symptoms and
treatment responses derived from patients’ changing symptoms
and quality of life (QoL) beyond those presented at the clinic
[11].

The holistic evaluation of interventional effects against allergic
conjunctivitis typically involves a two-pronged approach that
uses patient-reported subjective symptoms and clinician-reported
objective findings [12,13]. To best measure subjective symptoms
of hay fever that have wide interpatient variance, providers
should use validated patient-reported outcomes (PROs) to
quantify and standardize the experienced subjective symptoms
prior to evaluation [14,15]. PROs are self-reported
measurements of the patient’s symptoms, health status, and

treatment effectiveness [16,17]. Validated questionnaires that
ascertain PROs for subjective symptoms and QoL, enable the
objective and consistent quantification and assessment of
therapeutic effects [18]. With the rapid advancement in
information and communication technology, the collection of
electronic PROs (ePROs) through smartphones and electronic
devices has increased in clinical settings [19-21]. Research data
on the utilization of ePROs in mobile health (mHealth), which
uses commonplace mobile smart devices, have become
abundantly available [22-26]. Thus, the continuous monitoring
of dynamic subjective symptoms and treatment responses of
patients through smartphone-based ePROs has potential
implications for improving the evaluation of hay fever–induced
allergic conjunctivitis, leading to the individualization of
treatment regimens.

Accurate assessment of PRO-based disease status and treatment
effect evaluation is hindered by the clinical ambiguity of
PRO-recorded changes over time [27]. Despite their statistical
significance, some differences in PROs may be insufficient to
constitute truly “clinically” meaningful and significant changes
[28]. Therefore, researchers and providers often apply the
concept of minimal clinically important difference (MCID)
[27]—a minimal threshold to help determine whether a change
in PRO is truly meaningful in clinical practice [29,30]. Thus, a
change in the PRO that exceeds a set MCID for an intervention
is considered clinically meaningful, regardless of its statistical
significance [29]. Numerous reports have indicated that selecting
an appropriate MCID requires a prerequisite: assessing the
current clinical context and target population to calculate the
MCID in a specific setting [27,31]. Therefore, to effectively
select an MCID that can determine a meaningful change in
PROs, it is essential to evaluate the current clinical context and
target population and select an MCID that has been calculated
in a similar setting [27].
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There are several questionnaires for evaluating hay
fever–induced allergic conjunctivitis-related subjective
symptoms and QoL. These include the Rhinoconjunctivitis
Quality of Life Questionnaire, a disease-specific questionnaire
for measuring daily experience related to rhinoconjunctivitis,
and the Japanese Allergic Conjunctival Disease QoL
Questionnaire (JACQLQ), issued by the Japanese Ocular
Allergology Society based on the Japanese Rhinoconjunctivitis
Quality of Life Questionnaire (JRQLQ) that was modified for
better evaluation of allergic conjunctival disease [15,32,33].
Digitalization of such allergic conjunctivitis-specific
questionnaires enables ePRO-based collection of patient
symptoms and QoL that allows providers to monitor the disease
status remotely. In February 2018, we released an in-house
mHealth smartphone app for hay fever
research—“AllerSearch”—which collects ePROs from the
second domain (Domain II) of the JACQLQ, a 17-item domain
that pertains to QoL and is affected by symptoms of hay
fever-related allergic conjunctivitis [14,34]. Despite improved
accessibility to ePROs for continuous assessment, the absence
of a validated MCID constitutes a barrier to the accurate
assessment of interval change in the JACQLQ Domain II score.
A robust MCID determined in a mHealth environment that
targets day-to-day users carries implications for a smartphone
app–based platform to nonintrusively evaluate and monitor hay
fever status longitudinally in individual patients and the general
population [8]. In a clinical study, the MCID was calculated
using a paper-based JRQLQ, a predecessor of the JACQLQ
[12]. Nevertheless, there are concerns pertaining to the
differences in platforms between a traditional paper-based PRO
tool and its app-based counterpart, with differences in use
conditions, layout, and target users that may affect reporter
subjectivity and the final PRO score. Additionally, differences

exist between the JRQLQ and JACQLQ in terms of their items
and the design of the face scale [12,35]. Accordingly, an MCID
that can be applied to assess Domain II of the JACQLQ in a
smartphone app setting has not yet been determined.

We previously compared the paper- and app-based JACQLQs
and demonstrated the validity and reliability of the app-based
JACQLQ [14]. Furthermore, we established the MCIDs for the
nasal symptom score, nonnasal symptom score, and total
symptom score collected through an app-based questionnaire
as indicators for assessing self-reported symptoms of hay fever
in a previous study [36]. Upon combining the MCIDs
established for the app-based JACQLQ in this study, it will be
possible to conduct a detailed assessment of patients with hay
fever from the perspective of self-reported symptoms and QoL
through a multifaceted approach.

This study aimed to establish the MCIDs and ranges for the
electronic version of the JACQLQ Domain II score by analyzing
subjective symptoms and QoL data using AllerSearch to
improve the current state of smartphone app–based evaluations
of hay fever–related allergic conjunctivitis.

Methods

Study Design
This study was performed using data on hay fever from a
previous crowdsourced, cross-sectional, observational study
that was conducted using the smartphone app “AllerSearch”
between February 1, 2018, and May 1, 2020 (Figure 1A)
[3,4,37]. In the previous study, participants were recruited
through the Apple App Store, and the study was announced via
digital media [38] and on social networking platforms (X,
formerly known as Twitter [39] and Facebook [40]).

Figure 1. Screenshots of the AllerSearch app. Screenshots of the (A) top screen, (B) JACQLQ Domain II, and (C) face scale score of JACQLQ Domain
III. JACQLQ: Japanese Allergic Conjunctival Disease Quality of Life Questionnaire.
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Ethical Considerations
All procedures involving human participants were performed
in accordance with the ethical standards of the institutional or
national research committees, in alignment with the 1964
Declaration of Helsinki and its later amendments or comparable
ethical standards. The study design was approved by the
Independent Ethics Committee of Juntendo University Faculty
of Medicine (M17-0061-M02). All participants provided
voluntary informed consent electronically [4], with the original
consent covering both the primary data collection and any
secondary analyses. All study data were anonymized to ensure
participant privacy, and no personally identifiable information
was included. Participants did not receive any compensation
for their involvement in the study.

Smartphone App “AllerSearch”
“AllerSearch,” a self-developed smartphone app, was released
for iOS on ResearchKit in February 2018, and for Android in
August 2020, under a consignment contract between Juntendo
University Graduate School of Medicine and InnoJin Inc, Tokyo,
Japan [3,4,8,41,42]. “AllerSearch” is freely available on the
Apple App Store and Google Play.

Data Source
In this study, data from our previous study using “AllerSearch”
were used [4]. The data collection process has been described
previously [3,4,8]. Briefly, participants who downloaded
“AllerSearch” and provided electronic informed consent shared
information on demographics, medical history, lifestyle, and
response (nonhay fever, hay fever, and unknown) to the question
“Do you have hay fever?” Additionally, they reported their hay
fever symptoms and preventive behaviors (Multimedia
Appendix 1). The participants then completed questionnaires
including the JACQLQ, stress level due to hay fever, nasal
symptom score, nonnasal symptom score, and work productivity,
which pertained to their daily hay fever symptoms (Multimedia
Appendices 2 and 3) [14,32]. Responses to the hay fever
symptom questionnaires that were inputted into the app for the
first time were used in this study. The stress level was scored
on an 11-point visual analog scale ranging from 0 (none) to 10
(most stressful).

The app-based JACQLQ was used in this study to measure QoL
in patients with allergic conjunctivitis [14,34,43]. The JACQLQ
has validity and reliability based on the results of factor analysis
and correlation coefficients [43]. Additionally, the app-based
JACQLQ has shown validity and reliability based on internal
consistency and the scores of Cronbach α coefficients and
correlation coefficients [14]. The JACQLQ comprises three
domains: I, II, and III. Domain I comprises 9 items related to
ocular and nasal symptoms. Domain II comprises 17 items on
daily activity (11 items) and psychological well-being (6 items).
Each item in Domains I and II (Figure 1B) is scored on a 5-point
Likert scale from none (0 points) to severe (4 points). Domain
III consists of a face scale (Figure 1C), which is scored on a
5-point scale to depict emotions from 0 (fine) to 4 (crying)
[14,34].

Inclusion and Exclusion Criteria
Based on the collected data, participants residing in Japan and
reporting hay fever were included in this study, whereas
individuals without hay fever, with an unknown diagnosis, or
with missing questionnaire data related to hay fever symptoms,
including the JACQLQ, face scale, and stress level scale, were
excluded from this study.

Anchor-Based Analysis
MCIDs were calculated using both anchor- and
distribution-based methods [36]; thus, enabling the use of
external indicators as anchors to assign patients to clinically
relevant categories [29,44]. It is recommended that the
estimation of the MCID in the anchor-based method be based
on multiple anchors [45]. Therefore, the face scale from the
JACQLQ Domain III and the stress level due to hay fever were
used as anchors to determine the MCIDs of the JACQLQ
Domain II score.

The face scale of the JACQLQ Domain III comprised a 5-scale
anchor to categorize the participants into 5 severity categories
[29]. A previous study used a 2-point change as a meaningful
difference on an 11-point scale [29,46,47]. Based on this
method, an 11-point stress level scale was used as the 5-scale
anchor, and participants were assigned to one of the five severity
groups [47]. To assess the eligibility of anchors for determining
the MCID, the Spearman correlation coefficient and the number
of participants in each severity category were calculated [29,47].
The anchor was considered eligible if the correlation coefficient
between the anchor and the total score of daily activity,
psychological well-being, and total JACQLQ Domain II score
was ≥0.3 and the number of participants within a severity
category included at least 10 entries [29,45,47]. The mean
differences between adjacent severity categories of the anchors
provided the MCID estimates. The IQR of the anchor-based
MCID estimates was used to calculate the MCID ranges [29,47].

Distribution-Based Analysis
Two distribution-based methods based on the standard error of
measurement (SEM) or half SD were used to provide supporting
data in combination with the anchor-based results as follows
[36,45]:

where r is the recommended PRO test-retest reliability [27,29].
The intraclass correlation coefficient (ICC) was used as a metric
of the test-retest reliability to determine the SEM for calculating
MCIDs in this study [27]. ICCs were calculated by comparing
baseline and next-day measurements of daily activity,
psychological well-being, and total JACQLQ Domain II scores
from participants who indicated no change in the face and stress
level scale scores [48]. The ICC calculation method was chosen
to assess the test-retest reliability of the questionnaire while
avoiding symptom changes caused by external factors such as
continued pollen exposure, changes in medication use, and
variations in pollen dispersal. A PRO score difference that was
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smaller than the SEM was more likely to represent a
measurement error than a significant change [29,45]. Therefore,
if the lower limit of the anchor-based MCID ranges were less
than the SEM, the SEM was used as the lower limit of the MCID
ranges. Half of the SD at baseline was considered equivalent to
the MCID [49,50]. The 0.5 SD was calculated in each severity
category and compared with the SEM to determine the MCID
ranges [51].

Statistical Analysis
MCID ranges, rather than a single MCID estimate, are
recommended for MCID estimation [29]. Therefore, the final
MCID ranges were estimated from the MCIDs calculated using
the anchor- and distribution-based methods [29]. The final
MCID ranges were determined by setting the lower limit as
either the 25th percentile, found using the anchor-based method,
or the SEM, calculated using the distribution-based method,
and the upper limit as the 75th percentile, found using the
anchor-based method. To compare the demographics and
characteristics of the participants in each severity group,
continuous variables were presented as mean and SD, whereas
categorical variables were presented as proportions. All
statistical analyses were conducted using STATA (version 18.0;
StataCorp).

Results

Participant Characteristics
A flowchart depicting the screening and enrollment of
participants in this study is shown in Multimedia Appendix 4.
A total of 17,597 individuals were identified using a unique
identifier. Of these, 15,749 individuals provided electronic
consent, whereas 1848 individuals did not respond. In total,
11,442 individuals completed the surveys for basic information
on characteristics, lifestyle, and hay fever, as well as the surveys
for hay fever symptoms and the JACQLQ Domain II. After
excluding 113 individuals with outlier data for height, weight,
and age, 45 individuals without geographic data, 2243
individuals with nonhay fever or unknown history, and
incomplete face scale or stress level surveys, 7590 individuals
were included in this study. The demographics and medical
history of the 7590 participants with hay fever are summarized
in Tables 1 and 2, respectively. The mean age of the participants
was 35.3 (SD 13.9) years, and 57.1% (n=4331) of the
participants were women. Approximately 82% (6225/7590) of
the data related to hay fever were recorded in February or March
of each year (Figure 2), which marks the peak months of cedar
and cypress pollen distribution in Japan. Based on the scores
of both the face scale and stress level scale, participants in the
more severe categories were more likely to be younger or
female.
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Table 1. Demographics and medical history by the face scale score category of participants.

Overall
(n=7590, 100%)

Face scale score
4 (n=455, 6%)

Face scale score
3 (n=1849,
24.4%)

Face scale score
2 (n=2755,
36.3%)

Face scale score
1 (n=1864,
24.6%)

Face scale score
0 (n=667, 8.8%)

Demographics

35.3 (13.9)30.3 (12.2)33.1 (13.2)35.4 (13.8)37.6 (14.4)37.7 (13.8)Age (years), mean (SD)

4331 (57.1)314 (69.0)1141 (61.7)1610 (58.4)1001 (53.7)265 (39.7)Women, n (%)

163.8 (8.8)162.0 (8.8)163.1 (8.8)163.5 (8.8)164.4 (8.7)166.1 (9.0)Height (cm), mean (SD)

60.2 (12.3)58.4 (12.2)59.7 (12.4)59.8 (12.2)60.8 (12.2)62.5 (12.3)Weight (kg), mean (SD)

Medical history

Medicated hypertension, n (%)

6225 (82)359 (78.9)1485 (80.3)2263 (82.1)1567 (84.1)551 (82.6)No

386 (5.1)13 (2.9)80 (4.3)130 (4.7)122 (6.6)41 (6.2)Medicated

258 (3.4)13 (2.9)61 (3.3)91 (3.3)60 (3.2)33 (5)Unmedicated

721 (9.5)70 (15.4)223 (12.1)271 (9.8)115 (6.2)42 (6.3)Unknown

Diabetes, n (%)

6819 (89.9)390 (85.7)1644 (88.9)2459 (89.3)1707 (91.6)619 (92.8)No

158 (2.1)10 (2.2)28 (1.5)62 (2.3)41 (2.2)17 (2.6)Yes

613 (8.1)55 (12.1)177 (9.6)234 (8.5)116 (6.2)31 (4.7)Unknown

Systemic diseases (yes), n (%)

119 (1.6)8 (1.8)27 (1.5)39 (1.4)32 (1.7)13 (2)Blood disease

80 (1.1)4 (0.9)20 (1.1)35 (1.3)15 (0.8)6 (0.9)Brain disease

41 (0.5)4 (0.9)8 (0.4)19 (0.7)8 (0.4)2 (0.3)Collagen disease

155 (2)9 (2)37 (2)53 (1.9)38 (2)18 (2.7)Heart disease

136 (1.8)6 (1.3)37 (2)50 (1.8)33 (1.8)10 (1.5)Kidney disease

132 (1.7)5 (1.1)34 (1.8)49 (1.8)34 (1.8)10 (1.5)Liver disease

102 (1.3)3 (0.7)25 (1.4)35 (1.3)27 (1.5)12 (1.8)Malignant tumor

753 (9.9)66 (14.5)203 (11)262 (9.5)183 (9.8)39 (5.9)Respiratory disease

6257 (82.4)371 (81.5)1513 (81.8)2268 (82.3)1534 (82.3)571 (85.6)N/Aa

1361 (17.9)113 (24.8)367 (19.9)493 (17.9)297 (15.9)91 (13.6)Atopic dermatitis (yes), n (%)

Mental illness, n (%)

6682 (88)350 (76.9)1549 (83.8)2456 (89.2)1707 (91.6)620 (93)No

426 (5.6)63 (13.9)163 (8.8)117 (4.3)69 (3.7)14 (2.1)Yes

482 (6.4)42 (9.2)137 (7.4)182 (6.6)88 (4.7)33 (5)Previously had

History of dry eye diagnosis, n (%)

3871 (51)195 (42.9)873 (47.2)1344 (48.8)1037 (55.6)422 (63.3)No

1794 (23.6)128 (28.1)473 (25.6)678 (24.6)394 (21.1)121 (18.1)Yes

1925 (25.4)132 (29)503 (27.2)733 (26.6)433 (23.2)124 (18.6)Unknown

aNot applicable.

JMIR Form Res 2024 | vol. 8 | e60731 | p. 6https://formative.jmir.org/2024/1/e60731
(page number not for citation purposes)

Nagino et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Demographics and medical history stratified by the stress level scale category of participants.

Overall (n=7590,
100%)

Stress level scale
9-10 (n=589,
7.8%)

Stress level scale
7-8 (n=1702,
22.4%)

Stress level
scale 5-6
(n=1685,
22.2%)

Stress level
scale 3-4
(n=1239,
16.3%)

Stress level
scale 0-2
(n=2375,
31.3%)

Demographics

35.3 (13.9)29.9 (12.2)30.6 (12.6)35.3 (13.5)36.0 (14.3)39.5 (13.7)Age (years), mean (SD)

4331 (57.1)411 (69.8)1104 (64.9)941 (55.9)699 (56.4)1176 (49.5)Women, n (%)

163.8 (8.8)162.0 (8.7)162.7 (8.8)163.9 (8.8)163.7 (8.7)164.9 (8.8)Height (cm), mean (SD)

60.2 (12.3)58.1 (12.9)59.0 (12.3)60.2 (12.0)60.2 (12.0)61.5 (12.2)Weight (kg), mean (SD)

Medical history

Medicated hypertension, n (%)

6225 (82)451 (76.6)1400 (82.3)1358 (80.6)1033 (83.4)1983 (83.4)No

386 (5.1)13 (2.2)47 (2.8)86 (5.1)76 (6.1)164 (6.9)Medicated

258 (3.4)15 (2.6)53 (3.1)57 (3.4)39 (3.2)94 (4)Unmedicated

721 (9.5)110 (18.7)202 (11.9)184 (10.9)91 (7.3)134 (5.6)Unknown

Diabetes, n (%)

6819 (89.9)514 (87.3)1508 (88.6)1502 (89.1)1131 (91.3)2164 (91.1)No

158 (2.1)6 (1)28 (1.7)33 (2)22 (1.8)69 (2.9)Yes

613 (8.1)69 (11.7)166 (9.8)150 (8.9)86 (6.9)142 (6)Unknown

Systemic diseases (yes), n (%)

119 (1.6)9 (1.5)19 (1.1)19 (1.1)16 (1.3)56 (2.4)Blood disease

80 (1.1)8 (1.4)11 (0.7)29 (1.7)9 (0.7)23 (1)Brain disease

41 (0.5)4 (0.7)8 (0.5)9 (0.5)10 (0.8)10 (0.4)Collagen disease

155 (2)16 (2.7)32 (1.9)27 (1.6)26 (2.1)54 (2.3)Heart disease

136 (1.8)9 (1.5)25 (1.5)23 (1.4)31 (2.5)48 (2)Kidney disease

132 (1.7)8 (1.4)24 (1.4)25 (1.5)30 (2.4)45 (1.9)Liver disease

102 (1.3)4 (0.7)18 (1.1)21 (1.3)16 (1.3)43 (1.8)Malignant tumor

753 (9.9)73 (12.4)157 (9.2)160 (9.5)135 (10.9)228 (9.6)Respiratory disease

6257 (82.4)480 (81.5)1438 (84.5)1410 (83.7)998 (80.6)1931 (81.3)N/Aa

1361 (17.9)127 (21.6)332 (19.5)320 (19)207 (16.7)375 (15.8)Atopic dermatitis (yes), n (%)

Mental illness, n (%)

6682 (88)484 (82.2)1461 (85.8)1474 (87.5)1098 (88.6)2165 (91.2)No

426 (5.6)62 (10.5)121 (7.1)101 (6)55 (4.4)87 (3.7)Yes

482 (6.4)43 (7.3)120 (7.1)110 (6.5)86 (6.9)123 (5.2)Previously had

History of dry eye diagnosis, n (%)

3871 (51)250 (42.4)784 (46.1)858 (50.9)616 (49.7)1363 (57.4)No

1794 (23.6)158 (26.8)427 (25.1)405 (24)305 (24.6)499 (21)Yes

1925 (25.4)181 (30.7)491 (28.9)422 (25)318 (25.7)513 (21.6)Unknown

aNot applicable.
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Figure 2. Number of initial data entries during the study period.

JACQLQ Domain II Scores
The JACQLQ Domain II scores are presented in Tables 3 and
4. Mean scores of the total daily activity, total psychological

well-being, and total JACQLQ Domain II were 8.9 (SD 9.6),
5.9 (SD 6.7), and 14.8 (SD 15.5) points, respectively.
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Table 3. JACQLQa Domain II scores stratified by the face scale score category of participants.

Overall
(n=7590,
100%)

Face scale
score 4
(n=455, 6%)

Face scale
score 3
(n=1849,
24.4%)

Face scale
score 2
(n=2755,
36.3%)

Face scale
score 1
(n=1864,
24.6%)

Face scale
score 0
(n=667, 8.8%)

JACQLQ Domain II scores

Daily activity (0-4), mean (SD)

1.1 (1.3)2.4 (1.5)1.8 (1.3)1.1 (1.1)0.6 (0.9)0.2 (0.6)1. Obstacles to studying, working, and
housework

1.1 (1.3)2.4 (1.4)1.9 (1.3)1.1 (1.1)0.6 (0.9)0.2 (0.6)2. Poor mental concentration

0.9 (1.2)2.1 (1.5)1.6 (1.2)0.9 (1.0)0.4 (0.8)0.1 (0.5)3. Decreased thinking ability

0.6 (1.0)1.5 (1.4)1.1 (1.2)0.6 (0.9)0.3 (0.7)0.1 (0.5)4. Impaired reading newspapers and other
materials

0.6 (1.0)1.4 (1.4)1.0 (1.2)0.5 (0.9)0.3 (0.7)0.1 (0.5)5. Poor memory

0.9 (1.3)2.0 (1.6)1.4 (1.5)0.8 (1.2)0.4 (0.9)0.2 (0.7)6. Limitation of outdoor life such as sports
and picnics

1.0 (1.3)2.2 (1.6)1.6 (1.5)0.9 (1.2)0.5 (0.9)0.2 (0.6)7. Limitation of going out

0.6 (1.1)1.7 (1.5)1.1 (1.3)0.6 (1.0)0.2 (0.7)0.1 (0.5)8. Obstacles to socializing with people

0.5 (1.0)1.4 (1.5)1.0 (1.2)0.5 (0.9)0.2 (0.6)0.1 (0.4)9. Interfering with conversations and tele-
phone calls with others

0.5 (1.0)1.4 (1.6)1.0 (1.3)0.5 (0.9)0.2 (0.6)0.1 (0.3)10. Anxiety about people around you

0.9 (1.2)2.0 (1.6)1.4 (1.4)0.8 (1.1)0.4 (0.8)0.1 (0.4)11. Sleeping disorder

8.9 (9.6)20.4 (12.2)14.9 (10.1)8.2 (7.7)4.1 (5.7)1.3 (3.3)Total daily activity score (0-44), mean (SD)

Psychological well-being (0-4), mean (SD)

1.1 (1.3)2.5 (1.5)1.8 (1.4)1.0 (1.2)0.4 (0.8)0.2 (0.6)12. Dullness

1.2 (1.3)2.6 (1.5)1.9 (1.4)1.1 (1.2)0.5 (0.9)0.1 (0.5)13. Fatigue

1.0 (1.3)2.6 (1.5)1.9 (1.4)0.9 (1.1)0.3 (0.8)0.1 (0.5)14. Frustrated

0.9 (1.3)2.3 (1.6)1.6 (1.4)0.8 (1.1)0.3 (0.7)0.1 (0.5)15. Irritable

0.9 (1.3)2.5 (1.5)1.6 (1.4)0.7 (1.0)0.2 (0.7)0.0 (0.3)16. Depressed

0.8 (1.2)2.4 (1.6)1.6 (1.4)0.7 (1.0)0.2 (0.6)0.1 (0.3)17. Dissatisfaction with life

5.9 (6.7)14.9 (7.9)10.4 (6.9)5.3 (5.2)2.0 (3.3)0.6 (2.1)Total psychological well-being (0-24), mean (SD)

14.8 (15.5)35.3 (18.8)25.3 (15.9)13.4 (11.9)6.1 (8.4)1.9 (5.0)Total domain II score (0-68), mean (SD)

aJACQLQ: Japanese Allergic Conjunctival Disease Quality of Life Questionnaire.
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Table 4. JACQLQa Domain II scores stratified by stress level scale category of participants.

Overall
(n=7590, 100%)

Stress level
scale 9-10
(n=589, 7.8%)

Stress level
scale 7-8
(n=1702,
22.4%)

Stress level
scale 5-6
(n=1685,
22.2%)

Stress level
scale 3-4
(n=1239,
16.3%)

Stress level
scale 0-2

(n=2375,
31.3%)

JACQLQ Domain II scores

Daily activity (0-4), mean (SD)

1.1 (1.3)2.6 (1.4)1.8 (1.2)1.1 (0.0)1.0 (0.0)0.4 (0.8)1. Obstacles to studying, working,
and housework

1.1 (1.3)2.6 (1.3)1.8 (1.2)1.1 (1.1)1.0 (1.0)0.5 (0.9)2. Poor mental concentration

0.9 (1.2)2.2 (1.4)1.5 (1.2)0.9 (1.1)0.8 (1.0)0.4 (0.8)3. Decreased thinking ability

0.6 (1.0)1.6 (1.4)1.0 (1.1)0.6 (0.9)0.5 (0.9)0.3 (0.7)4. Impaired reading newspapers and
other materials

0.6 (1.0)1.4 (1.4)0.9 (1.1)0.6 (1.0)0.5 (0.9)0.3 (0.7)5. Poor memory

0.9 (1.3)1.9 (1.6)1.4 (1.4)0.8 (1.2)0.7 (1.1)0.4 (0.9)6. Limitation of outdoor life such as
sports and picnics

1.0 (1.3)2.2 (1.6)1.6 (1.4)0.9 (1.2)0.8 (1.2)0.4 (1.0)7. Limitation of going out

0.6 (1.1)1.6 (1.5)1.0 (1.2)0.6 (1.0)0.5 (0.9)0.3 (0.7)8. Obstacles to socializing with
people

0.5 (1.0)1.5 (1.5)0.9 (1.1)0.5 (0.9)0.4 (0.9)0.2 (0.6)9. Interfering with conversations and
telephone calls with others

0.5 (1.0)1.4 (1.5)0.9 (1.2)0.5 (1.0)0.4 (0.9)0.2 (0.6)10. Anxiety about people around
you

0.9 (1.2)2.0 (1.6)1.4 (1.4)0.8 (1.1)0.7 (1.1)0.4 (0.9)11. Sleeping disorder

8.9 (9.6)21.0 (11.2)14.1 (9.5)8.3 (8.4)7.3 (7.3)3.6 (5.9)Total daily activity score (0-44), mean
(SD)

Psychological well-being (0-4), mean (SD)

1.1 (1.3)2.5 (1.5)1.7 (1.4)1.0 (1.2)0.8 (1.1)0.4 (0.9)12. Dullness

1.2 (1.3)2.6 (1.4)1.8 (1.4)1.1 (1.2)1.0 (1.1)0.5 (0.9)13. Fatigue

1.0 (1.3)2.6 (1.5)1.6 (1.4)1.0 (1.2)0.8 (1.0)0.4 (0.9)14. Frustrated

0.9 (1.3)2.4 (1.5)1.5 (1.3)0.8 (1.2)0.7 (1.0)0.3 (0.8)15. Irritable

0.9 (1.3)2.4 (1.5)1.3 (1.3)0.8 (1.2)0.6 (1.0)0.3 (0.8)16. Depressed

0.8 (1.2)2.2 (1.5)1.3 (1.3)0.8 (1.1)0.6 (1.0)0.3 (0.7)17. Dissatisfaction with life

5.9 (6.7)14.8 (7.3)9.2 (6.7)5.6 (6.0)4.4 (5.0)2.3 (4.0)Total psychological well-being (0-24),
mean (SD)

14.8 (15.5)35.9 (17.1)23.3 (15.1)13.8 (13.5)11.7 (11.6)5.9 (9.2)Total domain II score (0-68), mean (SD)

aJACQLQ: Japanese Allergic Conjunctival Disease Quality of Life Questionnaire.

MCID Estimates Obtained Using the Anchor-Based
Method
Spearman correlation coefficients between severity anchor
categories (face scale score and stress level scale score) and the
total scores (daily activity, psychological well-being, and total
JACQLQ Domain II score) were ≥0.3, and anchors were
considered eligible (face scale category: daily activity 0.555,

psychological well-being 0.597, and total JACQLQ Domain II
score 0.603; stress level scale category: daily activity 0.527,
psychological well-being 0.513, and total JACQLQ Domain II
score 0.547). MCID estimates calculated using the anchor-based
method are shown in Table 5 (range: daily activity 1.0-6.9;
psychological well-being 1.2-5.6; and total JACQLQ Domain
II score 2.1-12.6).
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Table 5. Summary of MCIDa estimates.

Total domain II scorePsychological well-beingDaily activity

Anchor-based estimates, mean difference

4.21.42.8Face scale score 1–0

7.33.34.1Face scale score 2–1

11.95.16.7Face scale score 3–2

10.04.55.5Face scale score 4–3

5.82.13.7Stress level scale 3–4 – 0–2

2.11.21.0Stress level scale 5–6 – 3–4

9.53.65.8Stress level scale 7–8 – 5–6

12.65.66.9Stress level scale 9–10 – 7–8

8.4 (5.4-10.5)3.5 (1.9-4.7)4.8 (3.5-6.0)Anchor-based estimates, median (IQR)

Distribution-based estimates

7.83.44.80.5 SD

6.43.14.2Standard error of measurement

6.4-10.53.1-4.74.2-6.0MCID range

aMCID: minimal clinically important difference.

MCID Estimates Obtained Using the
Distribution-Based Method
Table 5 presents the MCID estimates calculated using the
distribution-based method. The MCID estimates based on 0.5
SD of the JACQLQ Domain II scores at baseline were 4.8, 3.4,
and 7.8 for daily activity, psychological well-being, and the
total JACQLQ Domain II scores, respectively. ICCs were
calculated to determine the SEM from the test-retest data of
286 participants (mean age 38.8, SD 14.7 years; 50%, n=143
of the participants were women). ICCs were odds ratio (OR)
0.813 (95% CI 0.769-0.849), OR 0.791 (95% CI 0.743-0.832),
and OR 0.841 (95% CI 0.791-0.864) for daily activity,
psychological well-being, and the total JACQLQ Domain II
scores, respectively (Multimedia Appendix 5). The SEMs
calculated using the ICCs were 4.2, 3.1, and 6.4 for daily
activity, psychological well-being, and the total JACQLQ
Domain II scores, respectively (Table 5).

Estimation of the MCID Ranges
The SEMs of the JACQLQ Domain II scores were larger than
the 25th percentile of the median anchor-based estimates and
0.5 SD, and the SEMs were selected as the lower bound of the
MCID ranges. The final suggested MCID ranges for daily
activity, psychological well-being, and the total JACQLQ
Domain II scores were 4.2-6.0, 3.1-4.7, and 6.4-10.5,
respectively (Table 5).

Discussion

Principal Results
The implementation of an MCID derived from ePRO data is
ideal for assessing subjective symptoms and QoL ascertained
by electronic means, despite the similarity to its traditional
paper-based counterpart [52]. In this study, we determined the
MCID for the app-based JACQLQ Domain II score derived

using ePRO data from a previous study that targeted the users
of a smartphone app for hay fever research. The MCID reported
in this study may improve the evaluation of QoL related to
allergic conjunctivitis in patients with hay fever, particularly in
remote settings.

Comparison With Prior Work
This study yielded MCID ranges of 4.2-6.0, 3.1-4.7, and 6.4-10.5
for daily activity, psychological well-being, and the total
JACQLQ Domain II scores, respectively. A paper-based JRQLQ
study performed in Japan on patients with hay fever who visited
a University Hospital [12] previously reported MCID values of
6.0-10.5 for the total QoL score collected from the JRQLQ
(mean 8.3; per-item: 0.5). With a total JACQLQ Domain II
score-related MCID range of 6.4-10.5 (mean: 8.5; per-item:
0.5), the results of this study are comparable to those of the
previous study. Of note, our previous efforts to evaluate and
challenge the implementation of the electronic JACQLQ using
“AllerSearch” [14] demonstrated that the JACQLQ administered
via a smartphone app is sufficiently valid and reliable. This
posits a similar potential for the use of app-based and
paper-based JACQLQ in clinical practice to assess the QoL
affected by hay fever–induced allergic conjunctivitis [14].

In addition to using a large-scale clinical dataset collected
through smartphone apps, the MCID was derived from two
separate calculations: anchor-based and distribution-based
methods [27]. Several internal considerations and
recommendations were implemented to improve the accuracy
of the MCID calculation. First, the inclusion of PRO data
collected from a large pool of participants has been
recommended [31], for which our app-based methodology was
well-suited. Our study successfully analyzed a large dataset of
PRO data provided by 7590 participants. Second, deriving an
MCID range by tandem use of both anchor- and
distribution-based methods has been recommended for a
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comprehensive evaluation [27,53], both of which were
considered in this study. Furthermore, two distinct anchors, the
JACQLQ Domain II face scale and stress level scale, were
selected to minimize bias and subjectivity that may stem from
a single anchor selected by the research team for the
anchor-based calculation. For the distribution-based calculation,
both SD and SEM were considered for a multifaceted approach
and to better reflect the characteristics of PRO data in the final
MCID [4,27]. With the multistep strategy implemented to ensure
that the final MCID encapsulates various factors, we believe
that the MCID determined in this study is sufficiently accurate
for use in a mHealth setting to evaluate subjective symptoms
and QoL of hay fever and co-occurring allergic conjunctivitis.
Using the MCIDs suggested in this study, providers may be
able to accurately assess and compare patients’dynamic ePROs
on hay fever-related symptoms and QoL submitted through
commonplace smart devices, which should further enable
improved evaluation of treatment responses without
necessitating frequent visits to medical facilities.

In this study, we aimed to establish new MCID values for
app-based JACQLQ Domain II scores by analyzing a large
dataset. The originality of this research lies in the use of
crowdsourced data collected through a smartphone-specific
QoL assessment tool tailored for allergic conjunctivitis [3,4,37].
This approach allowed us to determine the MCID values suitable
for app-based QoL assessments, which could not be achieved
using traditional paper-based questionnaires. In addition, by
using both anchor-based and distribution-based methods, we
were able to derive more robust MCID ranges [27,53]. The
MCID ranges for daily activity (4.2-6.0), psychological
well-being (3.1-4.7), and total JACQLQ Domain II scores
(6.4-10.5) closely matched previously reported values from
paper-based assessments, demonstrating their clinical relevance
[12]. The newly established MCID values for the app-based
JACQLQ Domain II score offer a novel approach for assessing
the treatment response in patients with allergic conjunctivitis
using smartphone apps, potentially allowing for continuous
monitoring and assessment of symptoms without the need for
frequent in-person visits. The use of app-based interventions
also holds promise for apps in telemedicine [54]. The transition
from traditional clinical assessments to remote app-based
assessments could increase patient accessibility, facilitate early
detection and intervention, help prevent disease progression,
potentially reduce health care costs, and improve the overall
efficiency of allergic conjunctivitis management [55]. In
addition, compared to traditional paper-based methods, using
smartphones allows data to be stored within the app or in cloud
environments, enabling patients to monitor the progression of
their symptoms. Providing patients with feedback on their
treatment progress can encourage behavioral changes, leading
to improved adherence to hay fever prevention measures and
medication [56]. This approach may result in more favorable
treatment outcomes than traditional face-to-face consultations
[57]. Allergic conjunctivitis caused by hay fever is influenced
by environmental factors in the patient’s daily living
environment and lifestyle habits. By providing feedback to
physicians based on real-time monitoring information obtained
from patients through a smartphone app, physicians may be
able to offer tailored lifestyle counseling and treatment

interventions appropriate for each patient. The integration of
smartphone-based assessments and established MCID values
provides a more efficient and accessible approach for managing
allergic conjunctivitis, potentially improving patient outcomes
and streamlining clinical care.

Limitations
This study has some limitations. First, the data of interest in
this study were ePROs, and every variable analyzed to assess
hay fever status was based solely on subjective ePRO data.
Objective data, such as assessments through physical
examination and clinical test results, were not considered. It is
unclear from the current results whether a correlation between
changes in QoL scores above the MCID and objective data
exists. Future studies could further evaluate the validity of the
MCID determined in this study by comparing it with objective
clinical findings, such as the degree of conjunctival congestion,
edema, and follicle presence. Second, the data used to determine
the MCID were obtained from “AllerSearch” users in Japan.
We recommend careful consideration of the user interface and
layout of any non-“AllerSearch” app-based JACQLQ, as well
as a target population with a high proportion of non-Japanese
individuals when applying the reported MCIDs. Third, a
significant portion of our ePRO data points, such as those on
subjective symptoms and QoL related to hay fever, were
collected between February and March. Although the dataset
includes ePROs on hay fever data collected throughout the year,
it is possible that the MCID reported in this study is weighted
toward cedar and cypress pollen–related hay fever symptoms
and QoL changes, which represent a major proportion of the
Japanese hay fever population. Fourth, the anchor specified in
this study was selected based on cross-sectional study data.
Therefore, the anchor may not necessarily correlate with
longitudinal changes in hay fever symptoms. In addition, the
MCID calculated in this study may not be strictly equivalent to
the minimally important change. Therefore, it is necessary to
evaluate the validity of the MCID calculated in this study in
future longitudinal studies. Fifth, this study determined the SEM
for the distribution-based method using the ICC. The ICC was
derived from comparisons between baseline and next-day
measurements to assess the test-retest reliability of the
questionnaire while avoiding changes in symptoms caused by
external factors such as continued exposure to pollen, changes
in medication use, and variations in pollen levels. Our test-retest
analysis involves a short interval between measurements, which
could lead to the possibility of recall bias. However, because
the study participants entered the data voluntarily, they may
have reported based on their symptoms at the time rather than
their previous answers, potentially reducing the risk of recall
bias.

Conclusions
We report MCID ranges of 4.2-6.0, 3.1-4.7, and 6.4-10.5 for
daily activity, psychological well-being, and the total JACQLQ
Domain II scores, respectively, that have been derived from a
large-scale ePRO dataset collected through an in-house
smartphone app, “AllerSearch,” and finally calculated using a
multifaceted approach. The MCIDs determined in this study
potentially have clinical application in the establishment of
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standard references to enable the remote assessment and
monitoring of hay fever and co-occurring allergic conjunctivitis
and the implementation of the principles of mHealth in clinical
practice. In addition, combining an MCID derived from an
entirely ePRO-based methodology with an app-administered

JACQLQ could facilitate fully remote monitoring of symptoms
and QoL changes in patients with hay fever–related allergic
conjunctivitis, and may enable better assessment of day-to-day
treatment effects for an extended and improved disease
monitoring.
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