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Abstract

Background: Hay fever is a common allergic disease, with an estimated worldwide

prevalence of 14.4% and a variety of symptoms. This study assessed the minimal

clinically important difference (MCID) of nasal symptom score (NSS), non‐nasal
symptom score (NNSS), and total symptoms score (TSS) for app‐based hay‐fever
monitoring.

Methods: MCIDs were calculated based on the data from a previous large‐scale,
crowdsourced, cross‐sectional study using AllerSearch, an in‐house smartphone

application. MCIDs were determined with anchor‐based and distribution‐based
methods. The face scale score of the Japanese Allergic Conjunctival Disease Stan-

dard Quality of Life Questionnaire Domain III and the daily stress level due to hay

fever were used as anchors for determining MCIDs. The MCID estimates were

summarized as MCID ranges.

Results: A total of 7590 participants were included in the analysis (mean age:

35.3 years, 57.1% women). The anchor‐based method produced a range of MCID

values (median, interquartile range) for NSS (2.0, 1.5–2.1), NNSS (1.0, 0.9–1.2), and

TSS (2.9, 2.4–3.3). The distribution‐based method produced two MCIDs (based on

half a standard deviation, based on a standard error of measurement) for NSS (2.0,

1.8), NNSS (1.3, 1.2), and TSS (3.0, 2.3). The final suggested MCID ranges for NSS,

NNSS, and TSS were 1.8–2.1, 1.2–1.3, and 2.4–3.3, respectively.

Conclusions: MCID ranges for app‐based hay‐fever symptom assessment were

obtained from the data collected through a smartphone application, AllerSearch.

These estimates may be useful for monitoring the subjective symptoms of Japanese

patients with hay fever through mobile platforms.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, pro-

vided the original work is properly cited.
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1 | INTRODUCTION

Hay fever is one of the most common allergic diseases affecting

approximately 30 million people in Japan alone.1 The global preva-

lence of hay fever is estimated at 14.4%, and this number is expected

to increase in the future.2,3 Hay fever presents with a wide variety of

symptoms including allergic rhinitis, conjunctivitis, and dermatitis.4 It

is also a highly multifactorial disease, influenced by three major

categories of factors: (1) environmental, such as pollen count and

particulate matter; (2) lifestyle‐related, such as diet, tobacco use, and
exercise; and (3) host‐related, such as age and biological sex.5–8

Currently, the main treatment for hay fever revolves around symp-

tom suppression and progression through the long‐term use of an-

tihistamines, steroids, and eye drops.4,9 However, due to the

variability in its pathological underpinnings, severity, and sympto-

mologies, every patient responds differently to prescribed treatment.

To provide an effective regimen, providers must closely monitor

patients' response to treatment and preventive measures, as well as

the aforementioned factors to tailor treatment choices.10

Assessment of interventional responses mainly comprises evalu-

ation of patients' subjective symptoms and clinician's objective find-

ings.11 For a highly variable disease such as hay fever, an approach to

comprehensively quantify patients' subjective symptoms using

patient‐reported outcomes (PROs) has been frequently utilized.12,13

PROs allow providers to quantify one's health status related to a

disease of interest through questionnaires with information on

symptomology, treatment, and overall health provided directly by

patients.14 For hay fever, commonly used PROs include the nasal

symptom score (NSS), non‐nasal symptom score (NNSS), and their

sum, referred to as the total symptom score (TSS).15 Additionally,

several disease‐specific PROs related to patients' quality of life (QoL),
including the Rhinoconjunctivitis Quality of Life Questionnaire

(RQLQ) and the Japanese Allergic Conjunctival Disease QOL Ques-

tionnaire (JACQLQ), may further aid in the assessment of a patient's

hay‐fever status.13,16,17 A holistic view on PROs may be particularly

useful as a quantifiable metric that reflects a variety of hay‐fever
manifestations, including ocular and nasal symptoms, as well as their

resultant effects on QoL.18,19 Longitudinal monitoring of PROs to

evaluate changes may allow clinicians to objectively measure treat-

ment efficacy for hay fever in a personalized manner.13,20

In clinical trials, a novel treatment is generally accepted as more

effective when the analysis of its targeted effect shows statistical

significance compared to an existing alternative or control.13 How-

ever, statistical significance often does not equate to clinical signifi-

cance, particularly for subjective clinical markers including PROs.13 In

bridging the gap between statistical significance and clinical signifi-

cance, researchers deploy the concept of minimal clinically important

difference (MCID).21,22 MCID represents the minimal improvement

gap that can be regularly perceived as a benefit of value to patients,

and an increase in PRO above the designatedMCIDwould represent a

clinically meaningful treatment effect.21,23 The designated MCID

values can vary between patient populations due to the differences in

demographics, disease severity, and patient expectation.24,25 There-

fore, the determination of appropriate MCID values requires the se-

lection of MCIDs calculated from data from a patient population as

close as possible to the target patient population.24

Our previous studies have elucidated numerous aggravating fac-

tors and stratified the symptoms of hay fever using a mobile health

(mHealth) smartphone app for hay‐fever research—AllerSearch—

released in February 2018.4,12,20,26 AllerSearch is equipped with a

function to assess users' hay‐fever symptoms through collecting

ePROs (electronic PROs), including the NSS and NNSS.4,12,20,26

mHealth, to date, has shown great promise in monitoring daily symp-

toms and treatment effectiveness with minimal intrusion.27–33 Utiliz-

ing mHealth and a PROwith a widely agreed‐uponMCID value, it may

be possible to accurately track meaningful changes in patients' symp-

toms and provide tailored treatments that are effective for in-

dividuals.4 However, robust MCID values for hay‐fever outcomes

collected through AllerSearch are yet to be determined.

In this study, appropriate MCID values were determined for NSS,

NNSS, and TSS for evaluation of the subjective symptoms of hay

fever based on data collected through a mHealth smartphone app,

AllerSearch.

2 | METHODS

2.1 | AllerSearch smartphone application

The self‐developed smartphone application, AllerSearch, was initially

released as an iOS‐based application on ResearchKit in February

2018, and the Android version was released on August 26, 2020,

under a consignment contract with Juntendo University Graduate

School of Medicine and InnoJin, Inc., Tokyo, Japan.4,20,34 The Aller-

Search is freely available on the Apple App Store and on Google Play.

2.2 | Study design

MCIDs were calculated using both anchor‐ and distribution‐based
approaches using data from a previous large‐scale, crowdsourced,
cross‐sectional observational study conducted between February 1,

2018, and May 1, 2020 using AllerSearch.4 This study was approved

by the Independent Ethics Committee of Juntendo University
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Faculty of Medicine (approval number: M17‐0061‐M02) and was

conducted in accordance with the ethical standards laid down in an

appropriate version of the Declaration of Helsinki (as revised in

Brazil, 2013). All users provided informed consent electronically af-

ter being informed about the nature of the study and possible

consequences.4

2.3 | Data source

Data provided by participants were collected through the Aller-

Search app (Supplementary Figure 1a) for this study.4 Previous

studies have described the workflow of user‐data collection.4,20,35

Briefly, participants downloaded AllerSearch using their own App

Store credentials. Among those who provided electronic consent,

participants provided basic information, including that on de-

mographics, medical history, lifestyle, hay‐fever status, and preven-

tive behavior for hay fever. Subsequently, participants used the daily‐
tasks function to receive daily assessments of the conjunctiva and to

answer the questionnaire on hay fever including the NSS (Supple-

mentary Figure 1b), NNSS (Supplementary Figure 1c),15 daily sub-

jective symptoms including the level of stress due to hay fever, and

the response (non‐hay fever, hay fever, and unknown) to the question
“Do you have hay fever?”4 (Supplementary Table 1 and 2),

JACQLQ,17 and work productivity. This study used data on answers

to the questionnaires related to symptoms of hay fever that were

entered for the first time in the app.

The NSS consists of five items pertaining to rhinorrhea, nasal

congestion, nasal itching, sneezing, and interference with daily life.26

The NNSS consists of four items pertaining to itchy eyes, watery eyes,

eye redness, and itchy ears and mouth.26 Each item of the NSS and

NNSS is scored on a 4‐point scale as follows: 0 = no symptoms,

1 = mild symptoms, 2 = moderate symptoms, and 3 = severe symp-

toms.15 The TSS (0–27) was derived from the sum of NSS (0–15) and

NNSS (0–12). The face scale score was scored on a 5‐point scale
depicting emotions ranging from 0 (fine) to 4 (crying).11,17 The stress

level was scored on an 11‐point visual analog scale from 0 (none) to 10

(most stressful).

2.4 | Inclusion and exclusion criteria

Participants who resided in Japan with reported hay fever were

included in this study. Participantswithout hay fever, with an unknown

diagnosis, with missing questionnaire data related to symptoms of hay

fever, face scale, and stress level were excluded from this study.

2.5 | Anchor‐based analysis

Anchor‐based methods are used an external indicator as an an-

chor to assign patients to clinically relevant categories.23,36 An

estimation of MCID for specific PRO measures is recommended to

be based on multiple anchors.37 Here, the face‐scale score of

JACQLQ Domain III and today's stress level owing to hay fever

were used as anchors in determining MCIDs of NSS, NNSS, and

TSS.

The face scale score was used as a 5‐scale anchor to categorize

participants into five severity categories.11 There is no established

method for determining meaningful change on an 11‐point stress

level scale. In a prior study, a 2‐point change was used as a mean-

ingful difference on an 11‐point scale.23,38,39 Based on this method,

the level of stress was assessed according to a 5‐scale anchor and the
participants were categorized into five severity groups.39 To assess

anchor eligibility for determining MCID, Spearman's correlation co-

efficient and the number of participants in each severity category

were calculated.23,39 An anchor was considered suitable when the

correlation coefficient between the anchor and total of NSS, NNSS,

and TSS was ≥0.3 and the sample size within a severity category was

at least 10 entries.23,39

Mean differences between adjacent categories of the anchor

provided estimates of the MCID. The anchor‐based MCIDs were

estimated using medians with interquartile ranges (IQR).23,39

2.6 | Distribution‐based analysis

Distribution‐based methods were presented as supporting data to

facilitate the interpretation of the anchor‐based results. The

following two distribution‐based methods were used as an additional
confirmation of the MCID.37

2.7 | Standard error of measurement

The formula used for calculating the standard error of measurement

(SEM) was “standard deviation (SD)*√(1 − r)”, where r was the rec-

ommended PRO test‐retest reliability.23,24 In this study, intraclass

correlation coefficient (ICC) was used as a metric for test‐retest
reliability to determine SEM for calculation of MCID.24

ICCs were calculated by comparing baseline and subsequent

measurements of NSS, NNSS, and TSS from patients who indicated

no change in the face scale score and stress level.40 A PRO score

difference smaller than the SEM is likely to represent an error of

measurement rather than a real change.23,37 In cases where the

median anchor‐based MCID was less than SEM, the SEM was used as

the MCID.23

2.8 | Half a standard deviation

Half a standard deviation (SD) at baseline was assumed to be equal to

the MCID.41,42 The 0.5 SDs into each category were calculated. The

calculated 0.5‐SD was used to determine MCID ranges.43
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2.9 | Statistical analysis

Ranges of MCID were recommended rather than single MCID esti-

mate values.23 As such, the results of the anchor‐based MCID esti-

mates calculated using medians with IQR and distribution‐based
estimates based on 0.5‐SD and SEM were summarized as MCID

ranges.23 To compare the characteristics of the participants in each

group, continuous variables were presented as means, and SD and

categorical variables were presented with proportions. The STATA

software package (v. 17.0, Stata Corp, College Station, TX, USA) was

used for all the analyses.

3 | RESULTS

3.1 | Participants' characteristics

In total, 7590 participants were analyzed in Tables 1 and 2. Supple-

mentary Figure 2 shows the flow diagram for participant enrollment

in this study. The mean age of the participants was 35.3 years

(SD � 13.9) and 57.1% (n = 4331) of the participants were women.

Both the face score and stress level scale showed that the more

severe the category, the higher the proportion of younger and female

participants. Participants in the more severe group were more likely

to state their medical history as unknown.

3.2 | Subjective symptom scores

A summary of subjective symptom scores is shown in Tables 3 and 4.

The mean scores (�SD) of the NSS, NNSS, and TSS were 4.7 (�4.0),

2.4 (�2.6), and 7.1 (�6.0), respectively. The means of symptom scores

in all items were higher in the group with more severe face scores

and higher stress levels. Most of the included hay‐fever‐related data

were entered in February or March of each year (Supplementary

Figure 3), which is the annual season with the most increased

dispersion of cedar pollen and cypress pollen in Japan.4,44

3.3 | Estimation of the MCID with the anchor‐based
method

The Spearman's correlation coefficients between anchor groups and

NSS, NNSS, and TSS were higher than 0.3 for anchors of face scale

score and stress level scale (in face scale score category: NSS 0.435,

NNSS 0.384, TSS 0.463; in stress level category: NSS 0.596; NNSS

0.509, TSS 0.627). A total of 24 MCIDs, eight each in NSS, NNSS, and

TSS, were calculated by the anchor‐based method (range: NSS 0.4–

3.3, NNSS 0.3–1.7, TSS 0.8–4.9). MCIDs based on the anchor‐based
method were summarized using median with IQR: NSS (2.0, 1.5–

2.1), NNSS (1.0, 0.9–1.2), and TSS (2.9, 2.4–3.3). The summary of

MCID estimates is shown in Table 5.

3.4 | Estimation of the MCID with two distribution‐
based methods

The results of the distribution‐based analysis are shown in Table 5.

MCID estimates based on half an SD at baseline were 2.0, 1.3, and

3.0 for NSS, NNSS, and TSS, respectively. ICC values were analyzed

to determine the SEM from the data of a total of 286 participants

(mean age � SD [38.8 � 14.7], and 50.0% of the participants were

women). ICCs were 0.808 (95% confidence interval [95% CI], 0.763–

0.846), 0.795 (95% CI, 0.748–0.834), and 0.849 (0.814–0.879) for

NSS, NNSS, and TSS, respectively (Table 6). Based on the ICCs, the

SEM was found to be 1.8 for NSS, 1.2 for NNSS, and 2.3 for TSS

(Table 5).

3.5 | Estimation of the MCID ranges

The estimated SEM of 1.8 for NSS was larger than the 25th

percentile of median anchor‐based estimates of 1.5, and the SEM was

selected as the lower boundary of the MCID range for NSS. The

estimated SEM of 1.2 for NNSS was equal to the 75th percentile of

median anchor‐based estimates, and the MCIDs of NNSS calculated

by the anchor‐based method were replaced by the SEM. The final

suggested MCID ranges for NSS, NNSS, and TSS were 1.8–2.1, 1.2–

1.3, and 2.4–3.3, respectively (Table 5).

4 | DISCUSSION

To accurately assess ePROs and their clinical utility when collected

through mHealth, MCIDs must be determined for each outcome in

the context of mHealth. This study generated MCID ranges for NSS,

NNSS, and TSS appropriate for mHealth‐based data. Using the sug-

gested MCID values, users' hay‐fever symptoms may be more

accurately monitored to evaluate treatment effects and facilitate

regimen adjustments for each individual to maximize treatment

efficacy.

This study generated a suggested MCID range of 1.8–2.1, 1.2–

1.3, and 2.4–3.3 points for the 4‐point scale NSS, NNSS, and TSS,

respectively. A previous study on the reported rhinoconjunctivitis

total symptom score, which consists of a 6‐item questionnaire with

each item rated on a 4‐point scale, suggested an MCID range of 1.1–

1.3 (approximately 0.18 points per item).13 Another study on the

MCID of NSS consisting of three 4‐point scale items suggested an

MCID of 0.55 points (0.18 points per item).22 Compared to previous

studies, the per‐item MCID for the collected app‐based TSS was

larger (0.27–0.37 points per item).11 However, study designs that

target patients visiting medical facilities may experience a higher

degree of sampling homogeneity than the average population, and

distribution‐based MCID ranges, which are highly influenced by the

variability of collected PROs, may be narrower in such research de-

signs.45 This study utilized a highly inclusive sampling method with no
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exclusion criteria based on hay‐fever severity, age, and location

owing to the advantages of app‐based recruitment. Of the population
providing data for this study, 83.6% (6344/7590) reported hay‐fever
symptoms. Therefore, the resultant distribution‐based MCID is

thought to better reflect the physiological undulations of hay‐fever

symptoms experienced by the population, which consists primarily

of symptomatic patients, and these MCID ranges may be more

appropriate in assessing hay‐fever PROs for the general public than

previously reported values. It is crucial to utilize MCID values that

best reflect the targeting population, and hence, we suggested an

TAB L E 1 Demographics and characteristics of participants by face scale score category.

Face score 0 Face score 1 Face score 2 Face score 3 Face score 4 Overall

N (%) = 667

(8.8)

N (%) = 1864

(24.6)

N (%) = 2755

(36.3)

N (%) = 1849

(24.4)

N (%) = 455

(6.0)

N (%) = 7590

(100)

Demographic characteristics

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

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

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

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

Medical history

Medicated hypertension, N (%)

No 551 (82.6) 1567 (84.1) 2263 (82.1) 1485 (80.3) 359 (78.9) 6225 (82.0)

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

Unmedicated 33 (5.0) 60 (3.2) 91 (3.3) 61 (3.3) 13 (2.9) 258 (3.4)

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

Diabetes, N (%)

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

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

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

Systemic diseases, yes, N (%)

Blood disease 13 (2.0) 32 (1.7) 39 (1.4) 27 (1.5) 8 (1.8) 119 (1.6)

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

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

Heart disease 18 (2.7) 38 (2.0) 53 (1.9) 37 (2.0) 9 (2.0) 155 (2.0)

Kidney disease 10 (1.5) 33 (1.8) 50 (1.8) 37 (2.0) 6 (1.3) 136 (1.8)

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

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

Respiratory disease 39 (5.9) 183 (9.8) 262 (9.5) 203 (11.0) 66 (14.5) 753 (9.9)

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

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

Mental illness, N (%)

No 620 (93.0) 1707 (91.6) 2456 (89.2) 1549 (83.8) 350 (76.9) 6682 (88.0)

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

Previously had 33 (5.0) 88 (4.7) 182 (6.6) 137 (7.4) 42 (9.2) 482 (6.4)

History of dry eye diagnosis, N (%)

No 422 (63.3) 1037 (55.6) 1344 (48.8) 873 (47.2) 195 (42.9) 3871 (51.0)

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

Unknown 124 (18.6) 433 (23.2) 733 (26.6) 503 (27.2) 132 (29.0) 1925 (25.4)

Abbreviations: Face score, the face scale score of the JACQLQ Domain III (0–4); N/A, not applicable; SD, standard deviation.
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MCID range rather than a single value for each PRO.39 In future

studies that require assessment of meaningful changes to clinical

status in hay‐fever patients, the suggested MCID range allows clini-

cians to select an MCID value suitable for the setting (for example,

the lowest MCID value for specialty clinics) and accurately monitor

hay‐fever progression.
In this study, two methods were utilized to calculate MCID: (1)

distribution‐based method and (2) anchor‐based method. Among the

TAB L E 2 Demographics and characteristics of participants by stress level category.

Stress level

scale 0–2

Stress level

scale 3–4

Stress level

scale 5–6

Stress level

scale 7–8

Stress level

scale 9–10 Overall

N (%) = 2375
(31.3)

N (%) = 1239
(16.3)

N (%) = 1685
(22.2)

N (%) = 1702
(22.4)

N (%) = 589
(7.8)

N (%) = 7590
(100)

Demographic characteristics

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

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

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

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

Medical history

Medicated hypertension, N (%)

No 1983 (83.4) 1033 (83.4) 1358 (80.6) 1400 (82.3) 451 (76.6) 6225 (82.0)

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

Unmedicated 94 (4.0) 39 (3.2) 57 (3.4) 53 (3.1) 15 (2.6) 258 (3.4)

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

Diabetes, N (%)

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

Yes 69 (2.9) 22 (1.8) 33 (2.0) 28 (1.7) 6 (1.0) 158 (2.1)

Unknown 142 (6.0) 86 (6.9) 150 (8.9) 166 (9.8) 69 (11.7) 613 (8.1)

Systemic diseases, yes, N (%)

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

Brain disease 23 (1.0) 9 (0.7) 29 (1.7) 11 (0.7) 8 (1.4) 80 (1.1)

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

Heart disease 54 (2.3) 26 (2.1) 27 (1.6) 32 (1.9) 16 (2.7) 155 (2.0)

Kidney disease 48 (2.0) 31 (2.5) 23 (1.4) 25 (1.5) 9 (1.5) 136 (1.8)

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

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

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

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

Atopic dermatitis, yes, N (%) 375 (15.8) 207 (16.7) 320 (19.0) 332 (19.5) 127 (21.6) 1361 (17.9)

Mental illness, N (%)

No 2165 (91.2) 29 (2.3) 1474 (87.5) 1461 (85.8) 484 (82.2) 6682 (88.0)

Yes 87 (3.7) 1098 (88.6) 101 (6.0) 121 (7.1) 62 (10.5) 426 (5.6)

Previously had 123 (5.2) 55 (4.4) 110 (6.5) 120 (7.1) 43 (7.3) 482 (6.4)

History of dry eye diagnosis, N (%)

No 1363 (57.4) 86 (6.9) 858 (50.9) 784 (46.1) 250 (42.4) 3871 (51.0)

Yes 499 (21.0) 616 (49.7) 405 (24.0) 427 (25.1) 158 (26.8) 1794 (23.6)

Unknown 513 (21.6) 305 (24.6) 422 (25.0) 491 (28.9) 181 (30.7) 1925 (25.4)

Abbreviations: N/A, not applicable; SD, standard deviation.
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two approaches, results from the anchor‐basedmethod, which utilizes
an external clinical marker termed the “anchor”, are prioritized in

current practices.22,24 This is in part due to the unwanted influence of

various characteristics of the subject pool when relying solely on the

distribution‐based method. However, anchor‐based methods are

prone to subjectivity from researchers during “anchor” selection,22 and

the distribution‐based approach is relatively bias‐free and free from

the subjectivity of researchers.22,24 Therefore, combining the two

strategies to determine MCID values is preferred.22,24 For an anchor‐
based method, it is recommended to assign multiple anchors for

TAB L E 3 Subjective symptom scores of participants by face scale score category.

Symptoms

Face score 0 Face score 1 Face score 2 Face score 3 Face score 4 Overall

N (%) = 667

(8.8)

N (%) = 1864

(24.6)

N (%) = 2755

(36.3)

N (%) = 1849

(24.4)

N (%) = 455

(6.0)

N (%) = 7590

(100)

Nasal symptom score, 0–3, mean (SD)

Rhinorrhea 0.4 (0.6) 0.8 (0.8) 1.1 (0.9) 1.5 (1.0) 1.8 (1.1) 1.1 (1.0)

Nasal congestion 0.3 (0.6) 0.6 (0.8) 0.9 (0.9) 1.3 (1.0) 1.6 (1.1) 0.9 (1.0)

Nasal itching 0.2 (0.5) 0.5 (0.8) 0.8 (0.9) 1.1 (1.0) 1.4 (1.1) 0.8 (0.9)

Sneezing 0.3 (0.6) 0.6 (0.8) 0.9 (0.9) 1.2 (1.0) 1.4 (1.1) 0.9 (1.0)

Effects on daily life 0.2 (0.6) 0.6 (0.8) 1.0 (0.9) 1.5 (1.0) 1.9 (1.2) 1.0 (1.0)

Total nasal symptom score, 0–15 1.2 (1.9) 3.2 (3.2) 4.7 (3.6) 6.6 (4.2) 8.1 (4.7) 4.7 (4.0)

Non‐nasal symptom score, 0–3, mean (SD)

Eye itching 0.3 (0.6) 0.6 (0.8) 1.0 (1.0) 1.3 (1.1) 1.5 (1.1) 0.9 (1.0)

Tearing 0.1 (0.4) 0.3 (0.6) 0.5 (0.7) 0.8 (0.9) 1.1 (1.1) 0.5 (0.8)

Eye redness 0.1 (0.3) 0.3 (0.6) 0.6 (0.7) 0.8 (0.9) 1.0 (1.0) 0.6 (0.8)

Ear and/or mouse itching 0.1 (0.4) 0.2 (0.6) 0.4 (0.7) 0.6 (0.9) 0.8 (1.0) 0.4 (0.8)

Total non‐nasal symptoms score, 0–12 0.6 (1.2) 1.5 (2.0) 2.4 (2.4) 3.5 (2.9) 4.4 (3.4) 2.4 (2.6)

Total nasal and non‐nasal symptoms score, 0–27 2.0 (3.1) 4.7 (4.6) 7.1 (5.3) 10.1 (6.2) 12.5 (7.3) 7.1 (6.0)

Abbreviations: Face score, the face scale score of the JACQLQ Domain III (0–4); SD, standard deviation.

TAB L E 4 Subjective symptom scores of participants by stress level category.

Symptoms

Stress level
scale 0–2

Stress level
scale 3–4

Stress level
scale 5–6

Stress level
scale 7–8

Stress level
scale 9–10 Overall

N (%) = 2375

(31.3)

N (%) = 1239

(16.3)

N (%) = 1685

(22.2)

N (%) = 1702

(22.4)

N (%) = 589

(7.8)

N (%) = 7590

(100)

Nasal symptom score, 0–3, mean (SD)

Rhinorrhea 0.5 (0.6) 0.9 (0.7) 1.0 (0.9) 1.7 (1.0) 2.2 (1.0) 1.1 (1.0)

Nasal congestion 0.4 (0.6) 0.7 (0.8) 0.9 (0.9) 1.4 (1.0) 1.9 (1.1) 0.9 (1.0)

Nasal itching 0.3 (0.6) 0.7 (0.7) 0.7 (0.8) 1.3 (1.0) 1.7 (1.2) 0.8 (0.9)

Sneezing 0.4 (0.6) 0.8 (0.7) 0.8 (0.9) 1.4 (1.0) 1.9 (1.1) 0.9 (1.0)

Effects on daily life 0.3 (0.6) 0.8 (0.7) 0.9 (0.9) 1.7 (0.9) 2.3 (1.0) 1.0 (1.0)

Total nasal symptom score, 0–15 1.9 (2.1) 3.9 (2.6) 4.3 (3.3) 7.6 (3.8) 10.0 (4.3) 4.7 (4.0)

Non‐nasal symptom score, 0–3, mean (SD)

Eye itching 0.4 (0.6) 0.8 (0.8) 0.9 (0.0) 1.1 (0.0) 1.1 (0.0) 0.9 (1.0)

Tearing 0.2 (0.4) 0.4 (0.6) 0.5 (0.7) 0.9 (0.9) 1.3 (1.1) 0.5 (0.8)

Eye redness 0.2 (0.5) 0.5 (0.6) 0.5 (0.7) 0.9 (0.8) 1.3 (1.1) 0.6 (0.8)

Ear and/or mouse itching 0.1 (0.3) 0.3 (0.6) 0.4 (0.7) 0.8 (0.9) 1.1 (1.1) 0.4 (0.8)

Total non‐nasal symptoms score, 0–12 0.9 (1.3) 2.0 (1.8) 2.3 (2.3) 4.0 (2.8) 5.4 (3.5) 2.4 (2.6)

Total nasal and non‐nasal symptoms score, 0–27 2.8 (3.0) 5.9 (3.7) 6.7 (4.9) 11.6 (5.6) 15.5 (6.5) 7.1 (6.0)

Abbreviation: SD, standard deviation.
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outcomes, and for a distribution‐based method, calculating MCID us-

ing SD and SEM may yield a more accurate MCID that reflects the

constant variability of PROs.24 Additionally, a larger sample size may

help estimate amore accurateMCID range.25 In this study,we selected

two anchors—face score of JACQLQ domain III and stress score—for

the anchor‐based method and utilized both the SD and SEM for the

distribution‐based method, approaching MCID calculation in a multi‐
faceted manner. The smartphone app‐based, large‐scale design is

also a strength of this study and the resultantMCID ranges.4 Using the

suggestedMCID values from this study, clinicians and researchersmay

be able to analyze hay‐fever symptom reports to determine treatment

effects more meaningfully and accurately through the mHealth app.

This study had several limitations. First, the designated anchors

were selected based on results from a cross‐sectional study and may

not be strongly correlated with the fluctuating hay‐fever symptoms
assessed in a longitudinal fashion. Future studies should validate the

accuracy of the suggested MCID values with changing symptoms

when followed long‐term.39 Second, every clinical marker used

to assess hay‐fever status in this study was a PRO, and data on

objective physical findings and clear diagnosis of hay fever were not

used. Therefore, future studies should incorporate relevant clinical

findings and clear diagnoses from physical examinations to calculate

MCID values and compare this with this study's results to prevent

errors due to subjective patient assessment.23 Third, the MCID for

this study was calculated from data collected using AllerSearch from

a Japanese population with mild to moderate (TSS: 7.1 � 6.1) sub-

jective symptoms of hay fever. The results of ePRO can vary if the

layout of the questionnaire differs significantly, even if the questions

remain the same.46 Therefore, the MCID calculated in this study may

not be applicable, for example, to non‐Japanese patient populations

with severe hay‐fever symptoms and using other applications that

have a significantly different questionnaire layout than that of

AllerSearch. On the other hand, the MCID in this study may be

applicable to a Japanese population with mild to moderate hay‐fever
symptoms using an ePRO application that has a questionnaire with a

layout similar to that of the NSS and NNSS questionnaires in Aller-

Search. Fourth, this study used only data collected from the iOS

version of AllerSearch. The Android version of AllerSearch has been

available since August 2020, and additional data from the Android

version of AllerSearch may increase the sample size and improve the

results. However, as the sample size for this study is large, the MCID

in this study may also be appropriate. In addition, participants with

more severe symptoms in this study tended to report an unknown

medical history. This may indicate that symptom severity is occurring

TAB L E 5 Summary of MCID
estimates.

NSS NNSS TSS

Anchor‐based, mean difference

Face scale score 1–0 2.0 0.9 2.7

Face scale score 2–1 1.5 0.9 2.4

Face scale score 3–2 1.9 1.1 3.0

Face scale score 4–3 1.5 0.9 2.4

Stress level scale 3–4—0–2 2.0 1.1 3.1

Stress level scale 5–6—3–4 0.4 0.3 0.8

Stress level scale 7–8—5–6 3.3 1.7 4.9

Stress level scale 9–10—7–8 2.4 1.4 3.9

Median anchor‐based estimates (IQR) 2.0 (1.5–2.1) 1.0 (0.9–1.2) 2.9 (2.4–3.3)

Distribution‐based

0.5‐SD 2.0 1.3 3.0

Standard error of measurement 1.8 1.2 2.3

MCID range 1.8–2.1 1.2–1.3 2.4–3.3

Abbreviations: IQR, interquartile range; MCID, minimal clinically important difference; NNSS,

non‐nasal symptomscore;NSS, nasal symptomscore; SD, standarddeviation;TSS, total symptomscore.

TAB L E 6 Test‐retest reliability of subjective symptom scores.

Questionnaires Number of items

Day 1 Day 2

ICC (95% CI)Mean (SD) Mean (SD)

Nasal symptom score, 0–15 5 4.4 (4.0) 3.9 (3.8) 0.808 (0.763–0.846)

Non‐nasal symptom score, 0–12 4 2.3 (2.6) 2.4 (2.6) 0.795 (0.748–0.834)

Total nasal and non‐nasal symptoms score, 0–27 9 6.8 (6.0) 6.4 (5.9) 0.849 (0.814–0.879)

Abbreviations: CI, confidence interval; SD, standard deviation; ICC, intraclass correlation coefficient.
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in unreached patients who are not receiving appropriate diagnosis

and treatment for hay fever.32 The combination of MCID and

mHealth apps has the potential to provide appropriate hay‐fever
treatment with remote subjective symptom assessment to previ-

ously unreached patients. Fifth, hay‐fever severity may vary

depending on when the information was registered, but this study

also includes data from various other seasons. However, most of

included hay‐fever symptom data were registered in February and

March. Therefore, the MCID in this study may be applicable to cedar

and cypress pollen‐allergic patients, which constitute the majority of

the Japanese hay‐fever patients.
In conclusion, our study results suggest MCID ranges of 1.8–2.1,

1.2–1.3, and 2.4–3.3 points for NSS, NNSS, and TSS, respectively. The

MCID ranges from this study were based on data from a smartphone

app‐based, large‐scale clinical research in the Japanese population,

and were calculated utilizing a multi‐faceted approach. This may have
implications as a useful standard in the global shift toward incorpo-

rating mHealth when evaluating hay‐fever symptoms and monitoring
treatment effectiveness in practice and research.
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