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Abstract 

Background No available studies demonstrate validity and meaningful change thresholds of Work Productivity and 
Activity Impairment (WPAI) questionnaire in patients with migraine. In this post-hoc analysis, we assessed reliability, 
validity, responsiveness, and meaningful within-patient change from baseline to Month 3 for Work Productivity and 
Activity Impairment (WPAI) domain scores in patients with episodic migraine (EM) or chronic migraine (CM).

Method The Phase 3, multicenter, randomized, double-blind, placebo-controlled CONQUER study (NCT03559257, 
N = 462) enrolled patients with EM or CM who failed two to four categories of prior preventive medication in past 
ten years. The analyses were performed for WPAI domain scores (absenteeism, presenteeism, overall work productiv-
ity, and non-work-related activity impairment). Migraine Specific Quality of Life Questionnaire version 2.1 (MSQv2.1) 
domain scores (Role Function-Restrictive [RFR] and Role Function-Preventive [RFP]), and monthly migraine headache 
days were used as anchors. Responder criteria were changes from baseline to Month 3 for each of these anchors 
and were defined as: increase in MSQ-RFR by ≥ 25.71 points and MSQ-RFP by ≥ 20.00 points and a 50% reduction in 
monthly migraine headache days. Assessments were performed for overall population, and patients with EM or CM. 
The meaningful change threshold was determined based on Youden index, Phi coefficient and sensitivity.

Results Of 462 randomized patients, 444 who completed WPAI questionnaire were included in post-hoc analy-
sis. Test–retest reliability over 3 months in a stable subgroup revealed moderate correlations for non-work-related 
Activity Impairment (ICC = 0.446) presenteeism (ICC = 0.438) and a fair correlation for overall work productivity loss 
(ICC = 0.360). At baseline, all correlations between WPAI domain scores and continuous anchor variables exceeded 
recommended threshold of ≥ 0.30, except for WPAI domain scores with number of monthly migraine headache days. 
Patients achieving pre-specified responsiveness thresholds for monthly migraine headache days, and MSQ-RFP, MSQ-
RFR from baseline to Month 3 (responders) showed significant improvements in WPAI domain scores compared with 
non-responders (P < 0.001). The meaningful change thresholds of -20 (% unit) were identified for WPAI domain scores.
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Conclusion In conclusion, WPAI has sufficient validity, reliability, responsiveness, and appropriate interpretation 
standards to assess the impact of EM or CM on presenteeism and overall work productivity loss and non-work-related 
activity impairment.

Trial registration NCT number of CONQUER study, NCT03559257.

Keywords Absenteeism, Non-work-related activity impairment, Chronic migraine, Episodic migraine, Meaningful 
change, Patient-reported outcome, Presenteeism, Validation, Work Productivity and Activity Impairment questionnaire 
(WPAI), Work productivity loss

Introduction
The global prevalence of migraine varies among stud-
ies, a recent update provides a summary estimate of 14% 
and shows a prevalence peak in mid-life [1–5]. A review 
addressing the impact of episodic migraine (EM) and 
chronic migraine (CM) on employment absenteeism and 
presenteeism indicated that patients with migraine lost 
an average of 4.4 working days and experienced reduced 
work productivity for an additional 11.4  days annually 
[6]. A reduction in work productivity has implications for 
people with migraine, families, employers, and society.

A recent global survey, “My Migraine Voice”, evaluated 
the social and economic impact of migraine in patients 
with ≥ 4 monthly migraine days who were receiving pre-
ventive treatment for EM or CM [7]. The findings of the 
survey indicated that an increase in number of migraine 
preventive treatment failures was associated with 
increased rates of absenteeism (work hours missed from 
total work hours), presenteeism (degree of productivity 
affected while working), work productivity (overall work 
productivity affected), and non-activity-related activity 
impairment (degree of productivity affected in regular 
unpaid activity) as measured by the Work Productivity 
and Activity Impairment (WPAI) instrument [7]. These 
cross-sectional results from “My Migraine Voice” most 
likely reflect confounding by indication, that is, patients 
with more severe disease are more likely to receive 
treatment.

Guidelines for clinical trials of migraine treatments 
recommend the use of Patient Reported Outcome (PRO) 
measures [8, 9]. Specifically, Guidelines of the Interna-
tional Headache Society (IHS) for controlled trials of 
preventive treatment of EM and CM suggest measuring 
the mean change from baseline in the WPAI question-
naire [8, 9]. The WPAI is a PRO measure that assesses 
the impact of health problems on work-related produc-
tivity and non-work-related activity impairment over the 
past 7  days [10, 11]. Meaningful change (improvement) 
thresholds for the WPAI may be useful for clinical inter-
pretation of the impact of a disease on patients’ ability 
to work [12]. The reliability, validity, and responsiveness 
of WPAI in patients across various disease areas have 
been previously reported [13–17]. Additionally, content 

validity of WPAI is also established in previous publica-
tions and it is recommended by IHS [9, 18, 19]. Qualita-
tive research has confirmed the conceptual importance 
of work productivity for people with migraine, and sev-
eral real-world and population-based studies have uti-
lized the WPAI questionnaire to assess the impact of 
migraine on work productivity [20–28]. However, to the 
best of our knowledge, there is no report determining the 
validity and meaningful change of WPAI in patients with 
migraine.

Recently, the CONQUER study demonstrated the 
efficacy and safety of galcanezumab versus placebo in 
patients with EM or CM who had previously failed to 
benefit from or tolerate two to four standard-of-care 
categories of migraine preventive medications [29]. Sig-
nificantly greater reductions (p < 0·0001) in monthly 
migraine-headache days averaged across Months 1 to 3 
were reported in patients treated with galcanezumab 
versus placebo. Furthermore, reduction in WPAI 
domain scores from baseline were significantly greater 
(p ≤ 0.0004) in the galcanezumab group compared with 
placebo [30]. In this post-hoc analysis of the CONQUER 
study, we aim to assess the reliability, validity, responsive-
ness, and meaningful within-patient change from base-
line to Month 3 for the WPAI domain scores in patients 
with EM or CM.

Methods
Study design and patient population
CONQUER (NCT03559257, N = 462) was a Phase 3, 
multicenter, randomized, double-blind, placebo-con-
trolled study. The details on the study design and patient 
population have been previously published [29]. In 
brief, patients meeting the International Classification 
of Headache Disorders, third edition (ICHD-3) [31, 32] 
criteria for EM or CM and who failed two to four catego-
ries of prior preventive medications in the past ten years 
due to lack of efficacy (after at least two months at maxi-
mum tolerated dose) or safety and tolerability reasons 
or both were included. Patients were required to have 
four or more monthly migraine-headache days and one 
or more monthly headache-free days on average during 
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the three months prior to screening. Eligible patients 
were randomly assigned (1:1) to monthly subcutaneous 
injections of either galcanezumab 120 mg (loading dose 
240 mg) or placebo administered by subcutaneous injec-
tion once monthly over 3-month double-blind phase. All 
patients received galcanezumab 120 mg during 3-month 
open-label phase. The study protocol was approved by 
the Institutional Review Board, Medical Ethics Com-
mittee, or Medical Research and Ethics Committee of 
the participating study sites. The study was conducted in 
concordance with the Declaration of Helsinki guidelines. 
All patients provided written informed consent before 
participation in CONQUER trial.

Subgroup analyses were conducted based on EM and 
CM status as defined in the clinical trial protocol based 
on the baseline monthly migraine-headache days. CM 
was defined as ≥ 8 migraine headache days, with ≥ 15 
headache days (migraine or nonmigraine). EM was 
defined as not meeting the criteria for CM and having at 
least 4 migraine headache days.

Secondary objectives of the CONQUER study, among 
others, were to compare galcanezumab with placebo on 
changes in disability and quality of life using PRO meas-
ures. The objectives of this post-hoc analyses were to 
assess the reliability, validity, responsiveness and deter-
mine meaningful within-patient change thresholds for 
the WPAI domain scores.

Study measures
The WPAI-Specific Health Problem version 2 is a six-item 
questionnaire, with a recall period of past seven days. The 
WPAI questionnaire was collected at the baseline and at 
the Month 3 visit during double-blind period to assess 
past one week WPAI score. The instrument includes 
questions on employment status, hours missed from 
work due to the specific health problem (i.e. migraine), 
hours missed from work for other reasons, hours worked, 
the degree that migraine affected productivity while 
working, and the degree that migraine affected other 
daily activities [33]. Based on the responses to the six 
items, four scores for absenteeism, presenteeism, overall 
work productivity, and non-work-related activity impair-
ment were derived as indicated in the Statistical Analysis 
section. The percentages were calculated as amount of 
time lost in each domain divided by the amount of time 
in each domain.

Details on calculation of WPAI scores are provided in 
Additional file 1. All WPAI scores were presented as per-
centage units across this paper.

The Migraine Specific Quality of Life Questionnaire 
version 2.1 (MSQv2.1) is a self-administered disease spe-
cific quality of life questionnaire [34]. The recall period 
for MSQ is the past 4  weeks. The MSQ score data was 

collected at baseline and month 3 visit during double-
blind phase. The instrument consists of 14 items that 
assess 3 domains: (1) Role Function-Restrictive (RFR); 
(2) Role Function-Preventive (RFP); and (3) Emotional 
Function. This study focused only on MSQ RFR and RFP 
domains. The MSQ domain scores range from 0 (worst 
functional health status) to 100 (best functional health 
status). Increasing scores indicate improvements in qual-
ity of life [35].

Patients enrolled in the study used an electronic daily 
diary to record headache features and use of acute head-
ache medications throughout the study. The number of 
monthly migraine headache days (per 30-day period) 
was the primary measure in the CONQUER study. A 
migraine headache day was defined as a calendar day 
on which a migraine or probable migraine occurred. 
Migraine was defined as a headache, with or without 
aura, of ≥ 30  min duration with both of the following 
required features (A and B):

A. At least 2 of the following headache characteris-
tics: unilateral location, pulsating quality, moderate 
or severe pain intensity, aggravation by or causing 
avoidance of routine physical activity, AND

B. During headache at least one of the following: nau-
sea and/or vomiting, photophobia and phonopho-
bia (definition adapted from IHS ICHD-3). Prob-
able migraine headache was defined as a headache of 
≥ 30 min duration, with or without aura, but missing 
one of the migraine features in the IHS ICHD-3 defi-
nition [32].

In calculating the number of migraine headache days 
for each period, if the period was not equal to 30 days, the 
number of migraine headache days was adjusted by mul-
tiplying the number of migraine headache days by (30/x) 
where ‘x’ was the total number of non-missing diary days 
in the period assuming that the proportion of days with 
migraine is the same for days with missing and non-miss-
ing electronic patient-reported outcomes (ePRO). If more 
than half ePRO diary days are missing, monthly migraine 
headache days for that 1-month period were considered 
missing. Additional patient-reported data were recorded 
directly by the patient on an electronic tablet at the time 
of clinic visits.

MSQ-RFR, MSQ-RFP, and monthly migraine head-
ache days were selected as independent anchors for this 
study. We have not included the Patient Global Impres-
sion of Severity (PGI-S) and Migraine Disability Assess-
ment (MIDAS) as anchors because of lower Youden 
index observed in the analysis for both anchors, (Youden 
index < 0.25) and bimodal trends in the Youden index 
plots. Established responder criteria consisted of changes 
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from baseline to Month 3 for each of these anchors, 
and were defined as: an improvement in MSQ-RFR by 
≥ 25.71 points, an improvement in MSQ-RFP by ≥ 20.00 
points [36], a 50% reduction in monthly migraine head-
ache days.[37], while the non-responder were defined as: 
a < 25.71 points improvement or stay the same or wors-
ening on MSQ-RFR score, a < 20 improvement or stay 
the same or worsening on the MSQ-RFP score [33], a 
< 50% reduction in monthly migraine headache days [9, 
34, 38]. Patients who did not meet the responder criteria 
were defined as non-responders for each of the anchors. 
Responder and non-responder status was separately 
defined for each anchor.

Statistical analysis
A statistical analysis plan was developed prior to the exe-
cution of this post-hoc analysis. In this post-hoc analy-
sis, reliability, validity, responsiveness (ability to detect 
change), and meaningful within-patient change in WPAI 
score were assessed before the use of the 3 anchor-based 
responder definitions indicated above. WPAI absentee-
ism, presenteeism, overall work productivity, and non-
work-related activity impairment scores are calculated 
from the responses of the 6 items of the WPAI (employ-
ment status, hours missed from work due to migraine, 
hours missed from work for other reasons, hours actu-
ally worked, degree migraine affected productivity while 
working and degree migraine affected productivity in 
regular unpaid activities) as impairment percentages 
[33]. Higher numbers indicate greater impairment and 
less productivity (i.e., worse outcomes). Calculations are 
completed for individuals who responded that they were 
employed (Additional file 1). WPAI scores were presented 
as percentage. Assessments were performed for the over-
all population, and patients with EM or CM. Descriptive 
statistics (including mean, standard deviation, and floor 
and ceiling effects) were used to determine the distribu-
tion of scores for WPAI. As the scores and changes from 
baseline to Month 3 for WPAI absenteeism, and correla-
tions between WPAI absenteeism and selected anchor 
of monthly migraine headache days were very low in the 
patient population, it was determined during the initial 
stage of this analysis that it was not appropriate to evalu-
ate responsiveness for this measure alone (i.e. without 
accounting for presenteeism). Therefore, the analyses 
were performed for three WPAI domain scores- presen-
teeism, overall work productivity loss (absenteeism plus 
presenteeism), and non-work-related activity impairment 
using the selected anchors (MSQ-RFR, MSQ-RFP, and 
monthly migraine headache days).

The methods for anchor selection included evalu-
ating Spearman’s correlation analyses to test hypoth-
eses about relationships between outcome variables at 

baseline (overall, and EM/CM subpopulations). Cor-
relations between outcomes were determined using the 
non-parametric Spearman’s rank correlation coefficient 
(Rho) because the data is not assumed to be normally 
distributed. Multiple outcomes were evaluated, and heat 
maps were created by plotting Spearman’s Rank Corre-
lation Coefficients (Rho) between these outcomes and 
the WPAI. Absolute value of Rho > 0.90 to ≤ 1.00 indi-
cated very high correlation, ≥ 0.70 to ≤ 0.90 indicated 
high correlation, ≥ 0.60 to < 0.70 indicated moderate 
high correlation, ≥ 0.50 to < 0.6 indicated moderate cor-
relation, ≥ 0.40 to < 0.50 indicated moderate low correla-
tion, ≥ 0.30 to < 0.40 indicated low correlation, and 0.00 
to ≤ 0.30 indicated negligible correlation. These methods 
resulted in the selected anchors, as the other outcomes 
had weaker associations and were not suitable anchors, 
such as the MSQ Emotional Domain [39, 40].

Reliability
Test–retest reliability was assessed in a population consid-
ered to be stable. This group received placebo and had a 
change of one day or less in their number of migraine-head-
ache days per month. WPAI domain scores at baseline and 
Months 3 were used to assess test–retest reliability. Intra-
class correlation coefficients (ICC) were calculated using the 
two-level random-intercept-only mixed model [41].

where yij is the WPAI score for subject i and time j; the 
random intercepts µ0j have variance σ2u0 and the residuals 
eij have variance σ2e . The ICC is the ratio of the random 
intercept variance to the total variance:

The ICC values were classified as: 0.01 to 0.20 (slightly 
fair), 0.21 to 0.40 (fair), 0.41 to 0.60 (moderate), 0.61 to 
0.80 (substantial), and 0.81 to 1.00 (almost perfect agree-
ment) [42].

Validity
Construct validity of WPAI domain scores with MSQ-
RFR, MSQ-RFP, and monthly migraine-headache days 
was assessed using Spearman’s correlation analyses at 
baseline. The Spearman’s rank correlation coefficient 
measures the strength and direction of association 
between two variables using a non-parametric corre-
lation statistic with values ranging from -1 to + 1. We 
defined seven levels of correlation between outcomes 
based on the absolute values of Rho: 0.70–1.00 (high), 
0.60–0.70 (moderate high), 0.50–0.60 (moderate), 

yij = β0 + µ0j + eij ,

ICC =
σ 2
u0

σ 2
u0 + σ 2

e

.
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0.40–0.50 (moderate low), 0.30–0.40 (low), 0.20–0.30 
(negligible), and 0–0.20 (negligible-low).

Responsiveness
Anchor-based responder analyses were performed to 
assess the ability to detect change in WPAI domain scores 
by responder status for each of the three anchors (MSQ-
RFR, MSQ-RFP, and monthly migraine-headache days). 
The least square mean changes from baseline to Month 
3 for WPAI for both responders and non-responders for 
each of the anchor variables was estimated and com-
pared. Statistically significant differences (p < 0.05) in 
change in WPAI domain scores between responders and 
non-responders of anchor variables indicated respon-
siveness or ability to detect change in the WPAI domain 
scores.

Analysis of covariance (ANCOVA) models were uti-
lized to examine differences in the change in WPAI 
domain scores from baseline to Month 3 among patients 
in all the anchor-based responder groups; the assessment 
evaluates the past 7-days at both time points. The change 
in WPAI presenteeism, overall productivity loss, and 
non-work-related activity impairment was the dependent 
variable, while the responder group variable was included 
as the independent variable in the model. Baseline WPAI 
presenteeism, overall productivity loss, and non-work-
related activity impairment was adjusted for the respec-
tive models.

Meaningful within‑patient change thresholds
Anchor-based analyses were used to determine the 
meaningful within-patient change in WPAI domain 
scores. Monthly migraine headache days decreased by 
50%, MSQ-RFR scores decreased by ≥ 25.71 points and 
MSQ-RFP scores decreased by ≤ 20 points were selected 
as anchors.

WPAI change score threshold was estimated by logis-
tic regression with the selected anchor as a dependent 
variable and change from baseline WPAI score as an 
independent variable. Discriminative ability between 
the responder and non-responder groups were assessed 
using receiver-operator characteristic (ROC) curves, 
Youden index (YI), Phi correlations, and Concordance 
(C) statistics, which is the equivalent of the area-under-
curve (AUC) of a ROC curve.

The YI, a frequently used summary measure in ROC 
analyses, measures the effectiveness of a predictive 
marker, and enables selection of an optimal thresh-
old value for that marker. The YI was calculated at each 
level of improvement in the WPAI (c): [YI (c) = sensi-
tivity (c) + (specificity (c) −1)]. Its value ranges from 0 
through 1; higher value indicates better discriminative 

ability between the responders and non-responders. 
The optimal cut-score is identified as the point at which 
YI is maximal in the ROC analysis [43]. A threshold of 
change from baseline WPAI score was chosen so that YI 
was high for all anchor variables. The phi coefficient is 
a measure of association for two binary variables, and it 
was calculated at each level of improvement in the WPAI. 
The AUC has values that range from 0.5 to 1.0. AUC val-
ues closer to 0.5 indicated that the accuracy of model at 
predicting outcome is based on chance. Values from 0.7 
to 0.8 indicate a good model. Values of 0.8 to 0.9 indicate 
excellent discrimination, and ≥ 0.9 show outstanding 
discrimination between responder and non-responder 
groups [44]. Empirical cumulative distribution func-
tion (eCDF) plots were generated to display the change 
scores from baseline to Month 3 by anchor responder 
groups and to provide supporting evidence for the opti-
mal threshold. All analyses were conducted based on a 
2-sided significance level of 0.05 and using SAS software 
Version 9.4 (SAS institute, Cary, NC).

Results
Baseline demographic and disease characteristics
A total of 462 patients were randomized and received at 
least one dose of the study drug in the CONQUER study; 
444 patients who completed the WPAI questionnaire 
for non-work-related activity impairment were included 
in post-hoc analyses (EM, n = 261; CM, n = 183). Of the 
444 patients, overall work productivity loss data were 
collected from 315 patients with employment (complete 
data: 289; missing data: 26). Presenteeism data were col-
lected for 315 patients (completed data: 284; missing 
data: 31). This analysis used complete data for measure-
ments of WPAI at both baseline and month 3.

Baseline demographics and disease characteristics are 
presented in Table 1. For the overall population provid-
ing data on the WPAI, mean (SD) age was 45.9 (11.81) 
years, and the majority of patients (n = 381, 85.8%) were 
female. The WPAI absenteeism, presenteeism, overall 
work productivity loss, and non-work-related activity 
impairment scores presented as mean (SD) were 9.37 
(17.85), 42.75 (23.24), 46.86 (25.69), and 50.97 (23.91), 
respectively. Baseline demographics and disease char-
acteristics of employed patients were similar to those of 
overall patients (Table 2).

Reliability
Test–retest reliability results, estimated in stable patients 
treated with placebo, showed moderate correlations 
for WPAI presenteeism (ICC: all patients = 0.438; EM 
patients = 0.227; CM patients = 0.893) and WPAI non-
work-related Activity Impairment (ICC: all patients = 0.446; 
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EM patients = 0.272; CM patients = 0.653) and a fair cor-
relation for WPAI overall work productivity loss (ICC: all 
patients = 0.360; EM patients = 0.158; CM patients = 0.885) 
[42].

Validity
At baseline, all the correlations between WPAI domain 
scores and continuous anchor variables exceeded the 

recommended threshold of ≥ 0.30, except for WPAI 
domain scores with the number of monthly migraine 
headache days in the overall population, and in patients 
with EM or CM. In patients with EM, the correlation 
between WPAI non-work-related activity impairment 
and MSQ-RFR was moderate-to-high (−0.606, Addi-
tional file 2: Figure S1).

Table 1 Patient baseline demographics and clinical characteristics

*Scores were computed only for employed individuals

Mean (SD) was calculated based on non-missing values. WPAI scores are presented as % as units

EM was defined as 4 to 14 migraine headache days and < 15 headache days per 30-day period in the prospective baseline period. In the event that there were any 
patients with 4 to < 8 migraine headache days and 15–29 headache days per 30-day period in the prospective baseline period, they were considered to have episodic 
migraine

CM was defined as 15–29 headache days per 30-day period in the prospective baseline period, of which at least 8 are migraine

CM chronic migraine, EM episodic migraine, MSQ Migraine-Specific Quality of Life questionnaire, N total number of patients, PRO patient-reported outcome, RFP role 
function-preventive, RFR role function-restrictive, SD standard deviation, WPAI Work Productivity and Activity Impairment questionnaire

Characteristics Overall
N = 444

EM
n = 261

CM
n = 183

Age (years), mean (SD) 45.89 (11.81) 46.34 (11.35) 45.23 (12.44)

Gender (women), n (%) 381 (85.8%) 222 (85.1%) 159 (86.9%)

Years since migraine diagnosis, mean (SD) 23.34 (13.58) 22.52 (12.92) 24.52 (14.43)

Number of monthly migraine headache days, mean (SD) 13.12 (5.90) 9.30 (2.84) 18.58 (4.72)

WPAI absenteeism score*, mean (SD) 9.37 (17.85) 8.22 (15.65) 11.03 (20.57)

WPAI presenteeism score*, mean (SD) 42.75 (23.24) 38.70 (24.65) 48.70 (19.62)

WPAI overall work productivity loss score*, mean (SD) 46.86 (25.69) 42.42 (26.92) 53.29 (22.39)

WPAI non-work-related activity impairment score, mean (SD) 50.97 (23.91) 48.01 (24.96) 55.19 (21.71)

MSQ-RFR score, mean (SD) 45.05 (17.16) 48.05 (15.79) 40.77 (18.15)

MSQ-RFP score, mean (SD) 63.78 (19.15) 65.38 (18.78) 61.50 (19.49)

Table 2 Patient baseline demographics and clinical characteristics in the employed patients

Mean (SD) was calculated based on non-missing values. WPAI scores are presented as % as units

EM was defined as 4 to 14 migraine headache days and < 15 headache days per 30-day period in the prospective baseline period. In the event that there were any 
patients with 4 to < 8 migraine headache days and 15–29 headache days per 30-day period in the prospective baseline period, they were considered to have episodic 
migraine

CM was defined as 15–29 headache days per 30-day period in the prospective baseline period, of which at least 8 are migraine

CM chronic migraine, EM episodic migraine, MSQ Migraine-Specific Quality of Life questionnaire, N total number of patients, PRO patient-reported outcome, RFP role 
function-preventive, RFR role function-restrictive, SD standard deviation, WPAI Work Productivity and Activity Impairment questionnaire

Characteristics Overall
N = 289

EM
n = 171

CM
n = 118

Age (years), mean (SD) 43.60 (10.04) 43.82 (10.00) 43.28 (10.15)

Gender (women), n (%) 245 (84.8) 143 (83.6) 102 (86.4)

Years since migraine diagnosis, mean (SD) 22.11 (12.45) 21.72 (12.55) 22.67 (12.33)

Number of monthly migraine headache days, mean (SD) 13.17 (5.73) 9.57 (2.82) 18.40 (4.78)

WPAI absenteeism score, mean (SD) 9.37 (17.85) 8.22 (15.65) 11.03 (20.57)

WPAI presenteeism score, mean (SD) 42.75 (23.24) 38.70 (24.65) 48.70 (19.62)

WPAI overall work impairment score, mean (SD) 46.86 (25.69) 42.42 (26.92) 53.29 (22.39)

WPAI non-work-related activity impairment score, mean (SD) 49.24 (23.22) 46.90 (24.31) 52.63 (21.18)

MSQ-RFR score, mean (SD) 46.21 (16.01) 48.29 (14.82) 43.20 (17.22)

MSQ-RFP score, mean (SD) 66.51 (16.93) 67.11 (17.27) 65.64 (16.47)
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Responsiveness
WPAI domain scores improved (decreased) from base-
line to Month 3 (Additional file  2: Table  S1). Overall, 
patients achieving the pre-specified responsiveness 
thresholds for the monthly migraine headache days, 
and MSQ-RFP, MSQ-RFR from baseline to Month 3 
(responders) showed significant improvements in WPAI 
domain scores compared with non-responders (P < 0.001, 
Table  3). Similar results were reported in patients with 
EM and CM (non-responders vs non-responders, 
P < 0.05) (Additional file 2: Table S2A and Table S2B).

Meaningful within‑patient change thresholds
The AUC for change in WPAI domain scores ranged 
from 0.7 to 0.8 for all the selected anchor groups, indi-
cating “acceptable” ability of the model to differentiate 
between responder and non-responder groups (Addi-
tional file 2: Table S4).

In the overall population, an optimum meaningful 
change in WPAI domain scores (% unit) from baseline 
to Month 3 corresponding to maximum YI of all three 
anchors was −20.0 for presenteeism, −22.2 to −19.4 for 
overall work productivity loss and −30.0 to −10.0 for 

Fig. 1 Youden’s index for WPAI domain scores improvement at Month 3 for selected anchors (Overall population). WPAI scores are presented as % 
unit. Abbreviations: MHD monthly migraine headache days, MSQ Migraine-Specific Quality of Life questionnaire, RFP Role Function-Preventive, RFR 
Role Function-Restrictive, WPAI Work Productivity and Activity Impairment questionnaire, YI Youden index

Fig. 2 Youden’s index for WPAI domain scores improvement at Month 3 for selected anchors (EM). WPAI scores are presented as % unit. 
Abbreviations: EM episodic migraine, MHD monthly migraine headache days, MSQ Migraine-Specific Quality of Life questionnaire, RFP Role 
Function-Preventive, RFR Role Function-Restrictive, WPAI Work Productivity and Activity Impairment questionnaire, YI Youden index
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Fig. 3 Youden’s index for WPAI domain scores improvement at Month 3 for selected anchors (CM). WPAI scores are presented as % unit. CM chronic 
migraine, MHD monthly migraine headache days, MSQ Migraine-Specific Quality of Life questionnaire, RFP role function-preventive, RFR role 
function-restrictive, WPAI Work Productivity and Activity Impairment questionnaire, YI Youden index

non-work-related activity impairment (Fig. 1). In patients 
with EM, optimum meaningful change was −40.0 to 
−20.0 for presenteeism and −22.2 to −19.3 for overall 
work productivity loss and −40.0 to −30.0 for non-work-
related activity impairment (Fig. 2). In patients with CM, 
optimum meaningful change was −20.0 for presenteeism 
and −23.0 to −19.8 for overall work productivity loss and 
−20.0 to −10.0 for non-work-related activity impairment 
(Fig. 3).

For the overall population, Phi coefficient was ≥ 0.24 
and sensitivity ranged from 0.4 to 0.8 (Table  4). YI was 
the highest for cut-off points of approximately -20 unit-
change from baseline in WPAI (% unit) for the anchor 
groups, Table 3. In patients with EM, a similar trend was 
followed only for WPAI presenteeism and WPAI over-
all work productivity loss domains (Additional file  2: 
Table S3A). In patients with CM, results for YI were com-
parable to that for overall population (Additional file  2: 
Table  S3B). The meaningful change threshold of −20 
(% unit) was chosen based on the overlapping data on 
Youden index, Phi coefficient and sensitivity.

The eCDF plots showed a clear separation between 
the curves representing anchor responder and non-
responder groups by WPAI change scores (Additional 
file 2: Figure S2).

Using the established meaningful change threshold of 
−20 (% unit) for WPAI, the percentage of patients from 
the non-responder anchor group (no change/worsen-
ing) that were mis-classified as experiencing meaningful 
improvement in WPAI were between 22.2 and 37.3% for 

overall population, 25.7% to 44.7% for EM and 16.3% to 
27.9% for CM, respectively.

Discussion
This post-hoc analyses of the CONQUER study demon-
strated the reliability, validity, responsiveness, and mean-
ingful change of the WPAI questionnaire in patients 
with EM or CM. These results support the validity of 
the WPAI as a PRO to measure the impact of EM or CM 
on work productivity (overall and presenteeism) and 
non-work-related activity impairment. The meaningful 
change thresholds for the WPAI domain scores may help 
in evaluating clinically meaningful treatment responses 
and may be appropriate for inclusion of WPAI in future 
preventive migraine clinical studies.

Test–retest reliability results showed moderate cor-
relations for WPAI presenteeism and WPAI non-work-
related activity impairment and a fair correlation for 
WPAI overall work productivity loss. The modest ICCs 
for the WPAI may reflect the relatively brief, one-week 
recall interval. As the number of migraine days and their 
severity is known to vary within person from time to 
time, the instability of the phenomenon being measured 
may contribute to modest ICCs. This may also account 
for the higher ICCs we observed for CM than for EM. 
The greater ICCs among patients with CM than patients 
with EM may be due to the small sample size or the 
shorter recall period. A longer recall period longer for 
patients with EM may provide a more stable measure-
ment of reliability.
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Construct validity was confirmed between WPAI 
domain scores and continuous anchor variables- monthly 
migraine headache days, MSQ-RFR, and MSQ-RFP. 
Using an anchor-based method, a threshold of -20-unit 
change in scores at Month 3 (from baseline) was found 
to be meaningful for the three WPAI domain scores. The 
identified responder thresholds were consistent across 
patients with EM or CM. The eCDF plots substantiated 
the findings of the selected meaningful change threshold. 
A meaningful within-patient responder threshold was 

defined for three of the WPAI domains (presenteeism, 
overall work productivity, and non-work-related activity 
impairment) for patients with migraine (EM or CM).

The reliability, validity, responsiveness, and meaning-
ful change of the WPAI among patients with migraine 
had not been previously established. The findings of this 
research indicate that this instrument is appropriate 
for use in this population and provides a within-patient 
responder threshold that can be used to determine 
a meaningful change in presenteeism, overall work 

Table 4 ROC analyses for change in WPAI domain scores from baseline to Month 3 (Overall population)

Logistic regression was performed with selected anchor as a dependent variable and each WPAI score as an independent variable. Sensitivity, specificity, positive 
predictive value, negative predictive value, and Phi correlation for change scores above and below the optimal cut-point were provided to show the range of 
alternative WPAI change score thresholds. WPAI scores are presented as % unit

MSQ Migraine-Specific Quality of Life questionnaire, RFP role function-preventive, RFR role function-restrictive, ROC receiver-operator characteristic, WPAI Work 
Productivity and Activity Impairment questionnaire

WPAI Dependent variable Cut‑off point Sensitivity Specificity Positive 
predictive 
value

Negative 
predictive 
value

Youden index Phi coefficient

WPAI presenteeism Monthly migraine 
headache days by 
50%

−39.96 0.4085 0.9014 0.5800 0.8205 0.3099 0.3523

−29.97 0.4789 0.8216 0.4722 0.8255 0.3005 0.2991

−19.98 0.6197 0.7230 0.4272 0.8508 0.3427 0.3087

MSQ-RFP domain −30.00 0.4943 0.8528 0.5972 0.7925 0.3470 0.3677

−20.00 0.6207 0.7513 0.5243 0.8177 0.3720 0.3566

−10.00 0.7471 0.5888 0.4452 0.8406 0.3360 0.3099

MSQ-RFR domain −29.99 0.4875 0.8382 0.5417 0.8066 0.3257 0.3368

−19.99 0.6625 0.7549 0.5146 0.8508 0.4174 0.3905

−10.00 0.7250 0.5686 0.3973 0.8406 0.2936 0.2643

WPAI overall work 
productivity loss

Monthly migraine 
headache days by 
50%

−20.09 0.5541 0.8093 0.5000 0.8406 0.3634 0.3518

−19.79 0.6216 0.7488 0.4600 0.8519 0.3705 0.3399

−19.37 0.6216 0.7442 0.4554 0.8511 0.3658 0.3348

MSQ-RFP domain −22.17 0.5730 0.8550 0.6375 0.8182 0.4280 0.4416

−22.02 0.5730 0.8500 0.6296 0.8173 0.4230 0.4348

−20.12 0.5730 0.8450 0.6220 0.8164 0.4180 0.4281

MSQ-RFR domain −20.01 0.6463 0.7778 0.5354 0.8474 0.4241 0.4029

−19.39 0.6585 0.7729 0.5347 0.8511 0.4315 0.4080

−19.16 0.6585 0.7681 0.5294 0.8503 0.4267 0.4025

WPAI activity
impairment

Monthly migraine 
headache days by 
50%

−29.95 0.5040 0.7555 0.4468 0.7954 0.2595 0.2507

−19.97 0.6480 0.6270 0.4050 0.8197 0.2750 0.2485

−9.98 0.8000 0.4796 0.3759 0.8596 0.2796 0.2566

MSQ-RFP domain −29.98 0.4901 0.7713 0.5248 0.7459 0.2614 0.2660

−19.99 0.6358 0.6451 0.4800 0.7746 0.2808 0.2674

−10.00 0.7815 0.4949 0.4436 0.8146 0.2763 0.2671

MSQRFR domain −40.01 0.4296 0.8770 0.6042 0.7787 0.3067 0.3427

−30.01 0.5630 0.7896 0.5390 0.8053 0.3526 0.3484

−20.00 0.6741 0.6472 0.4550 0.8197 0.3213 0.2971
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productivity and non-work-related activity impairment. 
This threshold can be used in future research to deter-
mine the proportion of patients that are experiencing a 
degree of improvement that is impactful for work and 
non-work activities.

In the present analyses, WPAI absenteeism sub scores 
alone (i.e. without accounting for presenteeism) were not 
considered due to a possible lack of sensitivity in patients 
with migraine. This may be explained by a low mean 
baseline score of 9.37 and smaller change from baseline 
of −2.83 for absenteeism versus other domains making 
the results less sensitive to the present analyses. These 
low mean absenteeism scores are not unexpected, as 
qualitative research has revealed that employed patients 
with migraine frequently ‘power-through’ work, which 
results in modest levels of absenteeism. When peo-
ple miss enough work, they may become unemployed. 
Across a range of chronic pain disorders unemployment 
rates increase with pain severity and in the highest grades 
of pain unemployment rates reach 20%. Selecting for per-
sons who are employed may in effect select against indi-
viduals with high rates of absenteeism. Presenteeism is 
strongly influenced by migraine [28, 33, 45]. Similar find-
ings have been observed in a prior study, where patients 
with migraine were more likely to miss non-work activi-
ties (family, social, and leisure) than work [46]. Prior 
work has addressed the psychometric properties of the 
WPAI for other disease states using similar methods to 
the those used in the present report. This research also 
used anchor-based and distribution-based methods and 
utilized clinical trial data. However, unlike the current 
research, the previous research determined apriori to 
not estimate thresholds for absenteeism and presentee-
ism separately, classifying these as individual domains 
that should be used for descriptive purposes only [47]. 
Another study also used clinical trial data to evaluate the 
change in all four WPAI domain scores among patients 
with ankylosing spondylitis. However, the research eval-
uated WPAI responsiveness using minimum clinically 
important differences from two other PROs, which were 
quantified with standardized response mean (SRM) cal-
culations [48]. Although, all WPAI domain scores were 
evaluated in patients with ankylosing spondylitis, absen-
teeism domains was observed to be less sensitive for 
identifying meaningful changes [48], similar to the pre-
sent study.

Strengths of this study include the use of current meth-
ods for evaluating psychometric properties, determin-
ing meaningful within-patient change thresholds, and 
the PROs for the analyses were comprehensive includ-
ing a quality-of-life measure and an electronic daily diary 
measure of MHDs.

There are certain limitations to our study. One of the 
limitations is that the patient population for the CON-
QUER clinical trial was specific to patients with migraine 
who had a history of two to four preventive treatment 
category failures. In addition, analyses were limited to 
people with ≥ 4 monthly migraine headache days, which 
may represent a more impacted sample than the general 
population. This higher rate of monthly migraine days 
may have influenced employment status and associated 
disability, and therefore results may not be generalizable 
to a sample with fewer monthly migraine days. Moder-
ate reliability or greater was not observed for the WPAI 
in this patient population, perhaps because the num-
ber of headache days varies from week to week and the 
recall interval for the WPAI is only one week. This study 
included WPAI data at baseline and Month 3, hence 
we could not include Month 1 data for analysis. Also, 
there was no information from the patient perspec-
tive regarding what constitutes an important change in 
WPAI scores. The analysis plan evaluated reliability in a 
group with no change or a change of only one day over 
one month when the WPAI evaluated one week of that 
month; real within person change may have reduced the 
ICCs for the WPAI. Responsiveness for WPAI absentee-
ism was not evaluated because of very low score in the 
patient population. Additionally, the MSQ-RFR and 
MSQ-RFP as anchors used in the study to validate WPAI 
should be easy to interpret. Change from baseline is 
monthly migraine days is a widely used, included in label-
ling, and recommended in guidelines as a primary end-
point in preventive treatment trials [9, 38]. MSQ-RFP is 
a recommended secondary endpoint and is included in 
labelling for migraine medications [49, 50]. In addition 
to the lack of temporal alignment to the MHD measure 
used to define no change and the WPAI, the one-week 
recall interval itself may have had reduced ICCs because 
of actual variation from week to week in presenteeism 
and non-work-related activity impairment. Increasing 
the recall interval reduces temporal sampling error but 
may result in recall bias. Reilly et al. reported that WPAI 
score may be unduly influenced by the most severe dis-
ease day in that interval and suggested that use of recall 
period as short as 24 h may be warranted to reduce recall 
bias [14]. Daily measures over longer periods mitigate 
both temporal sampling error and recall bias but substan-
tially increase participant burden and may induce fatigue. 
For a disorder such as migraine, characterized by attacks, 
reliability may be improved with longer sampling inter-
vals or by averaging multiple 7-day sampling intervals.

There is uncertainty if these results can be general-
ized to the overall migraine population. However, results 
observed in patients with EM or CM were consistent. 
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Therefore, the identified responder thresholds can be 
applied to migraine populations without preventive 
treatment failures until further research is completed 
to confirm (or contradict) this recommendation. Prior 
publications show that patients with high frequency 
EM (10–14 headache days/month) have similar disabil-
ity to those of CM (≥ 15 headache days/month) [51, 52]. 
On the other hand, Ishii et al., in their study comparing 
chronic versus episodic migraine concluded that patients 
with chronic migraine (15–23 headache days/month) 
have significantly greater disability compared to patients 
with high-frequency episodic migraine (8–14 headache 
days/month) (median [interquartile range] MIDAS score: 
55 [30–90] vs. 38 [20–58], p < 0.001) [53]. Considering 
patients with low frequency EM were not included in 
the current analysis, it is not known if responder data of 
patients with low frequency EM would be comparable to 
those with low frequency CM or not. Future efforts may 
compare the meaningful change thresholds from this 
study with other studies with a less restrictive migraine 
population, and an evaluation of the meaningfulness 
of the change via patient input would be informative. 
Previous studies have used 50% threshold for monthly 
migraine headache days in patients with CM [12], which 
was confirmed by in post-hoc analysis of a preventive 
anti-CGRP treatment for CM [54]. Data on the propor-
tion of patients achieving the responder threshold for 
galcanezumab versus placebo may be considered in a 
future publication.

Conclusions
The results of this study demonstrated the validity of 
the WPAI PRO to measure the impact of EM or CM on 
work productivity (overall and presenteeism) and non-
work-related activity impairment. The meaningful change 
thresholds for the WPAI domain scores may help in evalu-
ating clinically meaningful treatment responses and may 
be appropriate for inclusion of WPAI in future preventive 
migraine clinical studies. The analysis was specific to a pop-
ulation with a history of multiple standard-of-care migraine 
preventive medication failures and moderate frequency 
EM or greater; however, the meaningful within-patient 
threshold may be applied to migraine research studies until 
generalizability of these findings are confirmed.

Abbreviations
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