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Optimized Acute Treatment of Migraine Is Associated With
Greater Productivity in People With Migraine

Results From the Chronic Migraine Epidemiology and Outcomes (CaMEO) Study

Dawn C. Buse, PhD, Stephanie J. Nahas, MD, MSEd, Walter (Buzz) F. Stewart, PhD, MPH, Cynthia E. Armand, MD,
Michael L. Reed, PhD, Kristina M. Fanning, PhD, Aubrey Manack Adams, PhD, and Richard B. Lipton, MD

Objective: This study aimed to ascertain whether level of optimization of acute
treatment of migraine is related to work productivity across the spectrum of mi-
graine. Methods: Data were from the Chronic Migraine Epidemiology and
Outcomes (CaMEO) Study, an internet-based longitudinal survey. Respondents
with migraine who reported full-time employment and use of ≥1 acute prescrip-
tion medication for migraine were included. We determined relationships among
lost productive time (LPT; measured with the Migraine Disability Assessment
Scale), acute treatment optimization (Migraine Treatment Optimization Question-
naire- ), and monthly headache days (MHDs). Results: There was a direct rela-
tionship between LPT and MHD category. Greater acute treatment optimization
was associated with lower total LPT, less absenteeism, and less presenteeism
within each MHD category. Conclusions: Optimizing acute treatment for mi-
graine may reduce LPT in people with migraine and reduce indirect costs.

Keywords: absenteeism, presenteeism, headache, migraine, employment,
disability, productivity

M igraine, a chronic disease with episodic attacks defined by vari-
ous combinations of symptoms including moderate to severe

headache pain, pulsatile pain, photophobia, phonophobia, and nausea,

is a leading cause of global disease burden.1–3 Migraine attacks are of-
ten incapacitating, with an adverse impact on physical and emotional
functioning, engagement in activities of daily living, and health-related
quality of life, both during and between attacks.4–7

Migraine-associated disability results in absence from work
(absenteeism) and reduced productivity while at work (presenteeism),
both of which contribute to substantial economic burden on individ-
uals, employers, and society.4,8–13 Lost productivity increases in rela-
tion to headache frequency and headache pain intensity in people
with migraine.8 Higher frequency of headache days is associated

From the Albert Einstein College of Medicine, Bronx, New York (D.C.B., C.E.A.,
R.B.L.); Thomas Jefferson University, Philadelphia, Pennsylvania (S.J.N.);
Medcurio, Oakland, California (W.(B.)F.S.); Vedanta Research, Chapel Hill, North
Carolina (M.L.R.);MISTResearch,Wilmington, North Carolina (K.M.F.); AbbVie,
Irvine, California (A.M.A.).

Ethical considerations and disclosures: The CaMEO Study was approved by the
Albert Einstein College of Medicine Institutional Review Board (12-04-177E);
the institutional review board waived written informed consent for study volun-
teers, who had the right to accept or refuse participation in the survey.

Funding sources: Allergan (before its acquisition by AbbVie) funded this study and
contributed in the interpretation of data and in writing, reviewing, and approval
of the final version. All authors had access to relevant data and participated in the
drafting, review, and approval of this publication. No honoraria or payments
were made for authorship.

Conflict of interest: D.C.B. has received research support from the US Food and
Drug Administration and the National Headache Foundation. She serves as
consultant or advisory board member, or has received honoraria or research
support from AbbVie/Allergan, Amgen, Biohaven, Colleguium, Eli Lilly and
Company, Lundbeck, and Teva and for work on the editorial board of Current
Pain and Headache Reports in the past year. S.J.N. has received honoraria for
consulting from Alder/Lundbeck, Allergan/AbbVie, Amgen/Novartis (ended
April 2021), Axsome (ended January 2022), BioDelivery Sciences (ended
February 2022), Biohaven (ended November 2021), Eli Lilly, Fenix Group
International (ended July 2021), Teva (ended October 2021), and Theranica
(ended September 2022). She has received honoraria for speaking from Allergan/
AbbVie (ended July 2021), Amgen/Novartis (ended June 2021), Eli Lilly
(ended September 2021), and Teva (ended June 2021); research support from
Teva (Ended March 2021); and honoraria for work in education or publishing
from American Academy of Neurology, American Headache Society, Evolve
Med Ed, Massachusetts Medical Society, MedLink Neurology, MJH Life
Sciences, NACCME, Neurology Learning Network, Pennsylvania Neurologic
Society, Springer, WebMD/Medscape, and Wolters-Kluwer. Furthermore, she
has received legal fees for serving as a medical expert to Jackson & Campbell.
W.F.S. has served as a consultant to Amgen, Grifols, and Promius/Dr. Reddy's. C.
E.A. has served as an advisory board member and has received honoraria from
Biohaven and Impel Regional and from AbbVie and Teva. She is web editor of
JAMA Neurology. M.L.R. is managing director of Vedanta Research, which has
received research funding from AbbVie, Allay Lamp, Dr. Reddy's Laboratories,
Eli Lilly, GlaxoSmithKline, and Promius via grants to the National Headache
Foundation. Vedanta Research has received funding directly from AbbVie for

work on the CaMEO and CaMEO-I Studies. K.M.F. is managing director of
MIST Research, which, in collaboration with Vedanta Research, has received
research funding from AbbVie, Allay Lamp, Dr. Reddy's Laboratories, Eli
Lilly, GlaxoSmithKline, and NYU Langone Health via grants to the National
Headache Foundation. MIST Research has received funding directly from
AbbVie for work on the CaMEO and CaMEO-I Studies. A.M.A. is an
employee of AbbVie and may hold AbbVie stock. R.B.L. is the Edwin S.
Lowe Professor of Neurology at the Albert Einstein College of Medicine in
New York. He receives research support from the National Institutes of
Health: 2PO1 AG003949 (mPI), 1RF1 AG057531 (site PI), RF1 AG054548
(investigator), 1RO1 AG048642 (investigator), R56 AG057548 (investigator),
RO1 AG060933 (investigator), RO1 AG062622 (investigator), 1UG3FD006795
(mPI), 1U24NS113847 (investigator), U01 AT011005 (investigator), 1R01
AG075758 (pending — investigator), 1R01 AG077639 (pending — investigator),
and K23 NS107643 (mentor). He also receives support from the Migraine
Research Foundation and the National Headache Foundation and research
grants from TEVA, Satsuma, and Amgen. He serves on the editorial board of
Neurology and as senior advisor to Headache and associate editor to Cephalalgia.
He has reviewed for the NIA and NINDS and holds stock and stock options in
Biohaven Holdings and stock options in Manistee; serves as consultant or
advisory board member, or has received honoraria from AbbVie (Allergan),
American Academy of Neurology, American Headache Society, Amgen, Avanir,
Axsome, Biohaven, Biovision, Boston Scientific, Dr. Reddy's (Promius),
Electrocore, Eli Lilly, eNeura Therapeutics, Equinox, GlaxoSmithKline, Grifols,
Lundbeck (Alder), Merck, Pernix, Pfizer, Satsuma, Supernus, Teva, Trigemina,
Vector, and Vedanta. He receives royalties from Wolff's Headache 7th and 8th
Edition, Oxford Press University, 2009, Wiley and Informa.

Supplemental digital contents are available for this article. Direct URL citation
appears in the printed text and is provided in the HTML and PDF versions of
this article on the journal’s Web site (www.joem.org).

Address correspondence to: Aubrey Manack Adams, PhD, AbbVie, 2525 Dupont
Dr, Irvine, CA 92612 (aubrey.adams@abbvie.com).

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on be-
half of the American College of Occupational and Environmental Medicine.
This is an open-access article distributed under the terms of the Creative Com-
mons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-
ND), where it is permissible to download and share the work provided it is prop-
erly cited. Thework cannot be changed in anyway or used commercially without
permission from the journal.

DOI: 10.1097/JOM.0000000000002801

LEARNING OUTCOMES

• Identify the relationship between optimization of acute treatment
of migraine and work productivity.

• Critically analyze how the level of acute treatment optimization
affects the relationship between MHDs and LPT.
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with greater lost productive time (LPT) and increased likelihood of
unemployment.14

Acute medications for migraine are used at the time of an attack
to relieve pain and restore function, whereas preventive treatments are
intended to reduce the frequency, severity, and duration of future
attacks.15–17 Prescription medications used for the acute treatment of
migraine include triptans, nonsteroidal anti-inflammatory drugs (pre-
scription or over-the-counter [OTC]), ergot derivatives, opioids, and
barbiturates,18,19 and, more recently, gepants and lasmiditan.20 An
acute treatment regimen is considered optimized when it consistently
relieves pain, restores function with minimal need for repeat dosing
or rescue medication, and is well tolerated with minimal adverse
events and the patient feels that it is reliable.21 Some medications for
the acute treatment of migraine may be ineffective or poorly tolerated
in some people with migraine.21,22 Suboptimal treatment may lead to
uncontrolled migraine and acute medication overuse, as well as med-
ication overuse headache, potentially further compounding the disabil-
ity and burden of migraine on all aspects of an individual's life, includ-
ing work productivity.1,23,24

To our knowledge, the relationship between acute treatment op-
timization and LPT has not been previously reported. To test the hypoth-
esis that optimization of acute treatment is associated with reduced ad-
verse impact on work productivity across the spectrum of monthly
headache day (MHD) frequency in persons with migraine, we ana-
lyzed data from the Chronic Migraine Epidemiology and Outcomes
(CaMEO) Study.25 The potential impact of education level achieved,
annual household income, race, and ethnicity was also evaluated.

METHODS

Study Design
The CaMEO Study (ClinicalTrials.gov identifier: NCT01648530)

was a longitudinal internet-based survey designed to characterize the
course of migraine for 1 year in a broad cohort of respondents repre-
sentative of the US population. Details of the study design have been
published.25 Between September and October 2012, participants were
screened and recruited from an internet research panel (Research Now,
renamed Dynata [https://www.dynata.com/], Plano, TX) with 2.4 million
active USmembers. Aweb survey captured headache information and
demographics and was used to identify eligible participants with mi-
graine as detailed hereinafter. Those who met the criteria for migraine
received a series of cross-sectional surveys that assessed health care
use, family burden, and comorbidities or endophenotypes. The current
analysis evaluated data from the screening and core modules (admin-
istered at baseline) and the endophenotype module (administered to
the same individuals approximately 1–2 months after baseline). The
core module included assessments of migraine treatments, treatment
optimization (5-item Migraine Treatment Optimization Questionnaire
[mTOQ-5]), migraine-related disability (Migraine Disability Assess-
ment [MIDAS]), depression (9-item Patient Health Questionnaire
[PHQ-9]), and anxiety (7-item Generalized Anxiety Disorder [GAD-7]).
The endophenotype module assessed allodynia using the 12-item
Allodynia Symptom Checklist. The CaMEO Study was approved by
the Albert Einstein College of Medicine Institutional Review Board
(12-04-177E); the institutional review board waived written informed
consent for study volunteers, who had the right to accept or refuse par-
ticipation in the survey.

Study Population
The CaMEO Study used quota sampling to recruit a demo-

graphically representative sample of the US population based on
age, sex, and income.25 Eligible respondents were adults (18 years
or older) who met the criteria for migraine consistent with the Interna-
tional Classification of Headache Disorders, third edition (ICHD-3),1

based on the validated American Migraine Study/American Migraine

Prevalence and Prevention study migraine diagnostic module,26 and
provided data on headache frequency (Note: The American Migraine
Study/American Migraine Prevalence and Prevention diagnostic mod-
ule was based on ICHD-2 migraine criteria25,27; however, no signifi-
cant changes occurred between ICHD-2,27 ICHD-3-β,28 and the final
ICHD-31 criteria related to classification of migraine in this study).
Analysis was confined to eligible respondents who, at the time of
the survey, were using a prescription medication for the acute treat-
ment of migraine attacks, were employed full time (>35 h/wk), and
had valid data for the MIDAS and mTOQ-5. Participant-reported race
and annual household income were determined based on responses to
questions in the screening Module. Prescription acute medications for
migraine or headache were identified by participants with migraine
from a prespecified list of available acute prescription medications.

Estimation of Absenteeism, Presenteeism, and Total LPT
Absenteeism, presenteeism, and total LPTwere estimated from

responses to the MIDAS questionnaire.29 Two of the five MIDAS
questions ask about the number of days of missed work or school (ab-
senteeism) in the past 3 months because of headache and number of
days while at work or school where productivity was reduced by half
or more (presenteeism) because of headache. We defined total LPT as
missed workdays (absenteeism) plus workdays where productivity was
reduced by half or more (presenteeism).8,30 Based on prior validation re-
search, a workday reduced by half or more is defined as being equiv-
alent to a full day of missed work.31 Diary data showed that, on days
where work productivity was reduced by half or more per MIDAS,
the average diary-reported reduction in productivity was 72.7%.31

Furthermore, days where productivity was reduced by less than half
were not included in the MIDAS estimate; thus, LPT is unlikely to
be overestimated using this method.

Variables
Level of acute treatment optimization was assessed from the

mTOQ-5,32 which asks about all acute treatments that an individual
may be using (OTC and prescription) with the general statement about
“times when you take treatment for your headaches” with dichoto-
mous (yes/no) responses to the following five questions:

1. Were you able to quickly return to your normal activities (ie,
work, family, leisure, social activities) after taking your headache
medication?

2. Could you count on your headachemedication to relieve your pain
within 2 hours for most attacks?

3. Did one dose of your headache medication usually relieve your
headache and keep it away for at least 24 hours?

4. Was your headache medication well tolerated?
5. Were you comfortable enough with your headache medication to

be able to plan your daily activities?

The total mTOQ-5 score ranged from 0 to 5 with 1 point allo-
cated for each “yes” response. A score of 0 represents the worst possi-
ble treatment optimization, and a score of 5 represents the best treat-
ment optimization.

Monthly average headache day frequency was categorized as
≤3 MHDs, 4 to 7 MHDs, 8 to 14 MHDs, and ≥15 MHDs, consistent
with recent convention.33–35 Other characteristics evaluated included
participant-reported age (10-year categories), sex (male/female), race
(White only, Black or African American only, ≥2 races, and other),
ethnicity (Hispanic/Latinx vs not Hispanic/Latinx), education level
(high school or less; some college, technical school, or technical
school degree; 4-year college degree; and postcollege degree), and an-
nual household income (<$30,0000, $30,000–$49,999, $50,000–
$74,999, and ≥ $75,000). We calculated body mass index from
self-reported height and weight. The Migraine Symptom Severity
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Score (MSSS) is a composite index based on the frequency of seven
ICHD-3 diagnostic migraine symptoms (unilateral pain, pulsatile pain,
moderate or severe pain intensity, routine activities worsening pain, nau-
sea, photophobia, and phonophobia)36; item responses range from 0 to
3, with the overall sum score ranging from 0 to 21. The presence of
cutaneous allodynia was determined using the 12-item Allodynia
Symptom Checklist; Allodynia Symptom Checklist scores of≥3 indi-
cate the presence of allodynia.37,38 Depression was assessed using the
9-item depression module of the PHQ-9; sum scores for the PHQ-9
range from 0 to 27, with scores ≥10 categorized as moderate to severe
depression.39 Anxiety was assessed using the GAD-7, with scores
ranging from 0 to 21 and scores of ≥10 categorized as moderate to se-
vere anxiety.40

Statistical Analysis
A cross-sectional analysis compared sociodemographic, clini-

cal, and headache characteristics across levels of treatment optimiza-
tion. Scores for mTOQ-5 ranged from 0 (worst possible treatment op-
timization) to 5 (best possible treatment optimization).With the excep-
tion of age and body mass index, sociodemographic covariates were
coded as categorical variables. For clinical characteristics, the mean
MHD frequency and MSSSs were coded as continuous variables;
allodynia, depression, and anxiety were coded as categorical variables,
as defined previously. Mean absenteeism, presenteeism, and total LPT
were plotted by mTOQ-5 score for each MHD category. The linearity
of the relationship between each productivity measure and mTOQ-5
score was assessed within each MHD category using a test for linear-
ity, which is part of the analysis of variance procedure in SPSS (IBM
SPSS Statistics for Macintosh, version 27.0; IBM, Armonk, NY). The
CaMEO study was conducted in 2012, and respondents reported their
sex (male or female) in response to the question: “Please indicate your
gender.” The study did not include a separate question to distinguish
respondents' sex at birth and gender. Given this limitation, we have
chosen to use the exact survey terms for all reported results.

A series of nested multivariable negative binomial regression
models, in which absenteeism, presenteeism, or total LPTwas the de-
pendent variable, assessed factors associated with each productivity
measure. Negative binomial regression is used when modeling count
outcome variables (eg, number of days of absenteeism or presenteeism
or total LPT), particularly when the distribution is overdispersed (ie,
the variance is greater than the mean).41 An inspection of the distribu-
tion of the mean LPT confirmed the presence of these qualities and
guided our decision that negative binomial regressionwas an appropri-
atemethodology. Covariateswere entered in sequential blocks, starting
with MHD group and mTOQ-5 score, followed by sociodemographic
variables, allodynia and MSSS, and depression and anxiety. Rate ra-
tios (95% confidence intervals) were calculated for each variable.

RESULTS

Participants
Of the 16,789 CaMEO respondents with migraine, 4902 en-

dorsed current use of preselected prescription acute headache medica-
tions, and 2455 (50.1%) of these respondents were employed full time,
had valid MIDAS and mTOQ-5 scores, and were included in the anal-
ysis population. Within this analysis population of respondents who
were employed full time, 142 (5.8%) reported that they were also cur-
rently students. The most commonly reported acute prescription mi-
graine medications in this analysis population were triptans (40.7%),
prescription nonsteroidal anti-inflammatory drugs (37.7%), and opi-
oids (36.3%) (Table 1); 88.8% of respondents also reported current
use of at least one OTC medication for their headaches.

Monthly headache day frequency was ≤3 MHDs in 48.1%
(1182 of 2455) of respondents, 4 to 7 MHDs in 24.5% (602 of 2455),
8 to 14 MHDs in 15.4% (379 of 2455), and ≥15 MHDs in 11.9%

(292 of 2455). Approximately one third (813 of 2455 [33.1%]) of re-
spondents had a total mTOQ-5 score of 5 positive responses, the highest
possible score for optimization of acute treatment. The remaining re-
spondents (66.9%) had mTOQ-5 scores as follows: 24.3% (596 of
2455) scored 4, 18.9% (463 of 2455) scored 3, 12.6% (310 of 2455)
scored 2, 7.6% (186 of 2455) scored 1, and 3.5% (87 of 2455) scored
0 (no positive responses; worst possible score) ( see Supplemental Dig-
ital Content, Supplementary Table S1, http://links.lww.com/JOM/B287,
for a summary of responses to each individual mTOQ-5 question).

LPT by Level of Acute Treatment Optimization
In the analysis population, greater total LPT, absenteeism, and

presenteeism days were associated with worse treatment optimization
scores (P < 0.0001 for all three outcomes) (Fig. 1). In those with
poorly optimized acute treatment (mTOQ-5 score, ≤1) 3-month LPT
was 12.5 days compared with 4.3 days in those with well-optimized
acute treatment (mTOQ-5 score, 5). Mean 3-month absenteeism was
3.8 days in those with poorly optimized acute treatment (mTOQ-5
score, ≤1) and 1.3 days in those with well-optimized acute treatment
(mTOQ-5 score, 5). Similarly, the mean 3-month presenteeism was
8.6 days in those with poorly optimized acute treatment and 3.0 days
in the well-optimized group.

When evaluating LPT within each MHD category, total LPT
was inversely related with mTOQ-5 scores in three of four MHD
groups (Fig. 2A; test for linearity, P ≤ 0.01). The relationship between
treatment optimization and LPT was most pronounced in the ≥15
MHDgroup where the mean 3-month LPTwas 30.4 days among those
with poorly optimized acute treatment (mTOQ-5 score, ≤1) and
7.1 days among those with well-optimized acute treatment (mTOQ-5
score, 5). Mean 3-month absenteeism showed an inverse relationship
with mTOQ-5 score in all MHD groups (test for linearity, P ≤ 0.01),
with the exception of the 8 to 14 MHD group (test for linearity,
P = 0.197) (Fig. 2B). In the ≥15 MHD group, the mean 3-month ab-
senteeism ranged from 7.6 days (mTOQ-5 score, ≤1) to 1.0 days
(mTOQ-5 score, 5). Similarly, the mean 3-month presenteeism was
significantly lower in association with higher mTOQ-5 scores in all
MHD groups (test for linearity, P ≤ 0.01), with the exception of the
8 to 14 MHD group (test for linearity, P = 0.140) (Fig. 2C).

Negative Binomial Regression Modeling
To identify factors associated with total LPT, absenteeism, and

presenteeism, we used a series of negative binomial regression models.
Results of the final models are shown in Table 2 (full models are shown
in Supplemental Digital Content, Supplementary Table S2, http://links.
lww.com/JOM/B288; Supplementary Table S3, http://links.lww.com/
JOM/B289; and Supplementary Table S4, http://links.lww.com/JOM/
B290). Increasing MHDs and decreasing mTOQ-5 score were signifi-
cantly associated with increased total LPT, absenteeism, and presenteeism
in the fully adjusted models (Table 2). Compared with the ≤3 MHD
group, those with ≥15 MHD would be expected to have a 4.35 times
greater rate for total LPT while holding the other variables in the
model constant. The 8 to 14 MHD group was associated with an
LPT rate 3.01 times higher, and the 4 to 7 MHD group was associated
with an LPT rate 1.98 times higher. Additional factors associated with
increased total LPT in the fully adjusted model were Black/African
American race (rate ratio, 1.32; P < 0.0001), presence of allodynia (rate
ratio, 1.27; P < 0.0001), elevated MSSS (rate ratio, 1.04; P < 0.0001),
moderate to severe depression (rate ratio, 1.36; P < 0.0001), and anx-
iety (rate ratio, 1.21; P = 0.006; Table 2). Self-reported female sex
(P = 0.008) and increasing age (10-year intervals; P < 0.0001) were
associated with less LPT. Lost productive time rates for women would
be expected to decrease by a factor of 0.84, comparedwith the LPT rates
for men (with other variables held constant). Factors associated with
greater absenteeism were Black/African American race (P < 0.0001),
Hispanic/Latinx ethnicity (P = 0.039), presence of allodynia (P = 0.003),
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elevated MSSS (P = 0.009), and depression (P < 0.0001). Female sex
(P < 0.0001), having a postcollege degree (P = 0.025), and increasing
age (P = 0.004) were associated with lower absenteeism. Greater
presenteeism was associated with presence of allodynia (P < 0.0001),
elevated MSSS (P < 0.0001), depression (P < 0.0001), and anxiety
(P < 0.0001). Increasing age (P = 0.001) was significantly associated
with lower presenteeism.

Higher frequencies of MHDs were associated with greater total
LPT, absenteeism, and presenteeism in separate models of Black/African
American respondents, White respondents (Supplemental Digital
Content, Supplementary Table S5, http://links.lww.com/JOM/B291),

and Hispanic/Latinx and non-Hispanic/Latinx respondents (Supple-
mental Digital Content, Supplementary Table S6, http://links.lww.
com/JOM/B292). Significance was more consistent across mTOQ-5
scores with White and non-Hispanic/Latinx respondents, possibly be-
cause of the larger sample sizes.

DISCUSSION
This analysis of the overall population from the CaMEO Study

showed that well-optimized acute migraine treatment was associated
with less total LPT, absenteeism, and presenteeism across MHD

TABLE 1. Baseline Characteristics by mTOQ-5 Acute Treatment Optimization Responses

No. Positive mTOQ Responses

Total
(n = 2455)

0 (Not at All
Optimized)
(n = 87)

1
(n = 186)

2
(n = 310)

3
(n = 463)

4
(n = 596)

5 (Fully
Optimized)
(n = 813)

Age, mean (SD), y 42.0 (11.2) 39.3 (9.2) 39.1 (10.7) 41.2 (11.0) 40.9 (10.7) 42.0 (11.1) 43.9 (11.7)
Sex
Female 1908 72 (3.8) 143 (7.5) 249 (13.1) 369 (19.3) 460 (24.1) 615 (32.2)
Male 547 15 (2.7) 43 (7.9) 61 (11.2) 94 (17.2) 136 (24.9) 198 (36.2)

Race
White only 1820 61 (3.4) 148 (8.1) 246 (13.5) 340 (18.7) 425 (23.4) 600 (33.0)
Black only 383 17 (4.4) 23 (6.0) 37 (9.7) 69 (18.0) 101 (26.4) 136 (35.5)
Other single race 162 5 (3.1) 8 (4.9) 20 (12.3) 32 (19.8) 41 (25.3) 56 (34.6)
≥2 Races 83 3 (3.6) 5 (6.0) 7 (8.4) 21 (25.3) 28 (33.7) 19 (22.9)

Ethnicity
Hispanic/Latinx 421 20 (4.8) 34 (8.1) 55 (13.1) 79 (18.8) 112 (26.6) 121 (28.7)
Not Hispanic/Latinx 2033 67 (3.3) 152 (7.5) 255 (12.5) 383 (18.8) 484 (23.8) 692 (34.0)

College degree (≥4 y) 1249 43 (3.4) 85 (6.8) 160 (12.8) 242 (19.4) 303 (24.3) 416 (33.3)
Obese (BMI ≥30 kg/m2) 958 40 (4.2) 67 (7.0) 118 (12.3) 169 (17.6) 237 (24.7) 327 (34.1)
Income (yearly)
<$30,000 257 13 (5.1) 22 (8.6) 41 (16.0) 56 (21.8) 60 (23.3) 65 (25.3)
$30,000–49,999 452 19 (4.2) 30 (6.6) 54 (11.9) 88 (19.5) 111 (24.6) 150 (33.2)
$50,000–74,999 624 14 (2.2) 57 (9.1) 86 (13.8) 129 (20.7) 135 (21.6) 203 (32.5)
≥$75,000 1116 41 (3.7) 75 (6.7) 129 (11.6) 190 (17.0) 288 (25.8) 393 (35.2)

Has health insurance 2282 81 (3.5) 164 (7.2) 288 (12.6) 426 (18.7) 563 (24.7) 760 (33.3)
MHD frequency
≤3 d/mo 1182 33 (2.8) 71 (6.0) 129 (10.9) 205 (17.3) 266 (22.5) 478 (40.4)
4–7 d/mo 602 18 (3.0) 52 (8.6) 82 (13.6) 124 (20.6) 138 (22.9) 188 (31.2)
8–14 d/mo 379 19 (5.0) 31 (8.2) 55 (14.5) 71 (18.7) 112 (29.6) 91 (24.0)
≥15 d/mo 292 17 (5.8) 32 (11.0) 44 (15.1) 63 (21.6) 80 (27.4) 56 (19.2)

Allodynia (ASC-12 ≥3) 1037 39 (3.8) 100 (9.6) 145 (14.0) 213 (20.5) 240 (23.1) 300 (28.9)
MSSS, median (IQR) – 19.0 (4.0) 19.0 (4.0) 18.0 (4.0) 17.0 (5.0) 16.0 (5.0) 16.0 (5.5)
PHQ-9, moderate-severe depression (score,≥10) 906 44 (4.9) 91 (10.0) 144 (15.9) 213 (23.5) 217 (24.0) 197 (21.7)
GAD-7, moderate-severe anxiety (score, ≥10) 844 42 (5.0) 76 (9.0) 139 (16.5) 183 (21.7) 199 (23.6) 205 (24.3)
Current medication for acute treatment of

headaches
OTC medication use*
Any 2179 74 (3.4) 166 (7.6) 271 (12.4) 434 (19.9) 533 (24.5) 701 (32.2)
Ibuprofen 1031 41 (4.0) 84 (8.1) 138 (13.4) 207 (20.1) 273 (26.5) 288 (27.9)
Acetaminophen 1009 33 (3.3) 78 (7.7) 137 (13.6) 204 (20.2) 250 (24.8) 307 (30.4)
Acetaminophen-aspirin-caffeine combo 930 36 (3.9) 82 (8.8) 119 (12.8) 188 (20.2) 216 (23.2) 289 (31.1)
Naproxen sodium 850 29 (3.4) 70 (8.2) 110 (12.9) 169 (19.9) 213 (25.1) 259 (30.5)
Aspirin 468 16 (3.4) 36 (7.7) 62 (13.2) 95 (20.3) 117 (25.0) 142 (30.3)

Prescription medication use
Triptan 998 42 (4.2) 87 (8.7) 123 (12.3) 165 (16.5) 243 (24.3) 338 (33.9)
Prescription NSAID 926 28 (3.0) 67 (7.2) 126 (13.6) 185 (20.0) 235 (25.4) 285 (30.8)
Opioid 891 27 (3.0) 73 (8.2) 114 (12.8) 199 (22.3) 214 (24.0) 264 (29.6)
Barbiturate 233 6 (2.6) 14 (6.0) 35 (15.0) 46 (19.7) 63 (27.0) 69 (29.6)
Isometheptene 83 6 (7.2) 6 (7.2) 13 (15.7) 17 (20.5) 20 (24.1) 21 (25.3)
Ergotamine 61 0 3 (4.9) 7 (11.5) 18 (29.5) 16 (26.2) 17 (27.9)

Data are presented as n (%) unless indicated otherwise. Percentageswere calculated as n/N, with N being the value reported in the total column of each row. Higher mTOQ scores indicate
better treatment optimization.

ASC-12, 12-itemAllodynia SymptomChecklist; BMI, bodymass index; GAD-7, 7-itemGeneralized Anxiety Disorder; IQR, interquartile range; OTC, over-the-counter; PHQ-9, 9-item
Patient Health Questionnaire; MSSS, Migraine Symptom Severity Score; NSAID, nonsteroidal anti-inflammatory drug.

*Respondents may endorse use of more than one type of medication at a time.
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categories. People with higher MHDs consistently reported greater
losses in work productivity. Among respondents experiencing ≥15
MHDs, average total LPT was more than fourfold greater in people
reporting poor/very poor acute treatment optimization compared with
those reporting well-optimized acute treatment, with a mean total LPT
of 30.4 days for 3 months (or approximately 10 d/mo) versus 7.1 days for
3 months (or approximately 2 d/mo). In respondents with ≤3 MHDs,
the average total LPT was 5.0 days for 3 months (approximately
1.67 d/mo) in those with poor/very poor acute treatment optimization
compared with 2.2 days for 3 months (0.73 d/mo) in those with
well-optimized acute treatment. The effect of acute treatment opti-

mization on average total LPT was statistically significant after
adjusting for MHDs, as well as sociodemographic and disease char-
acteristics. We observed that both mTOQ-5 score and MHDs are re-
lated to LPT; greater MHDs and poorer acute treatment optimiza-
tion predicted greater losses in productivity. By extension, one
could potentially reduce LPTeither by reducing MHDs, improving
acute treatment optimization, or both.

Migraine-related lost productivity is substantial and contributes
to considerable economic burden on individuals, employers, and
society.4,8–12 Migraine is most common between the ages of 18 and
55 years, the peak productive years in a person's life, and thus a time

FIGURE 1. Mean absenteeism, presenteeism, and total LPT for 3 months by acute treatment optimization (mTOQ-5) score. LPT, lost
productive time; mTOQ-5, 5-Item Migraine Treatment Optimization Questionnaire.

FIGURE 2. Mean 3-month (A) total LPT, (B) absenteeism, and (C) presenteeism by acute treatment optimization (mTOQ-5) score
and MHD group. LPT, lost productive time; MHD, monthly headache day; mTOQ-5, 5-Item Migraine Treatment Optimization
Questionnaire.
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period when the disease can substantially disrupt educational and oc-
cupational outcomes. The economic burden of migraine comprises di-
rect costs (eg, cost of medical care) and indirect costs (eg, work pro-
ductivity loss). A recent analysis of the Medical Expenditure Panel
Survey database found that migraine was associated with substantially
higher annualized societal costs compared with a propensity-matched
nonmigraine cohort.42 An analysis of US commercial insurance claims
data between 2007 and 2013 reported that the mean annual total indirect
cost due to workdays lost because of absence, short-term disability, and
long-term disability was $2350 higher per individual in patients with
migraine compared with matched patients without migraine.43 Address-
ing the indirect costs of migraine requires providing individuals with
optimized acute treatment regimens that restore function compro-
mised by migraine attacks.

Undertreatment and suboptimal acute treatment of migraine are
common. A separate analysis of CaMEO data from 13,624 people
with migraine revealed that 64.5% of the respondents had never used
an acute prescription medication for migraine attacks, 22.9% reported
current use of acute prescription medication for migraine attacks, and
12.6% had previously used an acute prescription medication but were
no longer doing so.44 Despite current use of an acute prescriptionmed-
ication, 50.7% of the current users reported ≥5 MHDs, 59.8% had
moderate-to-severe headache-related disability (MIDAS grade III/IV),
37.4% had comorbid moderate to severe depression (PHQ-9 score,
≥10), and 33.0% had comorbid moderate to severe anxiety (GAD-7
score, >10).44 Among respondents who had discontinued acute pre-
scription medication, only 21.3% discontinued because their disease

had improved; 28.2% discontinued because of lack of efficacy, and
24.9% discontinued because of tolerability or safety concerns.22 In ad-
dition, the use of opioids for the acute treatment of migraine attacks is
not ideal because of the association of opioids and dependency; indi-
viduals using opioids for migraine were also found to have additional
comorbidities and higher utilization of healthcare resources.45

Our results suggest that optimizing an individual's acute treat-
ment regimen may translate into reductions in LPT. We recommend
caution, as this is a cross-sectional study, and longitudinal within-person
acute treatment optimization and its relationship to LPTwere not assessed.
Results of randomized controlled trials of triptans suggest that use of
effective treatments can reduce LPT.46–48 In addition, patients who
do not respond to triptans have greater losses in work productivity than
triptan responders.49 Preventive treatment of migraine has also been
associated with reductions in lost work productivity.50 This may be at-
tributed to preventive treatments reducing the frequency or severity of
migraine attacks. In addition, preventive treatment may improve the ef-
ficacy of acute medication taken for breakthrough migraine attacks.21

It is important for clinicians to periodically assess the efficacy
and tolerability of a patient's acute medications, as well as preventive
treatments, if indicated, to work toward optimization of the patient's
treatment regimen. There are several validated patient-reported out-
come questionnaires that may be used clinically to assess level of acute
treatment optimization (eg, mTOQ,Migraine—Assessment of Current
Therapy, Patient Perception of Migraine Questionnaire—Revised, Func-
tional Impairment Scale, Patient Global Impression of Change).21,51,52

There are several factors to consider when assessing acute treatment.21

TABLE 2. Factors Associated With LPT, Absenteeism, and Presenteeism: Final Multivariable Negative Binomial Regression Models

Rate Ratio (95% CI)

Total LPT Absenteeism Presenteeism

MHDs (reference: ≤3 MHDs)
4–7 1.98 (1.74–2.25) 1.82 (1.53–2.16) 2.01 (1.73–2.32)
8–14 3.01 (2.60–3.50) 2.31 (1.89–2.81) 3.31 (2.79–3.92)
≥15 4.35 (3.67–5.15) 3.42 (2.75–4.25) 4.72 (3.90–5.72)

mTOQ-5 score (reference: 5)
4 1.23 (1.07–1.42) 1.10 (0.91–1.33) 1.28 (1.09–1.50)
3 1.48 (1.28–1.72) 1.34 (1.10–1.64) 1.54 (1.30–1.83)
2 1.46 (1.23–1.74) 1.61 (1.28–2.02) 1.43 (1.17–1.74)
0/1 1.60 (1.33–1.93) 1.89 (1.49–2.41) 1.51 (1.22–1.87)

Female (reference: male) 0.84 (0.74–0.96) 0.66 (0.56–0.78) 0.91 (0.79–1.06)
Annual household income (reference: <$30,000)
$30,000–$49,999 1.00 (0.81–1.22) 1.10 (0.84–1.44) 0.95 (0.76–1.20)
$50,000–$74,999 0.99 (0.82–1.21) 1.18 (0.91–1.52) 0.94 (0.75–1.17)
≥$75,000 0.95 (0.78–1.16) 1.07 (0.83–1.38) 0.91 (0.73–1.14)

Race (reference: White only)
Black/African American only 1.32 (1.14–1.53) 1.71 (1.41–2.09) 1.18 (1.00–1.40)
Other 0.90 (0.71–1.14) 1.16 (0.86–1.58) 0.80 (0.61–1.05)
≥2 Races 1.12 (0.83–1.50) 1.35 (0.92–1.97) 1.09 (0.78–1.52)

Hispanic/Latinx (reference: Not Hispanic/Latinx) 1.12 (0.97–1.29) 1.22 (1.01–1.46) 1.08 (0.92–1.27)
Education (reference: high school or less)
Some college, technical school, or technical school degree 1.04 (0.88–1.24) 0.99 (0.79–1.24) 1.06 (0.87–1.29)
4-y College degree 1.01 (0.84–1.21) 0.89 (0.70–1.13) 1.06 (0.86–1.30)
Postcollege degree 1.00 (0.81–1.22) 0.73 (0.56–0.96) 1.11 (0.88–1.40)

Health insurance, yes (reference: no) 1.00 (0.81–1.25) 1.25 (0.93–1.68) 0.95 (0.74–1.21)
Age (10-y intervals) 0.91 (0.87–0.96) 0.91 (0.85–0.97) 0.91 (0.87–0.97)
BMI 1.00 (1.00–1.01) 0.99 (0.99–1.00) 1.00 (1.00–1.01)
Allodynia, yes (ASC ≥3; reference: ASC <3) 1.27 (1.14–1.42) 1.25 (1.08–1.45) 1.28 (1.13–1.46)
Migraine symptom severity (MSSS) 1.04 (1.02–1.06) 1.03 (1.01–1.06) 1.04 (1.02–1.06)
Depression, yes (PHQ-9 ≥10; reference: PHQ-9 <10) 1.36 (1.19–1.56) 1.50 (1.26–1.80) 1.32 (1.13–1.54)
Anxiety, yes (GAD-7 ≥10; reference: GAD-7 <10) 1.21 (1.06–1.38) 0.99 (0.83–1.18) 1.28 (1.10–1.50)

Boldfaced values indicate that the P value for the odds ratio was statistically significant (P < 0.05).
ASC, Allodynia SymptomChecklist; BMI, bodymass index; CI, confidence interval; GAD-7, 7-itemGeneralizedAnxietyDisorder; LPT, lost productive time;MHD,monthly headache

day;MIDAS,Migraine Disability Assessment; MSSS, Migraine Symptom Severity Score; mTOQ-5, 5-ItemMigraine Treatment Optimization Questionnaire; PHQ-9, 9-item Patient Health
Questionnaire.
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Patients should be encouraged to treat early after the onset of a migraine
attack, adopt appropriate lifestyle modifications, and avoid overexpo-
sure to acute medications.

Our modeling analyses identified several sociodemographic
and disease characteristics that were associated with LPT. Employed
women had lower levels of total LPT and absenteeism compared with
men. Hispanic/Latinx ethnicity was associated with increased time lost
to absenteeism, but not total LPT or presenteeism. Higher education
(≥4-year degree) was associated with reduced time lost due to absen-
teeism, but not presenteeism or total LPT. One factor contributing to
this finding may be the ability of better educated individuals to modify
their work demands in theworkplacewhen they are ill.53 Increased age
was associated with lower levels of total LPT, absenteeism, and
presenteeism. Allodynia, greater severity of migraine symptoms, and
moderate/severe depression all were associated with greater absentee-
ism, presenteeism, and LPT, perhaps because allodynia is a marker of
more severe headache.37,54 One previous study reported that LPT de-
creased with increasing age and was significantly higher for Black/
African American individuals compared with White individuals.8

The CaMEO Study did not collect data on type of work or job cate-
gory. Evaluating differences in job type (low control/high-demand vs
high control/low-demand)55,56 may provide some insight to the rela-
tionship observed in our study. It is possible that differences in type
of work among demographic groups in our analysis population may
explain the impact on LPT observed. For example, careers associated
with a high level of education or increased agemay have greater auton-
omy that allows the employee to control their schedule and modify
their work environment around migraine attacks.

Employer-sponsored programs with the goal of improving opti-
mization of migraine management have shown increased work produc-
tivity and quality of life for employees. A systematic review of prospec-
tive cohort studies found that employee education programs focused on
migraine management in the workplace were associated with a 29% to
36% increase in productivity.57 One study found that implementation
of an employer-sponsored disease management program that included
coaching lessons and action plans focused on healthy lifestyle changes
(sleep, hydration, nutrition, etc) resulted in a reduction in absenteeism
and presenteeism and increased migraine-free days for employees in
their private/social life.58 Our results further support the use of these
employer-sponsored programs and suggest that improving treatment op-
timization can result in increased productivity and reduced absenteeism.

This study has limitations. The results rely on self-reported data,
and errors in self-report could lead to biased estimates. The mTOQ-5
has dichotomous response options, restricting the range of response pos-
sibilities. In addition, the mTOQ-5 asks respondents about “times when
you take treatment for your headaches.” Therefore, we cannot know
what treatment(s) the respondent had in mind when answering the ques-
tions, and the majority of respondents were using acute polypharmacy.
We assume that it is a compilation of all acute treatments that they were
using, including OTC and prescription treatments. Estimates of LPT
were based on responses to the MIDAS questionnaire using a recall pe-
riod of 3 months. The MIDAS scores and questions on work impact
have been shown to be highly reliable in test-retest studies59 and highly
valid when compared with measures based on a 3-month diary study.31

However, the MIDAS asks about lost productivity at both work and
school, and since all participants were required to be employed full-
time, we assumed that all lost productivity was related towork; however,
they could be responding related to lost productivity at school aswell. In
addition, the small effect of the Migraine Symptom Severity Scale ob-
served may be a consequence of the large number of points in the scale
relative to categorical variables. The CaMEO study population is a vol-
unteer cohort, intended to be representative of the US population with
regard to selected demographics; however, bias from selective participa-
tion is possible (completion required a computer and English literacy).
Last, we did not investigate effect of treatment optimization and MHDs
on employment status, which may have resulted in an underestimation

of work impact of migraine, especially in people with chronic migraine
(≥15 MHDs) and high-frequency episodic migraine.30

In conclusion, in people with migraine, more optimal acute
treatment is associated with less productivity loss. Optimizing acute
treatment for people with migraine may lead to reduced LPT and
may result in indirect cost savings.
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