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Abstract

Objective

To test the hypothesis that statistically defined subgroups of migraine (based on constellations of
comorbidities and concomitant conditions; henceforth comorbidities), previously identified us-
ing Chronic Migraine Epidemiology and Outcomes (CaMEOQ) Study data, differ in prognosis, as
measured by rates of progression from episodic migraine (EM) to chronic migraine (CM).

Methods

The onset of CM was assessed up to 4 times over 12 months in individuals with EM and >1
comorbidity at baseline, based on constellations of comorbidities (comorbidity classes). The
“fewest comorbidities” class served as reference. Individuals completing >1 follow-up survey
from the web-based CaMEO Study were included. Covariates included sociodemographic
variables and headache characteristics. Sex, income, cutaneous allodynia, and medication
overuse were modeled as binary variables; age, body mass index, headache-related disability
(Migraine Disability Assessment [MIDAS]), and Migraine Symptom Severity Scale as con-
tinuous variables. CM onset was assessed using discrete time analysis.

Results

In the final sociodemographic model, all comorbidity classes had significantly elevated hazard
ratios (HRs) for risk of progression to CM from EM, relative to fewest comorbidities. HRs for
CM onset ranged from 5.34 (95% confidence interval [CI] 3.89-7.33; p < 0.001) for most
comorbidities to 1.53 (95% CI 1.17-2.01; p < 0.05) for the respiratory class. After adjusting for
headache covariates independently, each comorbidity class significantly predicted CM onset,
although HRs were attenuated.

Conclusions

Subgroups of migraine identified by comorbidity classes at cross-section predicted progression
from EM (with >1 comorbidity at baseline) to CM. The relationship of comorbidity group to
CM onset remained after adjusting for indicators of migraine severity, such as MIDAS.
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Glossary

AMPP = American Migraine Prevalence and Prevention; BMI = body mass index; CaMEO = Chronic Migraine Epidemiology
and Outcomes; CI = confidence interval; CM = chronic migraine; EM = episodic migraine; HR = hazard ratio; ICHD-3 =
International Classification of Headache Diseases, 3rd Edition; LCA = latent class analysis; MIDAS = Migraine Disability

Assessment; MSSS = Migraine Symptom Severity Scale.

Migraine is a complex neurologic disease with multiple en-
vironmental and genetic risk factors and substantial pheno-
typic heterogeneity.' The natural disease course of episodic
migraine (EM) can involve the progression to chronic mi-
graine (CM), remission to less frequent or no migraine, or
change of headache type.” Increased headache day fre-
quency, medication overuse, depression, and cutaneous
allodynia are associated with progression to CM.»* MRI*°
and gene association studies' have previously identified
subgroups of migraine with features predisposing to pro-
gression to CM.

Migraine is also associated with concomitant conditions or
comorbidities (conditions occurring with migraine at a rate
greater than expected based on chance alone’) (hereafter
comorbidities) such as asthma,® rhinitis,” depression and
anXiety,10 and chronic pain disorders,"" with asthma,'? de-
pression,"® and noncephalic pain disorders'* identified as
predictors of progression to CM. Results from previous re-
search using cluster analysis suggest that people from sub-
groups of migraine defined based on comorbidity profiles may
differ in prognosis, response to treatment, and underlying
biology."

The Chronic Migraine Epidemiology and Outcomes
(CaMEO) Study was a web-based survey study using cross-
sectional modules with longitudinal follow-up assessments.
It was designed to characterize the natural course of mi-
graine and describe related comorbidities and patterns of
treatment in a representative US sample of people with
migraine.'® Previously, data from the CaMEQO Study were
modeled using latent class analysis (LCA) to identify sub-
groups of migraine based on comorbidity profiles.” These
subgroups differed in demographic profiles, disability, and
headache characteristics. The present analysis uses discrete
time hazard modeling to estimate comorbid health pre-
dictors of progression from EM to CM.

Methods

Study design

The CaMEO Study (ClinicalTrials.gov identifier:
NCT01648530) was an Internet-based study with cross-
sectional modules and longitudinal follow-ups designed to
assess a range of data including comorbidities and migraine
characteristics, including progression of migraine to CM over
1 year.'® Recruiting and screening occurred between Sep-
tember and October 2012. Participants were recruited using
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quota sampling, to ensure that participants of the invited
sample were balanced against key population demographics,
from an Internet research panel (Research Now, Plano, TX)
that included 2.4 million active US members. A total of
489,537 members of the panel were invited to participate;
80,783 (16.5%) responded, 58,418 (72.3% of respondents)
provided usable surveys for analysis (i.e., 220% of the survey
was complete and headache status could be determined), and
16,789 (28.7% of those respondents with usable data) met
study inclusion criteria, reflecting modified International
Classification of Headache Diseases, 3rd Edition (ICHD-3)"”
criteria for migraine.

Study participants

Respondents were eligible for inclusion in the study if they
met CaMEO Study criteria and volunteered to participate.'®
Migraine criteria were assessed using the validated American
Migraine Study/American Migraine Prevalence and Pre-
vention (AMPP) Study diagnostic screener,'®*° which uses
a modification of the ICHD-3 migraine criteria,"” and has
been demonstrated previously to have a sensitivity of 1.00 and
a specificity of 0.82 for the diagnosis of migraine when used in
self-report populations.'® Respondents with migraine were
defined as those meeting modified ICHD-3 migraine criteria,
and those with CM also had >15 headache days per month
averaged over the preceding 3 months based on Silberstein-
Lipton criteria.*" This approach, using patient self-report, has
been demonstrated to have a sensitivity of 0.90 and a speci-
ficity of 0.83, with a good to excellent intertest reliability (x =
0.76) for CM.>* Although participation rates in the Internet-
based CaMEO Study were modest compared to those of the
mail survey-based AMPP Study (16.5% vs 64.9%, re-
spectively), formal comparisons of baseline demographics and
headache characteristics of the study populations demon-
strated that they were similar, leading to the conclusion that
the CaMEQ Study respondents were representative of the US
population with migraine.*®

Assessments

The Screening, Core, and Barriers to Care modules together
represent baseline assessments from the CaMEO Study co-
hort and provided data for respondent demographics and
headache characteristics and treatment. Comorbidities were
collected at stage 2 of the CaMEO Study via a questionnaire
designed using validated instruments where possible and a list
of questions on common conditions (Comorbidities/
Endophenotype module). Self-reports of 62 different symp-
toms and conditions were available for the analysis and those
conditions judged by clinical experts to require a medical
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diagnosis for reliable reporting were assessed based on self-
report of a physician diagnosis. Data from Screening, Core,
Barriers to Care, and Comorbidities/Endophenotype mod-
ules were used to inform the LCA and identify subgroups of
people with migraine based on comorbidity profiles, pro-
viding the main variable of interest for this current analysis.
Cross-sectional data from the Core/Snapshot modules col-
lected every 3 months for 12 months were used in this analysis
to inform progression from migraine to CM.

Standard protocol approvals, registrations, and
patient consents

Data included in this analysis were from the CaMEO Study.
The CaMEO Study was approved by the institutional review
board of the Albert Einstein College of Medicine, which waived
written informed consent for study volunteers who had the
right to accept or refuse participation in the survey.

Latent class analysis

Using LCA, we identified 8 subgroups of migraine based on
patients reporting >1 comorbidities.” Preliminary LCA
modeling was undertaken with 62 comorbidity variables and
patients reporting >1 comorbidity, identifying the 8-class
model as the model of best fit. Subsequently, variable re-
duction was undertaken to help enhance the interpretability
of the model, leaving 22 comorbidity variables. LCA modeling
in combination with clinical judgment identified the 8-class
model as having the best fit to the data and the most dis-
tinctive classes. The classes identified by LCA and being
further investigated in this report are as follows: class 1, many
comorbidities (most comorbidities); class 2, respiratory/
psychiatric (resp/psych); class 3, respiratory/pain (resp/
pain); class 4, respiratory; class S, psychiatric; class 6, car-
diovascular; class 7, pain; class 8, few comorbidities (fewest
comorbidities) (figure).

Discrete time hazard analysis

The discrete time hazard model is an extension of the pro-
portional hazard model, incorporating conditional odds of an
event occurring in a series of subsequent discrete time peri-
ods. This model accommodates censored data (i.e., when
information about the event is incomplete because it is
missing or occurs outside of the observation period). For this
analysis, a Cox model with a discrete time variable was used, as
data were collected at 3-month intervals. The main statistic
reported is the hazard ratio (HR).

Analysis approach

The LCA-derived comorbidity classes were used as the
basis for discrete time hazard models examining time to
CM onset across the 8 comorbidity classes over 4 follow-up
periods (i.e,, 3, 6,9, and 12 months after the baseline sur-
vey). The analysis sample included those with >1 of 62
comorbidities included in the LCA and >1 wave of follow-
up data beyond baseline. As the analysis sought to predict
CM onset, those who had CM at baseline were also
excluded.
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A range of sociodemographic and headache characteristics
were used as covariates, including age, body mass index
(BMI), sex, income (<$50,000 [40.9% of respondents] vs
>$50,000 [59.1% of respondents]), race, Migraine Disability
Assessment (MIDAS), allodynia (Allodynia Symptom
Checklist [<3 indicates no allodynia vs >3 indicates mild or
worse allodynia®*]), the Migraine Symptom Severity Score
(MSSS), and medication overuse at baseline. The MSSS is
a composite index that incorporates the frequency of 7 pri-
mary migraine features (unilateral pain, pulsatile pain,
moderate or severe pain intensity, routine activities worsen
pain, nausea, photophobia, and phonophobia). Possible
responses were 1 = never, 2 = rarely, 3 = less than half the
time, or 4 = half the time. The overall MSSS score ranges
from 7 to 28 and was calculated by summing scores for each
of the 7 headache features assessed. Medication overuse was
assessed as regular overuse of acute migraine treatment for
>3 months including acetylsalicylic acid, nonsteroidal anti-
inflammatory drugs, and acetaminophen [paracetamol] for
>15 d/mo and ergotamines, triptans, opioids, or combina-
tion analgesics on >10 d/ mo."” Sex, income, allodynia, and
medication overuse were modeled as binary variables, while
age, BMI, MIDAS, and MSSS were modeled as continuous
variables, with age and MIDAS being modeled based on 10-
year age and 10-point groupings, respectively. The LCA-
derived comorbidity class was the main predictor variable of
interest, with class 8 (fewest comorbidities class) serving as
the reference group. The comorbidity classes were included
as a single variable.

Three different modeling approaches were undertaken to
ensure validity of the results. Discrete time models were run in
a nested fashion; sociodemographics were entered first, fol-
lowed by headache characteristics and treatment variables
(headache-related disability [MIDAS], MSSS, allodynia, and
medication overuse), which were entered one at a time, then
removed before adding the next variable. These models were
assessed to determine if headache characteristics accounted
for the majority of the variation in progression to CM ob-
served. Variables that did not significantly contribute (i.e., p
values > 0.05) were trimmed from final models. After socio-
demographic and headache variable models were completed,
all significant variables were entered into a set of forward and
backward stepwise models. Forward stepwise regression is an
automated process that first enters the variable whose in-
clusion gives the most statistically significant improvement in
model fit and then continues to add variables until there is no
further significant improvement in fit. Backwards regression
starts with all variables included in the model and takes out the
variable whose removal results in least deterioration in model
fit, continuing until no additional variable can be removed
without significant loss of model fit. p < 0.0S was considered
statistically significant. Missing data were negligible (<5%)
and no imputation measures were employed. All analyses
were performed using IBM SPSS Statistics, version 20.0
(IBM, Armonk, NY; 2011).
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Figure Conditional probability that a member of a comorbidity class would self-report having given comorbidity/con-

comitant condition

Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 Class 8
Most Fewest Average
comorbidities Resp/psych Resp/pain Respiratory Psychiatric Cardiovascular Pain comorbidities probability
(n =676; (n=1332; (n=913; (n=2,355  (n=898; (n=917; (n=720; (n=4,026; across
5.7%) 11.3%) 7.7%) 19.9%) 7.6%) 7.7%) 6.1%) 34.0%) classes

Respiratory

Allergies (SR-PD) 70% 69% 73% 60% 23% 34% 22% 21% 32%

Bronchitis (SR-PD) 70% 67% 75% 64% 16% 36% 19% 15% 30%

Chronic bronchitis (SR-PD) 27% 13% 16% 7% 0% 4% 4% 1% 3%

Sinusitis (SR-PD) 79% 89% 89% 88% 24% 48% 24% 20% 41%
Cardiovascular

Hypertension (SR-PD) 54% 22% 45% 8% 8% 74% 21% 7% 24%

Diabetes (SR-PD) 27% 7% 14% 2% 3% 31% 8% 2% 9%

High cholesterol (SR-PD) 58% 21% 46% 11% 11% 75% 31% 11% 28%
Digestive

Gastrogeophageal reflux (SR-PD) 55% 26% 46% 11% 8% 22% 14% 3% 12%

Irritable bowel syndrome (SR-PD) 36% 19% 23% 9% 10% 4% 8% 2% 7%
Psychiatric

Anxiety (SR-PD) 93% 95% 14% 8% 92% 15% 21% 4% 28%

Depression (SR-PD) 88% 76% 33% 17% 74% 22% 33% 9% 31%

Panic (SR-PD) 51% 42% 1% 1% 31% 2% 2% 0% 7%

PTSD (SR-PD) 30% 13% 4% 2% 11% 3% 5% 1% 4%
Joint/pain

Arthritis (SR-PD) 41% 17% 33% 10% 6% 25% 24% 4% 14%

Chronic back pain (SR) 77% 28% 60% 14% 14% 21% 68% 9% 25%

Chronic pain (SR) 55% 8% 25% 2% 3% 4% 30% 1% 8%

Fibromyalgia (SR-PD) 31% 5% 14% 1% 1% 4% 7% 1% 3%

Neck pain (SR) 82% 53% 79% 36% 32% 33% 76% 26% 40%

Osteoarthritis (SR-PD) 35% 9% 33% 6% 2% 19% 14% 2% 8%
Central nervous system

Insomnia (SR) 79% 63% 58% 33% 44% 35% 49% 23% 37%

Restless leg syndrome (SR-PD) 26% 7% 11% 3% 3% 5% 6% 1% 4%

Vertigo (SR) 60% 32% 38% 16% 16% 18% 27% 8% 17%

The heat map is based on the comorbidity classes of migraine as derived by latent class analysis of Chronic Migraine Epidemiology and Outcomes (CaMEO)
comorbidities/endophenotype data. The heat map was created by assigning the color green to the cell that holds the minimum probability value for all
comorbidities and classes. The cell that holds the median probability is colored yellow, and the cell that holds the maximum value is colored red. All other cells
are colored proportionally. Psych = psychiatric; PTSD = posttraumatic stress disorder; Resp = respiratory; SR = self-reported symptoms; SR-PD = self-reported
physician diagnosis of condition. Reproduced with permission from Lipton RB, Fanning KM, Buse DC, et al. Identifying natural subgroups of migraine based on
comorbidity and concomitant condition profiles: results of the Chronic Migraine Epidemiology and Outcomes (CaMEQ) Study. Headache 2018;58:933-947.7

Data availability

Data reported in this manuscript are available within the article.
Additional data from the CaMEO Study may be requested at
allerganclinicaltrials.com/PatientDataRequest.htm.

Results

Analysis population

A total of 58,418 individuals provided valid returns to
CaMEO baseline surveys; 16,763 individuals met case defi-
nition for migraine and were sent the CaMEO Study
Comorbidities/Endophenotype module, providing a total of
12,810 valid returns.'® We excluded persons with CM at
baseline (n = 1,111), persons who did not complete any
follow-up survey (n = 2,296), and, per the initial LCA, persons
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free of comorbidities (n = 745), leaving an eligible sample of
8,658 individuals with EM.

Sociodemographics

The final population for this analysis had a mean (SD) age of
432 (14.7) years, a mean (SD) BMI of 28.6 (7.6)kg/ m?, and
75.0% were women (table 1). The distribution of individuals
across comorbidity classes was variable, from 409 (4.7%)
members of class 1 (most comorbidities) to 3,054 (35.3%)
members of the reference group (class 8, fewest comorbidities).
Demographic and clinical characteristics varied across classes
(table 1); class S (psychiatric) had the youngest mean (SD) age,
36.3 (12.4) years, and class 6 (cardiovascular) the highest (55.0
[12.2] years). Compared with other classes, members of class 6
(cardiovascular) were more likely to be men (41.4%) and those
of class 2 (respiratory/psychiatric) were most likely to be
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women (85.3%). Individuals in class 1 (most comorbidities)
had the highest mean (SD) BMI (32.4 [8.4]kg/ m?) and class 8
(fewest comorbidities) the lowest (27.2 [7.0]kg/m?).

Headache characteristics

Similarly, headache characteristics varied across the comor-
bidity classes (table 1). The median MIDAS score was 6.0;
2,960 respondents (34.2%) were MIDAS grade III or IV at
baseline. The mean (SD) MSSS score was 15.3 (3.2), with
mean (SD) monthly headache days of 3.5 (3.2). Allodynia was
reported by 3,844 (44.4%) respondents, and 1,028 (11.9%)
met criteria for medication overuse (table 1).

Class 1 (most comorbidities) was most likely to be associated
with severe headache-related disability (MIDAS grade IV;
37.0%); class 6 (cardiovascular, 10.9%) and 8 (fewest
comorbidities, 12.4%) were least likely. Similarly, allodynia
was most likely to be observed in members from class 1 (most
comorbidities, 60.1%), and least likely in members from class
6 (cardiovascular, 36.0%), and class 8 (fewest comorbidities,
36.6%). Reported medication overuse was highest in class 1
(most comorbidities, 27.6%) and lowest for class 8 (fewest
comorbidities, 7.6%) and class 4 (respiratory, 9.8%).

Discrete time hazard models

Initial CM progression hazard models were performed with
only the LCA comorbidity classes and sociodemographic
variables (i.e., sex, age, race, income, and BMI) included. Race
did not significantly contribute (HR [95% confidence interval
(CI)] 1.05 [0.82-1.35]) so it was trimmed from the model.
The HR for sex was also not significant (1.20 [95% CI
0.99-1.45]); however, it was left in the model because sex
differences contribute to migraine epidemiology and comor-
bidity profiles.”® The final sociodemographic model included
age, which was associated with a 14% decrease in the hazard of
progressing to CM over 12 months for each change in age by
10 years (HR 0.86 [95% CI 0.81-0.92]).

In the final sociodemographic model, all comorbidity classes
had significantly elevated HRs for risk of progression to CM
from EM, relative to the fewest comorbidities class (table 2).
HRs for CM onset ranged from 5.34 (95% CI 3.89-7.33; p <
0.001) for the most comorbidities class to 1.53 (95% CI
1.17-2.01; p < 0.05) for the respiratory class (table 2). The
HR for CM onset was second highest in the class with
a combination of respiratory and pain comorbidities
(respiratory/pain class: HR 3.64 [95% CI 2.67-4.98]).

Adjusting for headache covariates (e.g., headache-related
disability [MIDAS], MSSS, allodynia, and medication over-
use) independently resulted in attenuation of the relationship
between comorbidity classes and progression to CM; how-
ever, the influence of each covariate on progression to CM
relative to class 8 (fewest comorbidities) remained significant
(table 3). For example, adjustment for headache-related dis-
ability (MIDAS) attenuated the HR for the most comorbid-
ities class (from 5.34 [95% CI 3.89-7.33] to 3.95 [95% CI
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2.85-5.48]), as did adjustment for medication overuse (from
5.34 [95% CI 3.89-7.33] to 4.01 [95% CI 2.92-5.51]). Ad-
justment for MSSS and allodynia also attenuated the HR for
the most comorbidities class, although to a lesser degree than
that observed with headache-related disability (MIDAS) and
medication overuse (table 3).

In forward stepwise models, headache-related disability
(MIDAS) came into the model first as it provided the most
statistical improvement in model fit (table 4). Medication
overuse was included next, followed by comorbidity class
variable, allodynia, income, age, sex, and then MSSS. Only
BMI and race were not added in the forward stepwise model.
In the final forward stepwise model, all comorbidity classes
were attenuated; however, class 1 (most comorbidities)
retained the highest risk of progression to CM, 3 times higher
than the reference fewest comorbidities class (HR 3.01 [95%
CI 2.17-4.18]). The addition of age tended to increase the
HR for the comorbidity classes; for example, the HR for most
comorbidities increased to 3.02 (95% CI 2.17-4.20) from
249 (95% CI 1.83-3.39; table 4). Cardiovascular and pain
classes lost statistical significance in the forward stepwise
models, except after addition of age, where the HRs retained
significance (cardiovascular 1.46 [95% CI 1.00-2.13]; pain
1.48 [95% CI 1.01-2.17]).

The results of the backward stepwise model converged on
those of the forward stepwise model (table S), with most
comorbidities, respiratory /pain, and psychiatric classes hav-
ing the highest risk of progression of all comorbidity classes.

Discussion

Discrete time analysis demonstrated that LCA-derived
comorbidity classes of migraine, composed of naturally oc-
curring constellations of comorbidities and concomitant con-
ditions, were associated with different rates of risk of
progression from EM to CM over 12 months, and results
converged regardless of which modeling approach applied.
When adjusting only for sociodemographic variables, all
comorbidity classes were associated with a statistically signifi-
cant risk of progression to CM. However, there were differ-
ences among comorbidity classes. For example, members of the
most comorbidities class were approximately S times more
likely to progress to CM than members of the fewest comor-
bidities class. The respiratory class was the least likely of the 7
comorbidity classes to progress to CM over time; however,
members of this class were still 1.5 times more likely than
members of the fewest comorbidities reference group to
progress to CM.

The addition of individual headache features in general, and
headache-related disability (MIDAS) in particular, attenuated
the risk of progression for all comorbidity classes, most
prominently for the most comorbidities class. Nonetheless,
even with the addition of all the headache features in the final
step of the forward stepwise model, the HR for the pro-
gression to CM remained >1 for all comorbidity classes, with
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Table 1 Demographics and clinical characteristics at baseline of the comorbidity classes in the final analysis sample

Class 1: most Class 2: respiratory/ Class 3: respiratory/ Class 4: Class 5: Class 6: Class Class 8: fewest
Characteristic® comorbidities psychiatric pain respiratory  psychiatric  cardiovascular  7: pain comorbidities Total
Demographics
N (%) 409 (4.7) 928 (10.7) 655 (7.6) 1,719 (19.9) 650 (7.5) 724 (8.4) 519 3,054 (35.3) 8,658
(6.0 (100)
Age, y, mean (SD) 53.1(11.9) 42.9 (13.1) 54.5 (12.0) 41.7 (13.4) 36.3(12.4) 55(12.2) 48.6 38(13.9) 432
(13.7) (14.7)
Women, n (%) 318 (77.8) 792 (85.3) 487 (74.4) 1,384 (80.5) 515(79.2) 424 (58.6) 332 2,244 (73.5) 6,496
(64.0) (75.0)
Income <$50,000, n (%) 218 (53.3) 398 (42.9) 217 (33.4) 615 (36.0) 309 (47.8) 230(32.3) 194 1,216 (40.1) 3,397
377 (39.5)
White, n (%) 369 (90.2) 833(89.7) 604 (92.2) 1,508 (87.9) 557 (86.2) 633 (87.4) 427 2,467 (80.8) 7,398
(82.8) (85.7)
BMI, kg/mz, mean (SD) 32.4(8.4) 29.2(7.9) 30.9(7.7) 28.0(7.1) 27.6 (8.0) 32.0(7.3) 29.0 27.2(7.0) 28.6
(7.4) (7.6)
HA characteristics
Monthly HA frequency, mean (SD) 4.6(3.7) 4.3(3.6) 4.1 (3.5) 3.6 (3.1) 3.7(33.1) 3.0(3.1) 3.7 3.1(3.0) 35
(33) (32)
Monthly HA frequency, median (IQR) 3.7 (5.0) 3.3(4.6) 3.34.3) 2.7(3.7) 3.0(3.7) 1.7(3.3) 2.7 2.0 (3.0) 23
(4.0) (4.0)
MIDAS
Median score 14.0 10.0 7.0 6.0 8.0 3.0 6.0 4.0 6.0
Grade I, n (%) 118 (28.9) 316 (34.1) 276 (42.1) 775 (45.1) 262 (40.3) 440 (60.9) 241 1,688 (55.3) 4,116
(46.4) (47.6)
Grade Il, n (%) 57 (14.0) 181 (19.5) 128 (19.5) 355(20.7) 120 (18.5) 105 (14.5) 95 538 (17.6) 1,579
(18.3) (18.2)
Grade IlI, n (%) 82 (20.1) 211 (22.7) 123(18.8) 309 (18.0) 130 (20.0) 99 (13.7) 103 450 (14.7) 1,507
(19.8) (17.4)
Grade IV, n (%) 151 (37.0) 220(23.7) 128 (19.5) 279 (16.2) 138 (21.2) 79 (10.9) 80 378 (12.4) 1,453
(15.4) (16.8)
Allodynia, n (%) 246 (60.1) 522 (56.3) 341 (52.1) 805 (46.8) 305 (46.9) 261 (36.0) 246 1,118 (36.6) 3,844
(47.4) (44.4)
MSSS, mean (SD) 15.8(3.2) 16.0 (3.2) 15.6 (3.1) 15.3(3.2) 15.7 (3.1) 14.6 (3.1) 15.3 14.9 (3.2) 15.3
(3.2) (3.2)
Continued
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Migraine Symptom Severity Scale.

Migraine Disability Assessment Scale; MSSS =

interquartile range; MIDAS

headache; IQR

2 Not all participants provided responses to all questions; percentages based on total participants responding.

body mass index; CM = chronic migraine; EM = episodic migraine; HA

Abbreviations: BMI

December 10, 2019

the lowest HR never falling below 1.41 (95% CI 0.96-2.05,
cardiovascular class). This suggests that the effect of
comorbidity class membership on progression to CM is
moderately large, and relatively independent of headache
characteristics.

We did not adjust for headache day frequency specifically;
however, the observation that the addition of headache-
related disability (MIDAS) to the model attenuates the HRs
for many of the comorbidity classes is likely due, at least in
part, to the correlation between headache days and total
MIDAS score.’® Importantly, the addition of headache-
related disability (MIDAS) and therefore partially adjusting
for underlying headache days did not fully explain the asso-
ciation among comorbidity classes and risk of progression to
CM. Of note, although the HR for MIDAS per 10-point
change is only 1.11, this represents risk of progression to CM
for each 10-point change in MIDAS. For a 20-point change in
MIDAS, the HR would be 1.22; for a 40-point change in
MIDAS, the HR would be 1.49. Indeed, headache-related
disability (MIDAS) as an individual covariate explained more
variability in the progression to CM than any other covariate,
and was the first covariate entered into the forward stepwise
model. Similarly, the HR for age was based on risk of pro-
gression to CM for each 10-year change in age, while the HR
for MSSS and BMI was based on risk of progression to CM
for each 1-point change in MSSS or BML In contrast, allo-
dynia and medication overuse were modeled as binary vari-
ables and HRs represent increased risk of progression for
those with vs without allodynia or with vs without medication
overuse.

Others have reported an association between allodynia and
certain subgroups of migraine.6’27 Given the association
between allodynia and central sensitization,*® it might be
expected that allodynia would attenuate HRs for members of
classes with pain comorbidities (i.e., respiratory/pain and
pain classes). While allodynia attenuated the HR, to a de-
gree, the magnitude of the effect was relatively uniform
across comorbidity classes. Medication overuse, like
headache-related disability (MIDAS), was a powerful pre-
dictor of progression (HR 4.06 [95% CI 3.41-4.84]), con-
firming the findings of others.”® ' The addition of
medication overuse attenuated the HR for the most
comorbidities and respiratory classes in particular. It is un-
clear from our analysis whether medication overuse is acting
as a confounder (medication overuse is associated with
comorbidity class and risk of progression) or a mediator
(persons in particular comorbidity classes, for example the
psychiatric class, tend to overuse medication, which in turns
increases the risk of progression). We did not explore the
effect of the type of medication being overused and the risk
of progression for the subclasses of migraine; this could be
usefully explored in the future.

It is interesting to note that when pain and respiratory
conditions occurred in relative isolation, they had relatively
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Table 2 Discrete time hazard to chronic migraine onset: reference group fewest comorbidities class (n = 3,054 [fewest

comorbidities class]/8,658 [total], 35.3%)

Frequency, Demographic model, hazard ratio Demographic model (excluding race), hazard ratio
Variable n (%) (95% CI) (95% CI)
Sex 1.20 (0.99-1.45) 1.19(0.99-1.44)
Age, per 10 years of age 0.867 (0.81-0.92) 0.867 (0.81-0.92)
Race: white 1.05 (0.82-1.35) Trimmed
Income: 2$50,000 0.74° (0.63-0.88) 0.73%(0.62-0.87)
LCA class
Most comorbidities 409 (4.7) 5.417 (3.94-7.44) 5.347 (3.89-7.33)
Respiratory/psychiatric 928 (10.7) 2.43% (1.82-3.25) 2.40% (1.80-3.20)
Respiratory/pain 655 (7.6) 3.672 (2.68-5.02) 3.642 (2.67-4.98)
Respiratory 1,719 (19.9) 1.55%(1.18-2.03) 1.53°(1.17-2.01)
Psychiatric 650 (7.5) 2.36%(1.73-3.23) 2.41°(1.77-3.28)
Cardiovascular 724 (8.4) 1.63° (1.11-2.39) 1.62° (1.10-2.37)
Pain 519 (6.0) 1.972 (1.35-2.88) 1.932 (1.32-2.82)

BMI, baseline, per point change 1.01°(1.00-1.02)

in BMI

1.01° (1.00-1.02)

Abbreviations: BMI = body mass index; Cl = confidence interval; LCA = latent class analysis.

2p <0.001, compared with the fewest comorbidities class.
b p < 0.05, compared with the fewest comorbidities class.

low HRs (approximately 1.4) for progression to CM in forward
stepwise models compared with the other subgroups. When
these comorbidities occurred with other conditions, they were
associated with higher HRs for progression to CM. For ex-
ample, the HR for the respiratory/psychiatric subgroup was
1.87 (95% CI 1.40-2.50) and that for the respiratory/pain
subgroup was 2.57 (95% CI 1.88-3.51). This suggests that
when certain comorbidities occur together, the risk for pro-
gression to CM is increased.

As discussed previously, the rationale for the apparent
grouping of migraine based on comorbidities could be vari-
able.” It is possible that some of the comorbidities are actually
symptoms of migraine per se and not separate conditions,
while others may share underlying pathophysiologic mecha-
nisms with migraine.

Study strengths and limitations

An overview of limitations of the primary CaMEO Study has
been reported previously, including relatively low response
rates to the initial invitation resulting in potential selection
bias and all data being self-reported.”'® Despite these po-
tential limitations, the web-based longitudinal design enabled
the collection of comprehensive information on respondents
with migraine over 12 months, and for this analysis there were
substantial numbers of individuals in each comorbidity class.
Nonresponse bias for the CaMEQO respondents was assessed

Neurology.org/N

through comparison of demographics and disease severity
between respondents and nonrespondents using data from
a follow-up survey to nonrespondents.'® Characteristics were
found to be similar across respondents and nonrespondents;
however, the percentage of individuals with CM and those
with headache in the last 30 or 90 days was higher among
respondents than nonrespondents. Furthermore, the low re-
sponse rate to the nonrespondents’ survey leaves open the
possibility of nonrespondent bias. However, the baseline de-
mographics and headache characteristics of the CaMEO
population and the AMPP population were similar,*> dem-
onstrating that, since the AMPP Study sample, with a re-
sponse rate of 64.8%, is considered representative of the US
population with migraine, the CaMEO data could also be
generalizable to the US population with migraine. Another
limitation is the relatively brief duration of follow-up.

It should also be noted that we elected to include BMI as
a continuous variable rather than dichotomizing it in 2 groups:
obese and less than obese. Generally, the continuous variable
BMI provides a more sensitive adjustment because information
is coarsened when it is dichotomized. It is possible that in-
cluding BMI as a continuous variable may have resulted in
missing a potential effect of obesity. One large population study
showed that BMI was not associated with migraine prevalence
after adjustments for age, race, and education; in contrast, in-
creasing BMI, using normal weight as a reference, was associ-
ated with high attack frequency and other clinical features of

Neurology | Volume 93, Number 24 | December 10,2019

e2231


http://neurology.org/n

e2232

Table 3 Five separate models for discrete time hazard to chronic migraine onset in comorbidity classes of migraine in

individuals with episodic migraine at baseline

Hazard ratio (95% Cl)

Demographic model Including MIDAS Including Including Including medication
Variable (excluding race) (10-point change) MSSS allodynia overuse
Sex 1.19 (0.99-1.44) 1.20 (0.99-1.46) 1.28° 1.30P 1.22° (1.01-1.48)
(1.06-1.55) (1.08-1.58)
Age 0.867 (0.81-0.92) 0.897 (0.84-0.95) 0.887 0.887 0.87%(0.81-0.92)
(0.82-0.94) (0.82-0.94)
Income: >$50,000 0.73% (0.62-0.87) 0.747 (0.62-0.87) 0.74% 0.747 0.71% (0.60-0.84)
(0.62-0.87) (0.63-0.88)
LCA class
Most comorbidities 5.34% (3.89-7.33) 3.95% (2.85-5.48) 4,90° 4.57° 4,012 (2.92-5.51)
(3.57-6.74) (3.32-6.29)
Respiratory/psychiatric 2.407 (1.80-3.20) 2.227(1.67-2.96) 2.23% 2.16% 2.12%(1.59-2.83)
comorbidities (1.67-2.97) (1.62-2.88)
Respiratory/pain 3.64% (2.67-4.98) 3.417 (2.50-4.65) 3.38% 3.247 2.93% (2.15-4.00)
comorbidities (2.47-4.63) (2.37-4.43)
Respiratory comorbidities ~ 1.53(1.17-2.01) 1.50° (1.14-1.96) 1.48° 1.43° 1.50° (1.15-1.96)
(1.13-1.93) (1.09-1.87)
Psychiatric comorbidities 2.412(1.77-3.28) 2.337(1.72-3.17) 2.30° 2.32° 2.227(1.63-3.02)
(1.69-3.12) (1.71-3.15)
Cardiovascular 1.62° (1.10-2.37) 1.49° (1.02-2.17) 1.61° 1.55° 1.57° (1.07-2.29)
comorbidities (1.10-2.35) (1.06-2.27)
Pain 1.93%(1.32-2.83) 1.62° (1.10-2.38) 1.85° 1.76° 1.66° (1.14-2.43)
(1.26-2.70) (1.21-2.58)
BMI, baseline 1.01° (1.00-1.02) Trimmed 1.01 1.01° Trimmed
(1.00-1.02) (1.00-1.02)
Covariate (see column NA 1.11%(1.09-1.13) 1.08° 1.772 4.06% (3.41-4.84)
header) (1.05-1.11) (1.49-2.10)

Abbreviations: BMI = body mass index; Cl = confidence interval; LCA = latent class analysis; MIDAS = Migraine Disability Assessment Scale; MSSS = Migraine

Symptom Severity Scale.

Five separate models, each including the indicated headache characteristic covariate plus demographics; age (per 10-year group); BMI (per 1-point change in
kg/m?), MIDAS (per 10-point change in score), and MSSS (per 1-point change in score) were modeled as continuous variables; sex, medication overuse,
allodynia (<3 vs 23), and income (<$50,000 vs >$50,000) were modeled as binary variables.

ap <0.001.
®p <0.05.

migra.ine.32 The greatest effects tended to occur in those with
a BMI of 30-34.9 kg/m” (obese) or a BMI >35 kg/m’
(morbidly obese). A more recent meta-analysis of 12 studies
indicated that both obesity (BMI >30) and underweight (BMI
<18.5) were associated with the risk of rnigmine.33

There are a number of additional limitations. It should be
noted that we relied on self-reported medical diagnosis of
comorbidities and concomitant conditions, which could lead
to either underascertainment or overascertainment of specific
comorbidities.”** A more robust approach might have relied
on systematic diagnostic assessments, an important step for
a future study. In addition, a form of Berkson bias could
influence our results. Individuals with more severe migraine
may have visited their health professional more frequently
and, as a result, might have been more likely to have been
diagnosed with a concomitant condition and fall into the most

Neurology | Volume 93, Number 24 | December 10, 2019

comorbidities class. In this circumstance, severe migraine and
not the comorbidity class could have been the driver of pro-
gression. However, for most of the comorbid subgroups, risk
of progression remained elevated after adjustment for meas-
ures of headache severity.

Second, LCA identified comorbid subgroups with overlapping
comorbidity profiles; for example, the respiratory/psychiatric
and respiratory/pain classes. This requires cautious in-
terpretation. Our results do not reflect the effect of a comor-
bidity per se on disease progression, but rather the effect of
comorbidity class membership on clinical course of disease.

Third, we have adjusted for a number of headache charac-
teristics assuming that they may act as confounders and ex-
plain the change in risk of progression to CM in the
subgroups. As noted above, some of these features may be

Neurology.org/N
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Table 4 Forward stepwise model for the discrete time hazard to chronic migraine onset in comorbidity classes of
migraine in individuals with episodic migraine at baseline

Hazard ratio (95% Cl)

Variable Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7 Step 8
Sex 1.31 1.36°
(1.08-1.58)* (1.12-1.65)
Age (10-year age 0.90 0.90 0.90°
grouping) (0.84-0.96)* (0.84-0.96) (0.85-0.96)
Income: 2$50,000 0.73 0.76 0.75 0.75°¢
(0.61-0.86)* (0.64-0.90) (0.63-0.89) (0.63-0.89)
LCA class
Most 2.80 2.59 2.49 3.02 3.07 3.01¢
comorbidities (2.06-3.80)"  (1.91-3.53) (1.83-3.39) (2.17-4.20) (2.21-4.27) (2.17-4.18)
Respiratory/ 1.86 1.75 1.87 1.93 1.87¢
psychiatric (1.39-2.47)% (1.31-2.33) (1.32-2.34) (1.40-2.49) (1.44-2.58) (1.40-2.50)
Respiratory/pain 2.25 2.13 2.21 2.61 2.63 2.57¢
(1.68-3.02)% (1.59-2.86) (1.64-2.96) (1.91-3.57) (1.92-3.60) (1.88-3.51)
Respiratory 1.40 1.35 1.40 1.42 1.410
(1.07-1.82)% (1.01-1.74) (1.03-1.76) (1.07-1.83) (1.09-1.87) (1.07-1.84)
Psychiatric 2.22 2.15 2.10 2.09 2.12 2.07¢
(1.63-3.03)* (1.58-2.94) (1.54-2.87) (1.53-2.85) (1.55-2.89) (1.52-2.83)
Cardiovascular 1.21 1.25 1.46 1.40 1.41
(0.84-1.74)% (0.84-1.74) (0.87-1.80) (1.00-2.13) (0.96-2.04) (0.96-2.05)
Pain 1.35 1.32 1.48 1.42 1.41
(0.93-1.97)% (0.89-1.90) (0.91-1.93) (1.01-2.17) (0.96-2.09) (0.96-2.07)
MIDAS (10-point 1.13 1.09 1.08 1.07 1.07 1.07 1.07¢
change) (1.11-1.14)° (1.07-1.10) (1.07-1.10) (1.06-1.09) (1.06-1.09) (1.05-1.09) (1.05-1.09) (1.05-1.09)
MSSS 1.04°
(1.01-1.07)
Allodynia 1.47 1.44 1.48 1.41¢
(1.26-1.78)*  (1.24-1.75) (1.21-1.71) (1.24-1.76) (1.18-1.69)
Medication 3.75 3.34 3.23 3.26 3.28 3.28 3.22¢
overuse (3.13-4.500  (2.78-4.02) (2.68-3.88) (2.71-3.92) (2.72-3.94) (2.73-3.95) (2.68-3.88)

Abbreviations: Cl = confidence interval; LCA = latent class analysis; MIDAS = Migraine Disability Assessment; MSSS = Migraine Symptom Severity Scale.
Where no data are provided in a cell, that covariate has not been added by that step of the forward stepwise model; for modeling of covariates, see table 3.

@ Covariates added in that step of the stepwise model.
®p <0.001, compared with the fewest comorbidities class.
€p < 0.05, compared with the fewest comorbidities class.

mediators; they may be in the causal pathway linking the
comorbid subgroup to disease progression.> In addition, we
cannot exclude the possibility that there may be potential
mediators and confounders we did not include.

Fourth, as previously reported, we defined our subgroups of
migraines based on a cross-section of self-reported comor-
bidities rather than on other markers of disease.” We could
have selected other measures for identifying subgroups in-
cluding migraine symptom profiles,*® measures of brain
structure,® or treatment response.>*® Ultimately, subgroups
of migraine could also be defined based on longitudinal data
using latent trajectory modeling, and the effect of class
membership on the treatment response, neuroimaging, and

biologic markers could be further explored.

Neurology.org/N

Finally, we only considered progression from EM to CM and
not fluctuation between EM and CM. The fact that patients
alternate between periods of EM and CM is well-recog-
nized”’; the effect of subgroups of migraine on fluctuation
between EM and CM is worthy of further exploration.

Despite the limitations outlined above, our results are an im-
portant illustration that we can define subgroups of migraine
based on cross-sectional comorbidity profiles, and that mem-
bership of these subgroups predicts disease progression over time.

By identifying comorbidity classes in migraine and observing
their relationship with changes in disease over time, we hope to
understand more about the underlying heterogeneity of mi-
graine and identify the genetic and biologic features for each

Neurology | Volume 93, Number 24 | December 10,2019
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Table 5 Comparison of the results of backward and forward stepwise models

Variable

Backward model

All covariates

Remove race

Forward model

Remove BMI

Step 8: final step

Sex

1.37%(1.12-1.66)

1.37%(1.12-1.66)

1.36% (1.12-1.65)

1.36% (1.12-1.65)

Age (10-year age grouping)

0.90% (0.84-0.96)

0.90% (0.84-0.96)

0.907 (0.85-0.96)

0.90% (0.85-0.96)

Race

1.01 (0.79-1.29)

Income: 2$50,000

0.76% (0.64-0.90)

0.76% (0.64-0.90)

0.75° (0.63-0.89)

0.75° (0.63-0.89)

LCA class

Most comorbidities

2.92° (2.10-4.08)

2.92° (2.10-4.08)

3.01° (2.17-4.18)

3.01°(2.17-4.18)

Respiratory/psychiatric

1.85° (1.38-2.48)

1.85° (1.38-2.47)

1.87° (1.40-2.50)

1.87° (1.40-2.50)

Respiratory/pain

2.52° (1.84-3.45)

2.52° (1.84-3.45)

2.57°(1.88-3.51)

2.57° (1.88-3.51)

Respiratory

1.40° (1.07-1.83)

1.40° (1.07-1.83)

1.41%(1.07-1.84)

1.41%(1.07-1.84)

Psychiatric

2.06° (1.51-2.82)

2.06° (1.51-2.82)

2.07° (1.52-2.83)

2.07° (1.52-2.83)

Cardiovascular

1.37 (0.94-2.00)

1.37 (0.94-2.00)

1.41 (0.96-2.05)

1.41 (0.96-2.05)

Pain

1.40 (0.95-2.05)

1.40 (0.95-2.05)

1.41 (0.96-2.07)

1.41 (0.96-2.07)

BMI

1.01 (1.00-1.02)

1.01 (1.00-1.02)

MIDAS (10-point grouping)

1.07° (1.05-1.09)

1.07° (1.05-109)

1.07° (1.05-1.09)

1.07° (1.05-1.09)

MSSS

1.04% (1.01-1.07)

1.04% (1.01-1.07)

1.04% (1.01-1.07)

1.04% (1.01-1.07)

Allodynia

1.42°(1.19-1.69)

1.42° (1.19-1.69)

1.41°(1.18-1.69)

1.41° (1.18-1.69)

Medication overuse 3.21°(2.67-3.87)

3.21°(2.67-3.87)

3.22° (2.68-3.89) 3.22° (2.68-3.88)

Abbreviations: BMI = body mass index; LCA = latent class analysis; MIDAS = Migraine Disability Assessment; MSSS = Migraine Symptom Severity Scale.

Values are hazard ratio (95% confidence interval).
2p <0.001, compared with the fewest comorbidities class.
® p < 0.05, compared with the fewest comorbidities class.

different class. The identification of homogeneous subgroups of
migraine will most certainly be an iterative process; this analysis
forms an important early step in identification of homogeneous
subclasses of migraine. The clinical importance of subgroups we
have identified is demonstrated by the differences among classes
in the risk of progression to CM over time. The relationship of
comorbidity group to CM onset remained after adjusting for
indicators of migraine severity and other potential confounders
(e.g, headache-related disability [MIDAS], MSSS, allodynia, and
medication overuse). When these were added to the model to
explain some of the observed differences, comorbidity classes still
differed in their risk of progression to CM, suggesting that there
are underlying biologic or genetic similarities linking members of
each class. As a next step, external validation of comorbidity
classes will be undertaken to determine whether we can predict
treatment responses to different types of treatment based on
comorbidity class.
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