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Abstract
Objective: To characterize the direct impact of monthly headache days (MHDs) on 
health-related quality of life (HRQoL) in people with migraine and the potential medi-
ating effects of anxiety, depression, and allodynia.
Background: Although the general relationship between increased migraine fre-
quency (i.e., MHDs) and reduced HRQoL is well established, the degree to which re-
duced HRQoL is due to a direct effect of increased MHDs or attributable to mediating 
factors remains uncertain.
Methods: Cross-sectional baseline data from participants with migraine who com-
pleted the Core and Comorbidities/Endophenotypes modules in the 2012–2013 US 
Chronic Migraine Epidemiology and Outcomes (CaMEO) study, a longitudinal web-
based survey study, were analyzed. The potential contribution of depression, anxiety, 
and/or allodynia to the observed effects of MHDs on HRQoL as measured by the 
Migraine-Specific Quality-of-Life Questionnaire version 2.1 (MSQ) was evaluated.
Results: A total of 12,715 respondents were included in the analyses. The MSQ do-
main scores demonstrated progressive declines with increasing MHD categories 
(B = −1.23 to −0.60; p < 0.001). The observed HRQoL decrements associated with in-
creasing MHDs were partially mediated by the presence of depression, anxiety, and 
allodynia. The MHD values predicted 24.0%–32.4% of the observed variation in the 
MSQ domains. Depression mediated 15.2%–24.3%, allodynia mediated 9.6%–16.1%, 
and anxiety mediated 2.3%–6.0% of the observed MHD effects on the MSQ.
Conclusions: Increased MHD values were associated with lower MSQ scores; the im-
pact of MHDs on the MSQ domain scores was partially mediated by the presence of 
depression, anxiety, and allodynia. MHDs remain the predominant driver of the MSQ 
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INTRODUC TION

Migraine is a complex, chronic neurologic disease with recurrent 
multi-phase attacks characterized by headache as well as neurologic 
and autonomic symptoms, which may include photophobia, pho-
nophobia, nausea, and/or vomiting as defined by the International 
Classification of Headache Disorders, third edition (ICHD-3) criteria.1 
Migraine is broadly categorized as episodic migraine (EM; < 15 head-
ache days/month) or chronic migraine (≥ 15 headache days/month).1 
Migraine affects an estimated one in seven adults globally. Over 
1 billion people experience migraine, and it is the leading cause of 
years lived with disability in those aged < 50 years.2,3

Migraine is associated with substantial decrements in health-
related quality of life (HRQoL) across multiple dimensions, confirmed 
by an abundance of evidence from disease-specific (e.g., Headache 
Impact Test-6 [HIT-6], Migraine-Specific Quality-of-Life Question-
naire [MSQ]) and generic (e.g., Short Form-12 [SF-12], Short Form-
36 [SF-36]) assessments of HRQoL.4–6

Moreover, monthly headache day (MHD) frequency has an in-
verse relationship with HRQoL. HRQoL improves as MHDs are re-
duced7–9; however, the degree to which this improvement is due to a 
direct effect of reduced MHDs or attributable to mediating factors 
remains unclear. Because the improvement of HRQoL in persons 
with migraine is an important patient-centered treatment goal,10 it is 
essential to understand the factors that determine HRQoL and how 
they interact with and respond to treatment.

Several factors associated with both MHDs and HRQoL might 
conceivably influence the observed associations. For example, in-
creased MHD frequency is associated with increased prevalence of 
depression, anxiety, and cutaneous allodynia during attacks,11–14 while 
migraine comorbidity with these disorders and symptoms, in turn, has 
been associated with HRQoL reductions beyond those from migraine 
alone.11,15 As illustrated in Figure 1, we hypothesized that in addition 
to a direct effect from increased MHD frequency to reduced HRQoL, 
there are indirect pathways, often referred to as “mediation,” leading 
to reduced HRQoL through depression, anxiety, and/or allodynia.

variation; moreover, most of the variation in the MSQ remains unexplained by the 
variables we analyzed. Future longitudinal analyses and studies may help clarify the 
contribution of MHDs, comorbidities, and other factors to changes in HRQoL.

K E Y W O R D S
allodynia, anxiety, comorbidity, depression, functional status, health-related quality of life

F I G U R E  1  Schematic diagram of regression models (left) versus mediation models (right). ASC-12, 12-item Allodynia Symptom 
Checklist; GAD-7, seven-item Generalized Anxiety Disorder assessment; MHD, monthly headache day; MSQ, Migraine-Specific Quality-
of-Life Questionnaire, version 2.1; PHQ-9, Patient Health Questionnaire (nine-item depression module). [Color figure can be viewed at 
wileyonlinelibrary.com]
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The 2012–2013 Chronic Migraine Epidemiology and Outcomes 
(CaMEO) study is a longitudinal web-based survey study designed 
to characterize the US population affected by migraine and to ex-
plore the natural history of migraine and its correlates and outcomes 
over the course of 1 year.16 MHD frequency at baseline was used 
not only to evaluate the relative proportions of respondents in vari-
ous MHD frequency ranges, but also to stratify the study population 
for analytical purposes. The HRQoL measure used was the MSQ. 
We conducted analyses of cross-sectional baseline data from the 
CaMEO study, with the objective of characterizing the direct impact 
of MHDs on HRQoL in persons with migraine and the potential me-
diating effects of anxiety, depression, and allodynia.

METHODS

Study design and population

This is a post hoc analysis of cross-sectional baseline data from the 
CaMEO study. The CaMEO study protocol has been described in 
detail previously16; briefly, CaMEO was a prospective, longitudinal, 
web-based survey with participants drawn from an internet research 
panel (Research Now, Plano, TX, USA) comprising 2.4 million active 
US members.16 Invitations were emailed to nearly half a million panel 
members selected to be representative of the US population, and 
respondents completed a validated screening questionnaire. Of 
80,783 total returns, 58,418 were usable and 22,365 were removed 
because they abandoned the survey (< 20% of the survey was com-
plete and headaches status could not be identified), provided unsta-
ble data, or were over the predetermined demographics quotas. Of 
the usable returns, 16,789 respondents met the ICHD-3 beta cri-
teria for migraine and were included in the study. Study data were 
collected between September 2012 and November 2013.16 Par-
ticipants provided electronic consent to participate before initiating 
the survey, and the Institutional Review Board of the Albert Einstein 
College of Medicine approved the study.

Assessments

All CaMEO study participants completed a Core Module electroni-
cally (at baseline, 6 months, and 12 months) consisting of multiple 
questions and assessments dealing with information about migraine 
frequency, symptom severity, treatments, comorbidities, disability, 
and HRQoL.16 The Core Module assessments used in the present 
analyses included baseline headache frequency, the MSQ, Patient 
Health Questionnaire-9 (PHQ-9), seven-item Generalized Anxiety 
Disorder Assessment (GAD-7), and 12-item Allodynia Symptom 
Checklist (ASC-12).

The MHD frequency was shown as the number of headache 
days within the past 30 days only and categorized into four groups 
(0–3, 4–7, 8–14, and ≥ 15 days) in the sociodemographic table 
(Table 1); however, MHDs were included as a continuous variable 

in the linear and mediation models (Figure 1 and described below). 
The MSQ included 14 items addressing three domains, including 
Role Function–Restrictive (RFR, seven items covering migraine-
related limitations on daily activities); Role Function–Preventive 
(RFP, four items covering daily activities prevented due to mi-
graine); and Emotional Function (EF, three items covering the 
emotional impact of migraine); each scored by frequency (1 = none 
of the time; 6 = all of the time).17,18 Item scores were summed for 
each domain and rescaled to a 0–100 scale, with higher scores 
indicating better HRQoL. The PHQ-9 consisted of the nine-item 
depression scale from the full PHQ, with symptoms scored on a 
4-point frequency scale (0 = not at all; 3 = nearly every day); the 
total score (range 0–27) was used in the analyses and treated as 
continuous variables in the mediation models.19 The GAD-7 is a 
seven-item scale with symptoms of generalized anxiety disorder 
rated according to frequency (0 = not at all; 3 = nearly every day); 
the total score (range 0–21) was used in the analyses.20 The se-
verities of depression and of anxiety were classified as minimal 
to mild (total score < 10) or moderate to severe (total score ≥ 10), 
and scores were treated as continuous variables in the mediation 
models.

The CaMEO study participants who completed the baseline 
Comorbidities/Endophenotypes cross-sectional module, a series 
of patient-reported comorbidity assessments, as well as the base-
line Core Module, were included in the current analysis. Allodynia 
was assessed using the ASC-12, a 12-item list of possible cutane-
ous allodynia symptoms, rated according to the frequency of occur-
rence; item scoring is 0 for frequency from “never” to “rarely,” 1 for 
“less than half the time,” and 2 for “more than half the time,” and 
responses were summed. The total score cut-off for the presence of 
allodynia was ≥ 3.13,16

Statistical methods

There were no formal sample size calculations conducted for either 
the full CaMEO study or the present analysis. Baseline responses 
from participants in the Comorbidities/Endophenotypes module 
were evaluated using linear regression analysis and an analysis 
based on mediation models (Figure 1). Multiple linear regression 
analysis was conducted with MSQ domain scores (RFR, RFP, and 
EF) as the dependent variables and the independent continuous 
variable of MHDs. Covariates included ASC-12 score, GAD-7 
score, PHQ-9 score, and other covariates with known associations 
with the MSQ21 (i.e., age, and binary variables female, household 
income [≥$50,000], and obesity [body mass index ≥ 30 kg/m2] 
as regressors). Unstandardized B coefficients, their correspond-
ing 95% confidence intervals (CIs), and p values were shown for 
MHDs, adjusting for covariates. For the mediation models, the 
number of MHDs was the independent variable and the MSQ do-
main scores were dependent variables; mediators included ASC-
12, GAD-7, and PHQ-9 scores (treated as continuous variables); 
and covariates included age (continuous) and the binary variables 
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female, household income (≥ $50,000), and obesity (body mass 
index ≥ 30 kg/m2). For each MSQ domain (MSQ-RFR, MSQ-RFP, 
MSQ-EF), mediators were modeled, along with covariates, one 
at a time and in pairs (GAD-7 with PHQ-9, ASC-12 with PHQ-9, 
and ASC-12 with GAD-7) in order to assess the separate and joint 
contributions of each mediator before the inclusion of the three 
mediators (ASC-12, GAD-7, PHQ-9) in the final models. Mediation 
effects and standard errors were reported for the total and direct 
effects of MHDs on the MSQ, for the indirect effects of mediators 

on the MSQ, and for the covariates. The p values were reported 
for the total and direct effects of MHDs on the MSQ and for the 
covariates, and 95% CIs around the indirect effects of mediators 
on the MSQ were obtained and reported using bootstrapping. In 
addition, the proportions of all explained variance in the MSQ 
domain scores attributable to MHDs and the three mediators 
(ASC-12, GAD-7, PHQ-9) were reported. Inferential tests were 
two-tailed with significance at p < 0.05. The Statistical Package for 
the Social Sciences (SPSS), version 28.0 (IBM Corp., Armonk, NY, 

TA B L E  1  Baseline demographics and selected assessments.

Variable

MHD category at baseline (N = 12,810)

0–3 (n = 7416) 4–7 (n = 2719) 8–14 (n = 1461) ≥ 15 (n = 1214)

Demographics

Age, years, mean (SD) 42.2 (14.8) 40.5 (14.0) 40.5 (14.4) 42.1 (13.9)

Female, n (%) 5280 (71.2) 2132 (78.4) 1166 (79.8) 1012 (83.4)

Household income, n (%) (N = 12,716)

< $30,000 1511 (20.5) 658 (24.4) 401 (27.6) 382 (31.7)

$30,000–$49,999 1348 (18.3) 437 (16.2) 262 (18.0) 240 (19.9)

$50,000–$74,999 1654 (22.5) 622 (23.0) 315 (21.7) 261 (21.7)

≥ $75,000 2844 (38.7) 984 (36.4) 475 (32.7) 322 (26.7)

Race, n (%) (N = 12,771)

White 5944 (80.4) 2261 (83.5) 1221 (83.7) 1035 (85.5)

Black 701 (9.5) 221 (8.2) 110 (7.5) 100 (8.3)

American Indian or Native Alaskan 32 (0.4) 10 (0.4) 13 (0.9) 6 (0.5)

Asian 284 (3.8) 77 (2.8) 28 (1.9) 17 (1.4)

Pacific Islander 5 (0.1) 7 (0.3) 0 2 (0.2)

Other race 196 (2.7) 63 (2.3) 31 (2.1) 17 (1.4)

>1 Race 231 (3.1) 70 (2.6) 56 (3.8) 33 (2.7)

Body mass index, n (%)

< 30 kg/m2 (underweight, normal, or 
overweight)

4947 (66.7) 1776 (65.3) 889 (60.8) 701 (57.7)

≥ 30 kg/m2 (obese) 2469 (33.3) 943 (34.7) 572 (39.2) 513 (42.3)

MSQ domain scores, mean (SD)

Role Function–Restrictive 67.87 (23.0) 56.10 (20.5) 50.86 (20.4) 42.80 (22.3)

Role Function–Preventive 81.03 (21.3) 72.40 (21.8) 68.74 (22.3) 62.29 (26.2)

Emotional Function 79.30 (23.9) 65.93 (26.4) 58.34 (27.4) 47.05 (29.4)

Candidate mediators

Allodynia (ASC-12 score), mean (SD) 2.59 (3.3) 3.58 (3.7) 4.10 (4.2) 4.95 (4.6)

< 3 (not present), n (%) 4579 (61.7) 1326 (48.8) 639 (43.7) 446 (36.7)

≥ 3 (present), n (%) 2837 (38.3) 1393 (51.2) 822 (56.3) 768 (63.3)

Depression (PHQ-9 score), mean (SD) 6.40 (5.9) 8.18 (6.1) 9.56 (6.5) 11.55 (7.1)

< 10 (none–mild), n (%) 5622 (75.8) 1772 (65.2) 815 (55.8) 537 (44.2)

≥ 10 (moderate–severe), n (%) 1794 (24.2) 947 (34.8) 646 (44.2) 677 (55.8)

Anxiety (GAD-7 score), mean (SD) 6.17 (5.3) 7.60 (5.5) 8.70 (5.7) 9.78 (6.0)

< 10 (none–mild), n (%) 5715 (77.1) 1829 (67.3) 875 (59.9) 643 (53.0)

≥ 10 (moderate–severe), n (%) 1701 (22.9) 890 (32.7) 586 (40.1) 571 (47.0)

Abbreviations: ASC-12, 12-item Allodynia Symptom Checklist; GAD-7, seven-item Generalized Anxiety Disorder assessment; MHD, monthly 
headache day; MSQ, Migraine-Specific Quality-of-Life Questionnaire version 2.1; PHQ-9, Patient Health Questionnaire (nine-item depression 
module); SD, standard deviation.
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USA) was used for all statistical analyses; the PROCESS macro was 
used for mediation models.22

RESULTS

Study population

A total of 12,810 respondents completed the baseline Comorbidi-
ties/Endophenotypes module. For baseline demographics, income 
data were missing from 94 respondents and race data were miss-
ing from 39 respondents. A total of 12,715 respondents had valid 
data for all variables of interest and were included in these analyses. 
Baseline demographic and disease state characteristics are summa-
rized in Table 1. Headache frequency categories of 0–3, 4–7, 8–14, 
and ≥ 15 MHDs were reported by 7416 (57.9%), 2719 (21.2%), 1461 
(11.4%), and 1214 (9.5%) respondents, respectively.

As shown in Table 1, greater baseline MHD frequency was as-
sociated with lower mean MSQ-RFR, MSQ-RFP, and MSQ-EM do-
main scores. In addition, higher mean ASC-12, PHQ-9, and GAD-7 
scores were associated with increasing MHD frequency, indicating 
that greater MHD frequency was associated with increasing levels 
of allodynia, depression, and anxiety.

Linear regression

In the multiple linear regression analysis models including MHDs, 
ASC-12, PHQ-9, GAD-7, age, sex, annual household income, and 
obesity (Table 2), significant negative relationships (p < 0.001) were 
observed between MHDs and MSQ-RFR (B = −0.92, 95% CI −0.98 to 
−0.86), MSQ-RFP (B = −0.60, 95% CI −0.66 to −0.54), and MSQ-EF 
(B = −1.23, 95% CI −1.30 to −1.16) domains. These results demon-
strate that with each 1-day increase in MHDs there is a 0.92-point de-
crease (worsening) in MSQ-RFR, a 0.60-point decrease in MSQ-RFP, 
and a 1.23-point decrease in MSQ-EF. Adjusted R2 values for MSQ-
RFR (R2 = 0.305), MSQ-RFP (R2 = 0.240), and MSQ-EF (R2 = 0.324) 
indicate that MHD values predicted 30.5%, 24.0%, and 32.4% of the 
observed variation in the three MSQ domains, respectively.

Mediation models

In the mediation model analysis (Table 3 and Figure 2), the effect 
of MHDs is shown to be mediated by depression, anxiety, and  
allodynia. Each mediator (ASC-12, PHQ-9, GAD-7) explained a por-
tion of the observed effect of MHDs on MSQ domain scores, and 
the size of this portion differed depending on how many mediators 
were modeled together. For all three MSQ domains (MSQ-RFR, 
MSQ-RFP, MSQ-EF), when a mediator was modeled one at a time, 
the indirect effect of that mediator accounted for a greater portion 
of the effect of MHDs on MSQ compared with when it was mod-
eled along with other mediators.

The MSQ-RFR initial models

Initial models with mediators (ASC-12, PHQ-9, GAD-7) entered one 
at a time showed that 14.3% of the effect of MHDs on MSQ-RFR is 
accounted for by allodynia, 25.0% is accounted for by depression, 
and 18.0% is accounted for by anxiety. When depression and anxi-
ety were entered together, depression accounted for 18.4% of the 
effect of MHDs on MSQ-RFR and anxiety accounted for 6.7% of the 
effect. When paired with allodynia, depression accounted for 22.7% 
of the effect of MHDs on MSQ-RFR and allodynia accounted for 
10.8% of the effect. When anxiety was paired with allodynia, anxi-
ety accounted for 16.2% of the effect of MHDs on MSQ-RFR and 
allodynia accounted for 11.3%.

The MSQ-RFP initial models

Modeling MSQ-RFP initially with single mediators showed that 
20.4% of the effect of MHDs on MSQ-RFP is accounted for by al-
lodynia, 30.4% was accounted for by depression, and 20.1% was 
accounted for by anxiety. When paired with anxiety, depression ac-
counted for 26.8% of the effect and anxiety accounted for 3.7%. 
When depression and allodynia were entered together, depression 
accounted for 26.5% of the effect of MHDs on MSQ-RFP and allo-
dynia accounted for 16.2% of the effect. When anxiety was paired 
with allodynia, anxiety accounted for 17.0% of the effect of MHDs 
on MSQ-RFP and allodynia accounted for 17.2%.

The MSQ-EF initial models

Mediation models in which mediators were entered one at a time 
showed that 13.1% of the effect of MHDs on MSQ-EF was ac-
counted for by allodynia, 23.5% was accounted for by depression, 
and 16.8% was accounted for by anxiety. When paired with anxi-
ety, depression accounted for 17.4% of the effect of MHDs on 
MSQ-EF and anxiety accounted for 6.2% of the effect. Allodynia 
accounted for 9.9% of the effect when entered with depression in 
the model, while depression accounted for 20.6% of the effect of 
MHDs on MSQ-EF. When anxiety was paired with allodynia, anxi-
ety accounted for 14.8% of the effect of MHDs on MSQ-EF and 
allodynia accounted for 10.4%.

Final mediation model

In the final models, all mediators were added simultaneously 
(Table  3 and Figure  2). For the MSQ-RFR domain, allodynia ac-
counted for 10.5%, depression accounted for 16.9%, and anxiety 
accounted for 6.0% of the association with MHDs. For the MSQ-
RFP domain, allodynia accounted for 16.1%, depression accounted 
for 24.3%, and anxiety accounted for 2.3% of the association with 
MHDs. For the MSQ-EF domain, allodynia accounted for 9.6%, 
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depression accounted for 15.2%, and anxiety accounted for 5.6% 
of the association with MHDs.

DISCUSSION

In this analysis of baseline data from people with migraine from 
the CaMEO study, MHD frequency was inversely associated with 
MSQ scores across all three domains (RFR, RFP, and EF). Linear 

regression models demonstrated a negative effect of MHDs on 
MSQ subscales such that, as MHDs increase HRQoL decreases. 
The mediation models demonstrated that a portion of the total ef-
fect of MHDs on the MSQ subscales could be explained by an indi-
rect effect of depression, allodynia, and anxiety for all domains. To 
better understand the unique and joint effects of the mediators, 
additional models were conducted that added the three mediators 
alone and in pairs. Here, we saw that the portion of the total ef-
fect of MHDs accounted for by these mediators was larger when 

TA B L E  3  Mediation model analysis.

Role Function–Restrictive Role Function–Preventive Emotional Function

Effect SE p Effect SE p Effect SE p

Total effect −1.38 0.03 <0.001 −1.05 0.03 <0.001 −1.77 0.04 <0.001

Direct effect of MHDs −0.92 0.03 <0.001 −0.60 0.03 <0.001 −1.23 0.04 <0.001

Indirect effects Effect SE

95% CI

Effect SE

95% CI

Effect SE

95% CI

Low High Low High Low High

ASC-12 (allodynia) −0.15 0.01 −0.17 −0.13 −0.17 0.01 −0.19 −0.15 −0.17 0.01 −0.20 −0.15

PHQ-9 (depression) −0.23 0.02 −0.27 −0.20 −0.25 0.02 −0.29 −0.22 −0.27 0.02 −0.31 −0.23

GAD-7 (anxiety) −0.08 0.01 −0.11 −0.06 −0.02 0.01 −0.05 −0.00 −0.10 0.01 −0.13 −0.07

Covariates Effect SE p Effect SE p Effect SE p

Female −5.89 0.45 <0.001 −3.22 0.45 <0.001 −2.74 0.52 <0.001

Age 0.14 0.01 <0.001 0.12 0.01 <0.001 0.21 0.02 <0.001

Household income, 
annual, ≥$50,000

1.80 0.05 <0.001 1.95 0.41 <0.001 2.01 0.47 <0.001

Obesity −2.14 0.41 <0.001 −2.40 0.41 <0.001 −2.23 0.47 <0.001

Note: Female sex, annual household income ≥$50,000, and obesity were entered into the model as dichotomous variables, while MHDs, age, ASC-12, 
PHQ-9, and GAD-7 were entered as continuous variables.
Abbreviations: ASC-12, 12-item Allodynia Symptom Checklist; CI, confidence interval; GAD-7, seven-item Generalized Anxiety Disorder assessment; 
MHD, monthly headache day; MSQ, Migraine-Specific Quality-of-Life Questionnaire, version 2.1; PHQ-9, Patient Health Questionnaire (nine-item 
depression module); SE, standard error.

F I G U R E  2  The proportional contribution of direct effect (from MHDs) and mediated effects (from allodynia, depression, and anxiety) to 
the total observed effect of MHDs on MSQ scores, based on mediation modeling. MHDs, ASC-12, PHQ-9, and GAD-7 were entered into 
the mediation models as continuous variables; all mediators were added to the models simultaneously. ASC-12, 12-item Allodynia Symptom 
Checklist; GAD-7, seven-item Generalized Anxiety Disorder assessment; MHD, monthly headache day; MSQ, Migraine-Specific Quality-
of-Life Questionnaire, version 2.1; PHQ-9, Patient Health Questionnaire (nine-item depression module). [Color figure can be viewed at 
wileyonlinelibrary.com]
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each mediator was entered alone compared with when entered 
together, suggesting that the variables are associated. When in-
cluding the three mediators together, some portion of the variance 
explained by one mediator could also be explained by the others. 
For example, some proportion of the mediating effect of depres-
sion on the relationship between MHDs and the MSQ can also be 
explained by anxiety and allodynia. Overall, the indirect effects of 
MHDs on MSQ domain scores were greatest for depression, fol-
lowed by allodynia, and then anxiety for all domains. In the final 
models with all mediators entered together, depression explained 
approximately 15.2%–24.3%, allodynia explained 9.6%–16.1%, 
and anxiety explained 2.3%–6.0% of the total observed effect of 
MHDs across the MSQ subscales.

An overarching goal of migraine treatment is to improve HRQoL 
in people with migraine.10 Migraine treatments targeting attack fre-
quency, headache pain intensity, and migraine-associated symptoms 
can be viewed according to their ultimate effects on HRQoL. Find-
ings from the present analysis showing that MHDs have a substantial 
direct negative effect on HRQoL suggest that HRQoL can be im-
proved by reducing MHD frequency. Consistent with these results, 
clinical trials of anti-calcitonin gene-related peptide monoclonal 
antibodies and calcitonin gene-related peptide receptor inhibitors, 
such as erenumab, galcanezumab, and atogepant, have demon-
strated that these preventive treatments are effective in reducing 
the number of migraine days and in improving HRQoL, as measured 
by the MSQ.23–25 The results of the regression and mediation models 
in the present analysis also suggest that the benefits of MHD reduc-
tion on HRQoL could be augmented by targeting comorbidities such 
as depression and anxiety as well as migraine features of the attack 
itself, such as allodynia. People with migraine might benefit from 
preventive medications for migraine that do not have the potential 
to exacerbate depression and anxiety, and behavioral treatment and 
lifestyle modifications that specifically target improving depression 
and/or anxiety. Allodynia is generally treated by reducing attack fre-
quency and reducing trigeminovascular sensitization with effective 
preventive therapy.26

Allodynia, depression, and anxiety were included in this analysis 
due to their high prevalence in people with migraine and their recog-
nized impact on HRQoL. Given that only a portion of the total effect 
of MHDs on HRQoL could be explained by an indirect effect of allo-
dynia, depression, and anxiety in this analysis, additional studies are 
needed to identify other indirect mediators. Potential contributors 
to MSQ variation not included in these analyses include additional 
features of the migraine attack that could modify the influence of 
migraine on HRQoL (e.g., presence and severity of aura, nausea and/
or vomiting, premonitory and postdromal features, headache pain 
intensity, and associated symptom burden [e.g., interictal burden], 
other comorbid conditions, including other pain disorders, respira-
tory disorders, cardiovascular conditions, as well as interpersonal, 
family, and social factors, such as internalized stigma).

The strengths of the CaMEO study include the large sample 
size (nearly 17,000 respondents) and representative recruitment 
strategy, both of which led to the inclusion of a typical sample of 

the US population with migraine in the study. Another strength 
of the study is the modular structure, including modules that as-
sessed previously unexplored aspects of barriers to care and 
family burden of migraine, as well as comorbidities. The present 
analysis is cross-sectional, providing a static snapshot of the study 
population, and limiting conclusions regarding causality between 
the variables, given that temporality is not present in these data. 
Additionally, these analyses did not evaluate whether patients 
were currently on preventive treatment for migraine. While these 
results allow for a clear characterization of the direct and indirect 
impact of MHDs on HRQoL, additional analyses are warranted 
to explore how changes in MHDs over time are associated with a 
corresponding change in the MSQ score and how mediators play 
into this relationship in a longitudinal data set. Additionally, the 
MSQ may be a lagging indicator of treatment benefit. Additional 
studies could help to elucidate whether improvements in HRQoL 
are reported concurrent with reductions in MHDs (within the same 
30-day window) or are more prominent in the weeks or months 
following a reduction in MHDs.

CONCLUSIONS

These analyses of data from the CaMEO study demonstrated that 
although increased MHDs among people with migraine have a sub-
stantial direct negative effect on the MSQ domain scores, the ob-
served HRQoL decrements associated with increasing MHDs are 
at least partially mediated by the presence of depression, allodynia, 
and anxiety. Across all domains, the indirect effects of MHDs on the 
MSQ domain scores were most substantial for depression, followed 
by allodynia and anxiety. To optimize improvements in HRQoL in 
people living with migraine, treatment should be focused on both 
reducing the frequency of attacks and addressing other indirect me-
diators, such as depression and anxiety.
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