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Background and Purpose Sleep disturbance is common in patients with primary headache
disorders. We were interest in whether poor sleep quality affects patients directly or via increas-
es in the frequency and severity of headaches. To that end, we investigated the direct and indi-
rect effects of sleep quality on the headache-related impact among patients with primary head-
ache disorders.

Methods We analyzed migraine and tension-type headache (TTH) in patients included in the
headache registry of our headache clinic from October 2015 to May 2018. We collected infor-
mation on the headache frequency, severity, and psychological status. Sleep quality and head-
ache-related impact were measured using the Pittsburgh Sleep Quality Index and Headache
Impact Test-6, respectively. We performed path analyses with headache frequency and severity
as covariates to determine the direct effect of sleep quality on the headache-related impact, and
the indirect effects mediated by increases in the headache frequency and severity.
Results This study included 915 patients: 784 with migraine and 131 with TTH. Worse sleep
quality was independently associated with greater headache-related impact in both patients
with migraine and those with TTH. Path analysis revealed a direct effect (=0.207, p<0.001) of
sleep quality and an indirect effect mediated by headache frequency and severity (=0.067,
p=0.004) on the headache-related impact in migraine. In TTH, only direct effects of sleep qual-
ity on the headache-related impact were significant (=0.224, p=0.004).
Conclusions We suggest that poor sleep quality can directly increase the headache-related im-
pact in both patients with migraine and TTH as well as indirectly by increasing the headache
frequency and severity in patients with migraine.
Key Words migraine, tension-type headache, sleep quality, Pittsburgh Sleep Quality Index,
Headache Impact Test-6

INTRODUCTION

Migraine and tension-type headache (TTH) are the most-common primary headache dis-
orders, with migraine affecting 14.4% of people worldwide and the prevalence of TTH
ranging from 26.1% to 86.0% depending on the study population.'” The burden of these
common headache disorders is still problematic in the global population, with migraine
ranking 2nd and TTH ranking 28th among the neurologic disorders that cause disability."*
Reducing the burden of headache disorders requires a better understanding of the factors
affecting the headache-related impact.*

The prevalence of poor sleep quality is higher in patients with migraine and TTH,® and
this is associated with a higher headache frequency and severity in both types of patient.*"!
Consequently, a greater headache-related impact is reported among patients with head-

ache disorders and comorbid poor sleep quality. However, whether a poor sleep quality
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affects the headache-related impact directly or indirectly via
increases in the headache frequency and severity has not
been reported previously.

In this study we hypothesized that worse sleep quality is
associated with greater headache-related impact, and we
aimed to determine whether sleep affects headache-related
impact directly or indirectly by increasing the headache fre-
quency and severity in patients with primary headache dis-
orders. We investigated the direct and indirect effects of sleep
quality on the headache-related impact by analyzing data
from a large number of patients visiting our headache clin-
ic. We also established path models that included the sleep
quality, headache frequency, and headache severity to inves-
tigate the direct and indirect effects of sleep quality on the
headache-related impact.

METHODS

Patients

This retrospective, cross-sectional analysis of a headache
clinic registry included Korean patients with headache who
visited Samsung Medical Center, Seoul, South Korea from
October 2015 to May 2018. The included patients with mi-
graine and TTH 1) completed questionnaires and medical
interviews and 2) agreed to their enrollment in the registry
and data collection. The diagnoses of migraine and TTH
were based on the third edition (beta version) of the Inter-
national Classification of Headache Disorders (ICHD-3
beta)."? The study was approved by Samsung Medical Cen-
ter Institutional Review Board, and all participants signed
an informed consent at the inclusion visit.

Clinical evaluation
All patients who visited our headache clinic were first asked
to complete a self-reported, structured headache question-
naire about headache characteristics and patient demo-
graphics. They were then interviewed by headache special-
ists (M.J.L. and C.S.C.) to evaluate the diagnosis of the
headache disorder. To maintain diagnostic consistency, all of
the patients were seen by a single investigator (M.].L.) again
to classify their headache disorders based on the ICHD-
3-beta. After the interview, the study coordinator met the pa-
tients and asked if they agreed to being enrolled in the reg-
istry. If patients gave informed consent, collected data were
deposited in our headache registry. After enrollment in the
registry, the patients completed a structured questionnaire
specifically designed for each headache disorder depending
on their specific diagnosis.

This study extracted data from our headache registry on
patients with episodic migraine with or without aura, chron-
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ic migraine, and probable migraine (ICHD-3 beta categories
1.1, 1.2, 1.3, and 1.5, respectively) and those with infrequent
TTH, frequent TTH, and chronic TTH (ICHD-3 beta cate-
gories 2.1, 2.2, and 2.3, respectively). Patients with migraine
fulfilling the criterion for chronic daily headache (more than
15 headache days per month over a 3-month period) but not
chronic migraine were diagnosed with episodic migraine.

The extracted variables and the collection process were
defined as follows: We collected information on headache
characteristics, disease duration (years since diagnosis), head-
ache frequency (headache days per month), headache sever-
ity (subjective headache pain rating on a numeric rating scale
ranging from 0 to 10), and psychological status. According
to ICHD-3 beta, the number of headache days correspond-
ed to those that were affected by headache for all or part of
the day. The psychological status was assessed using the Hos-
pital Anxiety and Depression Scale (HADS) to measure lev-
els of anxiety and depression."” The HADS is a 14-item scale
with 7 items related to anxiety (HADS-A) and 7 items relat-
ed to depression (HADS-D). Each item is rated on a 4-point
scale (from 0 to 3), giving a maximum subscale score of 21
for each of anxiety and depression. Allodynia was evaluated
with the Allodynia Symptom Checklist-12 (ASC-12) among
patients with migraine."* Allodynia was defined as a ASC-12
score of 3 or more."*

Assessment of sleep quality

The Pittsburgh Sleep Quality Index (PSQI) was used to as-
sess the sleep quality.”” This index uses 19 questions to esti-
mate the sleep quality during the previous month. These
questions are combined into the following seven subitems:
subjective sleep quality, sleep latency, sleep duration, habit-
ual sleep insufficiency, sleep disturbance, use of sleeping med-
ication, and daytime dysfunction. The sum of the seven subi-
tem scores produces a global score of subjective sleep quality
ranging from 0 to 21, where higher scores indicate worse sub-
jective sleep quality. A total PSQI >5 was defined as poor sleep
quality in this study."

Assessment of headache-related impact

The impact of headache on quality of life was assessed using
the Headache Impact Test-6 (HIT-6).'® This tool assesses the
subjective impact of headache during the previous month.
It consists of a self-reported six-item list that assesses pain,
social functioning, role functioning, cognitive functioning,
psychological distress, and vitality.

Statistical analysis
Data are presented as mean (SD) and number (percentage)
values except where indicated otherwise. The Kolmogorov-



Smirnov test revealed that all of the obtained data conformed
to a normal distribution. For comparisons between migraine
and TTH, the chi-square (x*) test was used for categorical
variables while the independent #-test was used for continu-
ous variables.

Univariable and multivariable linear regression analyses
were used to assess the relationships between sleep quality
and headache-related impact in migraine and TTH. In ad-
dition to the PSQI, we also included age, sex, disease dura-
tion, headache frequency, chronic subtype of headache, head-
ache severity, HADS-D score, and HADS-A score as covariates.
Missing data were not imputed and so were excluded from
the associated analysis.

We conducted path analysis to identify the potential di-
rect and indirect effects of sleep quality (PSQI) on the head-
ache-related impact (HIT-6 score). Headache frequency and
headache severity were included as intermediary variables,
and the same model was applied to migraine and TTH. The
AMOS program (version 21.0, IBM Corp., Armonk, NY,
USA)Y was used to fit models with the maximum-likeli-
hood method. Confidence intervals and p values were cal-
culated using 500 bootstrap replications. The effect size was
estimated by calculating the standardized regression coeffi-
cient (B) and standard error. We measured the direct effect
of the PSQI on the HIT-6 score, as well as the indirect effects
mediated by headache frequency and headache severity. The
indirect effect mediated by headache frequency or headache
severity was calculated by multiplying the coefficients on
each path. The total indirect effects were quantified by sum-
ming up the indirect effects mediated by headache frequen-
cy and headache severity.

The model fit was assessed using the x* value, goodness-
of-fit index (GFI), adjusted goodness-of-fit index (AGFI),
normed fit index (NFI), comparative fit index (CFI), and root-
mean-square error of the approximation (RMSEA). Statisti-
cal analyses were performed using IBM SPSS (version 22.0,
IBM Corp.) and AMOS software. A two-tailed probability
value of p<0.05 was considered significant.

RESULTS

Patients

The analysis was applied to 915 patients with migraine or
TTH. The 784 patients with migraine comprised 245 (31.3%)
with chronic migraine, 114 (14.5%) with migraine with aura,
and 36 (4.5%) with probable migraine, while chronic TTH
was present in 67 (51.1%) of the 131 patients with TTH. The
demographics and characteristics of participants are pre-
sented in Table 1. Data were missing for disease duration in
13 patients and for the HADS score in 35 patients. Patients
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with migraine were younger and more likely to be female
compared to those with TTH. The mean headache frequen-
cy was lower for migraine patients than for TTH patients. When
stratified into episodic and chronic subtypes, the mean head-
ache frequency did not differ significantly between migraine
and TTH (episodic migraine vs. episodic TTH: 10.0 vs. 11.3
days, p=0.281; chronic migraine vs. chronic TTH, 24.9 vs. 25.9
days, p=0.239). Poor sleep quality (PSQI >5) was found in
624 migraine patients (79.6%) and 84 TTH patients (64.1%).
The mean HIT-6 score, PSQI, and HADS-D score were sig-
nificantly higher in patients with migraine than in those with
TTH (64.6 vs. 54.7, p<0.001; 8.8 vs. 7.4, p<0.001; and 7.7 vs.
6.8, p=0.019; respectively). The sleep duration and HADS-A
score did not differ between the groups.

Factors associated with HIT-6 score among patients
with migraine

The results of linear regression analysis are summarized in
Table 2. The factors associated with the HIT-6 score among
patients with migraine in the univariable linear regression
analysis were age ($=-0.074, p=0.038), PSQI ($=0.274, p<
0.001), headache frequency ($=0.188, p<0.001), chronic mi-
graine (B=0.157, p<0.001), headache severity (p=0.238, p<
0.001), HADS-D score (p=0.215, p<0.001), and HADS-A score
(B=0.209, p<0.001). The factors that were independently as-
sociated with a higher HIT-6 score in the multivariable lin-
ear analysis were the PSQI ($=0.146, p=0.001), headache fre-
quency (p=0.116, p=0.003), and headache severity (3=0.174,
p<0.001).

Factors associated with HIT-6 score among patients
with TTH

The factors associated with the HIT-6 score among patients
with TTH in the univariable linear regression analysis were
headache frequency (p=0.357, p<0.001), chronic TTH (p=
0.266, p=0.002), headache severity ($=0.549, p<0.001), PSQI
(B=0.289, p=0.001), and HADS-D score ($=0.248, p=0.005)
(Table 3). The factors that were independently associated
with a higher HIT-6 score in the multivariable analysis were
PSQI (B=0.217, p=0.006), headache frequency (=0.292, p<
0.001), and headache severity (p=0.466, p<0.001).

Path analysis between PSQI and HIT-6 score in
migraine

All of the parameter estimates (standardized regression
weights) of each path model are depicted in Fig. 1A. The to-
tal, direct, and indirect effects are summarized in Table 4. The
hypothesized model fit was excellent (x*=0.656, degrees of
freedom=1, p=0.418, GFI=1, AGFI=0.996, NFI=0.997, CFl=1,
and RMSEA=0). In patients with migraine, poor sleep qual-
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Table 1. Demographics and characteristics of patients

Migraine (n=784) TTH (n=131) p
Age, years 42.2(12.92) 56.4(13.19) <0.001
Female sex, n (%) 605 (77.2) 71 (54.2) <0.001
HTN, n (%) 85 (10.8) 37(28.2) <0.001
DM, n (%) 15 (1.5) 11 (8.2) <0.001
Disease duration, years 11.9 (10.39) 49 (6.61) <0.001
Headache frequency, days/month 14.6 (10.40) 18.8 (11.38) <0.001
Chronic migraine/chronic TTH, n (%) 245 (31.3) 67 (51.1) <0.001
Headache severity, NRS score (range 0-10) 7.7 (1.53) 5.4(1.88) <0.001
HIT-6 score (range 36-78) 64.6 (11.57) 54.7 (10.18) <0.001
Sleep duration, hours 6.3 (1.38) 6.2 (1.27) 0.472
PSQl (range 0-21) 8.8 (3.62) 7.4 (3.47) <0.001
C1 (subjective sleep quality) 1.6 (0.82) 1.3 (0.94) <0.001
C2 (sleep latency) 2.4(0.69) 2.2 (0.74) <0.001
C3 (sleep duration) 1.0 (1.03) 1.0 (0.97) 0.874
C4 (habitual sleep insufficiency) 0.6 (0.91) 0.5 (0.93) 0952
C5 (sleep disturbance) 1.2 (0.58) 1.1 (0.48) 0018
C6 (use of sleeping medication) 0.5(1.01) 0.4 (0.95) 0.101
C7 (daytime dysfunction) 1.5(1.02) 1.0 (1.03) <0.001
HADS-D score (range 0-21) 7.7 (4.03) 6.8 (3.94) 0.019
HADS-A score (range 0-21) 7.4 (4.09) 6.9 (4.41) 0.208

Migraine with aura, n (%) 114 (14.5) - -

Allodynia (ASC-12 score >3), n (%) 159 (20.3) - -

Data are mean (SD) or number (percentage) values.

ASC-12: Allodynia Symptom Checklist-12, DM: diabetes mellitus, HADS-A: Hospital Anxiety and Depression Scale—Anxiety, HADS-D: Hospital Anxiety
and Depression Scale—Depression, HIT-6: Headache Impact Test-6, HTN: hypertension, NRS: numeric rating scale, PSQI: Pittsburgh Sleep Quality Index,

TTH: tension-type headache.

ity exerted a significant direct effect on the headache-related
impact (B=0.207, p<0.001) as well as significant indirect ef-
fects mediated by headache frequency ($=0.039, p=0.004)
and headache severity ($=0.028, p=0.004). The direct effect
was greater than the sum of the indirect effects (p=0.207 vs.
0.067).

Path analysis between PSQI and HIT-6 score in
TTH

The path-analysis model in patients with TTH is presented
in Table 4 and Fig. 1B. The hypothesized model fit was ex-
cellent (x*=0.999, degrees of freedom=1, p=0.318, GFI=0.996,
AGFI=0.962, NFI=0.998, CFI=1, and RMSEA=0). Sleep qual-
ity exerted significant direct effects on the headache-related
impact ($=0.224, p=0.004) but not indirect effects mediated
by headache frequency (p=0.043, p=0.059) or headache se-
verity (B=0.026, p=0.592).

DISCUSSION

The main finding of our study is that sleep quality was inde-
pendently associated with the headache-related impact in
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both migraine and TTH patients. However, how the impact
of sleep quality mediated the headache-related impact dif-
fered between migraine and TTH. Poor sleep quality affect-
ed the headache-related impact directly, and increased both
the headache frequency and severity of headache, which in
turn influenced the headache-related impact in patients with
migraine. In contrast, in patients with TTH, sleep quality di-
rectly affected the headache-related impact, but this was not
mediated by the number or severity of headaches.

Association between sleep quality and headache-
related impact
The headache-related impact is theoretically determined by
the combination of pain severity and attack frequency.*®
However, previous studies have shown that factors other
than headache frequency and severity can contribute to the
headache-related impact. For example, cognitive decline dur-
ing an attack is associated with increases in the headache-re-
lated impact,'” and anxiety and major depressive disorder
are also independently associated with a severe headache-
related impact.”®*!

In addition to cognitive and affective factors, sleep can also
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Table 2. Univariable and multivariable linear regression analyses of the predictors of headache-related impact in migraine

Univariable analysis Multivariable analysis
B SE B 95% Cl p B SE B 95% Cl p

Age -0.067 0032 -0.074 -0.129 to -0.004 0.038 -0047 0036 -0.053 -0.118 to 0.024 0.194
Female sex -0.126 0985 -0.005 -2.058 to 1.807 0.899 0815 0985 0.030 -1.119 to 2.749 0.408
Disease duration -0.028 0042 -0.026 -0.110 to 0.053 0.493  -0.007 0.043 -0.006 -0.092 t0 0.078 0.869
Headache frequency 0209  0.039 0.188 0.132 t0 0.285 <0.001 0130 0043 0116 0.045 t0 0.216 0.003
Chronic migraine* 3713 0837  0.157 2.070 to 5.356 <0.001 - - - - -

Headache severity 1798 0263 0238 1.282 t0 2.313 <0.001 1335 0282 0.174 0.783 to 1.888 <0.001
PsQl 0875 0.110 0.274 0.659 to 1.090 <0.001 0466 0133 0.146 0.205t0 0.728 0.001
HADS-D score 0.622  0.103 0.215 0.420 to 0.825 <0.001 0.261 0.134  0.092 -0.002 to 0.523 0.052
HADS-A score 0594  0.102 0.209 0.394 t0 0.793 <0.001 0172 0136  0.061 -0.095 to 0.440 0.206
Allodynia 3.566 1.01 0.126 1.581 to 5.551 <0.001 1.205 1.063  0.042 -0.882 t0 3.293 0.257

*Chronic migraine was not included in the multivariable model because the disease duration, headache frequency, and chronic migraine are closely
linked.

B: unstandardized regression coefficient, Cl: confidence interval, HADS-A: Hospital Anxiety and Depression Scale-Anxiety, HADS-D: Hospital Anxiety
and Depression Scale-Depression, PSQI: Pittsburgh Sleep Quality Index, SE: standard error of B, B: standardized regression coefficient.

Table 3. Univariable and multivariable linear regression analyses of the predictors of headache-related impact in TTH

Univariable analysis Multivariable analysis

B SE B 95% Cl p B SE B 959% Cl p
Age 0042 0068 -0055 -0177100092 0532 -0075 0056 -0097  -0.187t00037  0.189
Female sex 0706 1791 0035 -2837t04249 0694 1079 1502 0054  -1898t04055 0474
Disease duration 0122 0141 0078  -0.157 to 0.401 0388 0017 0112 001  -0205t00239 0879
Headache frequency 0319 0074 0357 0174100465 <0001 0254 0064 0292  0128t00381  <0.001
Chronic TTH* 5404 1721 0266 1999108810 0002 - - - - -
Headache severity 2974 0398 0549 2186103762 <0001 2554 0401 0466 1759103349 <0001
PSQl 0849 0247 0289  0360t01339 0001 0619 0222 0217 01790105 0006
HADS-D score 0624 0220 0248  0188t01060 0005 0291 0241 0115  -0188t00769 0231

HADS-A score 0.265  0.202 0.118 -0.135 to 0.664 0.192 -0.114 0211 -0.051 -0.533 to 0.305 0.592

*Chronic TTH was not included in the multivariable model because the disease duration, headache frequency, and chronic migraine are closely linked.
B: unstandardized regression coefficient, Cl: confidence interval, HADS-A: Hospital Anxiety and Depression Scale-Anxiety, HADS-D: Hospital Anxiety
and Depression Scale-Depression, PSQI: Pittsburgh Sleep Quality Index, SE: standard error of B, TTH: tension-type headache, B: standardized regression

coefficient.

be an important determinant of headache-related impact.
Primary headache is associated with higher prevalence of
sleep problems such as poor sleep quality, short sleep dura-
tion, and insomnia.”*!"** The present study found that sleep
quality was independently associated with the headache-re-
lated impact in both migraine and TTH. This finding is con-
sistent with previous studies showing associations between
poor sleep quality, short sleep duration, and insomnia with
headache-related impact.”*'"** Our study found that sleep
quality is an independent determinant of the headache-re-
lated impact after adjusting for both the headache severity
and frequency.

Direct effect of sleep quality on the headache-related
impact

We used path analyses to investigate how sleep quality af-
fects the headache-related impact. In migraine, poor sleep

quality exerted both direct and indirect effects on headache
severity and headache frequency. In contrast, sleep quality
directly affected the headache-related impact in patients with
TTH. Based on our findings, we suggest that poor sleep qual-
ity can directly affect the headache-related impact in migraine
and TTH. Sleep quality is related to the overall quality of life.*’
Poor sleep quality may contribute to alterations in the neu-
roendocrine stress response system and metabolic activity
during sleep, resulting in impaired daytime function.** We
hypothesized that this potential role of sleep—which induc-
es an overall poor quality of life—also contributes to the head-
ache-related impact. Poor sleep quality also affects psycho-
logical and cognitive functions, which can further increase
the headache-related impact.
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Headache severity

0.133 (0.032)* 0.208 (0.038)

0.207 (0.115)*

PSQl score » HIT-6 score

0.355 (0.030) 0.110 (0.035)*

Headache frequency

Headache severity

0.051 (0.096) 0.519 (0.074)*

0.224 (0.062)*

PSQl score » HIT-6 score

0.154 (0.083) 0.278 (0.066)

Headache frequency

Fig. 1. Path-analysis models from the Pittsburgh Sleep Quality Index
(PSQI) to the Headache Impact Test-6 (HIT-6) score mediated by head-
ache frequency and severity. A: Path analysis in migraine shows sig-
nificant direct and indirect effects. B: Path analysis in tension-type
headache shows a significant direct effect without an indirect effect.
Numbers along each path indicate standardized regression coefficients
(standard errors). A single arrow represents the direction of the pre-
sumed influence. An asterisk indicates that the path is significant (p<
0.05). Error terms e1, €2, and e3 represent residual variances within
variables not accounted for by the hypothesized path-analysis model.

Indirect effect of sleep quality on the headache-
related impact

This study found that sleep quality was associated with in-
creases in the frequency and severity of headache in patients
with migraine, which in turn mediated the effect of sleep
quality on greater headache-related impact. Several studies
have found that the headache frequency (but not the sever-
ity) was associated with poor sleep quality in migraine.>" Re-
cent studies suggest that sleep deprivation was associated
with increased brain hyperexcitability, which increases the
susceptibility of the brain to a migraine attack.>* Sleep de-
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Table 4. Estimates of the effects of the Pittsburgh Sleep Quality In-
dex on the Headache Impact Test-6 score using path analysis models
in migraine and TTH

Migraine TTH
B SE p B SE p
Total effects 0274 0033 0.004 0.293 0.087 0.004
Direct effect 0.207 0.115 <0.001 0.224 0.062 0.004

Total indirect effects  0.067 0.016 0.004 0.069 0.060 0.265
Indirect effect via
039 0.013 0.004 0.043 0.026 0.059
headache frequency
Indirect effect via

. 0.028 0009 0004 0026 0.050 0.592
headache severity

SE: standard error, TTH: tension-type headache, B: standardized regres-
sion coefficient.

privation causes changes in inhibition—facilitation balance of
the cerebral cortices, which may contribute to increased cor-
tical excitability.”** Additionally, poor sleep quality may be
associated with cortical sensitization.”” A previous clinical
study found an association between the duration of sleep
and allodynia in patients with migraine.” The mechanism
underlying how sleep modulates cortical activities remains
to be elucidated. A few preclinical studies have shown that
the concentrations of pituitary adenylate cyclase-activating
peptide and nitric oxide—which are the key molecules in tri-
geminovascular activation—change with the sleep cycle.” In
addition to these neurotransmitters, the orexinergic neuro-
nal pathway may play a role in both sleep and migraine and
may be a key factor linking the two conditions.”

In contrast, the impact of sleep was not mediated by the
number and severity of headache in patients with TTH in
the present study. Previous studies have produced conflict-
ing results on the association of sleep quality with headache
frequency or severity in TTH.5*>* The activation of hyper-
excitable peripheral afferent neurons from head and neck
muscles is known to be the main mechanism underlying
TTH.* There is debate on the role of central mechanisms in
TTH.” A few studies of chronic TTH have suggested that
central sensitization such as allodynia and hyperalgesia in-
dicates brain involvement in TTH.*?¢ In contrast to our
study, a recent study showed a direct effect of sleep quality
on headache frequency and an indirect effect of emotional
burden on headache frequency mediated by sleep quality in
chronic TTH using path analysis.” In our study, the values
of statistical parameters such as the B coeflicient were simi-
lar between migraine and TTH, although the absence of sta-
tistical significance in patients with TTH might have been
due to the sample smallness. Together these findings suggest
that TTH shares a central mechanism with the sleep path-
way, but that its direct impact on increasing the headache fre-
quency is less robust than in migraine.



Strengths and limitations

The main strengths of this study are that it considered vari-
ables that might affect the headache-related impact, and thor-
oughly investigated and controlled them in the analysis de-
spite the largeness of the sample. However, our study also had
limitations. First, sleep characteristics and sleep disorders were
not assessed objectively using polysomnography or actigra-
phy. Instead, we assessed these parameters using a validated
questionnaire such as PSQI. Second, indirect effects in TTH
were not statistically significant in our study. However, con-
sidering that the P coefficients were similar to those of mi-
graine, nonsignificant results might be due to either a true
lack of an effect or the sample smallness. Future studies with
large samples of TTH patients are therefore necessary to con-
firm our findings. Third, we did not collect information on
the previous use of antidepressants, hypnotics, anxiolytics,
or preventive medications for headaches in our registry. Be-
cause medication might be an important covariable between
sleep quality and headache-related impact, future studies
should consider assessing this variable. Fourth, the headache
frequency and severity were not recorded in a prospective
headache diary. Due to the retrospective nature of our ques-
tionnaire, recall bias might have been present. Fifth, we showed
the direct and indirect effects of sleep quality on the head-
ache-related impact in migraine and TTH. However, this find-
ing might not be generalizable because patients were sam-
pled from a specialized headache clinic in a tertiary hospital.
Sixth, we used data from patients who agreed to being en-
rolled in the registry. Although our data showed that that in-
cluded patients well represented the clinic-based population
of migraine and TTH, unmeasured bias might have been pres-
ent in the enrollment process. Finally, because our study had
a cross-sectional design, the results of our path analysis do
not indicate causal relationships. Further studies with longi-
tudinal designs are therefore needed.

Conclusions

Poor sleep quality may directly increase the headache-relat-
ed impact in patients with migraine and TTH as well as in-
directly by increasing the headache frequency and severity
in patients with migraine. Physicians should make efforts to
improve the sleep quality in patients with primary headache
disorders, since this would further improve the headache-
related impact as well as the headache frequency and sever-
ity in migraine and TTH. Our study suggests that the head-
ache-related impact is not merely equal to the sum of the
headache frequency and severity, and so other factors af-
fecting headache-related impacts such as poor sleep quality
should be taken into consideration in future studies.
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