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Abstract

Background: Chronotype refers to an individual’s preferred timing of activity and rest
within a 24-h period, reflecting behavioral manifestations of the endogenous circadian
rhythm. Variations in circadian timing may contribute to the temporal characteristics
and pathophysiology of tension-type headache (TTH). TTH is the most common primary
headache disorder and can have a significant impact on quality of life. While chronotype
has been shown to influence pain perception, mood, and sleep quality in various chronic
pain conditions, its relationship to TTH remains insufficiently explored. Aim: We aimed to
determine the distribution of chronotypes among patients with TTH and to assess their
associations with pain characteristics, depression, sleep quality, and quality of life. Methods:
This cross-sectional study involved 77 adult patients diagnosed with TTH according to
the International Classification of Headache Disorders (ICHD)-III criteria. Patients were
recruited from the neurology outpatient clinic at SANKO University Hospital between
June 2021 and June 2022. Data were collected using the Morningness—Eveningness Ques-
tionnaire (MEQ), the Visual Analogue Scale (VAS), the Hospital Anxiety and Depression
Scale (HADS), the Pittsburgh Sleep Quality Index (PSQI), and the Short Form-36 (SF-36).
Chronotypes were categorized as morning, intermediate, or evening. Group differences
were analyzed using ANOVA, Kruskal-Wallis and linear regression models. Results: The
mean age of the study sample was 29.0 [24.0-35.0] years. Fifty-five participants (71.4%)
had an intermediate chronotype, 14 (18.2%) had a morning chronotype, and 8 (10.4%)
had an evening chronotype. Those with an evening chronotype had a significantly lower
BMI than those with an intermediate chronotype (p = 0.035) and lower scores on the SF-36
Role Limitations due to Physical Problems domain than those with a morning chronotype
(p = 0.039). Chronotype (as assessed by the MEQ) was negatively correlated with sleep
quality, with evening chronotypes showing poorer PSQI scores. No significant differences
were found in VAS (pain intensity) and HADS (depression) scores among chronotypes.
Linear regression analyses indicated that chronotype significantly predicted SF-36 Bodily
Pain scores, whereas sex significantly predicted VAS pain intensity (p = 0.001). Conclusions:
Evening chronotype is associated with poorer sleep quality and greater role limitations due
to physical problemsin patients with TTH, which can potentially exacerbate the disabilities
associated with headaches. Tailored interventions targeting chronotype and sleep may
improve quality of life in this population.

Healthcare 2025, 13, 2902

https://doi.org/10.3390/healthcare13222902


https://doi.org/10.3390/healthcare13222902
https://doi.org/10.3390/healthcare13222902
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/healthcare
https://www.mdpi.com
https://orcid.org/0000-0001-8894-4433
https://orcid.org/0000-0002-2104-6003
https://orcid.org/0000-0001-8987-5396
https://orcid.org/0000-0002-3210-0976
https://doi.org/10.3390/healthcare13222902
https://www.mdpi.com/article/10.3390/healthcare13222902?type=check_update&version=1

Healthcare 2025, 13, 2902

20f12

Keywords: tension-type headache; chronotype; pain intensity; depressive symptoms; sleep
quality; quality of life

1. Introduction

Tension-type headache (TTH) represents the most common form of primary headache,
affecting individuals across all age groups and frequently impairing daily functioning and
work productivity [1]. For TTH, studies on frequency and duration of attacks showed that
affected people spend, on average, 4.7% of their time with headache [2]. Despite its high
prevalence, TTH remains under-recognized as a significant public health problem. More-
over, mounting evidence indicates that sleep disturbances may lower pain threshold and
amplify pain sensitivity [3]. However, there is limited research examining the relationship
between chronotype and TTH.

Chronotype is generally defined as an individual’s preferred timing of activity and rest
over a 24-h period. It reflects the endogenous circadian rhythm and how it synchronizes
(entrains) to the 24-h cycle [4,5]. Chronotype is influenced by multiple factors, including
sex, age, genetic, environmental, and psychosocial components [6]. Chronobiological re-
search has shown that individuals can be classified as morning, evening, or intermediate
chronotypes based on their sleep-wake cycles, body temperature rhythms, and hormonal
secretion patterns (e.g., cortisol and melatonin) [7]. Recent studies have suggested that
evening chronotype may be associated with more pronounced depressive symptoms,
poorer sleep quality, and even increased pain severity in chronic pain conditions such as
migraine and fibromyalgia [8,9]. The evening type is often considered more vulnerable, as
it has been associated with psychiatric disorders and migraine comorbidities, including
major depressive disorder and bipolar disorder [10]. Evening chronotypes typically prefer
later sleep and wake times, accumulate sleep debt during the workweek, and often experi-
ence misalignment between biological and occupational schedules, which may contribute
to increased susceptibility to mood disturbances and impaired physical and cognitive
functioning [4].

Given these considerations, the current study aimed to determine the distribution of
chronotypes among patients diagnosed with TTH, and to examine the associations between
chronotype characteristics and pain intensity, sleep quality, depression, and quality of life.
Additionally, the study sought to explore whether headache attacks tend to peak at specific
times of day (circadian pattern) in relation to chronotype and whether headache frequency
differs according to chronotype.

2. Materials and Methods
2.1. Study Design and Setting

This cross-sectional observational study was conducted at SANKO University Sani
Konukoglu Hospital Health Practice and Research Centre. The study adhered to the ethical
principles of the Declaration of Helsinki and received approval from the SANKO University
Non-Invasive Research Ethics Committee (approval no: 04/2021/16). Reporting of the
study followed the STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology) checklist.

2.2. Study Participants

Adult patients diagnosed with TTH according to the International Classification of
Headache Disorders-III (ICHD-III) were consecutively recruited from the neurology out-
patient clinic of the hospital between June 2021 and June 2022 [11]. A total of 77 patients
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meeting the inclusion criteria and providing consent were included in the study. Patients
were excluded if they were under 18 years of age, were receiving medication for any
psychiatric disorder, had a diagnosed sleep disorder (e.g., obstructive sleep apnea, rest-
less leg syndrome), used analgesic medication regularly for any reason, had a history of
medication-overuse headache, or had received antidepressant treatment within the pre-
ceding month. A post hoc power analysis was performed based on the observed PSQI
group means and standard deviations (Evening chronotype: 9.63 £ 5.58, Intermediate
chronotype: 7.98 & 4.05, Morning chronotype: 5.14 & 3.06). For the three groups with a
total of 77 participants, the calculated effect size was Cohen’s f = 0.366, indicating that
approximately 11.8% of the total variance was explained by group differences (n? = 0.118),
which corresponds to a medium-to-large effect. Given this effect size and an alpha level
of 0.05, the statistical power (1 — 3) was estimated to be approximately 0.82. Therefore,
the current sample size provided sufficient power to detect differences in the observed
magnitude [12,13].

2.3. Data Collection

Data were collected through in-person interviews using the following instruments:

Sociodemographic data form: This structured form collected information on demo-
graphic characteristics (age, sex, education level, height, body weight, body mass index
(BMI), smoking and alcohol use), clinical features (headache duration, frequency, duration
of attacks, precipitating factors, analgesic use and response, known comorbidities, and
neurological findings), and work schedule. Headache frequency was recorded as <4 or
>4 attacks per month.

Visual Analogue Scale (VAS): Pain intensity was self-rated by the participants on a
0-10 scale, where 0 indicates no pain and 10 indicates the worst imaginable pain [14,15].

Morningness-Eveningness Questionnaire (MEQ): The MEQ is a self-reported question-
naire used to assess individual preferences for morningness and eveningness. Chronotype
of the participants was classified based on total MEQ scores. Respondents indicate their
preferred times for sleep, wake, and activity, reflecting their internal circadian rhythm
rather than their actual schedule. The questionnaire consists of 19 items, each scored on
a 4-5 point multiple-choice scale. Total scores range from 16 to 86. Scores < 41 indicate
an evening type, scores > 59 indicate a morning chronotype, and scores between 42 and
58 indicate an intermediate chronotype [16]. The Turkish adaptation of the tool showed a
test-retest reliability coefficient of 0.84 [17].

These items illustrate the preferential nature of the MEQ and the method used to
classify participants as morning, intermediate, or evening chronotypes.

Hospital Anxiety and Depression Scale (HADS): The HADS is a 14-item self-report
questionnaire developed by Zigmond and Snaith to assess anxiety and depressive symp-
toms (7 items each) [18]. Each item is scored from 0 to 3, yielding a total score of 0-21 for
either anxiety or depression. Scores of 8-10 indicate a moderate level of symptoms, while
scores above 11 suggest a clinically significant level of symptoms that may correspond to
a clinical diagnosis [18]. Validity and reliability of the Turkish version of the scale were
demonstrated by Aydemir et al., with Cronbach’s alpha coefficients of 0.85 for the anxiety
subscale and 0.77 for the depression subscale [19].

Pittsburgh Sleep Quality Index (PSQI): The PSQI is a widely used self-report question-
naire that assesses sleep quality and disturbances over the previous month [20]. It consists
of 19 items generating seven component scores: subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and daytime
dysfunction. Each component is scored from 0 to 3. The component scores are summed
to yield a total score ranging from 0 to 21. The original developers reported an internal
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consistency of Cronbach’s alpha = 0.83, a test—retest reliability of 0.85 for the global scale,
a sensitivity of 89.6%, and a specificity of 86.5% [20]. The Turkish version developed by
Agargiin et al. demonstrated good internal consistency (Cronbach’s alpha = 0.80). The
total PSQI score clearly distinguishes between good sleepers (total score < 5) and poor
sleepers (total score > 5) [21]. The questionnaire has been validated in various clinical
populations, including patients with major depressive disorder, sleep disorders, cancer,
and fibromyalgia [22].

Short Form 36 (SF-36): The SF-36 is a self-assessment questionnaire developed to
evaluate health-related quality of life [23]. It consists of 36 items across eight dimensions:
physical functioning (10 items), social functioning (2 items), role limitations due to physical
problems (4 items), role limitations due to emotional problems (3 items), mental health
(5 items), energy/vitality (4 items), bodily pain (2 items), and general health perceptions
(5 items) The assessment considers experiences over the past four weeks and is widely
used to compare general and specific populations, evaluate the effects of interventions, and
monitor patients over time.

Validity and reliability of the Turkish SF-36 questionnaire have been demonstrated by
Kocyigit et al. [24]. The Turkish SF-36 demonstrated high internal consistency, with Cron-
bach’s alpha values for the subscales ranging from 0.792 to 0.992. Item-total correlations
were: physical functioning 0.436-0.840, role limitations (physical) 0.887-0.895, bodily pain
0.861-0.958, general health perceptions 0.564-0.892, vitality 0.702-0.841, social functioning
0.949-0.952, role limitations (emotional) 0.396-0.473, and mental health 0.456-0.824. Con-
vergent validity was supported by significant correlations between SF-36 subscales and
the Turkish HADS, confirming the scale’s sensitivity to both physical and mental health
dimensions [24].

2.4. Variables and Outcomes

Dependent Variables (Outcomes): The primary outcomes of interest were pain inten-
sity, assessed using the VAS, and bodily pain, measured by the SF-36 Bodily Pain (BP)
subscale. These outcomes were selected as they represent the core clinical manifestations of
TTH and are widely used in headache and chronic pain research.

Independent Variables (Predictors): The primary explanatory variable was chronotype,
assessed by the MEQ score. MEQ scores were treated both as a numeric variable and
as categorical groups (evening, intermediate, and morning chronotypes) for descriptive
and inferential analyses. Secondary predictors (covariates) included sex, HADS-A score
(anxiety), and HADS-D score (depression).

Headache-Specific Variables: These variables included duration of pain (in months),
duration of TTH attacks (hours), frequency of TTH attacks (number per month), circadian
pattern of attacks, and analgesic use and response. Frequency of TTH attacks was further
dichotomized as <4 or >4 per month based on prior literature indicating that >4 attacks
per month represents a clinically relevant threshold for recurrent TTH [25]. These variables
were collected for descriptive purposes and were not treated as explanatory variables in
the regression models.

Descriptive Sociodemographic and Clinical Variables: Sociodemographic and clinical
characteristics, including age, sex, BMI, education level, smoking status, alcohol use, work
schedule (shift work), comorbidities, were collected to describe the sample.

Outcomes for Regression Models: Two separate linear regression models were
constructed:

e  Model 1: Outcome = SF-36 BP score
e  Model 2: Outcome = VAS score
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2.5. Statistical Methods

Continuous variables were reported as mean =+ standard deviation (SD) when nor-
mally distributed and as median [25th—75th percentile] when non-normally distributed.
Group differences in normally distributed continuous variables (e.g., BMI) were evaluated
using one-way analysis of variance ANOVA with Tukey’s post hoc tests for pairwise com-
parisons. Non-normally distributed or ordinal variables (e.g., frequency of analgesic use
and analgesic response) were analyzed using the Kruskal-Wallis test. Categorical variables,
including the circadian pattern of headache attacks, were compared using contingency
tables, with Fisher’s exact test applied when expected cell counts were low.

Primary analyses were conducted using linear regression models to examine associa-
tions between predictors and outcomes. Dependent variables (outcomes) included VAS
and SF-36 BP scores. These outcomes were chosen as they represent the core clinical mani-
festations of TTH and are widely used in headache and chronic pain research. The primary
explanatory variable was MEQ score (chronotype), treated as a numeric variable, while sex,
HADS-A score, and HADS-D score were included as covariates to account for potential
confounding effects. The models did not include MEQ score as a moderator or mediator.
These variables were included in the regression models because SF-36 BP score represents
the pain component of quality of life, VAS score reflects subjective pain intensity, and prior
literature indicates that sex, anxiety, and depression are associated with pain perception
and chronotype differences in headache and chronic pain populations [8,9]. Age was evalu-
ated in preliminary analyses but was not included as a covariate because it did not show
significant associations with the outcomes. Standardized beta coefficients (3) were reported
to allow direct comparison of the relative magnitude of associations across predictors.
Separate models were constructed for each outcome (Model 1: SE-36 BP; Model 2: VAS).
Model performance was evaluated using R? and Akaike Information Criterion (AIC), with
lower AIC values indicating better fit while penalizing additional variables.

All statistical tests were two-tailed, and p-values < 0.05 were considered statistically
significant. All analyses were conducted using R software version 3.6.0 (R Core Team, 2019;
R Foundation for Statistical Computing, Vienna, Austria).

3. Results
Demographics and Clinical Characteristics

A total of 77 participants, including 63 women and 14 men aged 18 to 52, were included
in the study. Fifty-five participants (71.4%) had an intermediate chronotype, 14 (18.2%) had
a morning chronotype, and 8 (10.4%) had an evening chronotype (Table 1).

No significant differences in age, sex, education level, smoking, alcohol use, shift work,
comorbidities, pain duration, duration or frequency of TTH attacks were observed across
chronotype groups.

A one-way ANOVA indicated a significant effect of chronotype on BMI (F(2, 74) = 3.52,
p = 0.035, n? = 0.087) (Table 1). Post-hoc comparisons showed that participants with
an evening chronotype had a significantly lower BMI than those with an intermedi-
ate chronotype (p = 0.033) and a trend toward lower BMI relative to morning chrono-
types (p =0.053). No significant difference was observed between the morning and
intermediate chronotypes.

A contingency table analysis of the circadian pattern of TTH attacks across chronotype
groups showed that 37.5% (n = 3) of participants with an evening chronotype exhibited a
circadian pattern, compared with 74.5% (n = 41) of those with an intermediate chronotype
and 78.6% (n = 11) of those with a morning chronotype. Fisher’s exact test indicated that
this association was not significant (p = 0.089) (Table 1). The timing of peak headache
intensity varied by chronotype. Among evening chronotypes, peak intensity was evenly
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distributed across early morning (00:00-06:00, 33%), morning (06:00-12:00, 33%), and
afternoon (12:00-18:00, 33%) intervals. For participants with a morning chronotype, peak
intensity was most frequently reported in the evening (18:00-00:00, 45%), followed by the
afternoon (12:00-18:00, 36%), with fewer reports in the early morning (9%) and morning
(9%) intervals. In the intermediate chronotype group, peak intensity was most common in
the afternoon (12:00-18:00, 34%) and evening (18:00-00:00, 29%), and less frequent in the
morning (22%) and early morning (15%) intervals.

Table 1. Demographic and Clinical Characteristics of the Participants.

Evening Intermediate Morning Total
Variable Chronotype Chronotype Chronotype =77 Test  p-Value
(n=8) (n = 55) (n=14) -
29.0 .
Age, years 23.5[20.8-27.8] 28 [24-33] 345[323-385] ) (350 692 0.031
Sex, female 5 (62.5%) 39 (70.9%) 19 (71.4%) 54 (70.1%) t 0.921
BMI, kg/m? 21.7 (2.88) 25.2 (4.5) 26.5 (4.22) 252 (447)  352%  0.035
Education level, o o o o ‘
University degree 2 (25%) 18 (32.7%) 6 (42.9%) 26 (33.8%) 0.02 0.987
Smoking, yes 4 (50%) 24 (43.6%) 5 (35.7%) 33 (42.9%) t 0.814
Alcohol use, yes 1 (12.5%) 5(9.1%) 0 6 (7.8%) * 0.380
Work schedule, o o o o +
it ek 1 (12.5%) 7 (12.7%) 1(7.1%) 8 (11.7%) 0.960
Comorbidities, yes 0 9 (16.4%) 3 (21.4%) 12 (15.6%) * 0.464
Pain duration, <1 year 3 (37.5%) 25 (45.5%) 6 (42.9%) 34 (44.2%) * 0.345
Duration of TTH o o o o +
attacks, 424 h 6 (75.0%) 30 (54.5%) 8 (57.1%) 44 (57.1%) 0.790
Frequency of TTH o o o o +
attacks, >4 per month 7 (87.5%) 40 (72.7%) 9 (64.3%) 56 (72.7%) 0.549
Circadian pattern of o o o o +
TTH attacks, yes 3 (37.5%) 41 (74.5%) 11 (78.6%) 55 (71.4%) 0.089
Frequency of analgesic 5 (¢ 50, 31 (56.4%) 10 (71.4%) 46 (59.7%)  157* 0457
use, No use
Analgesic response, 6 (75%) 32 (58.2%) 7 (50%) 45 (584%)  1.01*  0.603

Occasional

Note. Data are presented as mean (£ standard deviation) or median [25th percentile-75th percentile] for continu-
ous variables and number (percentage) for categorical variables. * Kruskal-Wallis test (x? value), t Fisher’s exact
test, } ANOVA F-value. Abbreviations. BMI: Body mass index.

Analysis of analgesic use frequency across chronotype groups showed that among
participants with an evening chronotype, most reported no use (62.5%), while rare use,
use once every few weeks, or once a week were equally reported (12.5% each). In the
intermediate chronotype group, the majority reported no use (56.4%), followed by rare use
(18.2%), occasional use once every few weeks or once a week (1.8% each), use once every
few days (9.1%), once daily (3.6%), and several times daily (9.1%). Among participants
with a morning chronotype, most reported no use (71.4%), followed by rare use (14.3%),
and occasional use once every few weeks or once every few days (7.1% each). Overall, the
majority of participants (59.7%) reported no analgesic use. A Kruskal-Wallis test revealed
no significant differences among the chronotype groups (Table 1).

The most commonly reported analgesic response was “occasional” (Evening chrono-
type: 75.0%; Intermediate chronotype: 58.2%; Morning chronotype: 50.0%). Kruskal-Wallis
test showed no significant differences across chronotype groups (Table 1).

A Kruskal-Wallis test indicated a significant difference in SF-36 Role limitations
due to physical problems (RP) scores across chronotype groups (¢2 = 0.0852). Post-hoc
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Dwass-Steel-Critchlow—Fligner comparisons showed that the evening chronotypes scored
significantly lower than the morning chronotypes (W = 3.47, p = 0.038), with no significant
differences between the evening and intermediate chronotypes (W = 2.37, p = 0.214) or

intermediate and morning (W = 2.32, p = 0.229) chronotypes (Table 2).

Table 2. Assessment Scale Scores by Chronotype.

Evening Intermediate Morning
Variable Chronotype Chronotype Chronotype Test p-Value
n=98) (n =55) (n=14)
HADS-A 12.88 (5.69) 11.93 (4.76) 9.07 (5.53) 1.72* 0.213
HADS-D 10.25 (3.73) 8.80 (4.19) 7.79 (4.96) 0.853 * 0.445
VAS 7 [5-9] 7 [5-9] 6 [4-8] 2.08° 0.354
PSQI-Global 9.63 (5.58) 7.98 (4.05) 5.14 (3.06) 4.74 % 0.024
SE-36, PF 72.5 [58.8-88.8] 80 [65-95] 77.5 [57.5-97.5] 03211 0.852
SE-36, RP 25 [0-25] 50 [25-75] 75 [50-100] 6.48 0.039
SF-36, RE 33.3 [0-33.3] 33.3 [0-100] 100 [41.7-100] 4747 0.093
SF-36, VT 26.3 (14.6) 38.8 (21.2) 429 (21.9) 2.66 * 0.097
SF-36, MH 43.0 (22.0) 47.3 (21.4) 53.1 (24.7) 0.508 * 0.612
SE-36, SF 50 [34.4-50] 50 [37.5-75] 56.3 [40.6-62.5] 3151 0.207
SE-36, BP 39.7 (20.7) 429 (23.0) 52.3 (19.7) 1.39 * 0.277
SE-36, GH 494 (21.5) 47.1 (18.0) 51.8 (17.7) 0.387 * 0.686
Note. Data are presented as mean (+ standard deviation) or median [25th percentile-75th percentile]. * ANOVA
(Welch'’s) F-value,  Kruskal-Wallis (x2 value). Abbreviations. HADS-A: Hospital Anxiety Depression Scale-
Anxiety, HADS-D: Hospital Anxiety Depression Scale-Depression, VAS: Visual Analogue Scale, PSQI: Pittsburgh
Sleep Quality Index, SF-36: Short Form-36, PF: Physical Functioning, RP: Role Limitations due to Physical
Problems, RE: Role Limitations due to Emotional Problems, VT: Energy / Vitality, MH: Mental Health, SF: Social
Functioning, BP: Bodily Pain, GH: General Health Perceptions.

Linear regression analysis using SF-36 BP score as the dependent variable, MEQ
score (chronotype) as the primary predictor, and sex, HADS-A, and HADS-D scores as
covariates yielded a significant model, with all model assumptions satisfactorily met
(Model 1, Table 3).

Table 3. Linear Regression Models.
. B (Standardized Regression
Variable Coefficien t)g 95%CI t p-Value
Model 1 (Outcome = SF36gp)

MEQ score 0.252 0.045 to 0.459 2.431 0.018
HADS-A score —0.204 —0.478 to 0.070 —1.484 0.142
HADS-D score —0.106 —0.366 to 0.154 —0.814 0.418

Sex —0.630 —1.081 to —0.178 —2.781 0.007
- F(4,72) = 7.90, p < 0.001; R? = 0.305;
Model statistics AIp C = 680
Model 2 (Outcome = VAS)

MEQ score —0.192 —0.404 to 0.021 —1.800 0.076
HADS-A score 0.206 —0.076 to 0.487 1.458 0.149
HADS-D score 0.010 —0.257 to 0.277 0.075 0.940

Sex 0.773 0.309 to 1.236 3.322 0.001

Model statistics

F(4,72) = 6.54, p < 0.001; R? = 0.266

Abbreviations: CI: Confidence Interval, HADS-A: Hospital Anxiety Depression Scale-Anxiety, HADS-D: Hospital
Anxiety Depression Scale-Depression, VAS: Visual Analogue Scale, SF-36: Short Form-36, BP: Bodily Pain.

A separate linear regression model using VAS score as the dependent variable and
MEQ score, sex, HADS-A, and HADS-D scores as predictors was also significant. MEQ
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score (chronotype) was not a significant predictor, whereas sex was significant, with higher
VAS scores observed in females (Model 2, Table 3).

Supplementary Table S1 shows the correlation matrix that illustrates the relationships
between chronotype, anxiety, depression, pain and quality of life.

4. Discussion

This study investigated the associations between chronotype, depression, anxiety,
sleep quality, pain intensity, and quality of life in individuals with TTH. A greater preva-
lence of negative outcomes was observed among individuals with an evening chronotype.
Evening chronotypes typically exhibit delayed sleep and wake times and greater variability
in sleep—wake patterns, which can predispose them to impaired daytime functioning and
increased pain sensitivity [26]. The majority of patients in this study exhibited an interme-
diate chronotype, while fewer participants showed characteristics of morning or evening
chronotypes. The relationship between chronotype and other primary headache types, such
as migraine and cluster headache, has been investigated, yielding inconsistent findings.
Although anecdotal evidence suggests that migraineurs are more likely to have an evening
chronotype, few studies support this hypothesis [27]. In our previous study of a migraine
cohort, contrary to earlier reports, the morning chronotype was significantly more common
than the evening chronotype, suggesting that chronotype distribution in migraine can be
heterogeneous [28]. Cluster headaches have been linked to circadian rhythm disturbances,
though no direct association with chronotype has been demonstrated [29]. As few studies
have examined the relationship between TTH and chronotype, our findings contribute to
address this important gap in the literature.

Previous studies have indicated that individuals with an evening chronotype tend
to have a significantly higher BMI and an increased risk of obesity, attributed to internal
circadian rhythm misalignment, shorter sleep duration, and irregular eating habits [30,31].
In contrast, our study found that patients with an evening chronotype had a significantly
lower BMI. This inconsistency may be explained by the relatively younger age of our
sample and the predominance of female participants. Prior research also suggested that
the relationship between chronotype and BMI may vary by age, sex, and population
characteristics [32]. Furthermore, lifestyle factors such as meal timing, caffeine intake,
and physical activity, which were not systematically evaluated in this study, could have
influenced these findings. Future studies incorporating objective assessments of sleep and
metabolic parameters are warranted to clarify these associations.

Analysis of the circadian pattern of TTH attacks and the timing of peak headache
intensity revealed some differences across chronotypes. Participants with morning and
intermediate chronotypes more frequently reported peak intensity in the afternoon and
evening, whereas evening chronotypes exhibited a more evenly distributed pattern through-
out the day. However, the very small number of evening chronotypes (n = 3) limits the
reliability of these observations, and Fisher’s exact test indicated no statistically significant
association (p = 0.089). Previous studies exploring the effects of chronotype on headache
characteristics revealed that morning chronotype usually correlated with migraine attacks
starting in the morning, whereas evening chronotype correlated with attacks in the after-
noon/evening and with higher attack frequency [5,33]. In contrast, in patients with TTH,
time preference of headache attacks and headache frequency were not significantly associ-
ated with chronotype, consistent with the findings of the present study [33]. While these
trends do not reach statistical significance, they suggest that chronotype may influence the
timing of headache peaks in a manner potentially relevant for individualized symptom
monitoring or intervention planning. For example, morning chronotypes may be more
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prone to experiencing headache intensity later in the day, which could inform timing for
pharmacologic or behavioral strategies aimed at headache management.

Social jetlag, defined as the difference in sleep midpoint between workdays and
free days, arises when an individual’s biological rhythm is misaligned with the socially
imposed schedule of activity and rest. This misalignment represents a chronic stressor
linked to increased risk of physical and mental health disorders [4,34,35]. In our study, a
significant negative correlation was found between chronotype and sleep quality (PSQI),
indicating poorer sleep quality with increasing evening preference, consistent with existing
literature [36]. Sleep deprivation and susceptibility to sleep deprivation can precipitate
headaches [37]. The reason for inadequate sleep in TTH is reportedly a higher level
of insomnia compared to healthy individuals [38]. A significant association was also
demonstrated by Ipar et al. between poor sleep quality, evening chronotype, and an
increased likelihood of depression among Turkish youth aged 18 to 24 years [39]. Similarly,
a more recent study showed that evening-type individuals experience delayed sleep onset
and poorer subjective sleep quality [26].

In the current study, evening chronotypes scored significantly lower on the SF-36
“Role Limitations Due to Physical Problems” subdomain (RP), indicating greater limitations
in daily activities. In contrast, scores in the Physical Functioning (PF) domain did not differ
significantly across chronotypes, suggesting that general physical capacity was largely
preserved. These results imply that evening chronotypes may face role-specific limitations
rather than broad reductions in physical ability, aligning with previous research reporting
higher disability rates and lower quality of life among evening chronotypes [6,40].

Although no statistically significant differences were found between chronotypes
in other SF-36 subdomains, such as social functioning or mental health, evening-type
individuals consistently reported lower scores. These findings align with previous reports
linking evening chronotype to reduced well-being, excessive daytime sleepiness, and
insufficient sleep duration [41].

Regarding the results of regression analyses, while no significant differences were ob-
served between chronotypes in depression (HADS-D) or pain intensity (VAS), sex showed
a significant association with pain outcomes. Consistently, studies have shown significantly
higher VAS scores in women with migraine or TTH. This finding was attributed to hor-
monal influences and more pessimistic coping strategies among women [42,43]. Linear
regression analysis also revealed that chronotype (MEQ score) significantly predicted SF-36
Bodily Pain scores, independent of anxiety and depression. In contrast, chronotype did
not significantly predict VAS pain intensity. These findings suggest that chronotype may
be associated with the perceived impact of pain on daily functioning rather than direct
pain intensity.

Overall, this study provides novel insights into the multifaceted effects of chronotype
in individuals with TTH. Limitations include the cross-sectional design, small overall
sample, and very limited representation of evening chronotypes. Despite these limitations,
the study contributes meaningful evidence to an underexplored area and underscores the
potential relevance of chronobiological characteristics in the management of TTH.

5. Conclusions

Evening chronotype was associated with poorer sleep quality and greater role limita-
tions due to physical problems. Chronotype did not directly predict pain intensity, whereas
sex was a significant predictor of pain intensity. These findings underscore the relevance
of chronobiological characteristics and sleep—pain interactions in individuals with TTH.
Interventions aimed at improving sleep quality and aligning circadian rhythms may have
the potential to enhance patient-reported outcomes. Future longitudinal studies with
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larger samples, objective assessments of sleep and circadian rhythms, and consideration
of hormonal and lifestyle factors are warranted to further clarify these relationships and
inform individualized approaches to TTH management.
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/ /www.mdpi.com/article/10.3390/healthcare13222902/s1, Table S1: Correlation Matrix.

Author Contributions: EK.C., YEF, B.Y. and S.D. were responsible for the conceptualisation,
literature review and analysis of the identified articles. E.K.C. and Y.E.F. collected the data. All four
authors were responsible for writing this article. S.D. was responsible for the statistics in the article.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Due to restrictions (data protection, legal or ethical reasons), the data is
available on request.

Conflicts of Interest: The authors have no conflicts of interest to declare that are relevant to the
content of this article.

References

1. Ashina, S.; Bendtsen, L.; Buse, D.C.; Lyngberg, A.C.; Lipton, R.B.; Jensen, R. Health-related quality of life in tension-type headache:
A population-based study. Scand. ]. Pain 2021, 21, 778-787. [CrossRef] [PubMed]

2. GBD 2016 Headache Collaborators. Global, regional, and national burden of migraine and tension-type headache, 1990-2016: A
systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 2018, 17, 954-976; Erratum in Lancet Neurol. 2021,
20, 7. https:/ /doi.org/10.1016 /51474-4422(21)00380-X. [CrossRef]

3. Onen, S.H.; Alloui, A.; Gross, A.; Eschallier, A.; Dubray, C. The effects of total sleep deprivation, selective sleep interruption and
sleep recovery on pain tolerance thresholds in healthy subjects. J. Sleep Res. 2001, 10, 35-42. [CrossRef] [PubMed]

4. Roenneberg, T.; Wirz-Justice, A.; Merrow, M. Life between clocks: Daily temporal patterns of human chronotypes. J. Biol. Rhythms
2003, 18, 80-90. [CrossRef]

5. van Oosterhout, W.; van Someren, E.; Schoonman, G.G.; Louter, M.A.; Lammers, G.J.; Ferrari, M.D.; Terwindt, G.M. Chronotypes
and circadian timing in migraine. Cephalalgia 2018, 38, 617-625. [CrossRef]

6. Baksa, D.; Eszlari, N.; Torok, D.; Hullam, G.; Bagdy, G.; Juhasz, G. Evening chronotype associates with worse physical and mental
health and headache-related disability among migraine patients. J. Sleep Res. 2025, 34, e70066. [CrossRef]

7. Emens, ].S,; Yuhas, K.; Rough, ].N.; Kochar, S.; Peters, D.; Lewy, A.]. Phase angle of entrainment in morning- and evening-types
under naturalistic conditions. Chronobiol. Int. 2009, 26, 474-493. [CrossRef]

8. Viticchi, G.; Falsetti, L.; Buratti, L.; Paolucci, M.; Altamura, C.; Salvemini, S.; Brunelli, N.; Bartolini, M.; Vernieri, E.; Silvestrini, M.
Influence of chronotype on migraine characteristics. Neurol. Sci. 2019, 40, 1841-1848. [CrossRef]

9. Tirkoglu, G.; Selvi, Y. The relationship between chronotype, sleep disturbance, severity of fibromyalgia, and quality of life in
patients with fibromyalgia. Chronobiol. Int. 2020, 37, 68-81. [CrossRef]

10. Kiveld, L.; Papadopoulos, M.R.; Antypa, N. Chronotype and psychiatric disorders. Curr. Sleep Med. Rep. 2018, 4, 94-103.
[CrossRef]

11. Headache Classification Committee of the International Headache Society (IHS). The International Classification of Headache
Disorders, 3rd edition. Cephalalgia 2018, 38, 1-211. [CrossRef]

12.  Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates: Hillsdale, NJ, USA, 1988.

13.  Faul, E; Erdfelder, E.; Buchner, A ; Lang, A.G. Statistical power analyses using G*Power 3.1: Tests for correlation and regression
analyses. Behav. Res. Methods 2009, 41, 1149-1160. [CrossRef]

14. Ohnhaus, E.E.; Adler, R. Methodological problems in the measurement of pain: A comparison between the verbal rating scale
and the visual analogue scale. Pain 1975, 1, 379-384. [CrossRef]

15. Revill, S.I; Robinson, J.O.; Rosen, M.; Hogg, M.I. The reliability of a linear analogue for evaluating pain. Anaesthesia 1976, 31,
1191-1198. [CrossRef]

16. Horne, J.A.; Ostberg, O. A self-assessment questionnaire to determine morningness-eveningness in human circadian rhythms.
Int. J. Chronobiol. 1976, 4, 97-110. [PubMed]

17.  Pundiik, Z.; Giir, H.; Ercan, I. A reliability study of the Turkish version of the morning-evening questionnaire. Turk. Psikiyatri

Derg. 2005, 16, 40—45.


https://www.mdpi.com/article/10.3390/healthcare13222902/s1
https://www.mdpi.com/article/10.3390/healthcare13222902/s1
https://doi.org/10.1515/sjpain-2020-0166
https://www.ncbi.nlm.nih.gov/pubmed/33544560
https://doi.org/10.1016/S1474-4422(21)00380-X
https://doi.org/10.1016/S1474-4422(18)30322-3
https://doi.org/10.1046/j.1365-2869.2001.00240.x
https://www.ncbi.nlm.nih.gov/pubmed/11285053
https://doi.org/10.1177/0748730402239679
https://doi.org/10.1177/0333102417698953
https://doi.org/10.1111/jsr.70066
https://doi.org/10.1080/07420520902821077
https://doi.org/10.1007/s10072-019-03886-4
https://doi.org/10.1080/07420528.2019.1684314
https://doi.org/10.1007/s40675-018-0113-8
https://doi.org/10.1177/0333102417738202
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1016/0304-3959(75)90075-5
https://doi.org/10.1111/j.1365-2044.1976.tb11971.x
https://www.ncbi.nlm.nih.gov/pubmed/1027738

Healthcare 2025, 13, 2902 11 of 12

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Zigmond, A.S.; Snaith, R.P. The hospital anxiety and depression scale. Acta Psychiatr. Scand. 1983, 67, 361-370. [CrossRef]
[PubMed]

Aydemir, O, Kirpinar, I;Sati, T.; Uykur, B.; Cengisiz, C. Reliability and validity of the Turkish version of the Health Anxiety
Inventory. Noro Psikiyatr. Ars. 2013, 50, 325-331. [CrossRef]

Buysse, D.J.; Reynolds, C.F, 3rd; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index: A new instrument
for psychiatric practice and research. Psychiatry Res. 1989, 28, 193-213. [CrossRef] [PubMed]

Agargtin, M.Y.; Kara, H.; Anlar, O. Validity and reliability of the Pittsburgh sleep quality index in Turkish sample. Turk. Psikiyatri
Derg. 1996, 7, 107-115.

Shahid, A.; Wilkinson, K.; Marcu, S.; Shapiro, C.M. Pittsburgh Sleep Quality Index (PSQI). In STOP, THAT and One Hundred Other
Sleep Scales; Springer: New York, NY, USA, 2011; pp. 279-283. [CrossRef]

Ware, ].E.; Sherbourne, C.D. The MOS 36-item short-form health survey (SF-36): I. Conceptual framework and item selection.
Med. Care 1992, 30, 473—-483. [CrossRef] [PubMed]

Kocyigit, H.; Aydemir, O.; Fisek, G.; Olmez, N.; Memis, A. Reliability and validity of the Turkish version of SF-36. Ilac. Tedavi
Derg. 1999, 12, 102-106.

Kienbacher, C.; Wober, C.; Zesch, H.; Hafferl-Gattermayer, A.; Posch, M.; Karwautz, A.; Zormann, A.; Berger, G.; Zebenholzer, K ;
Konrad, A. Clinical features, classification and prognosis of migraine and tension-type headache in children and adolescents: A
long-term follow-up study. Cephalalgia 2006, 26, 820-830. [CrossRef]

Sippola, M.; Kortesoja, L.; Hotulainen, R.; Vainikainen, M.P.; Rimpeld, A.; Merikanto, I. The influence of chronotype on school
adjustment, sleep, and somatic and mental health among adolescents: Nationwide sample across one school year. Sleep Med.
2025, 134, 106678. [CrossRef]

Bruni, O.; Russo, PM.; Ferri, R.; Novelli, L.; Galli, F; Guidetti, V. Relationships between headache and sleep in a non-clinical
population of children and adolescents. Sleep Med. 2008, 9, 542-548. [CrossRef]

Ekmekyapar Firat, Y.; Yilmaz, B.; Donmezler, S.; Cengiz, E.K. Investigating the interplay of chronotypes, neuropsychiatric
dimensions, demographic and clinical characteristics, and disability in migraine patients: A cross-sectional assessment. Chronobiol.
Int. 2024, 41, 1287-1293. [CrossRef]

Barloese, M.; Jennum, P.; Lund, N.T.; Jensen, R. Sleep and chronobiology in cluster headache. Cephalalgia 2015, 35, 969-978.
[CrossRef]

Ekiz Erim, S.; Sert, H. The relationship between chronotype and obesity: A systematic review. Chronobiol. Int. 2023, 40, 529-541.
[CrossRef] [PubMed]

Xiao, Q.; Garaulet, M.; Scheer, F.A.J.L. Meal timing and obesity: Interactions with macronutrient intake and chronotype. Int. J.
Obes. 2019, 43, 1701-1711. [CrossRef]

Teixeira, G.P.; Guimaraes, K.C.; Soares, A.G.N.S.; Marqueze, E.C.; Moreno, C.R.C.; Mota, M.C.; Crispim, C.A. Role of chronotype
in dietary intake, meal timing, and obesity: A systematic review. Nutr. Rev. 2022, 81, 75-90. [CrossRef]

Im, H.J.; Baek, S.H.; Yun, C.H.; Chu, M.K. Time preference of headache attack and chronotype in migraine and tension-type
headache. Chronobiol. Int. 2019, 36, 1528-1536. [CrossRef] [PubMed]

Siidy, A.R;; Ella, K.; Bédizs, R.; Kéldi, K. Association of social jetlag with sleep quality and autonomic cardiac control during sleep
in young healthy men. Front. Neurosci. 2019, 13, 950. [CrossRef]

Taillard, J.; Sagaspe, P.; Philip, P.; Bioulac, S. Sleep timing, chronotype and social jetlag: Impact on cognitive abilities and
psychiatric disorders. Biochem. Pharmacol. 2021, 191, 114438. [CrossRef]

Hakimi, H.; Hosseinkhani, Z.; Taherkhani, O.; Momeni, M. Association between chronotype, social jetlag, sleep quality, and
academic burnout among nursing students: A cross-sectional study. Chronobiol. Int. 2024, 41, 1275-1286. [CrossRef]

Sullivan, D.P.; Martin, P.R. Sleep and headaches: Relationships between migraine and non-migraine headaches and sleep duration,
sleep quality, chronotype, and obstructive sleep apnoea risk. Aust. J. Psychol. 2017, 69, 210-217. [CrossRef]

Oh, ].H.; Cho, S.J.; Kim, W.J.; Yang, K.I; Yun, C.H.; Chu, M.K. Insufficient sleep in tension-type headache: A population study.
J. Clin. Neurol. 2018, 14, 566-573. [CrossRef]

Ipar, N. Relationship between sleep quality, chronotype, and depression in youth: A cross-sectional study. Gulhane Med. J. 2024.
[CrossRef]

Tanyi, Z.; Mészaros, V.; Smohai, M.; Jakubovits, E.; Ferenczi, A.; Szili, I.; Kovacs, D.; Kovi., Z.S. Morningness-eveningness,
relationship quality, and quality of life among couples living together. Chronobiol. Int. 2020, 37, 1736-1747. [CrossRef]

Muzni, K.; Groeger, J.A.; Dijk, D.J.; Lazar, A.S. Self-reported sleep quality is more closely associated with mental and physical
health than chronotype and sleep duration in young adults: A multi-instrument analysis. J. Sleep Res. 2021, 30, €13152. [CrossRef]
[PubMed]


https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://www.ncbi.nlm.nih.gov/pubmed/6880820
https://doi.org/10.4274/npa.y6383
https://doi.org/10.1016/0165-1781(89)90047-4
https://www.ncbi.nlm.nih.gov/pubmed/2748771
https://doi.org/10.1007/978-1-4419-9893-4_67
https://doi.org/10.1097/00005650-199206000-00002
https://www.ncbi.nlm.nih.gov/pubmed/1593914
https://doi.org/10.1111/j.1468-2982.2006.01108.x
https://doi.org/10.1016/j.sleep.2025.106678
https://doi.org/10.1016/j.sleep.2007.08.010
https://doi.org/10.1080/07420528.2024.2399126
https://doi.org/10.1177/0333102414564892
https://doi.org/10.1080/07420528.2023.2180385
https://www.ncbi.nlm.nih.gov/pubmed/36803075
https://doi.org/10.1038/s41366-018-0284-x
https://doi.org/10.1093/nutrit/nuac044
https://doi.org/10.1080/07420528.2019.1658202
https://www.ncbi.nlm.nih.gov/pubmed/31456434
https://doi.org/10.3389/fnins.2019.00950
https://doi.org/10.1016/j.bcp.2021.114438
https://doi.org/10.1080/07420528.2024.2397396
https://doi.org/10.1111/ajpy.12143
https://doi.org/10.3988/jcn.2018.14.4.566
https://doi.org/10.4274/gulhane.galenos.2024.99705
https://doi.org/10.1080/07420528.2020.1802289
https://doi.org/10.1111/jsr.13152
https://www.ncbi.nlm.nih.gov/pubmed/32783404

Healthcare 2025, 13, 2902 12 of 12

42. Li, W, Diao, X,; Chen, C; Li, C.; Zhang, Y.; Li, Y. Changes in hormones of the hypothalamic—pituitary—gonadal axis in migraine
patients. J. Clin. Neurosci. 2018, 50, 165-171. [CrossRef] [PubMed]

43. Rollnik, J.D.; Karst, M.; Piepenbrock, S.; Gehrke, A.; Dengler, R.; Fink, M. Gender differences in coping with tension-type
headaches. Eur. Neurol. 2003, 50, 73-77. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jocn.2017.11.011
https://www.ncbi.nlm.nih.gov/pubmed/29366620
https://doi.org/10.1159/000072502
https://www.ncbi.nlm.nih.gov/pubmed/12944710

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Study Participants 
	Data Collection 
	Variables and Outcomes 
	Statistical Methods 

	Results 
	Discussion 
	Conclusions 
	References

