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Changes in the rest-activity rhythm in migraine patients
are associated with anxiety symptoms
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Objective: To characterize rest-activity rhythm in chronic migraine (CM) and to investigate the
relationship between this rhythm and depressive and anxiety symptoms in patients with CM.
Methods: This was a study of adults aged 20 to 40 years. The rest-activity rhythm of patients with CM
(n=23) and non-headache controls (NH, n=23) was assessed by actigraphy for 15 days, and they
completed the following assessments: Visual Analogue Scale for pain intensity; Headache Diary;
Headache Impact Test-6; Morningness-Eveningness Questionnaire; Pittsburgh Sleep Quality Index;
Epworth Sleepiness Scale; Beck Depression Inventory; and State-Trait Anxiety Inventory.
Results: Patients with CM showed less activity over 24 hours and more fragmented sleep. Reduced
interdaily stability of the rest-activity rhythm was observed, with less robustness of this rhythm in the
CM group. Multiple linear regressions revealed a significant association between the rest-activity
rhythm and trait anxiety variables in patients with CM, specifically regarding the relative amplitude of
the cycle, activity throughout 24 hours and during sleep, and robustness of the rest-activity rhythm.
Conclusions: Our findings provide evidence that the robustness of the rest-activity rhythm, activity
throughout 24 hours, and sleep fragmentation are associated with trait anxiety in patients with CM.
Clinical trial registration: Brazilian Clinical Trials Registry (registration number: RBR-4M5J4S).
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Introduction

Symptoms of depression and anxiety are prevalent among
patients with chronic migraine (CM). The frequency of
attacks and the severity of pain are positively associated
with depression scores and levels of anxiety.1 Despite
these findings, there is no consensus about the causes of
these emotional symptoms in patients with CM. CM is
presumed to have a bidirectional association with anxiety
and depression due to similarities in their pathological
mechanisms2 and in how they are incapacitating for work
and social activities.1

Factors related to these mood alterations may be asso-
ciated with changes in the sleep-wake cycle, since sleep
deprivation can induce an increase in anxiety, for
example.3 Similarly, migraine is also related to changes
in the sleep-wake cycle. According to a systematic

review, the association between headache and insomnia
is approximately 40-70% worldwide; and even higher in
patients with high migraine frequency, severity, or pre-
sence of comorbidities.4 In a study involving 357 patients,
poor sleep quality was related to a higher frequency of
migraine attacks.5

Although the gold standard for sleep assessment is
polysomnography, simpler tools can be used in patients
with CM. One example is actigraphy, which facilitates
diagnostic analyses by considering the impact of the
circadian rest-activity rhythm in the daily lives of indivi-
duals.6 The activity and rest parameters measured by
actigraphy provide objective and consistent sleep data,
according to the American Academy of Sleep Medicine.7

The rest-activity rhythm is a particularly important factor
that can help elucidate the etiology of anxiety and
depression related to sleep disorders in patients with CM.
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In women with CM, actigraphy showed that a higher
frequency of attacks correlated with late sleep onset.8

Another study showed that a lower sleep efficiency,
longer sleep latency, and more fragmented sleep were all
predictors of headache intensity.9 Therefore, there is a
need to study circadian rhythmicity, which also considers
the wakefulness phase and analyzes the individual’s
behavior over several days. This approach would provide
more robust information regarding the disruption of some
aspects of the sleep-wake cycle in individuals with CM.

Impaired circadian rhythms are frequent in individuals
with CM. Changes in sleep, diet, light exposure, and
hormones can trigger migraine attacks10; migraine
patients exhibit an abnormal phase of nocturnal melatonin
secretion or a decrease in such secretion, for example.
Furthermore, migraine attacks themselves occur in a
circadian fashion, usually in the early morning. Therefore,
migraines could be the result of a misalignment of
circadian rhythms.11,12

Circadian rhythms also influence mood. For example,
in major depressive disorder circadian rhythms are
desynchronized, phase-shifted, or low in amplitude. This
association between depressive symptoms and circadian
rhythms is also strengthened by the existence of seasonal
depression, which occurs due to the reduction in day
length.13 These mood disorders, which are often asso-
ciated with circadian disorders,14 can be treated with
interventions which modulate light exposure, melatonin
supplementation, or by maintaining sleep hygiene.12,15,16

Therefore, CM, impaired sleep, and anxiety and
depression symptoms are related to sleep-wake cycle
synchronization. We believe that desynchronization of the
sleep-wake cycle could affect anxiety and depression
symptoms in individuals with CM differently than healthy
individuals due to the sum of the circadian rhythms’
misalignment. However, to the best of the authors’ knowl-
edge, no study has looked beyond sleep-wake cycle
parameters and assessed the chronobiological influence of
the rest-activity rhythm on anxiety and depressive symp-
toms of individuals with CM. Our hypothesis is that
changes in the rest-activity rhythm are associated with
anxiety and depression symptoms in patients with CM.
Thus, the aims of this study were to characterize rest-
activity rhythm in chronic migraine (CM) and to investigate
the relationship between this rhythm and anxiety and
depression symptoms in patients with CM.

Materials and methods

Study design and participants

Patients diagnosed with CM according to the International
Classification of Headache Disorders – Third edition,17

aged between 20 and 40 years, who attended the
Academic Headache Clinic of Universidade Estadual da
Paraı́ba (UEPB) in Campina Grande, Paraı́ba, Brazil,
were included in the study. For recruitment, all patients
registered at the clinic and diagnosed with CM by a
neurologist (with experience in headaches) were con-
tacted and asked about their interest in participating in the
study. Patients who reported being diagnosed with other

neurological, psychological, or psychiatric conditions were
excluded, as were night workers and pregnant women.
Such criteria were also applied to the non-headache (NH)
group, except for the inclusion of non-headache individuals
according to self-report. The NH group was recruited
through digital media (using search ads on social net-
works) and was enrolled in order of presentation once
found to be compatible in age and gender with individuals
in the CM group and meet all eligibility criteria for the NH
group. A total of 114 individuals were recruited, of whom 46
individuals (23 in the NH group and 23 in the CM group)
gave informed consent for experimentation and completed
this study (Figure 1).

Procedure

Patients with CM completed a semi-structured question-
naire designed to collect the clinical characteristics of their
migraines. These individuals were instructed to keep a
headache diary for 30 days to assess the frequency of
migraine attacks and wear actimeters for 15 days to
obtain the rest-activity rhythm data.

After filling in the headache diary and using the
actimeter, the CM group completed a sociodemographic
and lifestyle assessment form, as well as a Visual Analog
Scale (VAS) for pain intensity, the Headache Impact Test-
6 (HIT-6), Horne & Ostberg Morningness-Eveningness
Questionnaire (MEQ-HO), Pittsburgh Sleep Quality Index
(PSQI), Epworth Sleepiness Scale (ESS), Beck Depres-
sion Inventory (BDI), and State-Trait Anxiety Inventory
(STAI). The NH group completed all of these instruments,
except those related to headache.

Self-report measures

Sociodemographic and lifestyle habits

A sociodemographic and lifestyle habits assessment
form, designed by our research group, was completed
for each individual. It included basic information such as
name, date of birth, gender, skin color, body weight,
marital status, education, employment status, presence
of comorbidities, consumption of alcoholic beverages,
smoking, and use of other drugs.

Measurement of chronic migraine profile

Clinical evaluation form. The form was designed by our
research group to collect data on the following aspects:
time of onset of migraine attacks; characteristic, intensity,
location, and progression of pain; associated symptoms;
response to attacks; crisis duration; attack frequency and
medication use per week; medications; and triggering
factors.

VAS for pain intensity. The patients were asked to
make a mark on a 10-cm horizontal line corresponding to
the average intensity of their pain considering all head-
ache/migraine days, with the left end of the scale (0 cm)
representing the no pain condition, and the right end (10
cm) representing maximum pain. Likewise, patients were
asked to score the discomfort level caused by CM, with
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the left end of the scale representing no discomfort and
the right end corresponding to maximum discomfort. The
score was expressed in centimeters for both variables.18

HIT-6. The HIT-6 assesses the severity of pain; impact
of pain on work; domestic and social activities; general
functionality; perceived vitality level; and cognitive and
psychological aspects.19 Each question has the following
response options: never, rarely, sometimes, often, or
always. The total number of points ranges from 36 to 78,
with higher scores denoting a greater impact of migraine
on the patient’s daily life.

Headache diary. A headache diary (formulated by our
research group) was given to patients for self-assessment
of the frequency of migraine attacks over 30 days.
Patients were asked to mark those days on which they
had migraine.

Sleep habits

MEQ-HO. This questionnaire identifies the respondent’s
chronotype according to their biological predisposition to
perform daily activities. Individuals may be classified as
definitely evening (16-30 points), moderately evening
(31-41 points), intermediate (42-58 points), moderately
morning (59-69 points), or definitely morning (70-86 points).20

PSQI. Used to assess the subjective quality of sleep.
This index measures seven domains: sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep
disorders, use of sleeping medication, and daytime
dysfunction. The total result is the sum of the points;
4 5 points corresponds to poor sleep quality.21

ESS. This instrument assesses the risk of being drowsy
during eight specific situations, such as reading while
seated, watching television, as a passenger on a car trip,
and sitting while talking to someone. The total score is

calculated as the sum of the responses to the items;
the higher the score, the greater the risk of becoming
drowsy.22

Anxiety and depression symptoms

BDI. This was used to assess the presence and severity
of depressive symptoms. Individuals were asked to
choose the statement that best represented how they felt
during the previous week. The final result was interpreted
according to the following categorizations: minimal or no
depression (o 10 points), mild to moderate depression
(10-18 points), moderate to severe depression (19-29
points), or severe depression (30-63 points).23

STAI. This was used to check for the presence and
severity of anxiety symptoms on a self-report basis. The
Inventory consists of 40 statements divided into two
components: State Anxiety, which refers to the transient
emotional state; and Trait Anxiety, which is more stable
over time.24 Each subscale can be scored as follows: 20
to 34 points correspond to mild anxiety; 35 to 49 points,
moderate anxiety; 50 to 64 points, severe anxiety; and
65 to 80 points, very severe anxiety.

Actimeter-derived variables

Rest-activity rhythm

The rest-activity rhythm, which is considered an indirect
marker of the sleep-wake cycle, was assessed by
actigraphy. Actimeters (actigraphy devices) are miniature
processors containing accelerometers for motion mon-
itoring. The parameters are captured by sensors and then
processed by integrated algorithms and translated into
motion-related data. Both actimeter models used in the
study were watch-type devices (ACT10 from Consultoria

Figure 1 Study design. CM = chronic migraine; NH = non-headache.
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Eletrônica and AT0503 from ActTrust/Condor Instruments).
Both employ triaxial micro-electromechanical systems-
based capacitive sensors, as do other state-of-art acti-
graphs available on the market. The devices were config-
ured to record the activity data and process it with a
Proportional Integral Mode algorithm with a 60-second
epoch. The variables were controlled to avoid interference
from possible differences in the records between the two
brands of actimeters, and processed through the methods
described below (additional detail in Table 1).

Cosinor method. The rhythmic variables evaluated
using the cosinor method were the mean estimated
statistic over rhythm (MESOR), amplitude (difference
between the highest value and the MESOR), acrophase
(highest phase point), and rhythmic percentage (%V,

which refers to the degree of adjustment of the rest-
activity rhythm to the cosine curve).25

Nonparametric method. This method is so termed
because it does not try to fit the variables to the cosinor
curve, in view of the particularities of the rest-activity
rhythm. The following nonparametric variables were eva-
luated: L5 (average activity of the 5 continuous least active
hours), M10 (average activity of the 10 continuous most
active hours), relative amplitude (RA, the difference
between M10 and L5 divided by the sum of M10 and L5),
interdaily stability (IS, stability of the rhythm over days), and
intradaily variability (IV, a proxy of rhythm fragmentation).26

Other variables. Other variables considered were:
AUCActivity (area under the curve of the amount of activity
over 24 hours); %AUC4h (amount of activity 4 hours

Table 1 Description and interpretation of actimetric variables

Variables Concept Interpretation

Cosinor method25

MESOR Mean estimated statistic over rhythm. Higher values indicate greater activity.
Amplitude Difference between the highest value and the MESOR. Higher values indicate greater activity.
Acrophase Highest phase point. The higher the value, the later the individual has

his/her peak activity.
Rhythmic percentage
(V%)

The degree of fit of the rest-activity rhythm to the cosine
curve. In other words, it is the proportion of the overall
variance accounted for by the fitted model.

The higher the value, the more rhythmic the individual.

Nonparametric
method26

L5 Average activity of the 5 continuous least active hours. Higher values indicate agitation during sleep.
M10 Average activity of the 10 continuous most active hours. The higher the value, the more active the individual

during wakefulness.
RA The difference between M10 and L5, divided by the

sum of M10 and L5.
Higher values indicate a greater discrepancy in the
intensity of activity between the periods of wakefulness
and sleep, representing a more expressive rhythm.

IS Stability of the rhythm over days. The higher the values, the more stable the rhythm
across the days.

IV A proxy of fragmentation of the rhythm. The higher the value, the more fragmented the rhythm.

Other variables27-29

AUCActivity Area under the curve of the amount of activity over
24 hours.

Higher values indicate greater activity over 24 hours.

% AUC4h Amount of activity 4 hours before sleep onset. This
parameter is associated to difficulties in sleep onset
(i.e., increased sleep latency).

Higher values indicate greater agitation before sleep,
that is, greater difficulty falling asleep.

% AUCSleep The amount of activity between sleep onset and offset,
i.e., the amount of activity during sleep.

Higher values indicate agitation during sleep.

CVAON Variation in time to awakening. Higher values indicate that individuals wake up at
different times throughout the days.

CVAOF Variation in time to fall asleep. Higher values indicate that individuals fall asleep at
different times throughout the days.

CFI Overall measure to assess the robustness of the rest-
activity rhythm. CFI incorporates three parameters:
IV, IS and RA.

Higher values indicate a more robust rhythm, i.e.,
the higher, the better the rest-activity rhythm.

SRI Regularity of sleeping and waking times throughout
the days.

Higher values indicate that the individual sleeps and
wakes up at the same times throughout the days.

fSoD Fractional volume of epochs identified as sleep over
daytime, using Cole-Kripke sleep-wake scoring
algorithm.

Higher values indicate greater presence of sleep
during the day.

Transition probability
to awake once in
sustained sleep (kRA)

Used to quantify the probability to transition from a rest
state to an active state. This provides a quantification of
the sleep fragmentation.

The higher the value, the greater the possibility of
waking up from sleep (i.e., sleep fragmentation).

AUC = area under the curve; CFI = Circadian Function Index (a global measure to assess the robustness of the rest-activity rhythm); CVAON =
coefficient of variation of activity onset (variation of wake-up time); CVAOF = coefficient of variation of activity offset (variation of sleep onset
time); fSoD = fraction of sleep over daytime; IS = interdaily stability; IV = intradaily variability; L5 = average activity of the 5 continuous least active
hours; M10 = average activity of the 10 continuous most active hours; MESOR = mean estimated statistic over rhythm; RA = relative amplitude;
SRI = Sleep Regularity Index (regularity of sleeping and waking times over days).
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before sleep onset); %AUCSleep (amount of activity during
sleep); coefficient of variation of activity onset (CVAON,
i.e., variation of wake-up time); coefficient of variation of
activity offset (CVAOF, i.e., variation of sleep onset time);
circadian function index (CFI, a global measure to assess
the robustness of the rest-activity rhythm)27; sleep
regularity index (SRI, regularity of sleeping and waking
times over days)28; fraction of sleep over daytime (fSoD);
and the transition probability to wake up once in sustained
sleep (kRA; probability to transition from a rest state
to an active state, i.e., a quantitative marker of sleep
fragmentation).29

The participants were instructed to wear the actimeter
on their nondominant wrist, positioned firmly, but comfor-
tably, 24 hours a day, taking it off only when there was a
risk of wetting or damaging it and putting it back on
immediately after the risk was removed. The participants
also recorded their sleep habits in a diary, which was then
used to adjust the actigraphy data, as in previous
studies.30,31

Data analysis

Actigraphy data were analyzed using the El Temps
software program. The cosinor method was used to
investigate the presence of rhythmicity through the
MESOR, amplitude, acrophase, and rhythmic percentage
(%V) variables. The nparACT software package was
used for nonparametric analysis (L5, M10, RA, IS, and
IV). Other nonparametric variables (AUCActivity, %AUC4h,
%AUCSleep, CVAON, CVAOF, CFI, SRI, fSoD, and kRA)
were processed using the pyActigraphy v1.0 package in
Python 3.7.32

Data were expressed as absolute and relative frequen-
cies, means and SD, and medians and ranges (minimum-
maximum) as appropriate. Statistical analysis was per-
formed using IBM® SPSS v. 20 and R v. 3.6.1; a 5%
statistical significance level was considered. The Shapiro-
Wilk test was used to investigate the normality of the data,
and Student’s t-test or the Mann-Whitney test were used
to evaluate differences between the CM and NH groups.

A multiple linear regression model with interaction effect
was applied. The actimetric variables were deemed
independent, while depression and anxiety symptoms
were deemed dependent variables. In addition, both
groups were considered in the regression (NH and CM
groups) in order to investigate whether the rest-activity
rhythm is associated with anxiety and depression symp-
toms in patients with CM differently than in the NH group.

It is worth noting that the MESOR, amplitude, L5, and
M10 variables were only available for individuals who wore

the ACT10® (Consultoria Eletrônica) actimeter (n=17 each
in the NH and CM groups), because the capture of these
variables differed between the actimeter brands used.
However, there was no interference with the results
because individuals in the NH group received the same
actimeter brand as their age- and gender-matched
counterparts in the CM group. The other actimetric
variables were not affected by use of either of the two
actimeter brands; therefore, we analyzed the whole sample
of 46 individuals (n=23 in each group) for these variables.

Ethics statement

This study was carried out in Brazil between December
2018 and October 2019, after approval by the ethics
committee of Universidade Federal de Pernambuco (no.
92552318.6.0000.5208).

Results

Social and clinical characteristics of the individuals

The average age of individuals in the NH group was
27.466.3 years, versus 27.866.4 years in the CM group.
The participants were predominantly female (96% of both
groups), white in the NH group (61%) and brown in the
CM group (70%), and had body weight within normal
range (39% in the NH and 65% in the CM group). These
and other demographic factors are presented in detail in
Table S1, available as online-only supplementary material.

Regarding the migraine characteristics (Table 2), the
VAS score was 70.6612.2 for pain intensity and
76.1615.1 for discomfort. HIT-6 revealed that the impact
of headache on patients’ lives corresponded to 65.164.0
points. Headache frequency was 17.467.8 days per month,
and patients on medication reported taking medicines for
attacks 3.262.1 days per week. Among patients on medi-
cations, 87% used drugs for acute treatment of crises and
8.7% used prophylactics. Simple analgesics (78.3%) and
antispasmodics (52.2%) prevailed among the classes of
drugs used. Other characteristics of migraine attacks are
shown in Table S2.

Sleep quality characteristics and changes in the rest-
activity rhythm

The participants predominantly had the intermediate
chronotype (NNH = 10; NCM = 17), followed by morning
characteristics (NNH = 9; NCM = 3) (Figure S1, available as
online-only supplementary material). Patients with CM
had worse sleep quality when compared to the NH group

Table 2 Migraine characteristics of individuals in the chronic migraine group (n=23)

Variables Mean (SD) Minimum Median Maximum

Pain intensity (VAS, cm) 7.1 (12.2) 4.0 7.0 9.0
Pain discomfort (VAS, cm) 7.6 (15.1) 4.0 7.0 9.0
HIT-6 65.1 (4.0) 54.0 65.0 76.0
Headache frequency (days per month) 17.4 (7.8) 8.0 16.0 30.0
Medicine frequency (days per week) 3.2 (2.1) 2.0 4.0 7.0

HIT-6 = Headache Impact Test-6; VAS = visual analogue scale.
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(p o 0.001, Table 3), with statistically significant differen-
ces observed for the following components: subjective
sleep quality (p o 0.001), sleep latency (p o 0.01), and
sleep duration (p = 0.02, Table S3 in the supplementary
material). Despite the differences observed in terms of
sleep quality, there was no significant difference regard-
ing the level of daytime sleepiness (p = 0.82, Table 3).

Assessment of the rest-activity rhythm using actigraphy
revealed that patients with CM showed less activity over
24 hours (MESOR: p = 0.01; amplitude: p = 0.02),
including in the sleep phase (L5, p = 0.03). Patients with
CM presented a delayed activity peak (acrophase, p =
0.04) when compared to individuals in NH group. Patients
who experienced migraines presented more fragmented
sleep (%AUCSleep, p o 0.001) and greater fSoD (p o
0.001). Participants with CM showed greater variation in
sleep onset (CVAOF, p o 0.001) and offset (CVAON,
p o 0.001), as well as in the sleep regularity index (SRI,
p o 0.001). A reduced IS of the rest-activity rhythm (%V,
p = 0.01; IS, p o 0.01) was verified, with less robustness
of this rhythm (CFI, p o 0.001).

Anxiety and depression symptoms

Regarding affective symptoms (Figure 2), individuals in
both groups exhibited moderate symptoms for state (NH,
35.068.0; CM, 38.867.4) and trait (NH, 39.868.6; CM,
42.3612.0) anxiety. While individuals in the NH group had
minimal or no depressive symptoms (5.964.3), patients
with CM presented mild to moderate depressive symp-
toms (12.067.3) (p o 0.01).

Interaction of rest-activity rhythm on depression and
anxiety symptoms

Multiple linear regression models were used to analyze
whether the rest-activity rhythm would interfere with anxiety
and depression symptoms differently in patients with CM
compared to the NH group. We found that fragmented sleep
(%AUCSleep) was associated with higher trait anxiety in CM
(p = 0.007) (Table 4). This was also observed when
subdividing the positive (p = 0.001) and negative (p = 0.055)
items of the STAI-Trait. Higher activity (AUC24h, p = 0.023)
among patients with CM was associated with trait anxiety in
the positive items of the test. Similarly, the most expressive
and robust rhythms were associated with more severe trait
anxiety (RA, p = 0.027; CFI, p = 0.059, respectively).
However, no association was observed between the acti-
graphy variables and state anxiety or depressive symptoms
(p 4 0.05).

Discussion

The findings of the present study reveal that changes in
the rest-activity rhythm – an excellent marker of the
circadian timekeeping system and one of the indicators of
the sleep-wake cycle – are more associated with trait
anxiety in patients with CM. Specifically, the difference
between peak activity and rest periods (RA), the amount
of activity over 24 hours (AUCActivity), sleep fragmentation
(%AUCSleep), and CFI, an indicator of the robustness of
the rest-activity rhythm, increased the predictive power
over trait anxiety when associated with CM. It was also

Table 3 Rest-activity rhythm characteristics of individuals with and without chronic migraine

Variables NH (n=23) (mean 6 SD) CM (n=23) (mean 6 SD) p-value

Pittsburgh Sleep Quality Index 5.1762.31 8.7462.60 o 0.001***
Epworth Sleepiness Scale 7.1365.62 7.3064.30 0.82
Actigraphic parameters
MESORw 86.6969.42 72.11618.94 0.01*
Amplitudew 47.3569.52 34.40617.50 0.02*
Acrophase (min) 918.76673.87 967.846180.86 0.04*
%V (%) 50.6865.56 42.01611.42 0.01*
L5w 23.1765.28 19.9165.70 0.03*
M10w 124.86613.47 112.31617.11 0.05
IS 0.5060.11 0.3860.14 o 0.01**
IV 0.6360.08 0.6760,11 0.63
RA 0.6960.06 0.7060.06 0.70
AUCActivity 133193621238 119000628599 0.063
%AUCSleep 9.3562.35 13.2964.18 o 0.001***
CVAON 0.1760.07 0.2860.12 o 0.001***
CVAOF 0.0460.02 0.1060.09 o 0.001***
CFI 0.5860.05 0.5160.08 o 0.001***
SRI 66.4169.76 43.80620.78 o 0.001***
fSoD 0.1360.08 0.2360.10 o 0.001***

Results expressed as mean and SD.
NH = non-headache; CM = chronic migraine; MESOR = mean estimated statistic over rhythm; Amplitude = difference between the highest
value and the MESOR; acrophase = highest phase point; %V = rhythmic percentage (degree of fit of the rest-activity rhythm to the cosine
curve); L5 = average activity of the 5 continuous least active hours; M10 = average of the 10 continuous most active hours; IS = interdaily
stability (stability of the rhythm over days); IV = intradaily variability (a proxy of rhythm fragmentation); RA= relative amplitude (the difference
between M10 and L5 divided by the sum of M10 and L5); AUCActivity = area under the curve of the amount of activity over 24 hours; %AUCSleep =
amount of activity during sleep; CVAON = coefficient of variation of activity onset (variation of wake-up time); CVAOF = coefficient of variation of
activity offset (variation of sleep onset time); CFI = Circadian Function Index (a global measure to assess the robustness of the rest-activity
rhythm); SRI = Sleep Regularity Index (regularity of sleeping and waking times over days); fSoD = fraction of sleep over daytime.
wThe variables represent the values of 34 individuals (n=17 each in the NH and CM groups). Shapiro-Wilk normality test; Student’s t-test
was used for the variables CFI, SRI, fSoD, AUCActivity, and CVAON. For all other variables, the Mann-Whitney test was applied; * p o 0.05,
** p o 0.01, *** p o0.001.
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observed that patients with CM have decreased robust-
ness of the rest-activity rhythm, worse subjective quality
of sleep, and a tendency toward a delayed activity peak.
In terms of affective symptoms, patients with CM
presented more severe depressive symptoms; however,
there were no differences in symptoms related to state
and trait anxiety. To the best of our knowledge, this is the
first study to report an association between the rest-
activity rhythm and anxiety and depression symptoms in
patients with CM. In addition, the present study is also
novel regarding the specific set of actimetric variables
used to characterize the rest-activity rhythm.

The data revealed that, although the majority of
patients with CM were of the intermediate chronotype,
the activity peak (acrophase) of patients with CM was
later than in the NH group. These findings corroborate

previous studies which observed that patients with more
frequent migraine attacks tend to have more vespertine
habits.33 Other researchers found that most migraine
attacks begin in the early morning.34 One possible
explanation for this phenomenon may be due to sleep
disruption in individuals, given the more vespertine
activity as demonstrated by their later acrophase.

The typical characteristics of insomnia presented by
patients with CM in this study (%AUCSleep) corroborate
findings of previous actimetric studies which reported that
patients with episodic migraine had insufficient sleep35

and difficulty initiating sleep.36 However, another study of
patients with episodic migraine reported that there was
no change in sleep characteristics after the headache
crisis.37 This suggests that migraine attacks do not predict
the sleep problems commonly reported by people with

Figure 2 Profile of anxiety and depression symptoms in individuals with and without chronic migraine. BDI = Beck Depression
Inventory; CM = chronic migraine; STAI = State-Trait Anxiety Inventory; S = State; (+) = Positive affirmations (the higher the
scores on the positive components of the STAI, the greater the losses regarding them); (-) = Negative statements; T = Trait.
Shapiro-Wilk test for normality; Mann-Whitney test, ** p o 0.01. Results expressed as mean and SD, considering the NH
(n=23) and CM (n=23) groups.

Table 4 Linear regression analysis between actimetric variables and trait anxiety symptoms considering the interference of
chronic migraine when compared to the non-headache group

STAI-T (+) STAI-T (-) STAI-T (total)

Activity/rest rhythm EST SE R2 p-value EST SE R2 p-value EST SE R2 p-value

RA -26.57 11.61 0.15 0.02* -18.50 23.11 0.03 0.42 -4.07 31.07 0.07 0.15
AUCActivity 0.00 0.00 0.18 0.02* 0.00 0.00 0.04 0.74 0.00 0.00 0.08 0.27
%AUCSleep 1.27 0.35 0.35 0.001** 1.48 0.75 0.15 0.05* 2.75 0.96 0.26 0.007**
CFI -41.09 21.13 0.13 0.05* -26.47 41.50 0.03 0.53 -67.55 56.04 0.06 0.23

STAI = State-Trait Anxiety Inventory; T = Trait; (+) = Positive statements; (-) = Negative statements; EST = estimate; SE = standard error;
RA= relative amplitude (difference between M10 and L5 divided by the sum of M10 and L5); AUCActivity = area under the curve of the amount
of activity over 24 hours; %AUCSleep = amount of activity during sleep; CFI = Circadian Function Index (a global measure to assess the
robustness of the rest-activity rhythm); CM = chronic migraine; NH = non-headache.
In this analysis, we investigated the interference of CM on the interaction between the variables, compared to the NH group.
Results considering the NH (n=23) and CM (n=23) groups.
Multiple linear regression test, * p o 0.05, ** p o 0.01.
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migraine. Instead, disruption of the rest-activity rhythm
could be a trigger of migraine attacks. Therefore, good
sleep quality may provide relief from migraine.4,38

Because better sleep quality leads to symptom relief,
CM patients may take more naps throughout the day,
which could explain our findings of lower activity among
CM patients (MESOR, amplitude, L5, fSoD). Such sleep
fragmentation throughout the day predisposes to a
reduction in nocturnal sleep and leads to variation in
sleep-onset and wake-up times,28 as shown by CVAON,
CVAOF, and SRI. This may explain the lower rhythmicity
of the patients with CM in the present study (%V; IS, CFI).

Similar to our findings, an actigraphy study of women
with breast cancer receiving adjuvant chemotherapy
demonstrated that increased motor activity (MESOR,
amplitude, and peak activity) and disrupted circadian
quotient were related to higher levels of anxiety.39

Corroborating our results related to fragmented sleep,
an actigraphy study in middle-aged and older adults found
that anxiety was associated with greater sleep fragmenta-
tion.40 Thus, the disruption of the internal temporal orga-
nization along with alteration of the stability between
biological rhythms, as seen in our study, allows for the
emergence of anxious and depressive symptoms.41 The
mechanisms underlying the association between rhythm
disruption and anxiety are not well known, but monoamine
signaling, metabolic peptides,42 and melatonin levels43

may be implicated.
The present study found that circadian desynchroniza-

tion (fragmented sleep, higher activity over 24h, a less
expressive and robust rhythm) would have a greater
association with anxiety symptoms in CM when compared
to NH group. We hypothesized that this would occur
because migraines are also sensitive to changes in
biological rhythmicity per se. Several triggers for migraine,
such as bright lights, meal timing, and stress-related
cortisol, are known to affect the circadian system directly.
On the other hand, melatonin, which is an important
indicator of circadian rhythmicity, is low in individuals with
migraine, and the administration of melatonin facilitates
migraine treatment.44 In a study of mice, exposure to
sustained misaligned-time feeding led to an altered rest-
activity rhythm and greater sensitivity to pain, with
recovery after the administration of melatonin.45 It is also
postulated that painful conditions would occur with a
certain rhythm, probably due to the homeostatic sleep
drive and circadian rhythms modulating pain neural
pathways.46

We are unaware of other studies which have investi-
gated a physiological rationale for the fact that rest-
activity rhythm is differently associated with anxiety
symptoms in individuals with CM than in healthy
individuals. However, it has already been verified that
anxiety symptoms can be responses to alterations in
biological rhythms.14 Thus, we suggest that the rationale
behind the present study is that the rest-activity rhythm
(specifically circadian desynchronization) would be asso-
ciated with anxiety symptoms in individuals with CM due
to the misalignment of the circadian timing system of
migraine patients.10

An interesting point to consider is that there was no
difference in trait or state anxiety between individuals with
and without CM, as reported in previous studies.47

Therefore, how would the rest-activity rhythm be differ-
ently associated with the trait anxiety of individuals with
CM than in the NH group? Patients with CM in the present
study may have social support or coping strategies that
counterbalance the interference of rhythm on trait anxiety,
such as being optimistic.48 On the other hand, individuals
in the NH group may have presented other challenges
associated with trait anxiety, such as being pessimistic.
Furthermore, the fact that there was no influence of the
rest-activity rhythm on depressive symptoms or anxious
state during the course of this study may be because
these symptoms would be triggered by long-term
desynchronization.49

For example, Luik et al.40 found that sleep fragmenta-
tion was associated with anxiety disorders. The present
study goes further by pointing out that rest-activity rhythm
influences anxiety in patients with CM. This demonstrates
that the use of more practical tools, such as actigraphy,
can be an important element in acquiring parameters to
help define the therapeutic strategy for anxiety in CM,
whether it consists of behavioral therapies,50 adequate
light exposure, or pharmacological treatment.51 This can
facilitate synchronization of the rest-activity rhythm of
these patients and improve their prognosis.

Thus, further studies in this area aiming at a better
understanding of the underlying mechanisms by
which the rest-activity rhythm influences the affective
symptoms of patients with CM are needed. To general-
ize findings, such studies should assess differences
between genders and take body mass index into
account. Additionally, techniques such as neuroimaging,
analyses of melatonin and cortisol levels, polysomno-
graphy, and single-pulse transcranial magnetic stimula-
tion can provide deeper insight into the rest-activity
rhythm and brain activity of patients during sleep and
wakefulness.

The present study has some limitations. First, the
cross-sectional design precluded any causal inferences.
Second, some variables included in the linear regression
were not normally distributed, which could influence the
regression residuals. Finally, due to the relatively small
sample size, multiple comparisons could not be made.
Despite these limitations, we found that the rest-activity
rhythm (specifically RA, AUCActivity, %AUCSleep, and CFI)
could contribute to the anxiety symptoms of patients with
CM, as seen in the regression model. In addition to
analyzing STAI-State and STAI-Trait data, our group
decided to conduct a more in-depth analysis and
ascertain whether the rest-activity rhythm presented a
differential relationship between statements that show
anxiety and the statements which do not. We consider
that this approach has scientific importance for unraveling
which aspects are involved in the association of rest-
activity rhythm and anxiety and thus instigate critical
reading, as well as motivating other research groups to
consider such outcomes in their studies. In addition, this
subdivision is useful and clinically significant, as it can
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help elucidate which aspects health professionals should
prioritize when treating anxiety in patients with CM.

In summary, our study, in conjunction with the literature
(especially longitudinal studies), showed that there is a
bidirectional comorbidity between rest-activity rhythm and
migraines. In addition, we have shown that there is also
an association between rest-activity rhythm and anxiety in
CM. It is worth noting that these associations were found
even considering 15 continuous days, meaning days with
and without migraine attacks. Thus, it is important to
assess the rest-activity rhythm of these individuals,
including on non-attack days, since each day is influenced
by the previous days when we consider biological
rhythms. Therefore, we suggest that the evaluation and
monitoring of patients with migraine should include a
chronobiological assessment, especially of the rest-
activity rhythm. Through such an assessment, individua-
lized treatments can be developed to adjust the rest-
activity rhythm and reduce sleep fragmentation, aiming to
reduce the anxiety of individuals with CM. Furthermore,
double-blind longitudinal studies are needed to test for
causal association between the variables assessed
herein. It is also necessary that future studies analyze
how the medications used by individuals with migraine
affect actigraphy data and other outcomes.

The findings of this study point to the coexistence of
chronic migraine, impaired rest-activity rhythm, and mood
changes. In this association of pathological conditions,
the rest-activity rhythm can influence trait anxiety in
patients with CM. However, the rest-activity rhythm did
not influence state anxiety or depressive symptoms.
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