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Abstract Regular lifestyle behaviors (RLBs) of sleep,
exercise, mealtime pattern and hydration status indepen-
dently affect migraine occurrence. We aimed herein to
evaluate the differences in migraine occurrence among
participants who do and do not maintain the RLB tri-
umvirate. Cases of chronic migraine (CM) and referents of
episodic migraine (EM) >aged 15 years with charts regu-
larly documenting RLB notes were continuously enrolled
from a retrospective case-referent cohort study performed
on electronic chart review from January 1, 2014 to January
1, 2015 at the Stanford Headache and Facial Pain Program.
Association between RLB prevalence and migraine
occurrence was studied. 175 CM and 175 EM patients were
enrolled (mean age 44.4 years, 22 % males). Migraine was
diagnosed according to the ICHD-3 beta criteria, and was
confirmed by a Headache Specialist attending the Clinic.
The CM cohort (22 %) exhibited less RLB than the EM
cohort (69 %), with crude odds ratio of 0.13 (95 % confi-
dence interval or CI 0.08-0.21). The adjusted odds ratio

Electronic supplementary material The online version of this
article (doi:10.1007/s00415-016-8031-5) contains supplementary
material, which is available to authorized users.

< Yohannes W. Woldeamanuel
ywoldeam @stanford.edu

Robert P. Cowan
rpcowan@stanford.edu

Stanford Headache and Facial Pain Program, Department of
Neurology and Neurological Sciences, Stanford University
School of Medicine, Room H3144, 300 Pasteur Drive,
Stanford, CA 94305-5235, USA

Stanford Headache and Facial Pain Program, Department of
Neurology and Neurological Sciences, Stanford University
School of Medicine, Room H3160, 300 Pasteur Drive,
Stanford, CA 94305-5235, USA

and adjusted relative risk between RLB+, Meds—+ (those
taking medication) and CM were 0.67 (95 % CI 0.32-1.40)
and 0.74 (95 % CI 0.43-1.28), indicating no significant
effect modification. Engaging in regular lifestyle behavior
helps quell chronic migraine.
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Introduction

Lifestyle factors play an essential role in promoting well-
ness and managing disease [1]. The field of lifestyle
medicine has become part of evidence-based daily practice
in treating and managing disease. Maintenance of biolog-
ical rhythms is important in maintaining health, i.e.,
ultradian (e.g., feeding cycles) [2], circadian (e.g., cycles of
sleep, digestive secretions, bowel movements) [3], infra-
dian (e.g., menstrual cycles) [3], and diurnal rhythms
(circadian rhythms synchronized with day—night cycle) [4].
Lifestyle behaviors of sleep [5], exercise [6—8], mealtime
pattern [9] and hydration status [10] are known to inde-
pendently affect migraine occurrence. Individual-cus-
tomized daily aerobic exercise, daily scheduled stress
management and relaxation techniques, and mindfulness-
based stress reduction prevent migraine [5], while inade-
quate sleep hygiene, non-restorative sleep, skipping meals,
and dehydration can trigger migraine [11-14]. The ever-
increasing demands of modern life can be challenging and
stressful making the individual overlook cardinal self-care
behaviors. Synchronized chronobiology and hormonal
patterns facilitate self-awareness of well-being and adap-
tation to milieu of internal and external changes, ultimately
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coping with migraine triggers [12, 15, 16]. Non-pharma-
cologic treatments have been shown to be effective in
controlling migraines [1, 17].

Given the significance of these individual lifestyle fac-
tors, it is important to study the relationship between the
RLB triumvirate (regular lifestyle behavior of sleep, meal-
time, and daily exercise) and migraine. Our review of the
medical literature did not identify studies investigating the
combined effects of these three domains of RLB. Previous
studies have investigated one domain alone, i.e., either sleep
[5, 18], exercise [6, 11], or mealtime [15]. The purpose of
the present study is to address this by investigating the
connection between the RLB triumvirate and migraine.

Materials and methods
Study question stem

We are examining the association between chronic
migraine and regular lifestyle behavior (RLB) with con-
sistency of daily aerobic exercise, scheduled sleep pattern,
and regular mealtime. To address this, we designed a
clinical study comparing the prevalence of RLB among a
cohort of episodic migraine referents and chronic migraine
cases. Based on the results obtained, we will deduce the
impact of RLB on migraine frequency.

Study setting

The study setting was Stanford Headache and Facial Pain
Clinic, at the Stanford Hospitals and Clinics in Stanford,
California. The Clinic is a quaternary referral clinical
center providing care for more than 3000 patients annually,
and manages referrals from catchment areas in California
and beyond. Most patients present after having been seen
and investigated by various neurologists, primary care
physicians and pain specialists (anesthesiology); thus, the
clinic often addresses the challenges of misdiagnosis,
underdiagnosis, undermanagement, and mismanagement.
Through the clinic’s multidisciplinary program involving
headache medicine, pain medicine, pain psychology,
physical therapy, psychophysiological therapy, and inte-
grative medicine, patients are provided a wide range of
personalized management options.

Cases and referents

We conducted a prevalence case-referent study, sex-mat-
ched, examining RLB and frequency of headache days
among 175 episodic (referents) and 175 chronic migraine
(cases) patients. Enrollment was conducted from a cohort
population identified using the Stanford Translational
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Research Integrated Database Environment (STRIDE) [19]
Clinical Data Review Tool based on electronic medical
records seen and followed at the Stanford Headache and
Facial Pain Clinic. STRIDE [19] is a clinical informatics
research and development project at Stanford University to
create a standards-based informatics platform supporting
clinical and translational research. Ethical clearance from
the Stanford University IRB (Institutional Review Board)
was sought and full approval was obtained (Protocol
30921).

Inclusion and exclusion criteria, data extraction

Clinical documents of any type containing the keywords
‘episodic migraine’ and ‘chronic migraine’ from January 1,
2014 until January 1, 2015 were screened for possible
inclusion and exclusion. Inclusion criteria were age 15 years
and older, and charts documenting notes on RLB for a
minimum duration of 6 months. Exclusion criteria were age
younger than 15 years, patients with primary insomnia, shift
workers, and charts not documenting notes on RLB. RLB
was phenotyped in the chart documentation, and this inclu-
ded clear account on the following three self-report domains:
maintaining regular sleep hours with consistent sleep—wake
time both in weekdays and weekends, maintaining regular
daily mealtime and adequate hydration status, and main-
taining daily aerobic exercise of any form for a minimum
20 min duration that raises heart rate. Regular mealtime
consisted of keeping consistent meal hours; number of meals
was personalized according to the preference of each patient
since our study focused on the regularity of mealtimes rather
than mealtime frequency. Adequate hydration status simi-
larly consisted of keeping regular amounts of daily water
intake; this was also personalized to patient preference.
Those patients maintaining all three domains were desig-
nated as RLB+; those patients not maintaining all three
domains were designated as RLB—.

Depression and anxiety disorders were tallied in both
cohorts of episodic and chronic migraineurs to examine
their potential confounding effect within the final analysis.

Sample size: matched case-referent power analysis

Sample size was powered to be adequate aposteriorally as
post hoc results revealed both statistical and clinical sig-
nificance. In this sex-matched case-referent study power
analysis, assuming the probability of exposure among sam-
pled participants to be 20 %, a sample of 175 cases and 175
referents were obtained based on the pool size of the clinic’s
patient annual population size. This total sample size of 350
patients achieves 85 % power to detect a minimum relative
risk ratio of 0.005 [20]. PASS v.13 software was utilized for
power analysis and sample size computation.
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Diagnosis of migraine was made according to the
ICHD-3 beta version (International Classification of
Headache Disorders) [21] criteria, and every diagnosis was
confirmed by a Headache Specialist attending the Clinic.
That our diagnosis and headache phenotyping were foun-
ded on highly accurate methods with negligible diagnostic
errors boosted the statistical power of our sample size, i.e.,
reducing the false-negative rate. Methods and design of the
study were in accordance with STROBE (STrengthening
the Reporting of OBservational studies in Epidemiology)
[22] checklist.

Statistical analyses and computational notes

Both cohorts were stratified by age group to study their age
distribution. Parametric distribution was tested among age
and monthly migraine frequency for which Shapiro—-Wilk
[23] and D’ Agostino—Pearson [23] omnibus normality tests
were applied. The mean and SD were selected for inter-
group comparison of parametric distribution, while the
median and interquartile ratios were selected for non-
parametric distribution. Means of parametric distributions
were analyzed using unpaired ¢ test with Welch’s correc-
tion (unequal variance ¢ test) [24], while the Mann—Whit-
ney test was employed to analyze medians of non-
parametric distributions. The crude odds ratio (OR), its
standard error and 95 % confidence interval were calcu-
lated employing standard techniques. The OR was gener-
ated by computing the prevalence rate of chronic migraine
among those exposed to RLB out of those not exposed to
RLB divided by rate of episodic migraine among those
exposed to RLB to those not exposed to RLB. The crude
relative risk (RR), its standard error and 95 % confidence
interval were calculated using standard techniques. The RR
was generated by computing the risk of chronic migraine
among patients exposed to RLB divided to risk of chronic
migraine among patients not exposed to RLB. Relative risk
of <1 meant the risk of bad outcome (i.e., chronic
migraine) was less likely to occur among the RLB+ cohort
than among the RLB— cohort, indicating that the exposure
to RLB was beneficial. Analysis of RR was included since
crude prevalence of migraine among the general population
is known to be marginally higher than 10 % [25]; OR is the
preferred method for rare diseases with lower prevalence of
under 10 % while RR is generally safer method for dis-
eases with higher prevalence of above 10 %. Moreover, RR
analysis enabled us to ascertain RLB exposure and deter-
mine the outcome of either chronic/episodic migraine—
thereby enabling a retrospective cohort design.

To enhance decision-making for clinical practice and
recommendations, absolute risk reduction (ARR) was
computed by subtracting risk of chronic migraine among
patients exposed to RLB from risk of chronic migraine

among patients not exposed to RLB. Numbers needed to
treat (NNT) was calculated by dividing 1 to the ARR value,
i.e., as the inverse of the ARR. Relative risk reduction
(RRR) was calculated by dividing the difference between
the two relative risks to the relative risk among of chronic
migraine among patients not exposed to RLB.

To study the potential for effect modification by medi-
cation use (abortive and/or preventive), our line of inquiry
followed the question: What is the association between
RLB exposure and chronic migraine given presence or
absence of medication use? Adjusted odds ratio (AOR) and
adjusted relative risk (AdRR) was then computed among
patients stratified into those exposed to RLB (RLB+) given
baseline medication use compared to no baseline medica-
tion use. Similarly, RLB+ cohort were stratified into those
suffering or not suffering depression and/or anxiety and
AdRR computed to address the following question: What is
the association between RLB exposure and chronic
migraine given presence or absence of depression and/or
anxiety? Statistical software employed included Analyse-it
v.3.80, GraphPad Prism v.5, NCSS v.9, and PASS v.13
[20]. Two-tailed p values were calculated and the level of
statistical significance was set to p < 0.05.

Additionally, to analyze the potential for confounding
effect by medication use, depression, and anxiety, the
Cochran—Mantel-Haenszel (CMH) method was employed
to generate a single, summary measure of association
between RLB exposure and chronic migraine after adjust-
ing for or taking into account potential confounding by
medication use and depression and/or anxiety. The method
was used with a dichotomous outcome of either chronic or
episodic migraine, and an additional dichotomous risk
factor of either presence or absence of RLB exposure. We
stratified the data into two levels (i.e., medication use,
depression and/or anxiety) of the confounding factors. In
essence, we computed a series of two-by-two strata
showing the association between the RLB exposure and
outcome of chronic migraine at three levels of the con-
founding factors, and we then computed a weighted aver-
age of the relative risk ratios or odds ratios across the strata
(i.e., across levels of the confounders).

Results

175 referents of episodic migraine with a combined total of
1016 mean monthly headache days and 175 cases of
chronic migraineurs with a combined total of 3786 mean
monthly headache days were continuously enrolled. There
was no missing data with regards to variables of interest.
Twenty-two percent of the patients were males in both
cohorts. Age distribution was found to have parametric
distribution among both episodic and chronic migraine
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Fig. 1 Scatter plot for age distribution [mean and standard deviation
(SD)] among the two cohorts of episodic and chronic migraine
patients. Both age distribution cohorts passed normality tests of
Shapiro-Wilk normality test and D’Agostino and Pearson omnibus
normality test; hence means and parametric ¢ tests were selected for
further inter-cohort comparison. Mean age was 41 years (SD 26, 59)
among the episodic migraine cohort, and 40 years (26, 55) among the
chronic migraine cohort (p = 0.86; Student ¢ test)

cohorts (Fig. 1). Mean age was 41 years (26, 59) among
the episodic migraine cohort, and 40 years (26, 55) among
the chronic migraine cohort (p = 0.86, Student 7 test;
Fig. 1). Monthly migraine frequency distribution was
found to have non-parametric distribution among both
episodic and chronic migraine cohorts (Fig. 2). By virtue
of featuring a more robust method to outlier data, median
and interquartile range (IQR) of the monthly migraine
frequency distribution was computed to amalgamate the
non-parametric nature of migraine frequency data. Median
monthly migraine frequency was 5 (IQR 2, 10) among the
episodic migraine patients, and 25 (IQR 20, 30; p < 0.001
Mann—Whitney test, Fig. 2).

The CM cohort (22 %) exhibited less RLB than the EM
cohort (69 %), with crude odds ratio of 0.13 (95 % CI
0.08-0.21; p < 0.001; Fig. 3). Similarly, the RLB+ cohort
(patients with RLB) exhibited less CM (24.5 %) than the
RLB— cohort (71.2 %) (patients without RLB), with RR of
0.34 (95 % CI 0.26-0.46; p < 0.0001). The absolute risk
reduction (ARR) of chronic migraine among patients
exposed to RLB deducted from risk of chronic migraine
among patients not exposed to RLB was 46.7 %, while the
relative risk reduction (RRR) was 65.6 %. The numbers
needed to treat (NNT) was found to be 2.14.

Stratifying the triumvirate RLB into its three compo-
nents showed that while all three components were seen in
lower frequency among the chronic migraine cohort, the
trend was similar in both cohorts in that it followed a
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Fig. 2 Scatter plot for mean monthly migraine frequency [median
and interquartile range (IQR)] among the two cohorts of episodic and
chronic migraine patients. Both monthly migraine frequency cohorts
did not pass normality tests of Shapiro—-Wilk normality test and
D’Agostino and Pearson omnibus normality test; hence medians and
non-parametric ¢ tests were selected for further inter-cohort compar-
ison. Median monthly migraine frequency was 5 (IQR 2, 10) among
the episodic migraine patients, and 25 (IQR 20, 30; p < 0.001; Mann—
Whitney test)

Regular Lifestyle Behavior (RLB)
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Fig. 3 Difference in prevalence of regular lifestyle behavior (RLB)
among the chronic and episodic migraine cohorts. There was lower
prevalence of patients having RLB (RLB+) among the chronic
migraine cohort (22 %) (A). The prevalence of patients having RLB
(RLB+) was higher among the episodic migraine cohort (69 %)

decreasing pattern from regular mealtime, regular sleep, to
daily exercise. Regular mealtime was the behavior most
commonly adopted by both cohorts, while daily exercise
was the least (Fig. 4). When comparing the impact from
the triumvirate RLB to the impact from any of its three
components, regular sleep had identical impact to that of
the triumvirate RLB (i.e. 50 % difference between the
cohorts of episodic and chronic migraine) while the
impacts from daily exercise (45 % difference) and regular
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Fig. 4 Dissecting the RLB triumvirate (B) among the chronic and
episodic migraine cohorts. Stratifying the triumvirate RLB into its
three components showed that while all three components were seen
in lower frequency among the chronic migraine cohort, the trend was
similar in both cohorts in that it followed a decreasing pattern from
regular mealtime, regular sleep, to daily exercise. Regular mealtime
was the behavior most commonly adopted by both cohorts, while

mealtime (46 %) alone were marginally lower than the
triumvirate RLB (50 % difference; Fig. 4). Average sleep
duration was 6.4 h (range 5-8.3 h).

Effect modification from medication use assessed the
potential effect modification of the third variable, i.e.,
medication use. Those patients having RLB (RLB+) were
stratified into those taking medication (Meds+) and those
not taking medication (Meds—) revealing adjusted odds
ratio (AOR) of 0.67 (95 % CI 0.32-1.40; p = 0.29); this
AOR value did not show significant implication. The
Meds+ cohort exhibited comparable CM (21.6 %) to the
Meds— cohort (29 %), with adjusted relative risk (AdRR)
of 0.74 (95 % CI 0.43-1.28; p = 0.28); again indicating a
non-significant implication, thus implying the absence of
effect modification by medications. CMH for RR between
lack of RLB exposure and chronic migraine controlled for
medication use was 1.24; this supports the above result that
chronic migraine is associated with lack of RLB exposure
even when controlling for medication use. Stratifying
RLB+ cohort into those suffering or not suffering
depression and/or anxiety revealed AdRR of 0.72 (95 % CI
0.32-1.61; p = 0.43); indicating a non-significant impli-
cation, thus implying the absence of effect modification by
the presence of depression and/or anxiety. Similarly, CMH
for RR between lack of RLB exposure and chronic
migraine controlled for depression and/or anxiety was 7.5.
Medication use was heterogeneous, and thus, we chose not
to stratify as it reflects a representation of the real-world

H Chronic Migraine

Regular Mealtime

RLB+

daily exercise was the least. When comparing the impact from the
triumvirate RLB to the impact from any of its three components,
regular sleep had identical impact to that of the triumvirate RLB (i.e.,
50 % difference between the cohorts of episodic and chronic
migraine) while the impact from daily exercise (45 % difference)
and regular mealtime (46 %) alone was marginally lower than the
triumvirate RLB (50 % difference)

practice of varying provider and patient preference and
profiles. The migraine preventive medications that were
taken include tricyclic antidepressants (e.g., nortriptyline),
calcium channel blockers (e.g., verapamil), antiepileptics
(e.g., topiramate), beta blockers (e.g., metoprolol), onabo-
tulinumtoxinA, magnesium and riboflavin. Most medica-
tions were taken for a minimum of 3 months.

Among the cohort of chronic migraineurs who were fol-
lowing the RLB, they were progressively month after month
converting into episodic migraineurs, while the episodic
migraineurs who were not following the RLB were con-
verting into chronic migraine, month after month (based on
1-year observation). This bidirectional relationship was also
found to have a continuous relationship with the degree of
RLB compliance, i.e., the more complete the RLB triumvi-
rate compliance, the better outcomes for chronic to episodic
migraine reversion. The less complete the RLB triumvirate
compliance (e.g., only mealtime regularity) were, the less
were the chances for chronic to episodic reversion.

Discussion

The age and migraine frequency distribution of our study
patients were representative of episodic and chronic
migraine patients in the general population aged 15 years
and older. That patients without RLB were more likely to
have chronic migraine as compared to the chances of

@ Springer



674

J Neurol (2016) 263:669-676

having episodic migraine underscores the importance of
maintaining regular behavior in controlling the occurrence
of migraine headache. The OR as an effect size measuring
the strength of association between RLB prevalence and
chronic migraine revealed that RLB prevalence was sig-
nificantly associated with lower odds of having chronic
migraine. Similarly, the RR for the association between
RLB prevalence and chronic migraine showed that the risk
of having chronic migraine was significantly reduced for
patients with RLB. Both the ARR of 47 % and RRR of
66 % distinctly indicated that higher RLB prevalence was
protective from developing chronic migraine. These posi-
tive results were further strengthened by the fact that the
benefit of RLB effectiveness was observed at least at every
2nd patient treated—as per the NNT of 2. Adjusting these
results to the possible effect modifier of medication use and
depression and/or anxiety did not reveal significant impli-
cations. Evidence suggestive of cause and effect with
regard to RLB was found based on our progressive
observation of the chronic and episodic migraineurs; epi-
sodic migraineurs not following RLB were progressively
converting to become chronic migraineurs, while chronic
migraineurs who were following RLB were converting to
become episodic migraineurs. The power of this study was
strengthened by virtue of being performed in a quaternary
tier setting with precise diagnostic accuracy and clinical
phenotypes.

That this study tested the combined effects of the three
domains of RLB (i.e., sleep, exercise, mealtime pattern)
supports results from other previous studies which have
independently tested and shown the efficacy of each three
domains [5, 8, 9]. This study provides evidence that the
triumvirate RLB has more favorable impact than regular
exercise and regular mealtime alone while regular sleep
was found to have identical impact to the RLB triumvi-
rate—hence proving the prominent importance of sleep
regulation in headache management. This study will be
relevant in employing non-pharmacological evidence-
based migraine therapeutic protocols for individualized
lifestyle behavior modifications that are applicable in daily
clinical practice and beyond. Empowering and reinforcing
self-management skills and desirable behaviors of lifestyle
modifications will be valuable tool for long-term migraine
management and prevention. Behavior modification treat-
ment works through recognized conditioning techniques;
reverting and unlearning the very same learning strategies
that led to the formation of undesirable and inappropriate
behaviors besides teaching new, appropriate and favorable
behaviors is central to this type of treatment [26, 27].
Reduction of migraine will be a rewarding experience that
will further motivate patients to adopt lifestyle modifica-
tions. Results from this study can be directly applied in
clinic and community for practice guidance; as the cases
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and referents in this study are representative of the general
population with respect to exposure to RLB. Implementing
this will be feasible as it does not require resources other
than willingness to learn and adapt. Regularizing daily
exercise, consistency in sleep schedule, maintaining ade-
quate sleep hygiene, and consistency in mealtime and
hydration pattern is designed to emulate regular therapeutic
dosing that are similar to daily medications. Therapeutic
tools using evidence-based approaches of lifestyle medi-
cine are practical and achievable both in high- and low-
resource settings. Efficacy of lifestyle medicine has been
demonstrated for treatment of chronic diseases; while
being equipotent to daily medications, lifestyle medicine
has the added value of obviating medication risks and
unwanted side effects common among chronic migraine
sufferers. Self-help manuals, daily journals, and where
possible, health application software on mobile phones can
strengthen the formation and maintenance of RLB. Life-
style medicine has the capacity to embrace a system-wide
and patient-oriented approach to address the migraineur’s
disabling pain beyond focusing on the problem of migraine
itself; this allows addressing the limitations of reduction-
ism in realizing best clinical practice. The chronic
migraineur is having more than a disease; physical, psy-
chological, social symptoms, and impaired functional sta-
tus are all essential aspects and determinants of patient
outcome satisfaction in the context of biopsychosocial
medicine. Synchronized biorhythmicity can be maintained
by regular lifestyle behaviors, and this can make the indi-
vidual migraineur become eventually capable of coping
with headache triggers and controlling migraine. The
positive results from this case—referent study indicates the
need to conduct a full prospective randomized controlled
clinical trial to further investigate and validate the role and
impact of RLB in migraine management. Our I-year
observation showed the possible causality link between
lack of RLB and chronic migraine. The bidirectional and
continuous relationship between RLB exposure and
reversion of chronic to episodic migraine, and the temporal
precedence are evidences for the possible causality link.

Limitations

The limitations of this study were inherent to its design of
being cross-sectional. Although this provides an accurate
picture of patients attending the clinic currently, we relied
on patient data recorded in their medical files to examine
the connection between RLB and migraine, rather than
collecting data prospectively and monitoring for incident
cases, or conducting a controlled randomized trial.
Prospective studies will allow deeper probing into the
effect of degree of flexibility in maintaining RLB.



J Neurol (2016) 263:669-676

675

Prospective studies will further validate causality between
lack of RLB and chronic migraine, or whether there is
another undetermined factor causing both e.g. high stress
level. This study underscores the high priority for devel-
oping psychometrically sound measures or wearable devi-
ces to track lifestyle behaviors as they relate to migraine—
such efforts will avoid the limitations of self-report and
improve accuracy of data accrual including real-time
datastreaming which can collect actual behavior data rather
than self-report data. Data arising from self-report are
vulnerable to be underreported or exaggerated.

Conclusion

Engaging in regular lifestyle behavior (RLB) of regular and
optimum sleep schedule, daily aerobic exercise, and
mealtime and hydration pattern is a moderating factor in
migraine; it is protective against developing chronic
migraine. Learning this self-regulated behavior can enable
the migraineur develop and form a favorable habit which
can ultimately help control migraine. Therapeutic tools
employing lifestyle behavior changes are practical in both
high- and low-resource settings, since they do not require
resources other than learning and motivation.

Clinical implications

e What is already known: Lifestyle behaviors of sleep,
exercise, mealtime pattern and hydration status inde-
pendently affect migraine occurrence

e What this study adds: Migraine patients who follow all
three domains of regular lifestyle behavior with regard
to combined regular mealtimes, bedtimes, and daily
aerobic exercise are more likely to have episodic than
chronic migraine.
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