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Objective: There is very limited data on women with migraine disease as they age and

transition to menopause. Despite evidence for the increased burden of the disease during

this transition, there is no data on the association between migraine and allostatic load

as a marker of cumulative biological risk. We aimed to determine whether women with

migraine suffer from higher levels of allostatic load during perimenopausal transition.

Methods: A total of 2,105 perimenopausal women from the first wave of the Study

of Women’s Health Across the Nation (SWAN) were included in this study. Allostatic

Load (AL) score was estimated for each participant from the measurements of: systolic

and diastolic blood pressure, C-reactive protein level, high-density lipoprotein cholesterol

level, total cholesterol level, waist-to-hip ratio, fasting serum glucose, triglycerides, and

dehydroepiandrosterone levels.

Results: Of the 2,105 participants included in the study, there were 369 migraineurs

and 1,730 controls. Migraineurs had 63% higher odds of increased load score (odds

ratio 1.63; 95% confidence interval, 1.17–2.29). Compared to controls, migraineurs were

more likely to experience sleep problems in the univariate analysis, however despite the

high burden of sleep problems, there were no significant associations between allostatic

load and sleep disturbances in perimenopausal women with migraine after controlling for

other factors.

Conclusion: This is the first study to systematically and quantitatively examine

allostatic load in migraine patients. The findings establish that migraineurs are more

likely to experience higher allostatic load than their non-migraine counterparts during

perimenopausal transition. The findings encourage new lines of investigation for lowering

the burden of the disease through interventions that modify the levels of allostatic load

biomarkers examined in this study.
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INTRODUCTION

Migraine is a chronic and debilitating primary headache disorder with global prevalence of 18.9%
for women and 9.8% for men (1). In addition to the higher prevalence of migraine among women,
they are also more likely to have more chronic migraines and comorbidities, and have more
disabling symptoms thanmen (2). The frequency of migraines is known to change across a woman’s
lifetime (3) with established linkage to hormonal fluctuations and reproductive milestones (3, 4).
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Menopausal transition is a particularly prolonged period of
strong hormonal fluctuations with the risk of chronic headaches
increased by almost 60% in migraineurs (5). In addition, unique
features of a woman’s menopausal transition may make them
more or less prone to increased migraine attacks (4, 6).

Allostatic load (AL), as an assessment of the body’s
physiological response to stress, both chronic and acute, is
commonly described as a measure of the “wear and tear”
the human body goes through in the face of internal and
external stressors. It seeks to estimate the physiological impact of
sustained stress, whether biological or non-biological, on health.
The chronic stress model of allostatic load suggests that, when
the body is subject to stressors for varying lengths of time, its
compensatory mechanisms kick in to maintain homeostasis. If
this persists, it results in a dysregulation of biological systems
which can be estimated by measuring certain biomarkers (7–9).

In this study we hypothesized that women with migraine
experience a significantly higher allostatic profile due to the
added burden of frequent headaches and increased sleep
disturbances during menopausal transition. This hypothesis is
based on the burden of repeated migraine attacks as stressors
(10, 11), the central role of the hypothalamically-mediated
homeostasis (12) to the pathophysiology of migraine, and the
significantmodulatory influence of hormonal fluctuations during
menopausal transition on the brain (13). Furthermore, since
sleep disturbances have long been associated with migraines and
other headache disorders (14), and sleep disorders are one of
the main symptoms associated with menopausal transition (15–
17), we hypothesized that sleep problems will have a modulatory
influence on allostatic load and exacerbate it. As research
continues to delve into the pathophysiology of migraine, with
this study, we hoped to identify potentially modifiable and
physiologically quantifiable risk factors that could be targeted
to reduce the burden of the migraine disease for women going
through menopause.

METHODS

Study Population
Data for this study was obtained from the Study of Women’s
Health Across the Nation (SWAN) which is a multi-site
prospective study of women’s health through menopausal
transition consisting of a baseline assessment in 1996–1997 and
10 waves of subsequent annual assessments at all participating
sites (18). The institutional review board (IRB) at each of
the SWAN study sites had approved the study protocol, and
all participants had provided written informed consent prior
to participation in the study. The Institutional Review Board
(IRB) at the Massachusetts General Hospital also approved the
secondary data analysis. Women who participated in the study
were eligible to enroll if they: (1) were 42–52 years of age,
(2) had an intact uterus and at least one ovary, (3) had at
least one menstrual cycle within the past 3 months, and were
excluded if they used oral contraceptives or hormone therapy.
Analysis was done on data from only wave 1 of the SWAN study
which included a total of 2,881 women meeting the eligibility
criteria. Of those, 2,105 had all the measurements required for

the allostatic load score calculation and were included as the final
study sample.

Migraineurs and Controls
Migraineurs were identified per self-report similar to previous
reported studies in this population (12, 19). Participants were
asked if a doctor or any other health professional had diagnosed
them with migraine headaches. Controls consisted of individuals
who reported no history of migraine.

Allostatic Load Score
Some AL markers have been shown to correlate better with
physiological stressors than others. The number of biomarkers
selected for inclusion into the estimation varies across studies
(20–23), though originally the score was designed with 10
biomarkers (7). In this study a score for allostatic load (AL
score) was calculated based on measurements representing
cardiovascular (systolic and diastolic blood pressure),
inflammatory (C-reactive protein), metabolic (high-density
lipoprotein cholesterol, total cholesterol, waist-to-hip ratio,
fasting serum glucose, and triglycerides), and neuroendocrine
(dehydroepiandrosterone) systems. The AL score was calculated
per the cut-off values defined separately for each of the measures
based on their distribution so that if the measure was in the upper
fourth-quartile of its corresponding distribution it received a
high-risk score of 1, and the AL score was calculated by the
summation of all the high-risk scores for each individual across
all the measures similar to previous studies (24–27).

Sleep Problems
Three types of reported sleep disturbances were included in
the analyses, i.e., trouble falling asleep, waking up several times
during the night, and waking up earlier than usual. Each of these
problems was considered separately in our analyses.

Menopausal Status
Menopausal status was determined per the STRAW+10
guidelines (28) based on participants self-reported data on
their menstruation patterns and included: pre-menopause,
early peri-menopause, late perimenopause, post-menopause, and
surgical menopause (through hysterectomy or bilateral salpingo-
oophorectomy). In this study, we focused on women with
naturally occurring menopausal changes. Therefore, women with
surgical menopause were not included in our regression models
and analyses.

Other variables
Demographic variables included age at the time of assessment,
race/ethnicity, body mass index (BMI) (categorized as <18.499,
underweight; 18.50–24.999, normal; 25–29.999, overweight; and
≥30, obese), and annual household income as a proxy for
socioeconomic status (categorized as < $19,999, $20,000–49,999,
$50,000–99,999, or ≥ $100,000).

Statistical Analysis
Descriptives

Preliminary analysis involved assessing normality of continuous
variables with Shapiro-Wilk test and symmetry using the
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skewness coefficient. The amount and distribution of missing
data between the migraineurs and controls was assessed.
The differences in the continuous variables between the two
groups was tested with the Independent samples t-test or the
Wilcoxon rank sum test where appropriate. Chi-square tests were
conducted to compare the differences in categorical variables
between the migraineurs and controls.

Model Building

Key variables that could act as predictors were selected a priori
based on subject matter knowledge. In our primary analysis,
we first used ordinal logistic regression to fit an unadjusted
univariate model of AL score and diagnosis of migraine. Then,
two multivariable regression models were constructed for the
analyses with: (a) age, race, income, BMI and menopausal status,
and with (b) age, income, race, BMI, menopausal status, and
form of sleep problem. Sensitivity analysis was also run where
AL score was treated as a continuous variable and also where
it was categorized from a score with a scale of 9 into a score
with a scale of 3 (0≤4 = 1, 5 ≤7 = 2, 8 ≤9= 3). In the
literature, some prior studies have treated AL as continuous
variable (20) while others have categorized (23) it into 3
or 4 categories just like what we did in our analyses. For
each of the models the proportional odds assumption and the
convergence criterion were also assessed. We also tested for
effect modification of age, menopausal status and BMI on the
association between allostatic load and diagnosis of migraine.
Finally, a Poisson regression model was constructed to assess
the difference in the sleep problems between migraineurs and
controls while adjusting for age, income, BMI, and menopausal
status. In all analyses, a two-tailed P < 0.05 was considered
statistically significant. All statistical analyses were performed
with SAS 9.4.

RESULTS

Descriptive Characteristics
Of the 2,349 subjects, 244 subjects were excluded due to surgical
menopause or missing information on their menopause status.
There were 2,105 observations in total, with 369 migraineurs,
and 1,730 controls that were included in the final sample. The
mean age of the migraineurs and controls were comparable,
46.88 and 46.97 years, respectively. The migraineurs and control
subjects were similar in terms of race distribution with the
majority of participants being of Caucasian and Black ethnicity in
both groups. Caucasian were 58.54% of migraineurs and 46.66%
of controls, Blacks were 25.75% of migraineurs and 25.75% of
controls, Hispanics 4.88% of migraineurs, and 5.30% of controls
and finally Asians were 10.84% and 22.29% of migraineurs
and controls, respectively. With regards to menopausal status
most of our migraineurs (95.60%) and controls (93.91%) were
premenopausal and early premenopausal mainly because we
looked at the first cohort of the study at which time most
participants had not transitioned to menopause. In general,
the baseline characteristics of subjects were similar in both
migraineurs and controls (Table 1).

TABLE 1 | Baseline Characteristics.

Characteristics Migraineur

N = 403

Control

N = 2,025

p-value

Age (mean ± SD years) 46.88 ± 2.81 46.97 ± 2.71 0.592

Race (n, %) <0.001

Caucasian 216 (58.54%) 810 (46.66%)

Black 95 (25.75%) 447 (25.75%)

Hispanic 18 (4.88%) 92 (5.30%)

Asian (Japanese/Chinese) 40 (10.84%) 387 (22.29%)

BMI (n, %) 0.097

Normal 127 (34.42%) 685 (39.48%)

Overweight 109 (29.54%) 459 (26.46%)

Obese 128 (34.99%) 566 (32.62%)

Underweight 5 (1.36%) 25 (1.44%)

Income (n, %) 0.427

<$19,999 45 (12.61%) 171 (10.23%)

$20,000–$49,999 110 (30.81%) 517 (30.94%)

$50,000–$99,999 141 (39.50%) 654 (39.14%)

$100,000 or more 61 (17.09%) 329 (19.69%)

Menopausal status (n, %) 0.206

Premenopausal 77 (23.91%) 444 (27.91%)

Early perimenopause 231 (71.74%) 1,050 (66.00%)

Late perimenopause 11 (3.42%) 72 (4.53%)

Postmenopausal 3 (0.93%) 25 (1.57%)

Sleep problems (mean ± SD)

Trouble falling asleep 2.4 ± 3.43 1.6 ± 2.75 <0.001

Waking up during sleep 4.1 ± 4.19 3.2 ± 3.87 <0.001

Waking up early 2.5 ± 3.69 1.9 ± 2.92 <0.001

Missing Data
The distribution of missing data was heterogenous across the
variables from 0.01 to 9.1% of the total observations for each
variable. Allostatic load was calculated from other biomarkers,
hence it had no missing value because missing values in the
biomarkers were excluded from the estimation. In general the
distribution of missing data between the cases and controls
were similar.

Allostatic Load
We used multivariable models that allowed the assessment of the
unique predictive power of selected variables while controlling
for other confounding variables in the model. In model 1,
after controlling for age, income, BMI, and menopausal status,
migraine diagnoses was found to be significantly associated with
AL. Comparing migraineurs to controls, there was 63% increased
likelihood of a higher allostatic score in migraineurs. Age, race,
being overweight, being obese were significant predictors of high
AL scores. This model had a predictive probability of 83.1%.

In model 2, age, race, income, BMI, menopausal status,
and form of sleep problem were included as predictors. The
model had a predictive probability of 83.2%. In this model
the odds of a higher AL score was 60% more likely in
migraineurs compared to controls. The stage of menopause was
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TABLE 2 | Ordinal logistic regression models with allostatic load on migraine and other predictors.

Model 1 Model 2

Effect OR 95% Confidence limits OR 95% Confidence limits

Migraine 1.639 1.173 2.292 1.602 1.144 2.244

Age 1.052 1.001 1.106 1.052 1.001 1.106

Race

Asian 2.641 1.653 4.220 2.666 1.667 4.264

Black 1.477 1.094 1.994 1.474 1.090 1.994

Hispanic 2.595 1.519 2.870 2.584 1.506 4.432

Caucasian Ref Ref

BMI

Obese 36.711 21.331 63.180 35.869 20.835 61.752

Overweight 7.581 4.391 13.089 7.542 4.369 13.022

Underweight 1.137 0.143 9.052 1.093 0.137 8.737

Normal Ref

Menopause

Early perimenopause 1.215 0.886 1.667 1.215 0.884 1.672

Late perimenopause 1.406 0.738 2.680 1.398 0.730 2.675

Post menopause 2.854 1.094 7.766 2.850 1.052 7.726

Premenopausal Ref

Income

$20,000–$49,999 0.778 0.514 1.178 0.793 0.524 1.202

$50,000–$99,999 0.757 0.495 1.159 0.785 0.521 1.206

$100,000 or more 0.757 0.317 0.934 0.543 0.315 0.935

<$19,999 Ref

Sleep initiation 1.009 0.971 1.050

Sleep Maintainance 1.016 0.964 1.070

Early Awakening 1.010 0.959 1.064

c statistic for model 1: 0.831.

c statistic for model 2: 0.832.

OR, Odds ratio.

not significant in either models, which implies that the effect
of migraine on AL was not significantly confounded by the
stage of menopause. Table 2 shows the multivariable adjusted
OR and 95% confidence intervals for both models. The race and
menopause interaction term (p= 0.726), BMI and menopause
interaction term (p = 0.714) as well as the BMI and race
interaction term (p= 0.147) were not significant, hence there is
no evidence of effect modification on the multiplicative scale.
However, using allostatic load as a continuous score there was
evidence of effect modification between BMI and race (p < 0.01).
To test if the conclusions from the model would be altered had
AL score been treated as a continuous score, as had been done in
some studies, another model was run using the 9-score scale as a
continuous scale, the results were similar to our original model,
this is shown in Appendix 1.

Sleep Problems
Compared to controls, migraineurs were more likely to have
difficulty falling asleep on most nights (2.4 vs. 1.6 nights, P ≤

0.0001), wake up during sleep (4.1 vs. 3.2 nights, P < 0.0001), and
to wake up earlier than usual (2.5 vs. 1.9 nights, P ≤ 0.0001) in
the preceding 14 days, Table 1. After controlling for age, income,

TABLE 3 | Poisson regression model of the number of nights with reported sleep

problems comparing migraineurs to controls.

Variable Parameter estimate (Days) p-value

Difficulty falling asleep 1.95 <0.001

Wake up during sleep 1.34 <0.001

Wake up earlier than usual 1.35 <0.001

Parameter estimate = number of nights in the preceding 14 days that migraineurs

compared to controls had difficulty with sleep after adjusting for race, income, BMI, stage

of menopause and age.

BMI, and menopausal status, migraineurs had a higher expected
count of nights with sleep problems compared to controls, as
reported in Table 3.

DISCUSSION

Perimenopausal transition coincides with significant cellular,
metabolic, and hormonal changes. These changes could
inevitably impair the normal physiological functioning and
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impact the regulation of homeostasis in the body. The cumulative
result of these changes and the consequent adaptation to restore
homeostasis could lead to increased allostatic load (29).
Individuals with migraine could particularly be more sensitive
to homeostatic dysregulation and consequent increase in
allostatic load as findings from several clinical and preclinical
studies suggest that migraines likely result from dysfunctional
homeostatic mechanisms (30). Moreover, the occurrence of
migraine attacks in one’s life course could further serve as a
stressor and contribute to the “wear” and “tear” in the nervous
system. In this study of 2,428 perimenopausal women, we found
a positive association between migraine and allostatic load which
aligns with findings in previously conceptualizedmodels (10, 11).
We also found that perimenopausal migraineurs are more likely
to have sleep problems such as difficulty falling asleep on most
nights, waking up during sleep, and also waking up earlier than
usual. However, there was no modification of the association
between AL and migraine by sleep.

While measurement of allostatic load through calculating AL
score, is one of the most frequently used methods to assess
the physiologic response to stress, the number of biomarkers
included are not consistent across all studies (20). What is
consistent across all studies however is the inclusion of at least
one biomarker from each of the categories of cardiovascular,
metabolic, inflammatory, and immune biomarkers. On the other
hand, quite a number of factors have been identified to predict
high AL scores in different populations, most prominently
including race, income, and BMI (7, 23). In this study income
was not found to be significantly associated with AL, which is
contrary to findings in other studies (27, 31, 32). This may be
attributed to the fact that we looked at a subpopulation of women
who are in the later stages of their working life such that those
who earn more maybe as likely as those who earn less to have
health problems that would drive their AL profiles up. We also
found a similar relationship between race and AL as established
by previous studies, with higher scores reported in Black and
Hispanic populations (7).

The strong association that we found between BMI and AL
in this study is consistent with most studies (33). Recent meta-
analysis studies have offered strong evidence for an association
between migraine and obesity likely mediated by gender and
migraine frequency (34, 35). These studies have shown an
increased risk of having migraine in obese women compared
with normal weight women. In addition, obesity is thought to
be a risk factor for higher frequency of migraine attacks (36)
as well as chronification of migraine (34, 37). Since reduction
in weight is thought to be beneficial in reducing the burden
of migraine attacks (38), and given the strong association
between BMI and AL, it is likely that reduction of BMI may
lead to even more significant reduction of allostatic load in
perimenopausal migraineurs, something that remains to be
confirmed by future studies.

Sleep problems are commonly reported in association with
migraine disorders (39), with higher frequency of migraine
attacks (40) and chronic migraine (41) being associated with poor
sleep quality. Shared nervous system pathways involved in sleep
cycle dysregulation and migraine pathophysiology may underlie

the association between migraine and sleep disorders (39). There
is an increased incidence of sleep disorders among women during
perimenopause. The prominence of sleep problems seems to
be age-dependent with significantly larger numbers in women
older than 50 years (42, 43). In our study we distinguished
between three types of sleep problems as there is evidence
for differences in their prevalence and their course during the
perimenopause transition (44). For instance while waking up
several times during the night is themost prevalent sleep problem
in women, trouble falling sleep also increases significantly during
the perimenopause transition (44). In our study, while we found
that the migraineurs experienced more sleep problems than the
controls in the univariate analysis, parameter estimates were not
significant for the association between each of the three groups
of sleep disorders and migraine in our final regression model
(Table 3). Since themajority of women in both cohorts were early
perimenopausal, we cannot be sure that similar patterns will be
observed in the later stages of menopause. Examination of the
relationship between migraine and sleep problems during the
course of menopausal transition is not within the scope of current
study and remains to be examined.

The management of migraine can be very challenging for both
clinicians and patients specially in the lack of specific treatment
recommendation for perimenopausal women with migraine (6).
Several classes of medication are used in the treatment of
migraine i.e., anticonvulsants, antihypertensives, antidepressants
just to mention a few, throwing more light on the fact that
no one drug works best all the time. These medications have
varying levels of effectiveness in different patients, which is also
an indication that there is substantial influence from patient
specific factors (45). Tying this to the findings from this study
of perimenopausal women, a holistic look at the management
of these patients would include, knowledge that certain races
are more prone to the wearing effects of menopause, as well as
the fact that obesity significantly impairs homeostasis in these
women. Early interventions and targeted attention to addressing
problems in this population will go a long way to reduce the
burden and sufferings of menopause.

Limitations
This study is not without its limitations. One of the limitations
of our study is that it is a secondary analysis of the data
from SWAN study and not designed with the aim of studying
migraine disease. Therefore, there are not additional details on
the disease clinical characteristics or its associated symptoms.
Another limitation of our study is that it relies on self-
reported migraine and not a clinical diagnosis meeting the
International Classification of Headache Disorders (ICHD) (46)
criteria. Despite this limitation, self-reports of migraines are still
highly specific and modestly sensitive (47) meaning that there
are low false positive in self-reported migraines. Any potential
underestimation of the migraineurs due to low sensitivity of
self-reported migraines may have lowered the significance of
the observed differences between the two cohorts. Another
limitation of the data used in this study is that there are
no specific questions on other headache types in the SWAN
data, so if the participants were experiencing non-migraine
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headaches they may still be included in the control cohort. On
the other hand, By looking at just perimenopausal women we
limit generalizability of our findings to the larger population.
However, our findings are consistent with most studies that
looked at allostatic profiles in the general population (29, 48).
Again, by giving equal scores to each biomarker we assumed each
biomarker contributes equally to determine the stressors on our
bodies. Despite these limitations, this study has some strengths
such as the fairly good representation of racial groups, relatively
large sample size translating into more power, and finally the data
to differentiate the specific times during the night women have
sleep problems.

CONCLUSIONS

Overall, the results of this study suggests that perimenopausal
migraineurs are more likely to have higher allostatic load
than their non-migraine counterparts. Given the association
between migraine and increase AL score, future studies may
consider examining the influence of including an index
corresponding to the burden of the migraine disease (e.g.,
MIDAS score derived from the Migraine Disability Assessment)
as a marker for increased allostatic load in the calculation of
AL scores. In addition, we need further studies to delineate the
neural circuitries associated with sleep disturbances and their
association with hormone replacement therapy and allostatic
load. Moreover, future studies need to examine how much

of the excess risk of high allostatic load is attributed to the
various reasons for the disparities; low SES, discrimination,
systemic racism, provider bias, individual sensitivity to race
just to mention a few, among perimenopausal women with
migraine (49).
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19. Pavlović JM, Allshouse AA, Santoro NF, Crawford SL, Thurston RC, Neal-

Perry GS, et al. Sex hormones in women with and without migraine:

evidence of migraine-specific hormone profiles. Neurology. (2016) 87:49–

56. doi: 10.1212/WNL.0000000000002798

20. Duong MT, Bingham BA, Aldana PC, Chung ST, Sumner AE. Variation in the

calculation of allostatic load score: 21 examples from NHANES. J Racial Ethn

Health Disparities. (2017) 4:455–61. doi: 10.1007/s40615-016-0246-8

21. Gustafsson PE, Janlert U, Theorell T, Westerlund H, Hammarström A.

Socioeconomic status over the life course and allostatic load in adulthood:

results from the Northern Swedish Cohort. J Epidemiol Community Health.

(2011) 65:986–92. doi: 10.1136/jech.2010.108332

22. Barboza Solís C, Fantin R, Castagné R, Lang T, Delpierre C, Kelly-Irving M.

Mediating pathways between parental socio-economic position and allostatic

load in mid-life: Findings from the 1958. British birth cohort. Soc Sci Med.

(2016) 165:19–27. doi: 10.1016/j.socscimed.2016.07.031

23. Castagné R, Garès V, KarimiM, Chadeau-HyamM,Vineis P, Delpierre C, et al.

Allostatic load and subsequent all-cause mortality: which biological markers

drive the relationship? Findings from a UK birth cohort. Eur J Epidemiol.

(2018) 33:441–58. doi: 10.1007/s10654-018-0364-1

24. Chyu L, Upchurch DM. A longitudinal analysis of allostatic load among a

multi-ethnic sample of midlife women: findings from the Study of Women’s

Health Across the Nation.Womens Health Issues Off Publ Jacobs Inst Womens

Health. (2018) 28:258–66. doi: 10.1016/j.whi.2017.11.002

25. Seeman TE, Crimmins E, Huang M-H, Singer B, Bucur A, Gruenewald

T, et al. Cumulative biological risk and socio-economic differences in

mortality: macarthur studies of successful aging. Soc Sci Med. (2004) 58:1985–

97. doi: 10.1016/S0277-9536(03)00402-7

26. Crimmins EM, Johnston M, Hayward M, Seeman T. Age differences in

allostatic load: an index of physiological dysregulation. Exp Gerontol. (2003)

38:731–4. doi: 10.1016/S0531-5565(03)00099-8

27. Chyu L, Upchurch DM. Racial and ethnic patterns of allostatic load among

adult women in the United States: findings from the national health and

nutrition examination survey 1999–2004. J Womens Health. (2011) 20:575–

83. doi: 10.1089/jwh.2010.2170

28. Harlow SD, Gass M, Hall JE, Lobo R, Maki P, Redar RW, et al. Executive

summary of the stages of reproductive aging workshop + 10: addressing the

unfinished agenda of staging reproductive aging. J Clin Endocrinol Metab.

(2012) 97:1159–68. doi: 10.1210/jc.2011-3362

29. Juster R-P, McEwen BS, Lupien SJ. Allostatic load biomarkers of chronic

stress and impact on health and cognition. Neurosci Biobehav Rev. (2010)

35:2–16. doi: 10.1016/j.neubiorev.2009.10.002

30. Goadsby PJ, Holland PR, Martins-Oliveira M, Hoffmann J, Schankin C,

Akerman S. Pathophysiology of migraine: a disorder of sensory processing.

Physiol Rev. (2017) 97:553–622. doi: 10.1152/physrev.00034.2015

31. Upchurch DM, Stein J, Greendale GA, Chyu L, Tseng C-H, Huang M, et al.

A longitudinal investigation of race, socioeconomic status, and psychosocial

mediators of allostatic load in midlife women: findings from the study

of women’s health across the nation. Psychosom Med. (2015) 77:402–

12. doi: 10.1097/PSY.0000000000000175

32. Ribeiro AI, Amaro J, Lisi C, Fraga S. Neighborhood socioeconomic

deprivation and allostatic load: a scoping review. Int J Environ Res Public

Health. (2018) 15:1092. doi: 10.3390/ijerph15061092

33. Tan M, Mamun A, Kitzman H, Mandapati SR, Dodgen L.

Neighborhood disadvantage and allostatic load in African American

women at risk for obesity-related diseases. Prev Chronic Dis. (2017)

14:E119. doi: 10.5888/pcd14.170143

34. Ornello R, Ripa P, Pistoia F, Degan D, Tiseo C, Carolei A, et al.

Migraine and body mass index categories: a systematic review and

meta-analysis of observational studies. J Headache Pain. (2015)

16:27. doi: 10.1186/s10194-015-0510-z

35. Gelaye B, Sacco S, Brown WJ, Nitchie HL, Ornello R, Peterlin BL. Body

composition status and the risk of migraine: a meta-analysis. Neurology.

(2017) 88:1795–804. doi: 10.1212/WNL.0000000000003919

36. Bigal ME, Tsang A, Loder E, Serrano D, ReedML, Lipton RB. Bodymass index

and episodic headaches: a population-based study. Arch Intern Med. (2007)

167:1964–70. doi: 10.1001/archinte.167.18.1964

37. Bigal ME, Lipton RB. Putative mechanisms of the relationship between

obesity and migraine progression. Curr Pain Headache Rep. (2008) 12:207–

12. doi: 10.1007/s11916-008-0036-z

38. Chai NC, BondDS,Moghekar A, Scher AI, Peterlin BL. Obesity and headache:

part II–potential mechanism and treatment considerations. Headache. (2014)

54:459–71. doi: 10.1111/head.12297

39. Tiseo C, Vacca A, Felbush A, Filimonova T, Gai A, Glazyrina T, et al.

Migraine and sleep disorders: a systematic review. J Headache Pain. (2020)

21:126. doi: 10.1186/s10194-020-01192-5

40. Lin Y-K, Lin G-Y, Lee J-T, Lee M-S, Tsai C-K, Hsu Y-W, et al. Associations

between sleep quality and migraine frequency: a cross-sectional case-control

study.Medicine. (2016) 95:e3554. doi: 10.1097/MD.0000000000003554

41. Lucchesi C, Baldacci F, Cafalli M, Dini E, Giampietri L, Siciliano G, et al.

Fatigue, sleep-wake pattern, depressive and anxiety symptoms and body-

mass index: analysis in a sample of episodic and chronic migraine patients.

Neurol Sci Off J Ital Neurol Soc Ital Soc Clin Neurophysiol. (2016) 37:987–

9. doi: 10.1007/s10072-016-2505-1

42. Kravitz HM, Joffe H. Sleep during the perimenopause: a SWAN story. Obstet

Gynecol Clin North Am. (2011) 38:567–86. doi: 10.1016/j.ogc.2011.06.002

43. Cirignotta F, Mondini S, Zucconi M, Lenzi PL, Lugaresi E. Insomnia:

an epidemiological survey. Clin Neuropharmacol. (1985) 8(Suppl. 1):S49–

54. doi: 10.1097/00002826-198508001-00007

44. Kravitz HM, Zhao X, Bromberger JT, Gold EB, Hall MH, Mtthews KA, et

al. Sleep disturbance during the menopausal transition in a multi-ethnic

community sample of women. Sleep. (2008) 31:979–90.

45. Charles A. The pathophysiology of migraine: implications

for clinical management. Lancet Neurol. (2018) 17:174–

82. doi: 10.1016/S1474-4422(17)30435-0

46. Headache Classification Committee of the International Headache

Society (IHS). The international classification of headache disorders,

3rd edition (beta version). Cephalalgia Int J Headache. (2013)

33:629–808. doi: 10.1177/0333102413485658

47. Schürks M, Buring JE, Kurth T. Agreement of self-reported migraine with

ICHD-II criteria in the women’s health study. Cephalalgia Int J Headache.

(2009) 29:1086–90. doi: 10.1111/j.1468-2982.2008.01835.x

48. Slade GD, Sanders AE, By K. Role of allostatic load in socio-demographic

patterns of pain prevalence in the US population. J Pain Off J Am Pain Soc.

(2012) 13:666–75. doi: 10.1016/j.jpain.2012.04.003

49. Gollust SE, Cunningham BA, Bokhour BG, Gordon HS, Pope C,

Saha SS, et al. What causes racial health care disparities? A mixed-

methods study reveals variability in how health care providers perceive

causal attributions. Inq J Med Care Organ Provis Financ. (2018)

55:0046958018762840. doi: 10.1177/0046958018762840

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Alebna and Maleki. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 7 April 2021 | Volume 12 | Article 649423

https://doi.org/10.1212/WNL.0000000000002798
https://doi.org/10.1007/s40615-016-0246-8
https://doi.org/10.1136/jech.2010.108332
https://doi.org/10.1016/j.socscimed.2016.07.031
https://doi.org/10.1007/s10654-018-0364-1
https://doi.org/10.1016/j.whi.2017.11.002
https://doi.org/10.1016/S0277-9536(03)00402-7
https://doi.org/10.1016/S0531-5565(03)00099-8
https://doi.org/10.1089/jwh.2010.2170
https://doi.org/10.1210/jc.2011-3362
https://doi.org/10.1016/j.neubiorev.2009.10.002
https://doi.org/10.1152/physrev.00034.2015
https://doi.org/10.1097/PSY.0000000000000175
https://doi.org/10.3390/ijerph15061092
https://doi.org/10.5888/pcd14.170143
https://doi.org/10.1186/s10194-015-0510-z
https://doi.org/10.1212/WNL.0000000000003919
https://doi.org/10.1001/archinte.167.18.1964
https://doi.org/10.1007/s11916-008-0036-z
https://doi.org/10.1111/head.12297
https://doi.org/10.1186/s10194-020-01192-5
https://doi.org/10.1097/MD.0000000000003554
https://doi.org/10.1007/s10072-016-2505-1
https://doi.org/10.1016/j.ogc.2011.06.002
https://doi.org/10.1097/00002826-198508001-00007
https://doi.org/10.1016/S1474-4422(17)30435-0
https://doi.org/10.1177/0333102413485658
https://doi.org/10.1111/j.1468-2982.2008.01835.x
https://doi.org/10.1016/j.jpain.2012.04.003
https://doi.org/10.1177/0046958018762840
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Alebna and Maleki Allostatic Load in Perimenopausal Migraineurs

APPENDIX

APPENDIX 1 | Linear Regression models with AL on Migraine and other predictors—Allostatic Load as a continuous variable.

Model 1 Model 2

Predictor Reference β SE p-value β SE p-value

Migraine Control 0.24 0.11 0.022 0.22 0.72 0.005

Age 0.07 0.01 <.001 0.07 0.01 <0.001

Race Caucasian

Black 0.47 0.10 <0.001 0.46 0.10 <0.001

Hispanic 0.74 0.19 <0.001 0.73 0.19 <0.001

Asian 0.57 0.11 <0.001 0.58 0.11 <0.001

BMI Normal

Overweight 0.92 0.10 <0.001 0.91 0.10 <0.001

Obese 2.48 0.10 <0.001 2.45 0.10 <0.001

Underweight −0.21 0.32 0.53 −0.24 0.33 0.455

Income <$19,999

$20,000–$49,999 −0.21 0.14 0.147 −0.18 0.14 0.205

$50,000–$99,999 −0.31 0.14 0.031 −0.27 0.15 0.060

$100,000 or more −0.45 0.16 0.006 −0.40 0.16 0.014

Menopausal status Premenopausal

Early perimenopause 0.11 0.09 0.246 0.09 0.09 0.335

Late perimenopause 0.34 0.21 0.103 0.32 0.21 0.118

Postmenopausal 0.62 0.34 0.066 0.59 0.34 0.082

Trouble falling asleep 0.03 0.02 0.054

Waking up during sleep 0.01 0.01 0.659

Waking up earlier 0.01 0.016 0.628

R2 for model 1: 0.323.

R2 for model 2: 0.326.

β, Standardized regression model; SE, standard error.
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