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Reduction in perceived stress as a migraine
trigger
Testing the “let-down headache” hypothesis

ABSTRACT

Objective: To test whether level of perceived stress and reductions in levels of perceived stress
(i.e., “let-down”) are associated with the onset of migraine attacks in persons with migraine.

Methods: Patients with migraine from a tertiary headache center were invited to participate in a
3-month electronic diary study. Participants entered data daily regarding migraine attack experi-
ence, subjective stress ratings, and other data. Stress was assessed using 2 measures: the
Perceived Stress Scale and the Self-Reported Stress Scale. Logit-normal, random-effects mod-
els were used to estimate the odds ratio for migraine occurrence as a function of level of stress
over several time frames.

Results: Of 22 enrolled participants, 17 (median age 43.8 years) completed .30 days of diaries,
yielding 2,011 diary entries including 110 eligible migraine attacks (median 5 attacks per per-
son). Level of stress was not generally associated with migraine occurrence. However, decline in
stress from one evening diary to the next was associated with increased migraine onset over the
subsequent 6, 12, and 18 hours, with odds ratios ranging from 1.5 to 1.9 (all p values, 0.05) for
the Perceived Stress Scale. Decline in stress was associated with migraine onset after controlling
for level of stress for all time points. Findings were similar using the Self-Reported Stress Scale.

Conclusions: Reduction in stress from one day to the next is associated with migraine onset the
next day. Decline in stressmay be amarker for an impendingmigraine attack andmay create oppor-
tunities for preemptive pharmacologic or behavioral interventions. Neurology® 2014;82:1395–1401

GLOSSARY
GAD-7 5 Generalized Anxiety Disorder–7 item; OR 5 odds ratio; PHQ-9 5 Patient Health Questionnaire–9 item; PSS 5
Perceived Stress Scale; SRSS 5 Self-Reported Stress Scale.

Migraine is a common headache disorder with substantial personal and societal burden.1,2 This
burden may be amplified by the unpredictable nature of attacks,3 although attacks are some-
times predictable based on trigger factors and premonitory features.4–22 Premonitory features
include changes in mood or behavior that precede the onset of an attack. Trigger factors,
measurable precipitants associated with an increased probability of an attack, can include stress-
ful events, hormonal changes, weather changes, and certain foods, although some studies dem-
onstrate reduced odds for migraine attacks in relation to certain variables.5–22 In patient surveys,
perceived stress was associated with migraine onset in up to 80% of respondents.13–16 Diary
studies have shown that “daily hassles” significantly increase in the 2- to 3-day period before a
migraine day.15,16 In an electronic diary study, emotional factors including irritability and
intolerance (40.0% vs 33.7%) were more common on migraine days than control days.4 Some
studies have examined the effects of reduction in stress or “let-down” as a migraine trigger factor,
often focused on “weekend” headache attacks.14–22 The roles of level of stress and reduction in
stress as migraine triggers remain to be disentangled. Our objective was to examine the associ-
ation between stress and reduction in stress on migraine attack onset in persons with migraine
using electronic diaries.4,23 We assessed the influence of self-reported subjective stress ratings
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daily and change from one day to the next on
the occurrence of migraine among persons
with migraine over an observation window
of 6 to 24 hours. Understanding the time
course of stress effects may provide clues to
biological mechanisms and inform the choice
of interventions.

METHODS Subject recruitment and inclusion and
exclusion criteria. This study was conducted at Montefiore

Headache Center, a tertiary headache center in Bronx, NY.

Twenty-two patients meeting International Classification of

Headache Disorders–224 criteria for migraine with or without

aura were recruited. Eligible participants were aged 18 years or

older, had 3 to 10 migraine attacks and fewer than 15 headache

days/month (episodic migraine), and reported an awareness of

impending migraines. Subjects with severe depression based on a

Patient Health Questionnaire–9 item (PHQ-9)25 score of $15

and/or severe anxiety based on a Generalized Anxiety Disorder–7

item (GAD-7)26 score of$20 were excluded. Subjects were allowed

to use migraine prophylaxis and antidepressant medications.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Institutional Review

Board of the Montefiore Medical Center, and participants com-

pleted a written informed consent.

Data collection. Data collection included baseline and exit

questionnaires and an electronic diary. The electronic diary

was a custom-programmed, palm-based, electronic Patient

Reported Outcome device provided by Symfo (Boston, MA).

Subjects were trained to enter and transmit data via a landline

telephone to a secure central server. Diary completion was

monitored by the study coordinator. Noncompliant subjects

were contacted.

Baseline and exit questionnaire. At baseline, information on

sociodemographic and headache features was obtained. Addi-

tional instruments included the 12-item Allodynia Symptom

Checklist,27 Migraine Disability Assessment Scale,28 PHQ-9,

and GAD-7. At study completion, participants reported their

experience in the study, knowledge of their triggers and

premonitory features, perception about their ability to predict a

migraine attack, the PHQ-9, and the GAD-7.

Electronic diary data collection. Diaries alarmed every morn-

ing and evening to trigger data collection. At initiation of each

entry, subjects were prompted with a stem question (“How are

you feeling now?”), which had 4 response options including: “I do

not anticipate a migraine”; “I think I might get a migraine”; “I am

currently experiencing a migraine”; and “I had a migraine since

the last entry but I am now free of pain.” The reply to the stem

question initiated a branched logic to the appropriate question-

naire. Participants who reported that they were currently experi-

encing a migraine were directed to enter data at the conclusion of

the migraine attack.

Morning data collection included hours of sleep the previ-

ous night, number of alcoholic drinks since the last data entry,

menstruation status and premenstrual syndrome symptoms

(females), belief about the chance of experiencing a migraine

that day, and 6 items from the mood circumplex,29 which asked

for ratings on a visual analog scale ranging from 0 (not at all) to

100 (extremely) for each of the following mood states: happy,

sad, relaxed, nervous, lively, and bored. Evening data collection

included medication consumption (for headache and other rea-

sons), menstruation status and premenstrual syndrome symp-

toms (females), the 12-item Allodynia Symptom Checklist,

alcohol and caffeine consumption, 6 moods from the mood

circumplex, and 2 ratings of stress: the Self-Reported Stress

Scale (SRSS) and the Perceived Stress Scale (PSS).30 The

SRSS, created for this study, was a single-item question:

“Overall, how stressful was today?” Response options ranged

from 0 (“not at all stressful”) to 10 (“extremely stressful”). We

adapted the 4-item version of the PSS to assess the experience

of stress over the past day. Items included, “Today, how often

did you feel.

1. that you were unable to control the important things in your

life?

2. confident about your ability to handle your personal

problems?

3. that things were going your way?

4. that difficulties were piling up so high that you could not

overcome them?”

Response options were: never (0), almost never (0.25),

sometimes (0.50), fairly often (0.75), and very often (1.0) for

items 1 and 4. Responses to items 2 and 3 were reverse-

coded. Responses to the 4 items were summed to create a total

score ranging from 0 to 4. Higher scores indicate a higher degree

of perceived stress.

Analyses. Stata versions 11 and 12 (StataCorp, College Station,

TX) were used for data analyses. Migraine occurrence was mod-

eled as a binary outcome. Because each subject contributed many

days of observations, random-effects models were used to take

within-subject correlation into account. Specifically, logit-

normal models with a random subject-specific intercept were

used to estimate a subject-specific odds ratio (OR) for the

association of the stress variables from the evening diaries with

migraine occurrence within specific time frames (6, 12, 18, and

24 hours after diary entry). Understanding the time course

may clarify mechanisms and contribute to the development of

therapies. Random-effects models assess the risk of headache

onset within the individual obviating the need for additional

adjustment for demographic factors. The models weight

individuals who contribute more data more heavily. The ORs

represent the relative odds of migraine over a specified time

frame, after an exposure to stress or change in stress, in

comparison to periods without the exposure. Additional

analyses used a dichotomous variable as to whether there was a

decline in stress as measured by the PSS or SRSS in the logit-

normal models. Mantel-Haenszel ORs were estimated for the

association of the categorical variables (decline in stress as

measured with PSS or with SRSS) with migraine incidence.

The Mantel-Haenszel analysis uses different weights than the

logit-normal models in combining information across the

subjects, and thus serves as a sensitivity analysis. In addition,

we were able to report exact confidence intervals and p values

for the Mantel-Haenszel analysis.31 All reported results are

unadjusted. However, the cohort in this study is small and

homogeneous with only one male; therefore, demographic

factors are not likely to confound analyses.

RESULTS Subject sociodemographics. Of 22 subjects,
5 were excluded for insufficient or unreliable diary
data, leaving 17 subjects with more than 30 days of
reliable diary data and providing 1,015 eligible diary
days for analysis. Sixteen participants were women
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(94.1%). The median age was 43.8 years (range
23.4–55.4 years). The sample reported race/ethnicity
as follows: white, non-Hispanic 47.1%; Hispanic
23.5%; African American 23.5%; and other 5.9%.
All participants completed high school, 65%
completed a bachelor’s degree, and 29% had
postgraduate education. Fifty-three percent used
prophylactic migraine medication during the study.
Of these, 6 participants were using nortriptyline (an
antidepressant) for migraine prophylaxis. Two
participants used other psychotropic medications
including quetiapine for bipolar disorder and
citalopram for depression. Subjects completed
diaries over a 12-week period, contributing a total
of 2,011 diaries including 1,015 eligible evening
diaries (average 59.7 days per subject). Participants
reported a total of 110 migraine attacks that were
eligible for analysis.

Association of level of stress (status score) and migraine

attack. The average weighted mean PSS score was 0.99
(standard error 0.12). The average weighted mean SRSS
score was 4.06 (standard error 0.40). Table 1 shows the
association of level of stress as measured by PSS and
SRSS scores in the evening and migraine attacks over
the subsequent 6, 12, 18, and 24 hours. Among 8
models, results were significant only for the PSS score
predicting migraine over the subsequent 12 hours.

Association of change in stress and migraine attack.We ana-
lyzed the association of change scores from one night to
the next on migraine attack onset over the subsequent
24 hours in 771 eligible sets of observations. For each
unit decline in stress for the PSS, there was a statistically
significant increase in the relative odds of migraine
over 6, 12, and 18, but not 24 hours (table e-1 on
the Neurology® Web site at Neurology.org). For the
SRSS, results were significant at all 4 time intervals.
For the PSS change score, the OR at 6 hours is 1.92
(1.04, 3.54), indicating that a 1-unit decline on the
PSS was associated with a 1.92-fold increase in the
relative odds of migraine over the next 6 hours. ORs
for a migraine attack were similarly elevated at 12 and
18 hours but lost significance at 24 hours.

To further assess the influence of decline in stress,
we dichotomized the change in stress variables to any
decline (i.e., change score ,0) vs no decline (includ-
ing increase; i.e., change score $0). Any decline in
perceived stress was associated with a greater occur-
rence of migraine across all time periods on the PSS
and SRSS, with the exception of the 6-hour observa-
tion window for the SRSS (table 2). As a function of
any decline in the PSS, the odds of migraine increased
more than 4-fold at 6 hours and more than doubled
at 12 hours. For the SRSS, declining stress was asso-
ciated with headache onset at 12, 18, and 24 hours.

Table 1 Association with evening stress ratings (status scores) and migraine attack onset over the
subsequent 24 hours

Observation
window, h

No. of migraines within
observation window

PSS status score, OR
(95% CI), p valuea

SRSS status score, OR
(95% CI), p valuea

6 17 2.57 (0.97, 6.88), p 5 0.059 1.04 (0.86, 1.25), p 5 0.652

12 47 1.81 (1.13, 2.91), p 5 0.014 1.10 (0.98, 1.23), p 5 0.102

18 81 1.04 (0.675, 1.45), p 5 0.812 1.00 (0.92, 1.10), p 5 0.953

24 110 0.82 (0.62, 1.08), p 5 0.150 0.99 (0.92, 1.08), p 5 0.806

Abbreviations: CI 5 confidence interval; OR 5 odds ratio; PSS 5 Perceived Stress Scale; SRSS 5 Self-Reported Stress
Scale.
PSS scores range from 0 to 4; SRSS scores range from 0 to 10. Elevated ORs indicate that the lower the stress, the higher
the odds of migraine within that observation window.
aOR per unit difference.

Table 2 Association between decline in stress and migraine attack onset over the subsequent 24 hours

Observation window, h PSS change score, OR (95% CI), p valuea SRSS change score, OR (95% CI), p valuea

6 4.79 (1.39, 16.46), p 5 0.013 1.68 (0.54, 5.26), p 5 0.375

12 2.49 (1.24, 5.02), p 5 0.010 2.26 (1.12, 4.56), p 5 0.023

18 2.10 (1.22, 3.63), p 5 0.008 2.00 (1.16, 3.48), p 5 0.013

24 1.63 (1.01, 2.64), p 5 0.046 1.74 (1.08, 2.79), p 5 0.023

Abbreviations: CI 5 confidence interval; OR 5 odds ratio; PSS 5 Perceived Stress Scale; SRSS 5 Self-Reported Stress
Scale.
PSS change scores range from 24 to 14; SRSS change scores range from 210 to 10. Any decline is indicated by a
negative change score. Elevated ORs indicate increased odds of migraine with any decline in stress.
aOR contrasting any decline vs no decline or increase in stress.
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Association between level and change in stress and

migraine attack. Although change in stress was more
strongly associated with migraine attack onset and
level of stress reached significance at a single time
point, we assessed their joint influence. We modeled
headache onset with level of stress (status score) and
change in stress (dichotomized as decline or no
decline) for the PSS. Results showed that decline in
stress was significantly associated with migraine attack
onset even after controlling for level of stress (table 3).
Level of stress was not significantly associated with
migraine onset at any time point. Adjusting for level
of stress minimally attenuated the magnitude of this
association (comparing results in table 3 with table 2).
These results suggest that change in perceived stress
rather than level of stress is associated with migraine
attack onset. In table 4, we depict change in the
SRSS, controlling for level of SRSS. We found that
change in SRSS was significantly associated with
migraine attack onset at all points in time whereas
level of stress was independently associated only at
18 and 24 hours. We then fit models with any decline

(dichotomized) for the PSS and the measured decline
in the SRSS both included. The effect of the SRSS
was reduced compared with a model without PSS for
all time horizons, and the PSS was no longer signi-
ficantly associated with migraine attack for any time
window (table e-2).

DISCUSSION In this study, we assessed stress using
2 different stress measures and examined the influ-
ence of both status and change in stress scores. Stress
status scores in the evening were not significantly
associated with migraine attack onset for most time
windows (table 1). After taking change in stress into
account, status scores were never significantly associ-
ated with migraine occurrence. However, decline in
stress from one evening to the next was consistently
associated with migraine attack onset on the third day.
Decline in both PSS and SRSS was associated with
migraine attack onset at 6, 12, and 18 hours, and the
SRSS was significantly associated with onset at 24 hours.
Similarly, any decline in stress tested as a dichotomous
variable was robustly associated with migraine onset.

Table 3 Joint effect of level of stress (PSS status score) and decline in stress (any decline vs no decline on
PSS) on migraine attack onset over the subsequent 24 hours

Observation window, h PSS status score, OR (95% CI), p valuea
Decline in PSS from preceding night
(PSS change score), OR (95% CI), p valueb

6 1.94 (0.61, 6.11), p 5 0.261 4.12 (1.18, 14.44), p 5 0.027

12 1.48 (0.86, 2.53), p 5 0.156 2.26 (1.12, 4.59), p 5 0.023

18 0.83 (0.57, 1.22), p 5 0.350 2.24 (1.27, 3.95), p 5 0.005

24 0.67 (0.49, 0.93), p 5 0.016 1.91 (1.15, 3.16), p 5 0.012

Abbreviations: CI 5 confidence interval; OR 5 odds ratio; PSS 5 Perceived Stress Scale.
PSS status scores range from 0 to 4; PSS change scores range from 24 to 4. Decline in PSS is scored dichotomously; a
negative change score indicates a decline in stress. Elevated ORs for level of stress indicate increased odds of migraine for
lower levels of stress taking into account change in stress from the previous night. Elevated ORs for decline in stress
indicate increased odds of migraine for any decline in stress taking into account level of stress.
aOR per unit difference in stress.
bOR contrasting any decline vs no decline or increase in PSS.

Table 4 Joint effect of level of stress (SRSS status score) and reduction in stress (SRSS change score) on
migraine attack onset over the subsequent 24 hours

Observation window, h SRSS status score, OR (95% CI), p valuea
Decline in SRSS from preceding night
(SRSS change score), OR (95% CI), p valueb

6 0.88 (0.68, 1.13), p 5 0.318 1.28 (1.03, 1.59), p 5 0.029

12 0.95 (0.81, 1.11), p 5 0.514 1.26 (1.10, 1.44), p 5 0.001

18 0.83 (0.73, 0.94), p 5 0.004 1.27 (1.13, 1.42), p , 0.001

24 0.87 (0.78, 0.97), p 5 0.012 1.19 (1.08, 1.31), p # 0.001

Abbreviations: CI 5 confidence interval; OR 5 odds ratio; SRSS 5 Self-Reported Stress Scale.
SRSS status scores range from 0 to 10; SRSS change scores range from 210 to 10. Decline in SRSS is scored dichot-
omously; a negative change score indicates a decline in stress. Elevated ORs for level of stress indicate increased odds of
migraine for lower levels of stress taking into account change in stress from the previous night. Elevated ORs for decline in
stress indicate increased odds of migraine for greater decline in stress taking into account level of stress.
aOR per unit difference in stress.
bOR per unit change in SRSS.
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We also assessed the separate and joint contribu-
tion of status and change scores on the PSS by includ-
ing them in a single model. In these models, PSS
status score was not significantly associated with
migraine attack onset at any time point whereas
decline in PSS score was strongly related to migraine
attack onset at each time point over 24 hours. Simi-
larly, the SRSS status score was associated with head-
ache onset at 18 and 24 hours whereas the change
score was associated with an increased risk of migraine
attack at all time windows. These results are consis-
tent with and extend prior research.11–20

In aggregate, these findings and the prior literature
support the let-down hypothesis, which predicts that
decline in perceived stress is associated with an
increased probability of migraine onset. There are at
least 2 alternative mechanisms to explain this phenom-
enon. Stress may be associated with another factor that
leads to an increased probability of migraine. These
“unmeasured mediators” of stress may include missed
medications, skipped meals, or disturbed sleep, any of
which could arise as a consequence of stress. This
explanation does not negate our findings, but suggests
a direction for future testing of mediation models.
Alternatively, we may have reversed cause and effect.
That is, during the premonitory phase of migraine,
there may be a period of increased vulnerability to
stress followed by a phase of decreased vulnerability
to stress. Under this hypothesis, stress followed by
reduction in stress is not a trigger factor for migraine
but a manifestation of the impending attack. This
could represent a form of “neural normalization” if
migraine increases brain activity resulting in a reduc-
tion in stress perception.32 This seems unlikely because
stress is often tied to identifiable external events and
the let-down effect persists for up to 24 hours.

There are several plausible biological mechanisms
for let-down migraine, although the mechanism re-
mains uncertain. Stressors are known to activate both
the autonomic nervous system and neuroendocrine
mechanisms in a manner that may be adaptive or
maladaptive.33,34 Activation of the hypothalamic-
pituitary axis leads to short-term elevation of gluco-
corticoids, which have anti-inflammatory and
antinociceptive effects.35 When acute stress ends,
hypothalamic-pituitary axis activation declines and
glucocorticoid levels fall. Steroids and their with-
drawal produce a complex array of sometimes contra-
dictory effects including both pain relief and
hyperalgesia.35 Glucocorticoid withdrawal may con-
tribute to let-down migraine. In addition to the role
of stress in attack initiation, migraine attacks are
stressful events in their own right. Migraine attacks
with recurrent episodes of pain, central sensitization,
and concomitant hormonal and inflammatory
changes may alter brain structure and function.31,34

This study has several limitations. Generalizability
of findings to primary care settings is uncertain. The
SRSS has not been validated; it is face valid, correlated
with the validated PSS, and was consistently associated
with an increased risk of migraine attack onset. There
were missing diary entries and data for most subjects.
Finally, the sample was small; however, each individual
serves as their own control (analyses are within-
person), which adjusts for a broad array of characteris-
tics. Despite the modest number of participants,
the study included 2,011 daily diary entries and 110
migraine attacks, supporting robust and consistent re-
sults. Larger studies are needed to assess both general-
izability and individual differences in the relationship
of stress and attack occurrence. Appendix e-1 contains
tables e-3 through e-7, which provide information on
variance components and intraclass correlations to
facilitate powering future studies. We specifically
examined the effects of stress on day 1 and day 0. Level
of stress on day 2 was protective (data not shown). We
hope to examine a broader range of temporal relations
in a larger sample in future work.

Despite these limitations, this study demonstrates a
striking association between reduction in perceived
stress and migraine occurrence utilizing time-stamped
electronic diaries. Results demonstrate that electronic
diaries coupled with appropriate analytic strategies pro-
vide a powerful tool for assessing headache triggers.11–22

Random-effects logistic regression modeling provides
more accurate summaries of effects both within and
among participants. Methodologic issues in studying
stress and relaxation after stress exemplify the problems
that arise for studying provocative factors for migraine
in general. Self-reported beliefs about migraine triggers
are best regarded as hypothesis-generating. Reports of
triggers can be followed up either with observational
diary studies, or for some triggers, with randomized
trials. Experimental interventions (randomized blinded
exposure) are, in some respects, the most rigorous design
but they have limitations. For some exposures, experi-
mental administration is not possible. For others,
response to placebo or sham triggers may be high. Most
trials involve exposure on a single occasion. If migraine
thresholds vary over time and trigger factors interact, a
laboratory-based, single-blinded exposure study may
miss important associations. This weakness is offset
either in multiattack observational studies or with
longer-term blinded exposure in a randomized clinical
trial. In this regard, studies of aspartame are informa-
tive.36–39 If variation in perceived stress triggers migraine
attacks, for at least some individuals, strategies that
reduce stress may decrease attack frequency. Awareness
of perceived stress may improve migraine prediction and
provides targets for nonpharmacologic and pharmaco-
logic interventions. Because the let-down effect occurs
over 6 to 24 hours, proposed interventions should work
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quickly and maintain effects over 24 hours. Empirically
supported therapies include cognitive behavioral ther-
apy, biofeedback training, mindfulness-based stress
reduction, and healthy lifestyle practices (e.g., exercise,
proper sleep hygiene), which may help moderate in-
creases in perceived stress.40 Teaching individuals to
monitor stress levels at multiple time points during
the day and engage in brief interventions may help pro-
tect against additional increases and possibly reduce lev-
els of stress. Interventions that stabilize stress, including
relaxation practice, diaphragmatic breathing, and guided
visual imagery, may be helpful in this context.40 Future
work should supplement patient-reported measures
with physiologic measures of sympathetic and neuroen-
docrine effectors.
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