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Abstract
The objective of this study was to evaluate the time-series relationships between stress, sleep
duration, and headache pain among patients with chronic headaches. Sleep and stress have long
been recognized as potential triggers of episodic headache (< 15 headache days/month), though
prospective evidence is inconsistent and absent in patients diagnosed with chronic headaches (≥ 15
days/month). We reanalyzed data from a 28-day observational study of chronic migraine (n = 33)
and chronic tension-type headache (n = 22) sufferers. Patients completed the Daily Stress
Inventory and recorded headache and sleep variables using a daily sleep/headache diary. Stress
ratings, duration of previous nights' sleep, and headache severity were modeled using a series of
linear mixed models with random effects to account for individual differences in observed
associations. Models were displayed using contour plots. Two consecutive days of either high
stress or low sleep were strongly predictive of headache, whereas two days of low stress or
adequate sleep were protective. When patterns of stress or sleep were divergent across days,
headache risk was increased only when the earlier day was characterized by high stress or poor
sleep. As predicted, headache activity in the combined model was highest when high stress and
low sleep occurred concurrently during the prior 2 days denoting an additive effect. Future
research is needed to expand on current findings among chronic headache patients and to develop
individualized models that account for multiple simultaneous influences of headache trigger
factors.
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1.0 Introduction
Migraine and tension-type headache (TTH) are among the most common medical
complaints and causes of disability [5,27,31,40]. Approximately 1.4% to 2.2% [30] of the
population sufferers from chronic migraine and 2.2% [37] from chronic TTH (CTTH), in
which sufferers experience 15 or more days per month with headache [21]. Individuals with
these chronic headache subforms comprise the majority of treatment-seeking patients and
have significantly higher rates of medical and psychiatric comorbidities, as well as greater
headache-related disability and functional impairment, than do their episodic counterparts
[15,30,37,46].

High stress and inadequate sleep are two of the most commonly reported triggers of
headache identified in retrospective studies [28]. Upwards of 80% of migraine patients
identify stress as a headache precipitant [22,26,28,38]. However, prospective time-series
analyses have inconsistently supported earlier retrospective associations between headache
and stress [10,17,38,45]. In an ambitious prospective study of headache triggers, Wöber and
colleagues found that stress was a significant precipitant of headache but was less potent
than suggested by earlier retrospective reports [45]; similar findings in prospective versus
retrospective reports have been recently noted elsewhere [14]. A small number of studies
have attempted to use physiological markers of stress to predict subsequent headache
episodes [2,25,35]. However, prospective studies have not always supported the notion that
biological markers of stress are rally related to migraine [11,13,36,42].

Similarly, “lack of sleep” is endorsed as a trigger among 48% to 74% of migraineurs and
26% to 72% of tension-type headache sufferers, and sleep disturbance has been consistently
identified as a headache trigger in retrospective studies [3,6]. Kelman and Rains assessed
relations between sleep and migraine and found that approximately half of patients reported
atleast occasional symptoms of insomnia, 38% reported sleeping less than 6 hours per night,
and 50% of patients reported that sleep disturbance triggered their migraines [23]. The
severity and prevalence of sleep problems increase proportionally to headache frequency,
such that the majority of chronic migraineurs (68-84%) suffer from insomnia on a near-daily
basis [8,34]. Prospective data pertaining to sleep as a headache trigger are lacking, however,
and existing retrospective studies have failed to account for strong interrelationships
between sleep and stress.

Stress and sleep are of particular clinical interest because they represent modifiable risk
factors and have been implicated in the progression of episodic headache into more chronic
subforms [4,18,32]. The present study was designed to examine individual and combined
influences of perceived stress and sleep duration in predicting headache severity among
chronic migraine and TTH patients with the hypothesis that stress, sleep, and their
interaction would combine to predict headache severity among patients with chronic
migraine and chronic TTH. The presence of intra-individual differences in perceived stress
and the frequency of sleep disturbance among chronic headache sufferers likely obscures
associations uncovered in previous studies and provided a strong rationale for using daily
diary recordings [41] and corresponding within-subjects data-analytic approaches [20].
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2.0 Methods
2.1 Participants

The present study is a reanalysis of a previously published, observational, paper-pencil diary
study [20,29]. Inclusion requirements were patients between 18 and 70 years of age who had
at least 4 headache days per month and had stable headache characteristics for 1 year or
longer. Although the data were collected prior to their inception, sufficient information (e.g.,
headache intensity, duration, photophobia, phonophobia, etc.) was available to assign
primary headache diagnoses adherent to 2004 International Headache Society (IHS) criteria
[21] based on administration of a structured diagnostic interview. Patients were excluded if
their headaches were attributable to secondary causes (eg, trauma, underlying neurologic
impairment, allergies, sinus conditions), if they were unable to complete questionnaires or
noncompliant with self-monitoring (e.g., returned diaries that were clearly completed in one
sitting rather than daily), or if medication monitoring revealed possible medication overuse
headache (ie, 10 consecutive days of medication use such as aspirin, acetaminophen,
sedative, analgesic, or ergotamine tartrate). From the pool of 64 headache sufferers who
were originally recruited through physician referrals and radio/newspaper advertisements to
the University of Mississippi Medical Center Head Pain Center, 33 chronic migraineurs and
22 CTTH sufferers met all inclusion criteria and were retained for the present analysis. The
remaining 9 patients had episodic headache subforms and were thus excluded.

2.2 Procedure
The original study was approved by the Institutional Review Board of the University of
Mississippi Medical Center and the re-analysis of the data was conducted under the approval
of the Institutional Review Board of Wake Forest School of Medicine. Participants were
given an explanation of the aims and procedures of the study and provided written informed
consent. Questionnaires were used to collect demographic, medical and headache history.
Four times a day for 28 days, patients recorded headache severity on a 0 to 10 scale (0= no
headache, 10=extremely painful) using a provided diary; these daily ratings were later
summed to calculate a headache sum (HAS) for that day. Upon awakening each morning,
participants recorded the duration of their previous night's sleep in hours. The Daily Stress
Inventory (DSI) was completed each evening and used to determine the number of stressful
events, the severity of stress, and the average stress over the previous 24 hours. The DSI is a
well-validated 58-item Likert-type scale that allows a subject to identify stressful events that
they have experienced in the last 24 hours [7]. For each item that is endorsed, a stressfulness
impact rating is made ranging from 1 (“occurred but was not stressful”) to 7 (“caused me to
panic”). Although other indices are available (e.g., sum of ratings, sum of events), for the
present study the average impact rating (AIR) of the included stressful events was used in
the data analytic models because it incorporates both the number of events experienced and
their intensity ratings.

2.3 Statistical Analyses
All analyses were conducted using SAS 9.2 (SAS, Inc, Cary, NC). Where appropriate all
inferences are two-tailed and point estimates are presented with 95% confidence intervals.
There were no missing data encountered in the considered diaries of the participants. To
examine the Pearson correlations between ±3 day lags and leads of the stress, sleep, and
headache pain series, separate cross-correlation functions were calculated for each
participant. To better ensure that the autocorrelation within each series did not impact the
estimates of cross-correlation, the headache series was “pre-whitened” using a standard
ARIMA (1,0,0) that was previously found to model most of the autocorrelation patterns in
within-subject headache pain series [20]. In this way, the individual cross-correlations
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represent a depiction of the relationships between sleep, stress, and headache after
controlling for the autocorrelation that is often observed in time-series data.

To model the relationships between sleep, stress, and headache severity, several linear
mixed models were used. These model forms assumed that the underlying headache reports
were normally distributed, an assumption previously supported among patients with frequent
headaches [19,20]. To account for individual differences in both the level of pain reporting
and between-subject variability in relationships between predictors, random effects were
specified for the intercept (ie, allowing each subject to have their own intercept) and slopes
of the various sleep and stress predictor variables. Three separate models were conducted
and are reported: one for the relationship between stress and headache, one for the
relationship between previous night's sleep and headache, and a final model that includes a
linear composite of the stress predictors estimated from the stress model and a linear
composite of sleep predictors from the sleep model. In all models curvilinear relationships
were examined by squaring a predictor; interaction terms were assessed through sequential
addition to the main effects. In all models, a lag of the headache sum (i.e., the previous day's
sum of headache pain ratings, ranging from 0 to 40) was forced into the model to control for
the previous headache pain's impact on today's headache activity. The reported models are
the result of several considered models (ie, with and without quadratic terms and
interactions) that minimized both the objective function (-2*Log Likelihood) and the
Bayesian Information Criterion (BIC) that penalizes models having a greater number of
predictors.

To visually evaluate the relationships and to display the model predictions, several 2D plots
were generated. Because of the large between-subject variability in levels of pain in the
relationships among sleep, stress, and headache pain, the data were smoothed prior to
display in order to enhance the signal/noise ratio. To do so, the Loess smoother from Sigma
Plot 11.0 was used with a 0.4 sampling proportion. The resulting smoothed data are
displayed as 2D color contour plots.

3.0 Results
3.1 Patient Characteristics

Thirty-three (60%) participants from the retained sample met criteria for chronic migraine,
while 22 (40%) met criteria for chronic TTH. The 13 participants meeting diagnostic criteria
for both migraine and TTH were classified as chronic migraine. Most participants in the
present sample were female (83.6%) and Caucasian (90.9%; 9.1% African American). The
mean age of chronic migraine sufferers was 43.3 years (SD =13.5), while the mean age of
TTH sufferers was 45.0 years (SD =12.4). The median number of experienced headache
days (out of the 28 day/month observation period) was 26 (range: 15 to 28).

3.2 Sleep, Stress, and Headache Characteristics
Tension-type headache sufferers reported a mean (SD) headache sum (HAS) of 10.3 (6.0)
with the reported means of individuals ranging from 2.2 to 27.9 (Table 1). Migraine
sufferers reported a similar mean HAS of 10.8 (6.2) with a range of means from 2.2 to 27.5.
Tension-type headache sufferers reported a mean sleep duration of 6.7 hours (0.82), while
migraine sufferers reported mean sleep duration of 7.1 hours (0.91) hours. Mean reported
average stress impact rating (AIR) was 2.3 (0.75) for tension-type headache patients and 2.5
(0.97) for migraine patients. Although differences in the diagnostic groups' daily headache
intensities (d = 0.08 standard deviation difference) were not substantial, differences in sleep
duration (d = 0.44), and stress levels (d = 0.24) were remarkable such that diagnostic groups
were considered in post hoc sensitivity analyses for all models.
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3.3 Preliminary Analyses – Cross-correlation functions
Figure 1 displays the individual associations for all of the temporally lagged cross-
correlations between stress, sleep, and headache sum. The individual relationships varied
substantially across individuals for each of the time lags. For example, in the stress and
headache associations, the same day associations (lag 0) averaged r = 0.12 but individually
varied between r = -0.36 to 0.73. This large degree of variability in the individual
relationships included several statistically significant within-person associations for both the
direct (ie, high stress with high headache) and inverse (ie, high stress with low headache)
relationships. This indicates that when viewed in this manner, several of the individuals in
the sample had opposite responses to stress. In the aggregate, yesterday's stress (lag -1: r =
0.03) and two day's previous stress (lag -2: r = 0.04) were only slightly associated with
increased headache sums. Conversely, today's headache sums were only slightly associated
with tomorrow's stress (lag 1: r = 0.05) and stress ratings two days from present (lag 2: r =
0.01). Similarly small aggregate correlations were observed for the temporal relationships
between sleep and headache and between stress and sleep. As might be expected, each of
these associations tended to be negative, with higher levels of sleep being associated with
lower levels of stress and headache.

These cross-correlations informed subsequent model building in several ways. First, because
of the large degree of variability in the individual associations, a fixed effects model
attempting to force one coefficient on the relationship was likely to fit the data poorly and
result in only modest predictive utility. For that reason, random effects models that allow
these coefficients to vary by participant were selected. Second, there were some individuals
for whom recent prior experiences with stress and sleep had a potent impact on headache
activity. To account for this, lagged stress and sleep predictors (up to ±2 days) were included
in the final models. Next, it was very likely that the large between-person variability was
being influenced by unique combinations of these predictors (eg, high levels of stress and
sleep), unique relationships between them (eg, linear vs. nonlinear), or perhaps from a non-
measured variable. For these reasons, interaction terms and curvilinear terms were also
included in the models. Finally, because there are at least modest associations between stress
and sleep, separate models were initially built for each of these two variables (ie, to avoid
multicollinearity), followed by a combined final model aggregating both variables.

3.4 Stress and Headache Model
Table 2 displays the best fitting model of how stress predicts headache. This model was the
end result of many conducted inferences considering linear and quadratic versions of the
various lags of stress, and several higher order interaction terms. This model minimized the
BIC function such that larger models with more predictors (which could reduce error
variance in headache scores) did not result in substantially better fit when penalized for
using more information. Because of the many unreported inferences, the confidence
intervals reported in the table are narrower than they might be if all inferences were
considered and must be interpreted with caution.

The stress model reflects a complicated impact of the role of stress in precipitating
headache, describing how the two most recent days' (ie, today and yesterday) stress levels
combine to predict current headache intensity (SUM). Several interaction terms in the model
indicate that recent stress levels combine in unique ways to influence headache (i.e., that
stress impacts headache severity differently when different patterns of stressful days have
been encountered). The squared predictors indicate a non-linear pattern of relationships best
depicted graphically. Figure 2 depicts the actual data (top pane) and the model predictions
(bottom pane). The similarity of the two plots reflects the good fit of the model predictions
to the actual data. Several interesting trends between stress and headache were noted. First,
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if yesterday's stress was moderate or greater (i.e., > 3 on the AIR scale) and today's stress is
moderate or greater (i.e., > 3 on the AIR scale), headache activity is predicted to be very
high (e.g., two bad days results in increased headache). Similarly, if both yesterday and
today's stress is low, headache activity is predicted to be low (e.g., two good days results in
decreased headache). However, if yesterday's stress is low and today's stress is high,
headache activity is predicted to be low (eg, when under new stress, the sufferer is not likely
to experience high headache activity). Finally, when yesterday's stress was high, but today's
stress is low, the sufferer is likely to experience increased activity (e.g., the “let down” or
“Saturday” headache).

3.5 Sleep and Headache Model
Table 2 displays the best fitting model of how sleep the previous two days predicts
headache, which was derived using the same inferences and BIC function minimization of
the stress and headache model. The sleep model reflects a complicated impact of sleep
duration's role in influencing headache. Unlike the stress model, the sleep model only
utilizes “yesterday's” (ie, 2 days prior) and “today's” sleep (ie, the night before) duration to
combine to predict current headache intensity (SUM). As with stress, the interaction terms
were used to examine how different combinations of sleep on subsequent days combined to
predict headache severity. The squared predictors reveal a non-linear relationships across
levels of sleep duration. Figure 3 depicts the actual data (top pane) and the model
predictions (bottom pane). The similarity between the two plots again reflects strong fit
between predicted and observed data. The plots display several notable relationships.

First, if yesterday's sleep was low (i.e., < 4 hours duration) and today's sleep is also low (i.e.,
< 4 hours duration), headache activity is predicted to be very high (e.g., two bad days results
in increased headache). Conversely, if yesterday's sleep duration was low but today's sleep
was high, headache activity is predicted to be high (e.g., the “sleep-in” headache). Finally, if
a sufferer gets approximately 8 hours of sleep on consecutive days, headache activity is
predicted to be low.

3.6 Combined Final Model of Stress and Sleep
Table 2 displays the combined final model of stress and sleep. This model utilized what was
learned about the relationships between stress, sleep, and headache in the previous two
models to create a single stress and sleep predictor. To calculate the omnibus predictor, each
of the stress model coefficients was used to weight the stress predictors to combine them
into one “stress risk” score. In this way, a single dimension of stress could be used to reflect
a single day's stress risk in the model, thus reducing the complexity of the predictors. This
approach does present some interpretation difficulties because, for example, a low stress
score could be obtained from two good stress days or from a high stress day today combined
with a low stress yesterday, as both of these combinations were associated with low
headache activity in the stress model. The same approach was taken with the sleep
predictors.

The coefficients for this model are displayed in Table 2. Figure 4 depicts the model
predictions from this final combined model. The model fit best when the stress and sleep
scores (the “risk scores”) were additive and stress was modeled with a quadratic term
(though the sleep term was more linear). In Figure 4, the zero-zero coordinate reflects the
average stress and sleep risks in the model. As can be seen in Figure 4, the lowest headache
activity was associated with low stress and low sleep risk scores.

As each of the individual stress and sleep risk terms increase, a corresponding increase in
headache activity is observed, with the most headache activity occurring when both are high.
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There is a counter-intuitive level of modestly-elevated headache risk when stress and sleep
risk are both extremely low (lower left quadrant), but this could be due to the model's
proclivity to overestimate the importance of yesterday's sleep when today's sleep duration
was low (ie, contrast the upper left quadrants of the two images in Figure 3). Taken together,
the model's coefficients support the interpretation that stress and sleep are additive in
predicting headache activity in chronic headache sufferers.

4.0 Discussion
The present study examined the individual and combined influences of perceived stress and
sleep duration in predicting headache severity among a sample of chronic migraine and
chronic TTH patients. The presented models depict a series of preliminary relationships
between stress, sleep, and their combination in predicting headache. Regarding stress, the
models indicate that the impact of concurrent stress is modified by an individual's recent
experience with stress. High stress on the previous and current day increases risk for
headache, whereas low stress on both days is associated with decreased risk. However, when
patients experienced differing levels of stress across two days, the models indicate that high
stress on the previous day is a risk factor for subsequent headache when new stress is low,
but that novel stress alone is not associated with increased risk of headache insofar as the
previous day's stress is low. Prior stress thus seems to differentially evoke headache
compared to new stress. The variable impact of differential stress across subsequent days is
consistent with the notion that daily hassles influence headache activity and differentiate
headache patients from controls more than major stressful life events [17,18,24,44].
Considered together, these data indicate that stress can be protective, evocative, or non-
informative for headache severity depending on a patient's recent history.

Regarding sleep, the modeled data indicate that two consecutive days of decreased sleep is
associated with increased risk for headache; headache severity ratings were inversely related
to sleep duration (ie, less sleep is associated with more severe headaches). These data
support those from retrospective studies that have identified insufficient sleep as one of the
most common triggers of headache [23,28]. They indicate also that adequate sleep for two
consecutive days is protective against headache and that the optimal sleep duration on both
nights approximates 8 hours. However, as with the stress data, inconsistency across the two
modeled days was associated with differential headache outcomes: Risk for headache is
increased insofar as the prior day's sleep was low and today's sleep is high, but headache risk
is not as elevated when yesterday's sleep was high and today's sleep is low.

The final model assessed the interactive effects of stress and sleep in predicting headache,
given the paucity of research on their additive effects despite the high frequency with which
both are reported as headache triggers. As expected, stress and sleep function as headache
triggers most strongly when both are elevated as risk factors, that is, when high stress and
poor sleep occur concurrently in time. The risk for severe headache increases proportionally
with both high perceived stress and low sleep duration. Because high stress and poor sleep
are strongly correlated and occasion one another [9,16,33,43], synergistic suffering may
occur for headache sufferers who do not sleep well under high stress.

Findings from the present study confirm that the headache activity of chronic headache
patients can be predicted from combinations of perceived stress and sleep duration, even
among individuals experiencing near-daily headache. The ability of these variables to
strongly predict such a frequent occurrence speaks to the robustness of the observed findings
and the strong fit between the observed and modeled data. They also comport well with
time-series data from other chronic medical conditions showing that pain intensity can be
reliably predicted by stress even among patients with very frequent pain [1,12].
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Interestingly, the single-variable models underscore the notion that yesterday's events (ie,
high stress, poor sleep) are stronger predictors of headache activity than are same-day events
when the pattern of activity is divergent across days. Previous studies have indeed observed
differential effects of various temporal lags on headache activity [24], although the large
majority of existing studies on headache precipitants have not simultaneously considered
temporal lags in the data analytic approach. Extreme variability in the observed cross-
correlations further confirms the importance of taking into account individual differences
and non-linear relationships to account for these differences, as was done in the present
study using mixed linear models with specified random effects. It is likely that previous
mixed findings in previous studies of stress and sleep as headache triggers are partly a
function of the failure to consider these important issues, and future studies using time-series
designs should continue to address them.

The present study is unique because of its prospective design including multiple daily data
collection points, inclusion of both chronic migraine and CTTH patients, and a data analytic
plan that afforded quantification of both temporal relationships and intra-individual
differences. Despite these strengths, several substantial limitations exist. The limitations in
the available data result in the notion that these models should be viewed as providing
preliminary support of the uncovered relationships. The most notable limitations are
highlighted below.

The daily diaries were collected using paper-pencil forms that have a large potential for
unreliability. Stone and colleagues examined participant compliance with paper and pencil
diaries and found that although participants reported 90% compliance in completing the
diaries, they were actually only 11% compliant [39]. This startling finding highlights the
possibility that the diary information in the present study was completed using retrospective,
or even faked reports (e.g., a patient completing the entire diary immediately before turning
it in). The diaries used in the present study contained a high cognitive burden that might
have increased the chances of low compliance. In future studies, electronic diaries should be
used to confirm compliance with the study protocol.

There were limitations on the nature of assessments. Stress was only assessed once daily so
intra-day temporal relationships with sleep could not be evaluated. The impact of daily
medications to prevent headache, or the attenuating influence of abortive medications was
also not considered in the models. Participants were instructed to maintain a stable
medication regimen, reducing variability in these predictors, but future studies could include
this behavior as a potential confounder. A range of other potential effect modifiers might
impact the uncovered associations (eg, ovarian hormone levels, psychiatric comorbidities),
but these predictors were not available for analysis in the present study. The quantification
of the sleep predictor was based on duration of sleep only; it is conceivable that sleep quality
or sleep efficiency would have a substantially different role in predicting headache activity.
Future studies should consider assessment of stress and sleep at multiple time points
throughout the day and in quantifying sleep based on perceived quality or using a validated
sleep instrument.

The present analysis evaluated only a modest sample of individuals. The extent to which
these individuals represent chronic headache sufferers in general, or to which these results
generalize to episodic sufferers is unknown. These results must be replicated in future
samples in a more diverse population to evaluate their generalizability.

Finally, we attempted to reduce the probability of obtaining spurious associations from
considering multiple models by applying rigorous model selection criteria (objective
function, BIC). Despite this, we did have to consider multiple models that were relatively
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large in size compared with each individual's provided data set (ie, using approximately 25%
of each individual's provided data). To verify that the observed models did not “over-fit”
each patient's experience, the reported models should be replicated in an external data set.

Given the significant impact of perceived stress, sleep duration, and their combination in
robustly predicting headache severity, these preliminary findings can be used to inform
future research on headache precipitants among patients with chronic headache disorders.
Future research is needed to build on current evidence and develop individualized models
that account for multiple simultaneous influences.
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Figure 1.
Cross-correlation between stress (AIR) and headache SUM (top panel), sleep quantity and
headache SUM (middle panel) and stress (AIR) and sleep quantity (lower panel). For each
plot, individual tick marks represent a single subject with the y-axis displaying the Pearson
correlation as a function of time lag in days. The bar plot reflects the average of individual
associations.
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Figure 2.
A contour plot depicting the smoothed headache SUM using color as a function of today's
stress (x-axis) and yesterday's stress (y-axis). The top panel displays the smoothed observed
data, and the bottom panel displays the smoothed stress model predictions. The similarity
between plots reflects a good fit of the model to the data.
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Figure 3.
A contour plot depicting the smoothed headache SUM using color as a function of last
night's sleep (x-axis) and the previous night's sleep (y-axis). The top panel displays the
smoothed observed data, and the bottom panel displays the smoothed sleep model
predictions. The similarity between plots reflects a good fit of the model to the data.
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Figure 4.
A contour plot depicting the smoothed headache SUM using color as a function of stress risk
(x-axis) and sleep risk (y-axis). The combination of stress and sleep risks additively combine
to predict increased headache activity.

Houle et al. Page 15

Pain. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Houle et al. Page 16

Ta
bl

e 
1

D
em

og
ra

ph
ic

s 
an

d 
G

ro
up

 V
ar

ia
ti

on
 o

f 
T

en
si

on
-T

yp
e 

H
ea

da
ch

e 
an

d 
M

ig
ra

in
e 

Su
ff

er
er

s

T
en

si
on

-T
yp

e 
H

ea
da

ch
e 

n 
= 

22
M

ig
ra

in
e 

H
ea

da
ch

e 
n 

= 
33

n;
 M

ea
n

%
; 

SD
R

an
ge

; 
R

an
ge

 o
f 

m
ea

ns
n;

 M
ea

n
%

; 
SD

R
an

ge
; 

R
an

ge
 o

f 
m

ea
ns

D
em

og
ra

ph
ic

 
G

en
de

r

 
 

Fe
m

al
e

17
77

.3
%

--
--

29
87

.9
%

--
--

 
 

M
al

e
5

22
.7

%
--

--
4

12
.1

%
--

--

 
E

th
ni

ci
ty

 
 

C
au

ca
si

an
21

95
.5

%
--

--
29

87
.9

%
--

--

 
 

A
fr

ic
an

-A
m

er
ic

an
1

4.
5%

--
--

4
12

.1
%

--
--

 
A

ge
45

.0
12

.4
30

 to
 6

9
43

.3
13

.5
24

 to
 7

0

G
ro

up
 V

ar
ia

ti
on

 
H

A
S

 
 

M
ea

ns
10

.3
6.

0
2.

2 
to

 2
7.

9
10

.8
6.

2
2.

2 
to

 2
7.

5

 
 

SD
s†

5.
7

2.
2

3.
1 

to
 1

0.
8

5.
9

2.
1

2.
1 

to
 1

0.
0

 
Sl

ee
p

 
 

M
ea

ns
6.

7
0.

82
5.

7 
to

 8
.1

7.
1

0.
91

4.
8 

to
 8

.5

 
 

SD
s†

1.
2

0.
46

0.
53

 to
 2

.1
1.

4
0.

51
0.

31
 to

 2
.4

 
A

IR

 
 

M
ea

ns
2.

3
0.

75
1.

3 
to

 3
.8

2.
5

0.
97

0.
7 

to
 4

.4

 
 

SD
s†

0.
67

0.
32

0.
3 

to
 1

.5
0.

82
0.

37
0.

3 
to

 1
.5

† R
ef

le
ct

s 
th

e 
ag

gr
eg

at
e 

of
 in

di
vi

du
al

 p
ar

tic
ip

an
ts

' s
ta

nd
ar

d 
de

vi
at

io
ns

Pain. Author manuscript; available in PMC 2013 December 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Houle et al. Page 17

Table 2
Final Sleep and Stress Models

Stress Predicts Headache Model

Predictor Estimate 95% CI p

LB UB

Intercept 5.76 3.74 7.79 <.0001

Yesterday's Headache 0.39 0.31 0.46 <.0001

Today's Stress -1.28 -2.55 -0.01 0.048

Today's Stressˆ2 0.58 0.32 0.83 <.0001

Yesterday's Stressˆ2 0.16 -0.01 0.32 0.058

Today's Stress * Yesterday's Stressˆ2 -0.10 -0.15 -0.04 0.001

Day Before Yesterday's Stressˆ2 -0.09 -0.20 0.02 0.097

Yesterday's Stressˆ2 * Day Before Yesterday's Stressˆ2 0.008 0.002 0.015 0.013

Sleep Predicts Headache Model

Predictor Estimate 95% CI p

LB UB

Intercept 11.92 6.70 17.14 <.0001

Yesterday's Headache 0.33 0.26 0.40 <.0001

Today's Sleep -1.70 -2.97 -0.43 0.009

Today's Sleepˆ2 0.14 0.05 0.24 0.004

Yesterday's Sleepˆ2 0.05 -0.02 0.12 0.172

Today's Sleep * Yesterday's Sleepˆ2 -0.009 -0.018 0.001 0.065

Final Stress and Sleep Predicting Headache Model

Predictor Estimate 95% CI p

LB UB

Intercept 6.13 5.24 7.03 <.0001

HAS_1 0.38 0.31 0.45 <.0001

Stress predictor*† 2.01 1.34 2.69 <.0001

Stressˆ2 -0.15 -0.26 -0.04 0.006

Sleep predictor*† 0.75 0.24 1.26 0.004

Sleepˆ2 -0.02 -0.14 0.10 0.795

*
Calculated using a linear composite of the parameter weights from the stress/sleep models

†
Converted to a z-score metric (mean = 0, SD = 1)

LB = Lower bound, UB = Upper bound
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