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Objective.—To determine the operating characteristics and predictive value of abbreviated criteria for the
diagnosis of migraine headache.

Background.—The International Headache Society (IHS) diagnostic criteria for migraine have been adopted
in limited fashion in clinical practice. Primary care physicians in particular deal with innumerable conditions and
diagnostic algorithms. Unless the IHS criteria are simplified the recognition of migraine headache in primary care
settings will not be apt to improve.

Methods.—This study was a retrospective analysis of four discrete research databases: headache clinic patients
(N = 390), private practice neurology patients (N = 290), college students (N = 99), and community-based patients
(N= 784). Physicians and psychologists expert in the diagnostic criteria for migraine headache syndromes conducted
a standardized diagnostic interview in all patients (N = 1524). Each was later assigned an IHS headache diagnosis by
a previously validated computer-based algorithm. The sensitivity, specificity, positive and negative predictive values,
and accuracy were calculated for single- and multiple-variable models of migraine predictors. Optimal models were
defined as those with positive likelihood ratios (+LRs) of >4.5 and negative likelihood ratios (−LRs) of <0.25 for
the combined population.

Results.—The only optimal single-variable model was nausea, which had an overall+LR of 4.8 and −LR of 0.23.
None of the two-variable models met criteria for an optimal model. The best of the optimal three-variable models
were nausea/photophobia/pulsating (+LR 6.7, −LR 0.23) and nausea/photophobia/worsening with physical activity
(+LR 5.9, −LR 0.21). These three models maintained positive predictive values >0.80 in all 4 patient populations
and negative predictive values >0.70 in the majority of populations.

Conclusion.—The single-variable model of nausea and the three-variable models of nausea/photophobia/worse
with exertion and nausea/phonophobia/pulsating can effectively predict migraine in diverse clinical settings. These
models however, should only be applied after a careful exclusion of secondary headache disorders.
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Migraine headache is a common disorder that af-
fects 28 million Americans including 15% to 18% of
women, 6% of men, and 5% of children.1 It is more
prevalent than diabetes (17 million, 6.5%), asthma
(15 million, 10.5%), and osteoarthritis (20.7 million,
12%).2,3 The prevalence of migraine headache is even
higher within primary care practice sites approach-
ing 29% in nonselected patients from primary care
waiting rooms4 and 57% to 73% in those presenting
to their primary care physicians with a complaint of
“headache.”5,6 Despite being a common disorder that
is frequently encountered by primary care and special-
ist physicians, migraine is frequently under-diagnosed
and misdiagnosed.1,5,7

Multiple studies have documented that less than
50% of migraineurs have received a diagnosis of mi-
graine headache by a physician.1,8 Migraine headache
is often misdiagnosed in patients who complain of
headache to their primary care physicians. A study
from a Seattle based health maintenance organiza-
tion reported that primary care physicians correctly
diagnosed <50% of migraineurs.5 An international
study found that primary care physicians misdiagnosed
24% of those patients later diagnosed with migraine
headache by review of headache diaries by headache
experts.7

Many factors may contribute to the under diag-
nosis and misdiagnosis of headache in primary care
settings.9 Primary care physicians may have limited
time during an office visit to establish a diagnosis of
headache. The average time of an office visit is 8 to 15
minutes in the United Kingdom and 11 to 15 minutes in
the United States.10,11 Multiple medical problems are
often addressed in a single office visit, which further
reduces the time devoted to the headache complaint.
In addition, the presence of two or more coexisting
headache disorders in the same patient (eg, tension-
type and migraine headaches), which may occur in up
to 51% of patients, also makes it less likely that mi-
graine will be diagnosed.5

The diagnostic criteria may represent another bar-
rier to the diagnosis of migraine headache within pri-
mary care. The International Headache Society (IHS)
developed its initial diagnostic criteria for headache
disorders in 1988 and they were later updated in 2004.12

These criteria were primarily developed to standard-

ize the diagnosis of migraine headache within clinical
research trials, but have experienced poor uptake by
primary care physicians as a diagnostic tool. Expect-
ing primary care physicians to ask seven questions to
establish a diagnosis of migraine without aura and at
least four additional questions for a diagnosis of mi-
graine with aura is at least challenging. The number
of these criteria may represent a significant barrier to
their use by primary care physicians.

We believe that a simplification of the diagnos-
tic criteria might improve recognition of migraine
headache. Therefore, this study was conducted to
determine if abbreviated diagnostic criteria could ac-
curately predict patients with an IHS diagnosis of mi-
graine in 4 different adult patient populations. We hy-
pothesized that abbreviated diagnostic criteria would
have high sensitivity, specificity, positive/negative pre-
dictive values, and accuracies in these populations.

MATERIALS AND METHODS
This research was conducted under the auspices

of the Institutional Review Boards of both the Uni-
versity of Cincinnati College of Medicine and the
University of Mississippi Medical Center. The study
was a retrospective analysis of four discrete research
databases. All patients within each database com-
pleted the same structured diagnostic interview and
were later assigned an IHS headache diagnosis (based
on 1988 criteria) by a computer-based algorithm.
The algorithm had been previously validated in the
diagnosis of headache disorders based on criteria
developed by the IHS.13 Trained physicians or psy-
chologists at each site conducted the verbal diagnostic
interviews. Multiple diagnoses were formulated for pa-
tients with more than one type of headache (eg, one
patient could be diagnosed “migraine without aura”
as well as “episodic tension-type headache,” reflect-
ing two distinct headache patterns). Those with more
than one headache were asked to first describe their
most severe or disabling headache and then to describe
their second most severe or disabling headache.

The patient populations from the four databases
were derived from the following sites:

1. Headache Clinic—consecutive headache clinic
patients (N = 390) with a chief complaint of



1104 October 2005

headache presenting to the Head Pain Center
at the University of Mississippi Medical Center
from March 1990 to February 1994,

2. Neurology Practice—consecutive private prac-
tice neurology patients (N = 290) with a chief
complaint of headache presenting to a private
practice neurologist in Tampa, Florida from
December 1991 to April 1992,

3. College Student—students (N = 99) enrolled
in psychology classes at the Illinois Institute of
Technology (September 1998 to May 1999) and
Texas A&M (August 1989 to March 1990), and

4. Community-Based Population—patients (N =
784) were recruited from newspaper advertise-
ments and television news stories to participate
in a “headache diagnostic interview” at the Pain
and Rehabilitation Clinic of Chicago (Septem-
ber 1996 to August 1998).

Inclusion and exclusion criteria varied depend-
ing on the research database. For the headache clinic
and neurology practice databases the inclusion cri-
teria were: (1) ability to speak English and (2) >18
years of age. For the college student database the in-
clusion criteria were the presence of “frequent and
bothersome” headaches as judged by the participant.
The community-based database included all patients
that responded to local advertisement offering “free
headache diagnostic information” and agreed to par-
ticipate in a diagnostic interview, but excluded those
that were <18 years of age.

Statistical Analysis.—“Migraine headache” was de-
fined as all participants with a diagnostic category
of 1.1 to 1.7 from the IHS 1988 diagnostic criteria,
which included both migraine with and without aura
as well as migrainous headache (met all but one of di-
agnostic criteria for migraine with and without aura).
The migraine headache group included patients with
episodic and chronic migraine (≥15 days with migraine
per month). “Nonmigraine headache” was defined as
all other headache diagnoses. If participants experi-
enced migraine as well as another headache disorder
(eg, tension-type or medication overuse headaches),
they were placed in the migraine group. Migraine pre-
dictors were selected on the basis of the IHS crite-
ria and included aura, nausea, vomiting, photopho-

bia, phonophobia, unilateral, worse with physical ac-
tivity, throbbing or pulsating, and moderate to severe
intensity. Migraine predictors were elicited by spe-
cific questions from the structured diagnostic inter-
view. Nausea was defined as the presence of “nau-
sea” accompanying the headaches. Photophobia was
defined as a headache worsened by normal light
and phonophobia as headache worsened by conver-
sational noise. Aura symptoms were defined as vi-
sual, sensory or motor symptoms that developed over
>4 minutes, lasted <60 minutes and the headache fol-
lowed the aura symptoms in <60 minutes. Worse with
physical activity was defined as headache pain worse
with routine physical activities (eg, walking, lifting,
bending).

Two-by-two tables were constructed of the uni-
variate migraine predictors (present vs. not) and a
diagnosis of migraine headache (migraine vs. nonmi-
graine headache). The sensitivity, specificity, and pos-
itive/negative likelihood ratios (+LR and −LR, re-
spectively) were determined for each of the predictors
using the combined data set. Data analyses were per-
formed using STATA version 7 (Stata Corp 2001. Stata
Statistical Software Release 7.0. College Station, TX:
Stata Corporation).

Receiver operating curves (ROC) were then gen-
erated for these single-variable models. The area under
the curve (AUC) of the ROC curve was to ascertain
which single variables were most predictive of a diag-
nosis of migraine headache. Since the single-variable
models were binary the ROC curve was composed of
two lines as described by Cantor.14 The first line con-
nected the origin (sensitivity = 0, specificity = 1) with
the point of the binary test and the second line con-
nected the point of the binary test with the point in
the far right-hand corner (sensitivity = 1, specificity =
0). The AUC of the ROC was obtained using a sim-
ple geometric approach since the data are not inher-
ently continuous. The ROC curves were calculated us-
ing the STATA ROC analysis ROCTAB command,
which computes the AUC using the trapezoidal rule
for numerical integration. (Stata Version 7 Reference
Manual Volume 3, pp. 131-151, Stata Corp.).

Those single variables with the five highest AUCs
were then used to create the various combinations of
two- and three-variable models. These models were
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binary with a single cutpoint defining a positive result.
Two-variable models had two separate cutpoints for
analysis (1/2 and 2/2 variables present for a positive re-
sult) and three-variable models had three separate cut-
points (1/3, 2/3, and 3/3 variable present for a positive
result). Migraine predictors were all weighted equally
within our models. The sensitivity, specificity, +LRs
and −LRs were then determined for all combinations
and cutpoints of two- and three-variable models us-
ing the combined data set to determine the optimal
models.

Optimal models were defined as having +LRs
>4.5 and −LRs <0.25 (both required). These thresh-
olds were chosen to provide good positive and neg-
ative predictive values in patient populations with an
intermediate pretest probability of migraine headache
(eg, 40% to 60%), which would represent a conser-
vative estimate of the probability of migraine in pa-
tients presenting to their physicians with a complaint
of headache. For example, a positive test result with
these LRs would increase the positive predictive value
of migraine headache to >75% and a negative result
would provide a negative predicative value >70%.
Optimal models were selected from each grouping
of one-, two-, and three-variable models. If a group
had more than one optimal model, then only the two
with the most favorable operating characteristics were
reported.

Positive and negative predictive values (PPVs and
NPVs, respectively), LRs, and accuracies of the opti-
mal models were then calculated separately in the 4 pa-
tient samples. Similar operating characteristics within
all four samples would suggest cross-validation of the
model (eg, this would be equivalent to use one of the

Table 1.—Patient Characteristics

Headache Clinic Neurology Practice College Student Community Combined Population
Characteristics (n = 390) (n = 253) (n = 99) (n = 784) (n = 1529)

Mean age (years) 37.7 40.7 27.8 40.3 39.0
Women 77% 81% 67% 78% 77%
Mean headache days per month 16 14 8 15 14
>1 Headache diagnosis∗ 15% 20% 12% 18% 18%

∗Refers to >1 headache diagnosis in the same patient.

populations as the training set and the other three as
the cross-validating sets).

Chi square statistics were used to determine if the
sensitivity and specificity of the optimal models dif-
fered with age and gender within the combined popu-
lation. Age was subdivided into groupings of <30, 40
to 50, 50 to 60, and >60 years of age for the analysis.
A separate analysis was also performed to determine
how the models performed in the subgroup of those
with and without chronic daily headache (CDH) (≥15
days per month with headache).

RESULTS
Patient Characteristics.—The patient characteris-

tics are summarized in Table 1 and the specific
headache diagnoses from each population are listed
in Table 2. The study populations at all four sites were
primarily women (67% to 81%). Migraine prevalence
varied from 33% in the college student population to
71% in the private neurology practice population. Al-
though a high prevalence of CDH was found in the
combined population (37%), as would be expected,
CDH was highest in the headache clinic. At the private
neurology practice and the headache clinic, a large pro-
portion of patients had medication overuse contribut-
ing to their headache syndrome.

One-Variable Models.—Nausea was the only one-
variable model that met criteria for an optimal model
and had a sensitivity of 0.81, specificity of 0.83, +LR
of 4.8 and −LR of 0.23 for the combined population.
The one-variable models of aura and vomiting main-
tained excellent +LRs (>4.5), but had poor −LRs.
Others such as moderate to severe intensity had excel-
lent −LRs (<0.25), but poor +LRs. The models with
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Table 2.—Specific Headache Diagnoses in the Four Patient Populations

Headache Diagnoses∗ Headache Clinic Neurology Practice College Student Community Combined Population

Migraine headache 63% 71% 33% 66% 64%
Tension-type headache 46% 40% 70% 44% 45%
Cluster headache 9% 11% 1% 4% 5%
Medication overuse 46% 45% 19% 29% 36%
Chronic daily headache 43% 33% 21% 38% 37%
Post traumatic headache 4% 2% 1% 5% 5%
Chronic migraine 27% 25% 11% 23% 23%

∗Migraine headache = 1998 IHS diagnoses 1.1 to 1.7, tension type headache = 1998 IHS diagnoses 2.1 to 1.3, cluster headache
= 1998 IHS diagnoses 3.1 to 3.3; Medication overuse was defined as typical consumption ≥4 tabs per day of dose of aspirin or
acetaminophen, ≥2 tabs per day of sedatives or analgesics, or use of ergotamine ≥3 days per week (or 10 mg per week); chronic
daily headache is ≥15 days per month with headache (includes those with chronic migraine) and chronic migraine is ≥15 days with
migraine per month; more than one headache diagnosis could coexist in the same patient.

the five highest AUCs included nausea, photopho-
bia, phonophobia, pulsating, and worse with exertion
(Table 3).

Two- and Three-Variable Models.—None of the
two-variable models met criteria for an optimal model.
The most predictive two-variable models were nau-
sea/photophobia and nausea/moderate to severe in-
tensity (both variables present for a positive result).
They provided excellent +LRs of 8.0 and 6.2, respec-
tively, for the combined population, but their −LRs
were poor at 0.39 and 0.29. Therefore, the addition of
a second predictor increased their +LRs compared
with the one-variable model of nausea, but signifi-
cantly worsened their −LRs.

Table 3.—Operating Characteristics of Single-Variable Models for the Combined Population

Sensitivity Specificity +LR −LR AUC of ROC
Single Variables (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Nausea 0.81 (0.79, 0.83) 0.83 (0.80, 0.86) 4.8 (3.9, 5.7) 0.23 (0.20, 0.26) 0.82 (0.80, 0.84)
Photophobia 0.79 (0.76, 0.82) 0.78 (0.75, 0.82) 3.6 (3.1, 4.2) 0.27 (0.24, 0.31) 0.79 (0.76, 0.81)
Phonophobia 0.76 (0.73, 0.78) 0.75 (0.71, 0.79) 3.0 (2.6, 3.5) 0.32 (0.28, 0.36) 0.76 (0.74, 0.78)
Pulsating 0.62 (0.59, 0.65) 0.76 (0.72, 0.80) 2.6 (2.4, 2.8) 0.50 (0.46, 0.55) 0.76 (0.74, 0.78)
Physical activity 0.66 (0.63, 0.69) 0.75 (0.71, 0.79) 2.6 (2.2, 3.0) 0.45 (0.41, 0.50) 0.69 (0.67, 0.72)
Unilateral 0.52 (0.49, 0.55) 0.74 (0.70, 0.78) 2.0 (1.7, 2.3) 0.65 (0.60, 0.70) 0.66 (0.63, 0.68)
Moderate to severe 0.91 (0.89, 0.92) 0.41 (0.37, 0.45) 1.5 (1.4, 1.7) 0.22 (0.18, 0.27) 0.63 (0.60, 0.65)
Vomiting 0.45 (0.42, 0.48) 0.92 (0.90, 0.94) 5.6 (4.2, 7.5) 0.50 (0.56, 0.64) 0.68 (0.67, 0.71)
Aura symptoms 0.05 (0.04, 0.06) 0.98 (0.97, 0.99) 4.0 (2.0, 7.8) 0.94 (0.92, 0.96) 0.53 (0.52, 0.54)

LR = likelihood ratios; CI = confidence intervals; AUC of ROC = area under the curve for the receiver operating curves.

Several of the three-variable models met the cri-
teria for an optimal model. The two most predictive of
the three-variable models were nausea/photophobia/
worse with physical exertion and nausea/photophobia/
pulsating (2/3 variables required for a positive re-
sponse) with +LRs of 5.9 and 6.7, respectively, as well
as −LRs of 0.21 and 0.23. The sensitivity and specificity
of the nausea/photophobia/worse with exertion model
was 0.82 and 0.86, respectively, while that of the nau-
sea/photophobia/pulsating model was 0.80 and 0.88.

Operating Characteristics Within Individual Patient
Populations.—The LRs, PPVs, NPVs, and accuracies
of the optimal models for all 4 patient populations
and the combined data set are presented in Table 4.
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Table 4.—Likelihood Ratios and Predictive Values of the Optimal Models Within Individual Patient Populations

+LR −LR PPV NPV Accuracy
Optimal Models (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Nausea
Headache clinic 4.1 (2.9, 5.6) 0.24 (0.18, 0.31) 0.87 (0.82, 0.91) 0.73 (0.67, 0.80) 0.81 (0.77, 0.85)
Neurology practice 5.1 (3.1, 8.3) 0.10 (0.06, 0.16) 0.93 (0.89, 0.97) 0.80 (0.71, 0.89) 0.89 (0.85, 0.93)
College student 11.2 (4.2, 29.7) 0.35 (0.21, 0.58) 0.85 (0.71, 0.98) 0.85 (0.76, 0.93) 0.85 (0.78, 0.92)
Community-based 4.5 (3.5, 5.9) 0.28 (0.23, 0.33) 0.90 (0.87, 0.93) 0.65 (0.60, 0.70) 0.79 (0.76, 0.82)
Combined 4.8 (3.9, 5.7) 0.23 (0.20, 0.26) 0.89 (0.89, 0.91) 0.71 (0.68, 0.75) 0.82 (0.80, 0.84)

Nausea, photophobia, PA
Headache clinic 4.6 (3.3, 6.5) 0.21 (0.15, 0.28) 0.88 (0.84, 0.92) 0.75 (0.68, 0.82) 0.83 (0.79, 0.86)
Neurology practice 6.5 (3.5, 11.7) 0.18 (0.13, 0.26) 0.94 (0.91, 0.98) 0.69 (0.60, 0.79) 0.85 (0.81, 0.90)
College student 9.1 (3.8, 21.1) 0.30 (0.17, 0.53) 0.83 (0.69, 0.97) 0.87 (0.79, 0.95) 0.86 (0.79, 0.93)
Community-based 5.9 (4.3, 7.9) 0.21 (0.17, 0.25) 0.92 (0.89, 0.94) 0.71 (0.67, 0.76) 0.84 (0.82, 0.86)
Combined 5.9 (4.8, 7.2) 0.21 (0.18, 0.24) 0.91 (0.89, 0.93) 0.74 (0.70, 0.77) 0.84 (0.82, 0.86)

Nausea, photophobia, pulsating
Headache clinic 4.9 (3.4, 7.1) 0.25 (0.19, 0.32) 0.89 (0.85, 0.93) 0.71 (0.64, 0.78) 0.81 (0.77, 0.85)
Neurology practice 6.4 (3.5, 11.6) 0.19 (0.14, 0.27) 0.94 (0.91, 0.98) 0.67 (0.58, 0.77) 0.84 (0.80, 0.89)
College student 22.3 (5.5, 90.8) 0.34 (0.21, 0.55) 0.92 (0.81, 1.0) 0.85 (0.77, 0.93) 0.87 (0.80, 0.93)
Community-based 7.3 (5.1, 10.3) 0.22 (0.19, 0.27) 0.94 (0.91, 0.96) 0.70 (0.65, 0.75) 0.83 (0.81, 0.86)
Combined 6.7 (5.3, 8.4) 0.23 (0.20, 0.26) 0.93 (0.91, 0.94) 0.71 (0.68, 0.75) 0.83 (0.81, 0.85)

LR = likelihood ratio; PPV = positive predictive value; NPV = negative predictive value; CI = confidence intervals; PA = worse
with physical activity; MS = moderate to severe.

PPVs and accuracies of >0.80 were attained by each
of the three models for all 4 patient populations. NPVs
ranged from 0.65 to 0.85 in the nausea model, 0.67 to
0.85 in the nausea/photophobia/pulsating model, and
0.69 to 0.87 in the nausea/photophobia/worse with ex-
ertion model.

Performance of Optimal Models Within Subgroups
of Patients.—The single-variable model of nausea
maintained similar sensitivities and specificities within
different age groups (P = .76 and .42, respectively).
The specificity of this model did not differ between
women and men (0.83 vs. 0.84, P = .66), but the sen-
sitivity was higher in females (0.82 vs. 0.74, P = .014).
The +LRs and −LRs were 4.8/0.22, respectively, in
women and 4.6/0.31 in men.

Similarly the sensitivities and specificities of the
three-variable models did not differ within different
age groups (all P values >.40). The specificities of
the three-variable models were not influenced by gen-
der (P values >.50), but the sensitivities were lower
in men. The sensitivity was 0.72 in men and 0.85 in
women for the nausea/photophobia/worse with exer-
tion model and 0.70 in men and 0.82 in women in

the nausea/photophobia/pulsating model (all P values
<.001). The+LRs and−LRs of the former model were
5.7/0.18 and 5.5/0.32 in women and men, respectively,
6.8/0.20 and 7.0/0.33 in the later model.

The sensitivity and specificity were minimally af-
fected in patients with CDH in our three models. The
sensitivity was not significantly different for the single-
variable model nausea in those with and without CDH
(0.78 vs. 0.82, P = .23), but the specificity was slightly
less in the CDH group (0.79 vs. 0.86, P = .03). This
yielded +LRs and −LRs of 3.7/.28, respectively, in
the CDH group and 5.9/.21 in the episodic headache
group. The sensitivities and specificities were not sig-
nificantly different in those with and without CDH in
both of the three-variable models. (P values >.23)

COMMENTS
To our knowledge this study is the largest to date

investigating the predictive value of abbreviated IHS
criteria in the diagnosis of migraine headache (n =
1529). Our three best models were the single-variable
model of nausea and the three-variable models of
nausea/photophobia/worse with exertion and nausea/
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photophobia/pulsating. All three models maintained
+LRs >4.5 and −LRs <0.25 for the combined pop-
ulation, which would provide very good positive and
negative predictive value in those with an intermediate
pretest probability of migraine headache in the 40%
to 60% range.

The operating characteristics of the three models
were also evaluated within 4 discrete patient popu-
lations. The prevalence of migraine headache within
these populations ranged from 33% in the college stu-
dent group to 71% in the neurology practice. All three
models maintained very good positive predictive val-
ues and accuracies, which approached or exceeded
80% in the 4 patient populations. The NPV was slightly
less predictive, but remained >70% in the majority of
the populations for all three models.

We used 1988 IHS criteria as the gold standard
for diagnosis of migraine headache, but the crite-
ria were revised in 2004. Since the criteria for mi-
graine have only slightly changed from 1988 to 2004,
we would expect similar results if the study was re-
peated with the newer criteria. We defined migraine
headaches as diagnoses 1.1 to 1.7 from the 1988 crite-
ria, which includes migraine with aura, migraine with-
out aura and migrainous headache and would cor-
respond to diagnoses 1.1, 1.2, and 1.6 in the 2004
criteria.

Multiple studies over the past decade have at-
tempted to identify abbreviated migraine diagnostic
criteria. Most were developed within specialty clin-
ics, which could affect their generalization to the pri-
mary care setting.15-17 Some15,16,18 used verbal inter-
views to identify migraine predictors while others17,19

have used verbal or written questionnaires. The ascer-
tainment of clinical predictors may differ between ver-
bal interviews and questionnaires.20 Clinical predictors
were not clearly defined in most of the past studies. For
example, nausea could be defined in any of the follow-
ing ways: (1) sick to your stomach, (2) queasiness, (3)
a sensation of nausea, or (4) a feeling you want to
vomit. The definition of nonmigraine headache also
varied among past studies. Most15,17,19 considered “all
other headaches” as nonmigraine, while some16,18 con-
sidered only tension-type headaches as nonmigraine.
Only two past studies17,19 using IHS diagnostic criteria
have been validated in separate patient samples and

none have been applied to a variety of patient popu-
lations to assess their transportability.

Our study has several strengths compared with
past studies. Our models were not developed in a
primary care population, but were tested in several
diverse populations including specialty, college stu-
dent, and population based samples with a wide range
of prevalences. We used a verbal structured diag-
nostic interview, which allowed us to capture more
complete information than written questionnaires and
more accurately reflected what is actually done in clin-
ical practice. The structured interview also ensured
that clinical variables were collected similarly and
that all variables were uniformly defined. Our defini-
tion of nonmigraine headache included a vast number
of headache syndromes such as medication overuse,
cluster headache, tension-type headache, and CDH,
which would be representative of the diseases that
need to be differentiated from migraine. Our mod-
els performed similarly at four separate sites through-
out the United States suggesting transportability and
cross validation of the models within separate patient
populations.

Three past studies using IHS diagnostic criteria
have reported the operating characteristics of single-
variable models. Two of these studies used a structured
verbal diagnostic interview16,18 and one used a written
questionnaire19 to identify migraine predictors. The
highest +LRs were reported for the single variables
of nausea, vomiting, and photophobia and the low-
est −LRs were reported for photophobia and nausea.
The +LRs ranged from 2.5 to 21, 3.4 to 5.6, and 2.9 to
7.6 in these studies for nausea, vomiting, and photo-
phobia, respectively, and the −LRs ranged from 0.18
to 0.34 and 0.14 to 0.49 for photophobia and nausea,
respectively. Our study yielded similar results identify-
ing nausea, vomiting, photophobia, and aura as those
single variables with the highest +LRs and moderate
to severe intensity, photophobia and nausea as those
with the lowest LRs.

The single variable of “disability” (eg, headache
is “severe/disabling” or “limits your ability to work,
study or do what you need to do”) has been purported
by headache specialists to be a good univariate predic-
tor of those with migraine headache. Studies, however,
have failed to demonstrate sufficiently high +LRs with
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this single variable (+LRs range from 1.8 to 2.4 in two
past studies) to “rule in” a diagnosis in those with an
intermediate pretest likelihood of migraine.19,21 The
−LRs however, would be sufficiently low (−LRs range
from 0.24 to 0.25 from two past studies) to “rule out”
a diagnosis of migraine.

There have been three past studies of multivari-
ate abbreviated models using IHS criteria as the gold
standard for the diagnosis of migraine.15,17,19 All were
three-variable models and required 2/3 variables to
be present for a positive test result. The +LRs from
these studies ranged from 2.6 to 3.2 and the −LRs from
0.02 to 0.25. Therefore, these models would have only
moderate positive predictive value in those with an in-
termediate pretest likelihood of migraine, but would
have very good negative predictive value.

Liptons’s “ID Migraine” screener is probably the
best studied of the multivariate models and is the
only one both developed and validated within a pri-
mary care population.19 He enrolled patients from
primary care waiting rooms that “wanted to speak
to a health care professional about their headaches”
or “had headaches that limited their ability to work,
study or enjoy life.” A 3-item written questionnaire
was then developed and nausea, photophobia, and dis-
ability were identified as his three clinical predictors
(2/3 answered affirmatively constituted a positive test
result). His model demonstrated a +LR of 3.2 and
−LR of 0.25. Interestingly the single question regard-
ing nausea yielded the same +LR as the 3-item ques-
tionnaire (+LR = 3.2), but the −LR was higher at
0.49. This study was designed to screen for migraine
in patients in an early symptomatic phase of migraine
prior to their presentation to their primary physician.
It is unknown how this model would perform in pa-
tients presenting to their physician with a complaint
of headache. Also, it is uncertain whether the operat-
ing characteristics would change if the two screening
questions were not asked prior to administration of
the 3-item questionnaire nor how this questionnaire
would perform verbally.

All three of our optimal models have maintained
higher +LRs than have been reported by past stud-
ies of univariate and multivariate models. The slightly
lower +LRs reported in most past studies might be
explained by the fact that migrainous headaches were

not included as part of their “gold standard” defini-
tion of migraine headache. In fact, the +LR for the
combined population would decrease to 2.6 to 3.0 for
the three models in the present study if migrainous
headaches had been excluded from the definition of
migraine. Also, past studies have not reliably sepa-
rated out different headache types coexisting within
the same patient, which could confound the identifi-
cation of migraine predictors. For example, a patient
with frequent tension-type headaches and infrequent
migraine might not report nausea if it only occurs with
one headache per month. Our structured diagnostic
interview was specifically designed to identify more
than one headache type within the same patient.

The predictive value of our models is very de-
pendent on the prevalence of migraine headache in
a given population. Our study was designed to pre-
dict migraine in populations with a similar prevalence
to those presenting to physicians with a complaint of
headache. Studies have reported a prevalence of mi-
graine of 57% to 73% in primary care patients with a
complaint of headache5,6 and 63% to 71% in subspe-
cialty patients (data derived from this study). A posi-
tive result to models with +LRs >4.5 would increase
the probability of migraine to >80% in patients with
prevalences in this range. Thus the univariate predic-
tors of nausea, vomiting, and aura symptoms as well as
both three-variable models would be very predictive
of migraine headache in these populations. A negative
result to models with −LRs <0.25 would decrease the
probability of migraine to <30% in populations with
prevalences <60%. Models with LRs <0.25 include
the univariate predictors of nausea and moderate to se-
vere and both three-variable models. Therefore, these
models would have good negative predictive value in
populations with prevalences <60%, but poor nega-
tive predictive value in those >60%.

The performance of our three models was not in-
fluenced by the age of the patients, but was affected by
gender. All three of our models performed less well in
a male population. The +LRs remained excellent in
men ranging from 4.6 to 7.0 in the three models, but
the negative LRs increased to 0.31 to 0.33. Therefore,
the positive predictive value of our models would not
be significantly affected by gender in those with an
intermediate pretest probability of migraine, but the
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negative predictive value would be lower in men than
women.

The operating characteristics of the single-
variable model nausea were minimally affected by
the presence of CDH, while the three-variable mod-
els were unaffected. The +LR of the single-variable
model decreased to 3.7 in those with CDH and the
−LR ratio increased to 0.28. This would slightly reduce
the positive and negative predictive value of this model
in those with CDH and an intermediate probability of
migraine headache (eg, 40% to 60%). The presence of
nausea however, would still have a positive predictive
value of >75% to identify migraine in populations with
a prevalence of migraine >50%. Since the prevalence
of migraine headaches was >50% in those with CDH
in all 4 patient populations, the single-variable model
nausea would have very good positive predictive value
in this subgroup.

There are several limitations to our study.
First, these models were developed within specialty,
population-based, and college student samples and
their generalization to primary care patients has not
been established. Second, the models perform the best
in those with an intermediate pretest likelihood of mi-
graine. Third, the operating characteristics of the mod-
els can only be assured through use of the same ques-
tions asked within the structured diagnostic interview.
Fourth, as mentioned above the negative predictive
value of the model may be less in men. Fifth, the inter-
and intra-observer agreement of the structured diag-
nostic interview has not been determined in past stud-
ies.

Our two best three-variable models were mar-
ginally superior predictors of migraine when com-
pared with the single-variable model of nausea, but
these small differences were not considered to be clin-
ically relevant. Therefore, nausea was considered our
best model overall because a single-variable model
would be the easiest to use within a clinical setting. But
can the presence of a single predictor “diagnose” mi-
graine headache? The authors maintain that the only
absolute way to diagnose migraine is through use of
the IHS diagnostic criteria. However, our data would
suggest that the presence of nausea would increase the
probability of migraine to >75% in populations with
a prevalence of migraine >50%. We contend that a

PPV >75% is sufficiently high to start therapies that
are specific for the treatment of migraine headaches
(eg, abortives such as the triptans/ergots and preven-
tatives such as the anticonvulsants/β-blockers in those
patients with a high enough migraine burden to war-
rant preventatives).

One should not conclude that all headaches
with nausea are migraine headache since secondary
headache disorders (eg, subarachnoid hemorrhage,
meningitis, etc.) may present with nausea as a symp-
tom. Therefore, abbreviated criteria should be applied
only after an appropriate history and physical exami-
nation to exclude red flags of a secondary headache
disorder. Nausea could also represent a side effect
to abortive medications such as narcotics and anti-
inflammatories; thus nausea associated with medica-
tion use should not be considered a positive predictor
for migraine.

A logical sequence of steps must be followed to
use abbreviated migraine diagnostic criteria in a pa-
tient presenting with a complaint of headache. First,
secondary headache disorders must be excluded. Pa-
tients with a “red flag” for a secondary headache dis-
order should receive appropriate diagnostic testing
(eg, appropriate neuroimaging and sometimes a lum-
bar puncture). The red flags for a secondary headache
disorder include: (1) new onset headache in patients
>40 years of age, (2) “worst or first” headache, (3)
headaches reaching peak intensity within <60 seconds
(thunderclap headaches), (4) change in the frequency,
duration, or quality of headaches in those with existing
headache disorders, (5) headache in those with sys-
temic symptoms or disease (eg, unexplained weight
loss or fever; history of malignancy, HIV, or immuno-
suppression), and (6) headache in those with neu-
rologic signs (hemiparesis, hemisensory loss, cranial
nerve abnormalities, etc.). Some consideration to neu-
roimaging might also be given to those with CDH.
Second, abbreviated migraine diagnostic criteria can
be used in the patient. The patient would have a like-
lihood >75% of migraine headaches if the criteria are
positive. Third, migraine specific therapies can be con-
sidered if the abbreviated criteria are positive. A re-
sponse to migraine specific therapies should not be
used, however, to establish a diagnosis of migraine
headache since secondary headache disorders have
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Exclude Secondary Headache Disorders 

Use Abbreviated Diagnostic Criteria 

Complaint of Headache 

 

 

High Probability of Migraine 

Consider Use of Migraine-Specific Therapy 

If criteria positive 

Fig.—Use of abbreviated migraine diagnostic criteria in clinical
practice. Adapted with permission from Martin, V. Simplifying
the diagnosis of migraine headache. Adv Stud Med. 2004;4:200-
209.

been reported to respond to the triptans (eg, subarach-
noid hemorrhage, low pressure headache syndromes,
etc.). The authors recognize that the management of
chronic migraine may differ from episodic migraine.
For example, migraine specific therapies should be
limited to ≤2 days per week particularly within those
with chronic migraine to prevent medication overuse
headaches. Also, it may be necessary to combine two
or more preventatives to treat patients with chronic
migraine (Figure).

CONCLUSIONS
The single model of nausea and the three-variable

models of nausea/photophobia/worse with exertion
and nausea/photophobia/pulsating were identified as
our most predictive models for the recognition of
migraine headache. They provided very good PPV
and moderate NNV in those with an intermediate
prevalence of migraine headache. These models also
performed similarly within 4 different patient sam-
ples suggesting transportability and cross validation of

the models. The three-variable models are marginally
superior predictors of migraine, but not enough to
warrant their recommendation over the one-variable
model of nausea. Therefore, nausea was chosen as our
best abbreviated model. The single-variable model of
nausea may represent a useful tool for the recognition
of migraine headache if confirmed in future prospec-
tive studies within primary care populations. These
models, however, should only be applied after a careful
exclusion of secondary headache disorders.
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