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Background: Increasing morbidity and misdiagnosis of vestibular migraine (VM) gravely
affect the treatment of the disease as well as the patients’ quality of life. A powerful
diagnostic prediction model is of great importance for management of the disease in the
clinical setting.
Materials and Methods: Patients with a main complaint of dizziness were invited to join
this prospective study. The diagnosis of VM was made according to the International
Classiﬁcation of Headache Disorders. Study variables were collected from a rigorous questionnaire survey, clinical evaluation, and laboratory tests for the development of a novel
predictive diagnosis model for VM.
Results: A total of 235 patients were included in this study: 73 were diagnosed with VM and
162 were diagnosed with non-VM vertigo. Compared with non-VM vertigo patients, serum
magnesium levels in VM patients were lower. Following the logistic regression analysis of
risk factors, a predictive model was developed based on 6 variables: age, sex, autonomic
symptoms, hypertension, cognitive impairment, and serum Mg2+ concentration. The area
under the curve (AUC) of the receiver operating characteristic (ROC) curve was 0.856,
which was better than some of the reported predictive models.
Conclusion: With high sensitivity and speciﬁcity, the proposed logistic model has a very
good predictive capability for the diagnosis of VM. It can be used as a screening tool as well
as a complementary diagnostic tool for primary care providers and other clinicians who are
non-experts of VM.
Keywords: headache, dizziness, cognitive function, motion sickness, magnesium ion,
predictive model
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Vestibular migraine (VM) is regarded as the second most common cause of vertigo
and the most common cause of spontaneous episodic vertigo, which has been
recognized as a diagnostic entity over the past three decades.1 It affects about 1%
of the general population and 7% of patients in dizziness clinics.2 A retrospective
cohort study of adult patients with dizziness in the neurology clinic indicated that
VM accounted for 19.3% and ranked second in the diagnosis of common vertigo.3
The presentation and duration of VM vary. The duration of attacks ranges from a
few seconds to several days. Usually, VM attacks last between a few minutes and a
few hours, and most episodes occur independently of headaches. Symptoms of VM
include spontaneous and positional vertigo, ataxia, head motion vertigo/dizziness
with nausea and vomiting.4 In addition, patients may have dizziness, spontaneous
positional vertigo, and episodic vertigo attacks due to visual stimuli or head
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movements. Although a more accurate description of the
disease was published by the Consensus Report of the
Bárány Society and the International Headache Society
than the initial version identiﬁed in 2001,5,6 due to the
variation of symptoms, it is still not easy to conﬁrm the
diagnosis of VM.
A number of pathophysiological research and clinical
studies have been carried out to explore the biomarkers for
the diagnosis of VM.7,8 Recently, a clinical study including 67 patients was performed in China.9 The assessments
focused on standardized neuro-otology bedside examination, neurological imaging, pure-tone audiogram, bithermal caloric testing, cervical X-ray or magnetic resonance
imaging, and Doppler ultrasound of cerebral arteries. To
differentiate central vestibular disorders (CVD) from VM,
a subjective visual vertical (SVV) bucket test was conducted, and ABCD2 (age, blood pressure, clinical features,
duration of symptoms, and presence of diabetes), headache/vertigo history, presence of focal neurological signs,
nystagmus, and clinical head impulse testing data were
collected.10 To differentiate VM patients from patients
with Ménière’s disease (MD), the gene expression proﬁle
in peripheral blood mononuclear cells, levels of 14 cytokines, and levels of 11 chemokines in 129 MD patients, 82
VM patients, and 66 healthy controls were studied.11
Despite new diagnostic studies carried out, VM
remains poorly understood. Today, no physical signs or
test abnormalities have been identiﬁed that are pathognomonic for VM, consequently leading to misdiagnosis or
mismanagement. The updated diagnostic criteria were
developed by an expert panel, which may not be able to
cover every aspect of the diagnosis of VM. Some modiﬁcations may be necessary for the application of the criteria
to a different population. Hence, it is of great importance
to conduct clinical studies and discuss operational diagnosis, in particular, to develop a predictive model to facilitate
the screening and the diagnosis of VM for the primary care
providers who may not be experts of VM.12 The present
study was carried out considering the aforementioned signiﬁcance of a predictive model.

Materials and Methods
Patients
Between August and December 2018, consecutive patients
with a main complaint of dizziness from the First
Afﬁliated Hospital of Harbin Medical University were
invited to participate in this study. The diagnoses of VM
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were made according to the International Classiﬁcation of
Headache Disorders, 3rd edition (beta version).6 Only
those who met the inclusion criteria were enrolled for
this study. The inclusion criteria were: 1) no blindness;
2) no deafness; 3) can participate in normal communication; 4) can read and ﬁll out the questionnaire; and 5) has
signed the informed consent. Exclusion criteria were: 1)
pregnant women; 2) with severe gastrointestinal diseases;
3) with metabolic diseases; 4) with mental illnesses; 5)
with malignant tumors; 6) with severe heart diseases; 7)
with hematological diseases; 8) with severe liver and kidney diseases; and 9) refused to sign informed consent. VM
patients were assigned as the derivation cohort, and nonVM patients were assigned as controls.
This study was approved by the Ethic Committee of
the First Afﬁliated Hospital of Harbin Medical University,
Harbin, China. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards. Written
informed consents were obtained from all of the
participants.

Study Variables
Study variables were selected according to literature
review and clinical experience. In this study, variables
included: 1) demographic information (gender, age, history of dizziness, history of migraine); 2) clinical characteristics (duration and frequency of episodes, autonomic
symptoms, -otological symptoms, imbalance, position
induction, hypertension, cognitive function); and 3)
laboratory test results. A rigorous questionnaire was used
to collect the baseline information. The scale of
Addenbrooke's Cognitive Examination Rrevised (ACE-R)
was used, which was designed from the Cambridge
Comprehensive Assessment Scale and revised for a large
number of experiences to assess cognitive function.13
Laboratory tests mainly focused on blood sample testing. All patients were hospitalized, and their blood samples were collected during the attack of the diseases.
Complete blood count, lipids, blood glucose, and serum
Ca,2+ Mg2+, and folic acid were tested.
A score model was built to compare the accuracy of
our logistic predictive model. To build the score model,
the value of each variable was assigned according to its
contribution to Logistic Regression Model 2. For example,
“No autonomic symptoms” was assigned the value 1 as a
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reference. “Having autonomic symptoms” was assigned
the value 2. The value of each variable was increased
gradually and analyzed repeatedly until a maximum area
under the curve (AUC) is achieved. The process was
realized through custom macros.

Statistical Analyses
Quantitative data were expressed as mean±SD (standard
deviation) or median (interquartile range, IQR). For the
data following normal distribution, the difference between
two groups was assessed by Student’s t-test. Otherwise,
Wilcoxon's two-sample test was applied. Qualitative variables were presented as either absolute numbers or percentages and were analyzed by the chi-squared test or
Fisher’s exact test. Statistically signiﬁcant variables
between VM patients and non-VM patients were included
into the stepwise logistic regression model study. A receiver operating characteristic (ROC) curve plotted the true
positive rate (sensitivity) against the false positive rate (1 –
speciﬁcity) for all possible cutoff values. A cutoff point
was obtained at the maximum Youden’s index. The predictive capacity of the logistic model was compared with
that of a score model. Two-tailed tests were applied to all
statistical analysis using SAS 9.2 software and p<0.05 was
considered statistically signiﬁcant.

Results
In total, 259 patients were invited to participate in the
baseline interview and answer the questionnaire. As a
result, 24 patients were excluded from this study due to
lack of some important information. Eventually, 235
patients were enrolled in this study. Among them, 73
(31.06%) participants were diagnosed with VM, which
constituted the derivation cohort for the development of
the predictive model. The rest of the patients were diagnosed with benign paroxysmal positional vertigo (BPPV),
MD, and other non-VM diseases (Table 1). It is notable
that about 45% of the participants were diagnosed with
cerebrovascular diseases.
As shown in Table 2, 107 (45.53%) participants were
male and 128 (54.47%) participants were female. A total
of 59 out of 73 VM patients were female, who were more
likely to suffer from VM (p<0.001). The average age of all
participants was 62.72±10.46 years. However, the average
age at diagnosis of VM was 58.3±9.26 years, which was
much younger than non-VM (p<0.001). VM patients were
more likely to have a longer history of dizziness, more
serious symptoms of migraine, autonomic symptoms, as
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Table 1 Diagnostic Results of the Patients with a Main
Complaint of Dizziness
Disease

Number

Percentage
(%)

Vestibular migraine

73

31.06

Benign paroxysmal positional vertigo
Ménière’s disease

23
7

9.79
2.98

Vestibular neuritis

2

0.85

Vestibular dysfunction unknown
Cerebrovascular diseases

9
106

3.83
45.11

Vertigo induced by drug
Vertigo induced by mental and

2
4

0.85
1.70

Vertigo induced by anemia, severe
arrhythmia, infection

7

2.98

Vertigo for unknown reasons

2

0.85

Total

235

100.00

psychological reasons

well as memory decline and cognitive impairment.
However, the duration of symptoms, otological symptoms,
imbalance, position induction, attention deﬁcit, inﬂuence
in language, and vision space drop were not signiﬁcantly
different between the VM and non-VM groups. In addition, the concentration of serum Mg2+ and hemoglobin in
VM patients were lower than those of non-VM patients,
while platelet count and the concentration of folic acid
were in the opposite situation. Non-VM patients were
more likely to have high blood pressure during the attack
period.
Seven out of 73 VM patients complained about auras
before the attack of VM. Among them, 6 patients experienced sleepiness, fatigue, and yawning. Another one had
visual problems, either blurry vision or visual blind spot.
Considering the incidence of these auras were not common
and the uncertainty of the causal relationship between
them and VM, pertinent data were not included in the
statistical analysis. In addition, 14 out of 73 VM patients
and 2 out of 162 non-VM patients reported family history
of migraine. Due to a lack of reliable medical records and
possible recall bias, family history was not included in the
statistical analysis as a risk factor either.
All patients were hospitalized due to acute attack or
acute symptoms. However, we noticed interictal symptomatic states in patients. Progressive autonomic symptoms
were observed in VM patients. Major autonomic symptoms included motion sickness, nausea, vomiting, movement intolerance, and fainting. Some of the VM patients
experienced nervousness at the beginning, followed by
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Variable

Non-VM, n=162

(Derivation Cohort)

(Control Group)

p

Male

14 (19.18)

93 (57.41)

—

Female

59 (80.82)

69 (42.59)

<0.001

Age
History of dizziness/year

58.3±9.26
10.0 (4.0, 16.0)

64.71±10.38
0.0 (0.0, 0.5)

<0.001
<0.001

Number of episodes

6.0 (5.0, 8.0)

1.0 (1.0, 3.0)

<0.001

Duration of episodes/hour
History of migraine, n (%)

6.0 (2.0, 24.0)
23 (35.94)

12.0 (0.2, 144.0)
3 (1.89)

0.277
<0.001

Migraine symptoms
Otological symptoms

36 (49.32)
18 (24.66)

11 (6.79)
44 (27.16)

<0.001
0.687

Autonomic symptoms

70 (95.89)

114 (70.37)

<0.001

Imbalance
Position induction

30 (41.67)
9 (12.33)

77 (47.53)
37 (22.84)

0.406
0.060

Attention deﬁcit

6 (8.22)

5 (3.09)

0.101

Memory decline
Inﬂuence in language

17 (23.29)
7 (9.59)

10 (6.17)
5 (3.09)

<0.001
0.052

Language decline

1 (1.37)

2 (1.23)

1.000

Vision space drop
Cognitive impairment

2 (2.74)
19 (26.03)

3 (1.85)
10 (6.17)

0.647
<0.001

Ca2+ (mmol/L)

2.26±0.11

2.27±0.12

0.480

Mg2+ (mmol/L)
Hemoglobin (g/L)

0.78±0.08
134.38±12.63

0.84±0.09
138.96±17.01

<0.001
0.010

White blood cell (109/L)

7.70±2.32

7.68±2.71

0.685

Platelet (109/L)
Folic acid (mg/L)

233.47±49.52
7.06±3.24

218.2±63.64
5.66±3.17

0.034
0.001

Hyperlipidemia, n (%)

25 (34.25)

57 (35.19)

0.889

Hypertension, n (%)
Blood glucose (mmol/L)

15 (20.55)
5.13±1.08

107 (66.05)
5.40±1.38

<0.001
0.447

nausea and vomiting. Some experienced excessive sweating and a sense of impending doom, struggling to get up
and call for help. They also suffered from bowel and
bladder dysfunction.
Based on the statistical signiﬁcance of the study variables listed in Table 2, logistic models were built for the
prediction of VM. Table 3 displays the variables (risk
factors) included in Logistic Model 1, namely age, Mg2+,
hemoglobin, platelet, folic acid, female, autonomic symptoms, hypertension, memory decline, and cognitive
impairment. Logistic Model 2 was established by stepwise
regression of Logistic Model 1. An independent variable
of Logistic Model 2 was selected if the p value of one
variable in Logistic Model 1 was less than 0.05. Based on
the modeling study, the linear predictor (LP) for VM is
shown below:
LPVM= 6.513 – 0.051 age + 0.686 female + 0.886
autonomic symptoms + 0.785 hypertension + 0.695 cognitive impairment – 0.570 Mg2+
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To evaluate the predictive capacity of the proposed
logistic model, a Score Model was developed based on
the score method. Table 4 shows different variables and
their scores for the development of Score Model. Receiver
operating characteristic (ROC) curves of each independent
variable, Logistic Model 2 and the Score Model are plotted
in Figure 1. The comparison of the differentiation capacity
of Logistic Model 2 and the Score Model is listed in
Table 5. No statistically signiﬁcant difference was found
between these two models. However, the AUC of Logistic
Model 2 was greater than that of the Score Model.

Discussion
VM has been increasingly recognized as one of the most
common symptoms in clinical practice. The prevalence
and morbidity of VM were variable in different populations. It was diagnosed in 10.3% of patients in Korean
neurological clinics, and in 16.0% of the cases in a
The
Belgian
otorhinolaryngological
clinic.14,15
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Table 3 Variables and Stepwise Logistic Modeling for the Prediction of Vestibular Migraine
Independent
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Variable

Logistic Model 1

Logistic Model 2

Parameter

OR (95% CI)

p

Parameter

OR (95% CI)

Intercept

4.568

–

–

6.513

–

–

Age
Mg2+

−0.054
−0.674

0.947 (0.911–0.985)
0.51 (0.316–0.822)

0.007
0.006

−0.051
−0.570

0.95 (0.915–0.988)
0.566 (0.365–0.876)

0.009
0.011

Hemoglobin

0.028

1.028 (0.994–1.064)

0.108

Platelet
Folic acid

−0.005
0.050

0.995 (0.988–1.002)
1.051 (0.938–1.178)

0.153
0.390

Female

1.028

7.819 (2.632–23.23)

<0.001

0.686

3.947 (1.811–8.599)

0.001

Autonomic symptoms
Hypertension

0.876
0.783

5.768 (1.487–22.367)
4.783 (2.155–10.614)

0.011
<0.001

0.886
0.785

5.883 (1.539–22.484)
4.807 (2.224–10.388)

0.010
<0.001

Memory decline

0.136

1.313 (0.075–22.954)

0.852

Cognitive impairment

0.891

5.943 (0.345–102.224)

0.220

0.695

4.015 (1.258–12.812)

0.019

occurrence in females was 1.5–5 times higher than in
males. It mainly attacks men in the fourth decade and in
the third and ﬁfth decades in women. Recently, the a
cross-sectional multicentric study revealed that the age
of onset of migraine was 23 years, while onset of
vertigo was at 38 years.16 In another similar study
carried out in Spain and Italy, the ﬁrst headache
occurred at 21.8±9 years old, while the ﬁrst vertigo at
37.4±13.1 years old. The onset of migraine preceded the
onset of vertigo by around 15 years, while the age of the
ﬁrst episode of migraine in VM patients does not
demonstrate differences with that of the general migraineurs population.17 In this study, the average age at
diagnosis of VM was 58.3±9.26 years, which was
older than previous studies. The possible reason for the
discrepancy in age could be that the age reported in this
study was the age of diagnosis of VM, which was
possible to be older than the ﬁrst onset age of headache
or vertigo. In addition, genetic background, lifestyle,
and other environmental factors may play a role in the
development of VM, leading to different onset or diagnosis age of VM.
Among the 235 patients with a main complaint of
dizziness visiting the Department of Neurology in the
First Afﬁliated Hospital of Harbin Medical University,
about 31% of them were diagnosed with VM, and the
occurrence of VM in females was 4 times as high as that
of the males. These ﬁndings were in accordance with
reported studies.18–20 In addition, about 45% of the
patients were diagnosed with cerebrovascular diseases,
followed by about 10% and 3% of them with BPPV and
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MD. The occurrence of VM is about 10 times that of MD,
very similar to a previous study.21
Familial aggregation has been widely observed in
migraine and episodic vertigo, and both disorders may
arise from the interplay between genetic predisposition
and environmental factors. In this study, only 19% of the
VM patients reported a positive family history of VM,
which was much lower than the reported 70.2% for
migraine and 66.3% for vertigo.16 The major reason was
the lack of reliable medical record and possible recall bias.
Hence, family history was not discussed as a risk factor in
the present study.
Although a vast number of studies have been carried
out to investigate the pathognomonic changes, explore the
mechanism of VM, or investigate new tests for the purpose
of improving the diagnosis of VM,22–24 clinical deﬁnitive
diagnosis is still hampered due to the implementation of
diagnostic criteria and differential diagnosis from other
vestibular disorders such as BPPV, MD, phobic postural
vertigo, unilateral vestibular neuritis, posterior inferior
cerebellar artery (PICA) infarction, transient ischemic
attack, posterior circulation ischemia, or peripheral vestibular vertigo.25,26 In the absence of speciﬁc pathophysiological indicators, the differential diagnosis of VM is based
on a history of recurrent episodes, and the symptoms or
complaints could be very ambiguous because of the overlapping of symptoms and the potential need for a long
period of follow-up.27 Therefore, to develop an efﬁcient
predictive model that can help the clinicians to segregate
VM patients from vestibular patients whose symptoms are
not because of migraine is of great clinical value.
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Table 4 Levels and Scores of Different Variables in the Score
Method
Variable

Level

Score

Age

<60

1

≥60

0

<0.80

1

≥0.80

0

Female

2

Male

1

2+

Mg

Sex

Autonomic symptoms

Hypertension

Cognitive impairment

Yes

2

No

1

Yes

1

No

2

Yes

2

No

1

Some studies have been carried out to develop algorithms to make the diagnosis of vertigo and dizziness
easier and correct.28 One approach was the usage of standardized questionnaires.29 The predicted diagnoses from
the questionnaire were compared with the “gold standard
diagnosis” made by an expert panel based on clinical
history, examination, and symptoms. However, due to the
design of the questionnaire and the uncertainty of the
causal relationship between the diagnostics and VM, the
predictive accuracy for diagnosis ranges from 87% to

Figure 1 Receiver operating characteristic (ROC) curves of Logistic Model 2 and
the Score Model illustrating the predictive capacity of different models. The area
under the curve (AUC) of ROC curves of individual variables, namely age, gender,
hypertension, magnesium ion, autonomic symptoms, cognitive decline, Logistic
Model 2, and the Score Model, were all greater than 0.5. Sensitivity and speciﬁcity
are listed in Table 5.
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92%.30–32 Linear discrimination analysis was another strategy applied in predictive studies. Logistic regression identiﬁed IL-1β, CCL3, CCL22, and CXCL1 levels as capable
of differentiating VM patients from MD patients. The
AUC could be as great as 0.995, suggesting a high diagnostic value of these markers in patients with symptoms
overlap.11
In the present study, referring to our statistical analysis
of the results of a questionnaire, clinical evaluation, and
blood test, a novel predictive diagnosis model for VM was
developed. Only 6 variables, namely age, sex, autonomic
symptoms, hypertension, cognitive impairment, and serum
Mg2+ concentration, were involved in this novel logistic
model. The AUC under ROC was as high as 0.856, which
means the predictive capability of this model is better than
some reported models.12,30
Due to the disruption of transmembrane ionic gradients, increasing the intracellular concentrations of Ca2+
and the extracellular concentrations of H+, K+, and other
signaling molecules in the synaptic cleft, cortical spreading depression (CSD) could be the neurophysiological
correlate of migraine aura.33 We have studied extracellular
concentrations of cations and found that Mg2+ was a signiﬁcant variable between VM and non-VM patients. To
our knowledge, this was the ﬁrst time that serum Mg2+
was included in a predictive model for the diagnosis of
VM. This may be because of the strong relationship
between serum Mg2+ concentration and VM. Mg2+ is
associated with the synthesis and release of 5-hydroxytryptamine (5-HT), calcitonin gene-related peptide
(CGRP), catecholamine, norepinephrine, and histamine.34
Mg2+ deﬁciency leads to central neurotransmitter 5-HT
and the release of adrenaline activates abnormal excitation
of cortical neurons.35 In addition, Mg2+ can signiﬁcantly
inhibit the vasoconstrictor activity of catecholamine, histamine, and other neurotransmitters.36 These evidences
suggest that Mg2+ may play an important role in the
development of VM. Furthermore, auras were only present
in a few VM patients in this study. Whether it was because
of a silent aura mechanism or another reason and the role
of Mg2+ in the initiation of VM need further study.
This study has some limitations. Some patients
reported family history of migraine. However, they failed
to conﬁrm the diagnosis or provide reliable medical
records. Hence, family history was not studied as a possible risk factor. Some patients were bothered by their
symptoms and were impatient when they were answering
the questionnaire. Some patients were confused by some
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Table 5 Comparison of Prediction Capacity Between Logistic Model 2 and Score Model
Risk Factors

AUC (95% CI)

p

Sensitivity

Speciﬁcity

Cutoff

Age
Sex

0.667 (0.595–0.738)
0.691 (0.632–0.751)

<0.001
<0.001

0.580
0.808

0.671
0.574

62
–

Mg2+

0.682 (0.612–0.751)

<0.001

0.654

0.630

0.81

Autonomic symptoms
Hypertension

0.628 (0.586–0.670)
0.728 (0.668–0.787)

<0.001
<0.001

0.959
0.795

0.296
0.661

–
–

Cognitive impairment

0.599 (0.545–0.653)

<0.001

0.260

0.938

–

Logistic Model 2
Score Model

0.856 (0.803–0.910)
0.844 (0.792–0.897)

0.106
–

–
0.836

–
0.765

–
6.5

medical terms or individual episode and the period during
which they have multiple episodes. Some patients were
not able to evaluate the degree of headache objectively.
Chances were that recall bias and confounding bias may
not be well controlled from the patients’ side when they
were responding to the questionnaire.37 To evaluate the
performance of the proposed model, external validation
should be performed in a future study.
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