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ABSTRACT
BACKGROUND: Frank’s sign was ﬁrst described in 1973 by an American physician (Sonders T. Frank). It is
a diagonal crease in the earlobe that starts from the tragus to the edge of the auricle in an angle of 45 in
varying depths. Frank’s sign was described as a predictor of future coronary heart disease and peripheral
vascular diseases. The aim of the study was to examine the association between Frank’s sign and the
development of ischemic stroke.
METHODS: This was a prospective study that enrolled consecutive patients admitted with an acute ischemic
stroke. Frank’s sign was tested in both ears. Clinical data included age, gender, type 2 diabetes mellitus, and
hypertension. The study was approved by the institutional review board (the institutional ethics committee).
RESULTS: A total of 241 consecutive patients who were hospitalized with an acute stroke and were eligible
to take part in the study were recruited. Frank’s sign was present in 190 patients (78.8%). Patients were
divided according to clinical ﬁndings and the ﬁndings from brain computed tomography. There were 153
patients with transient ischemic attacks (63.6% of the patients) and 88 with cerebrovascular accidents
(36.4% of the patients). A total of 112 patients with transient ischemic attacks had Frank’s sign (73.2%),
and 78 patients with cerebrovascular accidents had Frank’s sign (88.6%), with a statistically signiﬁcant
difference (P <.01).
DISCUSSION: Frank’s sign could predict ischemic cerebrovascular events. Patients with classical cardiovascular risk factors had Frank’s sign at a higher frequency.
Ó 2017 Elsevier Inc. All rights reserved.  The American Journal of Medicine (2017) 130, 1324.e1-1324.e5
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Advanced, sophisticated diagnostic techniques are considered the gold standard for diagnosis and clinical evaluation
and prediction. Still, physical examination is considered a
key factor in patient evaluation and clinical assessment.
Physical examination is still used as a reliable tool to diagnose early subclinical stages of atherosclerosis, including
physical traits and signs like obesity,1 Achilles tendon
thickness,2 xanthelasmas,3 short stature,4 and alopecia in
young men.5 Frank’s sign was ﬁrst described in 1973 by an
American physician (Sonders T. Frank).6 It is a diagonal

crease in the earlobe that starts from the tragus to the edge of
the auricle at an angle of 45 in varying depths. This sign is
also called diagonal ear lobe crease.6 Several studies
described Frank’s sign as a predictor of future coronary
heart disease,6-11 cerebrovascular disease,12-15 and peripheral vascular diseases.16-18 The aim of the present study was
to examine the association between Frank’s sign and the
development of ischemic stroke.
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This was a prospective study that enrolled consecutive patients (men and women) over the age of 18 years who were
admitted with an acute ischemic stroke and signed a consent
form to participate in the study. The diagnosis was
conﬁrmed by a senior neurologist within the ﬁrst 24 hours.
Medical history and physical examination were done for all
patients, and data were collected also from their medical
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history electronic ﬁles. Frank’s sign was tested in both ears.
Clinical data included age, gender, type 2 diabetes mellitus,
and hypertension. The study was approved by the institutional review board (the institutional ethics committee).

was documented in 59 of 66 patients (89.3%). We found
175 patients with stroke who did not suffer from prior
ischemic heart disease; 131 of them had Frank’s sign
(74.9%, P <.05) (Table 4).

Deﬁnitions
Transient ischemic attack was
deﬁned as a stroke with neurologic
symptoms that fade within 24
hours, without any signs of brain
damage demonstrated on the
computed tomography scan of the
brain. Cerebrovascular accident
was deﬁned as neurologic symptoms that lasted more than 24 hours
and/or any signs of brain damage
demonstrated on the computed tomography scan, irrespective of the
duration of symptoms. Frank’s sign
was deﬁned as a diagonal ear lobe
crease extending diagonally from
the tragus across the lobule to the
rear edge of the auricle at a 45
angle in varying depths.

Hypertension
CLINICAL SIGNIFICANCE
 Frank’s sign could predict ischemic cerebrovascular events.
 Patients with classical cardiovascular
risk factors had Frank’s sign at a higher
frequency.
 Frank’s sign was more prevalent among
patients with cerebrovascular accidents
compared with patients with transient
ischemic attacks.
 An increased rate of Frank’s sign was
found in patients admitted with an acute
ischemic stroke and who suffered from
myocardial infarction in the past.

Statistical Analysis
For categorical variables we examined frequencies and
quantitative data that were normally distributed (average and
standard deviations) by using the Kolmogorov-Smirnov test,
whereas data that were not normally distributed were presented as median and interquartile range. We used the c2
test in the comparison of categorical data. For the comparison of quantitative data with normal distributions we used
the t test for independent variables. For quantitative data that
were not normally distributed we used the Mann-Whitney U
test. The signiﬁcance level was deﬁned as 5% (P <.05).

RESULTS
A total of 241 consecutive patients who were hospitalized
with an acute stroke and were eligible to take part in the
study were recruited. All had to sign a consent form before
enrolment. Frank’s sign was present in 190 patients (78.8%)
(Table 1). Patients were divided according to clinical
ﬁndings and the ﬁndings on brain computed tomography.
There were 153 patients with transient ischemic attack
(63.6% of the patients) and 88 with cerebrovascular
accident (36.4% of the patients) (Table 2).
A total of 112 patients with transient ischemic attack had
Frank’s sign (73.2%), and 78 patients with cerebrovascular
accident had Frank’s sign (88.6%), with a statistically signiﬁcant difference (P <.01) (Table 3).

Ischemic Heart Disease
In all, 66 patients admitted with an acute ischemic stroke
had prior myocardial infarction. Among them, Frank’s sign

A total of 163 patients suffered
from hypertension and were
admitted with an acute ischemic
stroke. Among them Frank’s sign
was present in 142 patients (87%).
We found 78 patients with stroke
who did not suffer from hypertension. Among them, 48 patients
had Frank’s sign (61.5%, P <.01)
(Table 5).

Type 2 Diabetes Mellitus
A total of 115 patients had type 2
diabetes mellitus. Frank’s sign was
present in 103 patients (87%). We
found Frank’s sign in 87 of 126
patients who were admitted with
stroke but without type 2 diabetes
mellitus (69%, P <.01) (Table 6).

Gender
There was no gender difference. Frank’s sign was present in
97 men with stroke (81.5%) and in 93 female patients with
stroke (76%, P ¼ .315).

Age
There was a signiﬁcant correlation between advanced age
and the presence of Frank’s sign. Patients with Frank’s sign
were older (70  12.51 years), whereas patients without
Frank’s sign were younger (55.2  14.67 years, P <.01).

DISCUSSION
We found that Frank’s sign could predict ischemic cerebrovascular events. Patients with classic risk factors for cardiovascular events had Frank’s sign at a higher frequency. We
found that Frank’s sign was more prevalent in patients with
cerebrovascular accidents compared with patients with transient ischemic attacks. An increased rate of Frank’s sign was
found in patients admitted with an acute ischemic stroke and
who suffered from myocardial infarction in the past. On the
other hand, Frank’s sign was also found in patients who did
not suffer from ischemic heart disease before their present
admission with stroke, a phenomenon that could represent a
subclinical insidious vascular process that would lead eventually to a clinical vascular event.
Hypertension is one of the classic risk factors of
atherosclerosis. Indeed we found a higher frequency of
Frank’s sign in patients who experienced stroke as a result
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Patients with Frank’s Sign

Variable

Number

Percentage

Yes
No
Total

190
51
241

78.8
21.2
100.0

Table 3 Presence of Frank’s Sign in Patients with Transient
Ischemic Attack (TIA) and Cerebrovascular Accidents (CVAs)
Frank’s Sign

TIA

CVAs

Total

Number
Percentage

112
73.2

78
88.6

190
78.8

Number
Percentage
Total

41
26.8
153

10
11.4
88

51
21.2
241

Yes

No

of long-standing atherosclerosis. Type 2 diabetes mellitus
contributed to a higher frequency of Frank’s sign in patients
who had stroke. There was no gender effect in the presence
of Frank’s sign.
We found a higher frequency of Frank’s sign among
older patients. Age is considered a risk factor of atherosclerosis and its different complications.

Pathophysiology of Frank’s Sign
In the early 1970s through the 1980s the suggested theory of
Frank’s sign was poor blood supply in arteries to the earlobes, which lacked end arteries.19,20
Another theory was that Frank’s sign could represent a
microvascular disease with loss or degeneration of elastin
ﬁbers with rupture of the elastic ﬁbers, as was shown in
biopsies from ear lobes in patients who were suffering from
ischemic heart disease.8 Another study investigated Japanese men with Frank’s sign who were suffering from
metabolic syndrome. In those men shorter telomeres were
found, which is indicative of accelerated aging, and an
accelerated atherosclerosis.21 The ﬁrst theory is that there is
an increased prevalence of both conditions—aging and
ischemic heart disease; the second theory is a common genetic background of Frank’s sign and ischemic heart disease; the third theory is that there could be acquired
anatomic changes in patients with cardiac disease—could
indicate speciﬁc lying and sleeping forms, which cause
pressure on the ear lobe, and the forth theory is that there
could be common innervation of the heart and the auricle
through the vagus nerve.6

Frank’s Sign and Ischemic Heart Disease
Many studies have considered Frank’s sign as an independent risk factor for coronary heart disease. First it was
described in 1973 by Frank, who described this ﬁnding in a
patient with ischemic heart disease.6 Later it was suggested
to add Frank’s sign to the classic risk factors (type 2 diabetes
mellitus, hypertension, and smoking) to the list of risk

P <.01.

factors of ischemic heart disease.7 In a survey that was
published describing 421 patients who experienced
myocardial infarction and 421 healthy subjects were
recruited as the control group, Frank’s sign was found in
77% of the patients with myocardial infarction, whereas
only 40% of the healthy subjects had Frank’s sign. A statistically signiﬁcant association was even stronger in patients with diabetic retinopathy, hypertension, and in
patients of Ashkenazi descent. An earlobe biopsy from 12
patients with Frank’s sign found tears in the elastic ﬁbers
and thickening of the arteries.8 A study that evaluated the
association between coronary artery disease and Frank’s
sign using coronary computed tomography found that it was
present in 71% of the patients with documented coronary
artery disease. This study demonstrated that Frank’s sign
was a statistically signiﬁcant predictor of the presence of
coronary artery disease.9
In 2011 a review was published describing Frank’s sign as
an indicator of ischemic heart disease.10 Among 956 patients
with ischemic heart disease who underwent coronary intervention catheterization the prevalence of Frank’s sign was
strongly associated with ischemic heart disease, mainly in
patients with who had more than 4 risk factors. Patients who
had Frank’s sign in both ears had an increased rate of cardiovascular complications after coronary catheterization.11
The association between Frank’s sign and cardiovascular
diseases was also studied in 2015, with 89.6% likelihood of

Table 4 Presence of Frank’s Sign in Patients with Ischemic
Heart Disease
Frank’s Sign
Ischemic Heart Disease

Table 2 Transient Ischemic Attack (TIA) and Cerebrovascular
Accidents (CVAs)

Yes

No

Total

Yes
Number
Percentage

7
10.6

59
89.4

66
100.0

44
25.1
51

131
74.9
190

175
100.0
241

Variable

Number

Percentage

No

TIA
CVAs
Total

153
88
241

63.6
36.4
100.0

Number
Percentage
Total
P <.05.
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Presence of Frank’s Sign in Patients with Hypertension
Frank’s Sign

Hypertension

Yes

No

Total

Number
Percentage

21
12.9

142
87.1

163
100.0

Number
Percentage
Total

30
38.5
51

48
61.5
190

78
100.0
241

Yes

No

P <.01.

Frank’s sign and coronary artery disease or peripheral
vascular disease. The bilateralism of the sign was signiﬁcantly higher in patients with cardiovascular events
compared with the control group. Multivariate analysis
showed that there is a signiﬁcant correlation between Frank’s
sign and cardiovascular events. Cerebrovascular events alone
were also signiﬁcantly correlated with Frank’s sign. The
authors concluded that bilateral Frank’s sign is independently
associated with cardiovascular events in hospitalized patients. An independent correlation with ischemic stroke has
also been demonstrated in this study.22,23

Frank’s Sign and Carotid Arteries
In 1993 Levine et al12 examined the association between
ischemic stroke and Frank’s sign in a prospective study. In
this study 116 patients with stroke were included and 232
healthy subjects, age and gender matched without stroke. In
all participants (n ¼ 348) Frank’s sign was signiﬁcantly
associated with advanced age. In patients with stroke
Frank’s sign was correlated with ischemic heart disease and
type 2 diabetes mellitus. In another study it was associated
with increased intima-media thickness on multivariate
regression analysis (P ¼ .0001).13 Another study followed
60 subjects who were divided into 2 groups: group “A” with
Frank’s sign and group “B” without it. All subjects underwent an ultrasound scan of the carotid arteries to evaluate

Table 6
Mellitus

Presence of Frank’s Sign in Patients with Diabetes

Yes

No

Total

Number
Percentage

12
10.4

103
89.6

115
100.0

Number
Percentage
Total

39
31.0
51

87
69.0
190

126
100.0
241

Yes

No

P <.01.

Frank’s Sign and Peripheral Vascular Disease
The prevalence of Frank’s sign was signiﬁcantly higher
among 60 men with peripheral artery disease compared with
60 men without peripheral arterial disease. This difference
remained statistically signiﬁcant after adjusting for risk
factors for atherosclerosis.17
Arterial stiffness has been proposed as a tool by the
European Society of Hypertension/European Society of
Cardiology for the evaluation of subclinical damage to
target organs and is considered a measure of atherosclerosis.
In 2013 a study examined the relationship between Frank’s
sign and vascular stiffness by measuring the cardio-ankle
vascular index, which reﬂects the stiffness of blood vessels. In the study 75 patients with Frank’s sign were
recruited, versus 75 patients adjusted for age and gender
who were admitted to the cardiac clinic. In patients with
Frank’s sign the cardio-ankle vascular index was higher,
with a statistically signiﬁcant difference compared with
patients without Frank’s sign.18
Korkmaz et al19 studied 253 patients without peripheral
vascular disease. In these patients the ankle-brachial index
(ABI) was measured. In patients with Frank’s sign a lower
ABI was measured compared with patients without Frank’s
sign (P <.001). Multivariate analysis of the data found that
Frank’s sign and advanced age were independent factors for
abnormal ABI. The patients were divided into 4 groups
according to the severity of the disease by ABI. They found
increased incidence of Frank’s sign associated with
increasing severity of the disease.

CONCLUSION

Frank’s Sign
Diabetes Mellitus

the intima-media thickness. Frank’s sign was associated
with increased intima-media thickness with a sensitivity of
73% and a speciﬁcity of 70%; both represent the progressive
atherosclerotic process leading eventually to ischemic
stroke.14
In 2009 Shrestha et al15 studied the correlation between
carotid atherosclerotic changes and diagonal earlobe crease
in Japanese patients. The addition of “plaque score” and
“plaque numbers” to the regular intima-media thickness
measurement created a more reliable and sensitive test to
detect atherosclerosis. Frank’s sign in those patients was
signiﬁcantly associated with these indices and the development of accelerated atherosclerosis.15

Frank’s sign is a sign found in the physical examination that
predicts ischemic stroke independently and is found in patients with high risk of developing ischemic stroke even in
the absence of ischemic heart disease. It is more common in
older age, higher in the presence of cardiovascular risk
factors such as hypertension and diabetes, and more
frequent in the presence of a previous myocardial infarction
or ischemic heart disease. Adding Frank’s sign to the list of
classic risk factors for the development of ischemic heart
disease and stroke in the future should be considered.
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