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Abstract
Diagonal earlobe crease (DELC) or Frank’s sign is a diagonal crease in the earlobe that extends diagonally from the tragus to the
edge of the auricle with an angle of approximately 45°. Although its presence increases with advancing age, several studies have
shown an independent association between DELC and cardiovascular diseases as well as peripheral vascular diseases. DELC has
also been demonstrated to increase the risk of cerebrovascular events (mostly ischaemic stroke), probably through atherosclerotic
mechanisms. A systematic literature search was conducted using PubMed and Embase to identify studies investigating the
relationship between DELC and the occurrence of cerebrovascular diseases. We identified 5 articles (1469 subjects included).
Since the presence of DELC can be easily evaluated, patients with the Frank’s sign should undergo a diagnostic workup to detect
vascular risk factors and implement preventative therapies.

Keywords Diagonal earlobe crease . Frank’s sign . Cardiovascular diseases . Cerebrovascular diseases . Atherosclerosis

Introduction

Diagonal earlobe crease (DELC), also known as Frank’s sign,
is a diagonal crease in the earlobe that extends diagonally in
varying depths from the tragus to the edge of the auricle with
an angle of approximately 45° [1, 2, 3] (Fig. 1).

It was described in 1973 by the American pulmonologist
Sanders T. Frank, who firstly reported the association between
DELC and chronic ischaemic heart disease (IHD) [4].

Based on the length of the crease, DELC can be classified
as complete when it crosses the entire earlobe and incomplete

when it is visible only partly through the earlobe. The Frank’s
sign can also be graded by its depth as mild when appears as a
superficial wrinkling on the earlobe, moderate when it is a
sulcus with visible base, and severe when the sulcus is so deep
that the base is not visible [5].

Interestingly, the presence of DELC has been represented
in some ancient Greco-Roman sculptures, which should prob-
ably be regarded as the first “description” of this dermatolog-
ical marker. The most famous is the statue depicting the
Emperor Hadrian [6], who experienced recurrent episodes of
epistaxis and hypertension, but the DELC can also be found in
the statues of “Dèmosthéne” and the “Pseduo-Sènéque” that
are exhibited at the Louvre Museum and in other sculptures
dating back to the Renaissance [7–8].

Over the time, the association between DELC and cardiovas-
cular diseases has been well documented [9–12]. More recently,
also cerebrovascular diseases, mostly related to atherosclerotic
process, have also been related to the Frank’s sign. The patho-
physiological mechanisms underlying this association are largely
unknown, although genetic factors and changes inmicrovascular
structure and/or vessel hemodynamics could play a role.

In this review we have evaluated the association between
Frank’s sign and cerebrovascular diseases, assessing whether
this sign may be easily used to identify patients with increased
risk of cerebrovascular events.
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Methods

A literature review was conducted usingMEDLINE, accessed
by Pubmed (1966–November 2018) and EMBASE (1980–
November 2018) electronic databases. The following medical
subject headings (MeSH) and free terms were searched:
“Frank’s sign”, “Diagonal earlobe crease”, “DELC”, “ear
crease”, “earlobe crease”, “ear lobe crease”, “stroke”, “cere-
brovascular disease/s”, “cerebrovascular event/s”, “intracrani-
al hemorrhage/s” and “subarachnoid hemorrhage/s”. Case re-
ports, observational studies, and randomized clinical trials
written in English and providing data on the association be-
tween DELC and cerebrovascular disease were considered
eligible for inclusion. Studies not describing in detail such
an association as well as opinion pieces or editorials were
excluded. In order to provide a transparency of results as great
as possible, and to allow readers to reproduce the methodolo-
gy we adopted, and considering that in abstracts many meth-
odological aspects are not declared and results are often syn-
thesized, only articles already published as full-length reports
were considered eligible for inclusion.

Reference lists of them were searched for additional publi-
cations. To determine if the titles and abstracts of the initially
identified studies satisfied the inclusion criteria, they were
screened independently by two review authors, which then
assessed the methodological quality of each study and risk
of bias, focusing on blinding.

Our primary intention was to perform a quantitative syn-
thesis of studies, using inverse-variance weighted average
meta-analyses of adjusted effects estimates (adjusted hazard
ratios [adjHRs] and corresponding confidence intervals [CI]
and standard error [SE]) to control for confounding.

Results

This search strategy yielded 6 results; one of them was ex-
cluded after reading the full paper, thereby leaving 5 studies

which contributed to this review. A flowchart (Fig. 2) shows
the selection/inclusion process.

Although our primary intention was to perform a meta-
analysis of the included data, this was precluded due to con-
siderable clinical and methodological heterogeneity among
the included studies. More specifically, the studies differed
for type of cerebrovascular event considered (ischaemic
stroke, intracerebral haemorrhage, subarachnoid haemor-
rhage, transient ischaemic attack, small vessel disease), study
design (case-control, prospective cohort, cross-sectional), and
risk factors investigated (Table 1).

Frank’s sign and cardiovascular diseases

The association between Frank’s sign and cardiovascular dis-
eases has been acknowledged for many years. Following the
observation of Frank et al. [4], Lichstein et al. in 1974 con-
ducted the first controlled study evaluating the relationship
between the Frank sign and cardiovascular disease in 531
patients with myocardial infarction (MI) [13], and found a
higher proportion of DELC (unilateral or bilateral) in patients
compared with controls (47% versus 30%; P < 0.001).

Interestingly, the same research group conducted a post-
mortem study examining the relation between DELC and de-
gree of sclerosis or occlusion of coronary arteries. The authors
reported that patients with DELC, mostly bilateral, had a more
severe coronary artery disease (CAD) than controls [14]. In
the following years, the relationship between the DELC and
CADwas confirmed by further studies, which also showed an
association with age and severity of CAD [15–18]. In an ob-
servational prospective study, DELC was also found to be
associated with a poorer survival rate and higher risk of car-
diac death [19]. Patients with Frank’s sign were also found to
have increased risk of developing intra and postoperative car-
diovascular complications [18], whereas no association was
found between DELC and the common cardiovascular risk
factors [16]. More recently, Frank’s sign was confirmed to
be significantly associated with increased prevalence, extent,
and severity of CAD (assessed using coronary computed to-
mography angiography), with high sensitivity (78%) and pos-
itive predictive value (77%), but with low specificity (43%)
[20]. The presence of earlobe crease was found to be associ-
ated with an increased risk of CAD or MI also by an observa-
tional study on a cohort of 10,885 patients with a 35 years of
follow-up (Copenhagen City Heart Study), which examined
several age-related signs including DELC. This association
was confirmed also after multifactorial adjustment for chrono-
logical age and well-known cardiovascular risk factors [21].
Overall, these studies confirm that the presence of DELC is
associated with an up to five-fold increased risk of CAD.
Therefore, the search for this sign has been suggested as a
screening tool for atherosclerosis in young subjects [22].

Fig. 1 Diagonal earlobe crease

Neurol Sci



DELC can thus be considered a reliable clinical marker of
CAD [23, 24].

Frank’s sign and cerebrovascular diseases

Quite surprisingly, only a few studies have investigated the
relationship between DELC and the occurrence of cerebrovas-
cular disease. Levine and colleagues first evaluated 116 pa-
tients with ischaemic stroke and 232 controls. They found a
significant association between DELC and advancing age in
all subjects; in the ischaemic stroke group DELC was associ-
ated with CAD and with diabetes mellitus. After adjusting for
CAD, DELC was significantly related with non-lacunar isch-
aemic stroke [25].

Earlobe crease was also found to be independently associ-
ated with both intracerebral haemorrhage (odds ratio 4.52;
95% confidence intervals 1.51 to 13.57) and subarachnoid
haemorrhage (odds ratio 6.72; 95% confidence intervals
2.49 to 18.11) in 197 Korean patients [26]. Results were ad-
justed for age and sex, but not for other variables. Hence, the
possibility of a spurious association due to confounding fac-
tors cannot be completely excluded.

A single-blind cross-sectional study on 1000 subjects showed
that bilateral DELC was independently associated with an in-
creased risk of several cardiovascular events including CAD,
cerebrovascular events (ischaemic or haemorrhagic strokes and
transient ischaemic attacks) and peripheral vascular disease. A
multivariate analysis showed an association between DELC and
cerebrovascular events (odds ratio 1.45; 95% confidence inter-
vals 1.08 to 1.93), with a sensitivity and specificity of 43% and

Table 1 Clinical and epidemiological characteristics of the patients included in the 5 studies

Risk factors investigated

Study Pts
(no.)

Type of
CVevent

Relationship
with DELC

Hypertension Dyslipidemia CAD/
cardiopathy

Diabetes Prior
stroke

Smoke Obesity Physical
activity

Levine et al. 1993 116 IS Yes
(non-lacunar>
lacunar)

Yes Yes Yes Yes Yes No No No

Nazzal et al. 2017 241 IS/TIA Yes (IS>TIA) Yes No Yes Yes No No No No

Park et al. 1998 197 ICH/SAH Yes Yes Yes No No No Yes Yes No

Rodriguez
Lopez et al.
2015

182 IS/TIA Yes (both IS
and TIA)

Yes Yes Yes Yes No Yes No No

Lee et al. 2017 714 SVD Yes Yes Yes Yes Yes Yes No No No

CV, cerebrovascular;DELC, diagonal earlobe crease; CAD, coronary artery disease; ICH, intracerebral cerebral haemorrhage; IS, ischaemic stroke; TIA,
transient ischaemic attack; SAH, subarachnoid haemorrhage; SVD, small vessel disease

Fig. 2 Flowchart showing the
selection/inclusion process
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70%, respectively. Bilateral DELC was also associated with a
higher risk of ischaemic stroke alone (odds ratio 1.67, 95% con-
fidence interval 1.1 to 2.51) [27]. The authors hence demonstrat-
ed an independent association with ischaemic stroke.

More recently, a prospective study conducted in patients
with acute ischaemic stroke revealed the presence of DELC
in 190 out of 241 (79%) patients with transient ischaemic
attacks or ischaemic stroke, more frequently in the latter
[28]. DELC was also detected more frequently in the presence
of several well-recognized cerebrovascular risk factors such as
hypertension and diabetes mellitus, as well as in the subjects
with history of MI or IHD, supporting the notion that DELC
could be a sign of long-standing atherosclerosis.

DELC was also found to serve as a useful supportive sign
not only for the presence of cognitive impairment but also for
cerebral small vessel disease (CSVD) and amyloid-β (Aβ)
positivity [29]. Indeed, Aβ-positive patients with moderate
to severe white matter hyperintensities were significantly
more likely to exhibit DELC compared with Aβ-negative
cognitively impaired patients; a causative role of CSVD in
Aβ accumulation could explain the relationship between
DELC and Aβ-positivity.

Frank’s sign pathophysiology

Although different explanations have been provided, the path-
ophysiological mechanism underlying the association be-
tween DELC and cardio and cerebrovascular disease remains
unclear [20].

Since DELC occurs rarely in infants, one possible simple
explanation is that DELC reflects skin ageing and the ageing
process of the major arteries.

In the early 1970s through the 1980s, the suggested theory
for Frank’s sign points to a poor blood supply in the arteries to
the earlobes, which lack of end arteries. In the following years a
microvascular damage has been proposed as a possible patho-
physiological mechanism. In fact, loss or degeneration of elastin
fibers with rupture of the elastic fibers was detected in earlobes
biopsies of DELC patients who were suffering from IHD.
Scarpelli et al. first described perivascular cellular infiltration
and thickening of adventitia reticularis in the small vessels of
earlobes of 14 patients with DELC and diabetes mellitus [30]. In
a study of 400 consecutive subjects, Oda et al. reported that
bilateral, but not unilateral DELC, was associated with lower
flow-mediated vasodilation and nitroglycerine-induced vasodi-
lation [31]. These findings could suggest that DELC is associ-
ated with endothelial dysfunction, which is well known to rep-
resent an early stage of systemic atherosclerosis.

DELC was also found to be associated with carotid intima-
media thickness (IMT) in apparently healthy subjects [32], fur-
ther suggesting that DELC might represent a marker of general-
ized atherosclerotic disease, not confined to coronary arteries. In

a further study, Glavic et al. measured the IMT values of com-
mon carotid artery (ACC), and found a statistically significant
correlation between Frank’s sign and increased ACC-IMT [33].

Furthermore, in a 76-year-old man with a history of arterial
hypertension andMI, and with DELC, the time-of-flight mag-
netic resonance angiography showed severe segmental steno-
sis of the basilar artery, and high-resolution computed tomog-
raphy with bone window settings revealed the presence of
high calcium content in both carotid siphons (a recognized
surrogate of intracranial atherosclerosis) [34].

Interestingly, in a study conducted in Japanese men with
Frank’s sign and metabolic syndrome, shortened telomeres were
detected, suggesting accelerated ageing and atherosclerosis [35].

A further theory proposes a common genetic background
of Frank’s sign and IHD. A common link between DELC and
atherosclerosis was found through the presence of human leu-
kocyte antigen B-27, the CF-3 atherosclerosis gene and chro-
mosome 11. Also the possibility that there is a common inner-
vation of the heart and the auricle through the vagus nerve
should be taken into consideration [27].

Finally, also acquired anatomic changes in patients with
cardiac disease, which could indicate specific lying and
sleeping forms, causing pressure on the earlobe, could play a
pathogenic role [35].

Discussion

Frank sign or DELC is a physical sign that can be easily
noticed at clinical examination. DELC has been firstly ob-
served in association with cardiovascular disease. Following
these reports, DELC was also found to be related with cere-
brovascular disease, suggesting that DELC could be a risk
factor for ischaemic stroke independently from IHD. The
pathophysiological mechanism underlying the association be-
tween DELC and cardio- or cerebrovascular diseases is poorly
understood. The report of familial cases of Tako-Tsubo syn-
drome raises the hypothesis that genetic factors may play a
role in the pathogenesis of the cardiac abnormality, but so far
none of them has been identified. The presence of microvas-
cular damage in histological studies on DELC and the rela-
tionship between DELC and carotid IMT may support the
hypothesis that DELC is associated with endothelial dysfunc-
tion as a first step of atherosclerosis. DELCmay thus represent
a marker of generalized atherosclerotic disease, not confined
to coronary arteries.

To the best of our knowledge, there is no clear relationship
between site of DELC (unilateral or bilateral) and risk of ath-
erosclerosis. DELC is also more common in the presence of
cardiovascular risk factors such as hypertension and diabetes
mellitus, and particularly previous MI or IHD. However, al-
though DELC was found to be independently associated with
CAD and cerebrovascular disease when considering age,
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gender, type 2 diabetes mellitus, and hypertension, other ce-
rebrovascular risk factors (i.e. lipid profile, smoking habit,
sedentary, obesity and diet) have not been considered.
Therefore, a possible concomitant role of these factors in the
atherosclerotic process cannot be excluded.

The literature data available so far suggest that Frank’s sign
should be regarded as a possible vascular risk factor for the
development of IHD and cerebral stroke. DELC can be easily
noticed and could serve to identify high-risk patients, although it
still needs to be established whether the detection of Frank’s sign
could really improve patients’ vascular risk assessment. In fact,
DELC is usually absent at birth and in young, and is more com-
mon in elderly [36, 37]. Since the presence of this sign increases
with advancing age, it is mandatory to adjust for the presence of
other confounding factors to minimize the risk of finding a spu-
rious association between DELC and vascular disease.

Moreover, there are many limitations in the available stud-
ies, including small sample size, differences in age and race of
population studied, and lack of homogeneous criteria for ear-
lobe shape assessment. In fact, ethnic differences play an im-
portant role in the incidence of DELC [6, 37]. Also the time of
the day at which DELC is assessed may be relevant, since
DELC may be observed more frequently after sleeping [38].

Therefore, due to these limitations, further larger popula-
tion studies are needed to confirm the usefulness of DELC for
predicting cerebrovascular disease risk in larger populations.
These studies should also assess if the treatment of vascular
risk factors can in some way prevent or stop the development
of DELC [39]. More studies assessing endothelial markers
such as metalloproteinasis [40] or inflammatory markers [41
are also required to better understand the pathophysiological
mechanism that links DELC and atherosclerosis.

Since the diagnosis of cerebrovascular diseases requires the
use of sophisticated technology, the Frank’s sign might be
used as a simple tool to identify candidates for neuroimaging
examination in research studies conducted even in remote
rural settings.

In conclusion, on the basis of the available studies, DELC
is a sign which could be easily evaluated during the routine
clinical evaluation as a possible marker of atherosclerosis and
increased risk of cerebrovascular disease.
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