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White matter hyperintensities severity and progression are not related to 
earlobe crease presence. A cross-sectional and longitudinal prospective 

study in community-dwelling older adults
La severidad y progresión de hiperintensidades de la sustancia blanca no están relacionados con 
la presencia del pliegue del lóbulo de la oreja. Un estudio transversal y longitudinal prospectivo 

en una población de adultos mayores
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Abstract
Background: Earlobe crease (ELC) has been associated with coronary atherosclerosis. Recently, ELC has been associated 

with white matter hyperintensities (WMH) of presumed vascular origin. However, the results are heterogeneous among stu-
dies. We aimed to assess whether ELC is associated with WMH severity and progression in community-dwelling older adults. 
Methods: Atahualpa Project Cohort participants received earlobe photographs and brain MRIs to assess the association bet-
ween ELC and WMH severity, as well as the relationship between ELC and WMH progression using ordinal logistic and Pois-
son regression models, respectively. Results: The cross-sectional component of the study included 359 individuals aged ≥60 
years. ELC was present in 175 subjects. On MRI, 107 participants did not have WMH, 174 had mild, 56 had moderate, and 22 
had severe WMH. A multivariate ordinal logistic regression model did not show a significant association between the main va-
riables investigated (OR: 0.72; 95% C.I.: 0.48 – 1.06). The longitudinal component included 252 individuals, 126 of whom had 
ELC and 103 had WMH progression. A Poisson regression model showed no association between ELC and WMH progression 
(IRR: 1.02; 95% C.I.: 0.69 – 1.51). Conclusions: ELC is not related to WMH severity and progression in the study population. 
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Resumen 
Antecedentes: El pliegue del lóbulo de la oreja (PLO) se ha asociado con aterosclerosis coronaria. Recientemente, se ha 

asociado el PLO con hiperintensidades de la sustancia blanca (HSB) de presunto origen vascular. Sin embargo, los resultados 
son heterogéneos entre los estudios. Nuestro objetivo fue evaluar si el PLO está asociado con la gravedad y la progresión de 
HSB en adultos mayores de una comunidad. Métodos: A los participantes del Proyecto Atahualpa se les realizó fotografías 
del lóbulo de la oreja y resonancias magnéticas (RM) del cerebro para evaluar la asociación entre la presencia del PLO y la 
gravedad las HSB, así como la relación entre el PLO y la progresión de las HSB usando modelos de regresión logística ordinal 
y de Poisson, respectivamente. Resultados: El componente transversal del estudio incluyó a 359 individuos de ≥ 60 años. El 
PLO estuvo presente en 175 sujetos. En estudios de RM, 107 participantes no tenían HSB, 174 tenían HSB leve, 56 moderado 
y 22 grave. Un modelo de regresión logística ordinal multivariante no mostró una asociación significativa entre las principales 
variables investigadas (OR: 0,72; IC 95%: 0,48 - 1,06). El componente longitudinal incluyó a 252 individuos, de los cuales 126 
presentaron un PLO y 103 tenían progresión de HSB. Un modelo de regresión de Poisson, no mostró asociación entre el PLO 
y la progresión de HSB (IRR: 1,02; IC del 95 %: 0,69 – 1,51). Conclusiones: El PLO no está relacionado con la gravedad y 
progresión de las HSB en la población de estudio.

Palabras clave: Pliegue del lóbulo de la oreja; el signo de Frank; Hiperintensidades de sustancia blanca; Progresión; Fac-
tores de riesgo; Estudio de cohorte prospectivo.
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Introduction
Earlobe crease (ELC) refers to an acquired linear-

shaped fold extending diagonally from the tragus across 
the earlobe that most often ends in its outer border. From 
its original description by Sanders T. Frank,1 ELC has 
been considered a visual skin marker of coronary athe-
rosclerotic disease. While this assumption has been sup-
ported by several studies,2-6 others have found no asso-
ciation between ELC and atherosclerosis involving the 
coronary or other vascular beds.7-9 In addition, it has 
been suggested a link between ELC and cerebrovas-
cular events (either ischemic or hemorrhagic),10-12 and a 
couple of studies proposed a more specific association 
between ELC and cerebral small vessel disease (cSVD), 
a common cause of stroke and cognitive decline.13,14 
However, some of these studies included patients 
recruited from memory clinics or specialized cardiovas-
cular centers, and results may not be extrapolated to the 
population at large. Should the ELC results be a reliable 
skin marker of cSVD, it would be of great value for rapid 
screening of older adults to identify subjects at risk for 
developing stroke and cognitive decline, particularly in 
remote settings where the technology needed to diagnose 
this condition is not readily available.15 Seizing on the 
prospective Atahualpa Project cohort, we aimed to assess 
whether ELC is associated with white matter hyperinten-
sities (WMH) severity and progression (used as a bio-
marker of cSVD) in older adults living in the community.

Materials and Methods 
Study population and design: The study was carried 

out in Atahualpa, a rural Ecuadorian village. Characteris-
tics of the study population have previously been detailed.16 
Individuals share several characteristics such as race/eth-
nicity (Amerindian ancestry), levels of education, socioe-
conomic status, living conditions, and dietary habits.

This study has both a cross-sectional and a longitudinal 
component. Atahualpa residents aged ≥60 years who had a 
baseline brain MRI, ELC determinations, and clinical inter-
views between 2012 and 2019 were eligible for the cross-
sectional component of this study, and those who were 
actively enrolled in the cohort as of May 2021 and had no 
contraindications for the practice of MRI or were not seve-
rely disabled, were invited for the practice of a follow-up 
MRI (end of study) and were enrolled in the prospective 
longitudinal component. All individuals signed an informed 
consent form before the practice of baseline MRI and those 
who participated in the longitudinal component of the study 
also signed informed consent before follow-up MRIs. The 
study was approved by the Ethics Committee of Hospital-
Clínica Kennedy, Guayaquil (FWA 00030727). 

Earlobe examinations: High-resolution digital pho-
tographs of both earlobes were taken with subjects in the 
sitting position and sent to two independent investigators 

for ELC identification. Readers were blinded to clinical 
data and neuroimaging findings. An ELC was considered 
to be present when the individual has a wrinkle extending 
from the tragus to the outer border of the earlobe (Figure 
1). Individuals with creases related to earrings or distorted 
earlobe anatomy were not taken into account. Kappa coe-
fficients for the inter-rater agreement were 0.95 for ELC 
presence; discrepancies were resolved by consensus.

Neuroimaging studies: MRIs at baseline and follow-
up were performed using a Philips Intera 1.5T (Philips 
Medical Systems, Eindhoven, the Netherlands) following 
a previously described protocol.16 Interest focused on the 
severity and progression of WMH, which were defined 
as lesions appearing hyperintense on T2-weighted 
images that remained bright on FLAIR (without cavita-
tion) and graded according to the modified Fazekas scale, 
a widely used visual scale that allows the recognition of 
none, mild, moderate, and severe WMH.17 MRIs were 
read by one neuroradiologist and one neurologist blinded 
to each other’s readings and clinical information. Kappa 
coefficients for interrater agreement of WMH severity 
were 0.91 at baseline and 0.93 at follow-up, and discre-
pancies were resolved by consensus. WMH progression 
was defined as the increase in at least one grade of the 
Fazekas scale in the follow-up MRI. 

Covariates investigated: Demographics and tradi-
tional cardiovascular risk factors were selected as they 
may have relevance to the association with WMH seve-
rity and progression. Risk factors assessment followed 

Figure 1. Earlobe crease in a study participant 
appearing as a wrinkle extending from the tra-
gus to the outer border of the earlobe (arrows).
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the American Heart Association proposed criteria, which 
stratifies each of the risk factors in the poor range accor-
ding to well-defined cutoffs: 1) Poor smoking status if 
the subject is a current smoker or quit <1 year prior; 2) 
Poor body mass index if ≥30 kg/m2; 3) Poor physical 
activity if there is no moderate and vigorous activity; 4) 
Poor diet if there is ≤1 AHA healthy dietary components; 
5) Poor blood pressure if ≥140/90 mmHg; 6) Poor fas-
ting glucose if ≥126 mg/dL; and 7) Poor total cholesterol 
blood levels if ≥240mg/dL.18 

Statistical analysis: In unadjusted univariate analyses, 
continuous variables were compared by linear models and 
categorical variables by the chi-square or Fisher exact 
test, as appropriate. An ordinal logistic regression model 
was fitted to assess the association between the presence 
of ELC and WMH severity at baseline, after adjusting for 
demographics and cardiovascular risk factors. Person time 
in years was computed utilizing the difference between 
the baseline and follow-up MRIs. A multivariate Poisson 
regression model was fitted to estimate the IRR of WMH 
progression according to the presence of ELC, after taking 
into account the effect of time as well as the above-men-
tioned covariates. STATA version 17 (College Station, TX, 
USA) was used for data analysis.

Results
From 478 community-dwellers aged ≥60 years iden-

tified during annual door-to-door surveys carried out from 
2012 to 2019, 359 (75%) individuals had a baseline MRI, 
clinical interviews, and ELC determination, and qualified 
for the cross-sectional component of the study. Of them, 
261 subjects (73%) who also had a follow-up MRI were 
eligible for the longitudinal component of the study. Figure 
2 is a flowchart depicting the enrollment process and the 
reasons for not including participants at each stage of this 
study. Of interest, nine individuals who had a follow-up 
MRI were not included in the longitudinal component of 
the study because they already had severe WMH at base-
line and further WMH progression could not be evaluated. 
This resulted in 252 individuals in whom the relationship 
between ELC and WMH progression was assessed.

Cross-sectional component: The mean (±SD) age 
of 359 study participants at the time of baseline MRI was 
67.4±7.6 years (median age: 65.4 years), 205 (57%) were 
women, 12 (3%) were current smokers, 87 (24%) had a body 
mass index ≥30 kg/m2, 31 (9%) had poor physical activity, 
15 (4%) had an unhealthy diet, 155 (43%) had blood pressure 
≥140/90 mmHg, 109 (30%) had fasting glucose ≥126 mg/dL, 
and 46 (13%) had total cholesterol blood levels ≥240mg/dL. 

Figure 2. Flow chart depicting enrollment and the number of excluded 
individuals at each stage of this process.
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ELC was present in 175 (49%) subjects. On baseline MRI, 
107 (30%) participants did not have WMH, 174 (48%) had 
mild, 56 (16%) had moderate, and 22 (6%) had severe WMH. 

Table 1 shows the clinical and neuroimaging charac-
teristics of individuals with and without ELC. As noticed, 
there were no significant differences across groups. An 
ordinal logistic regression model that uses ELC presence 
as the independent variable and grades of WMH severity as 
the outcome (dependent variable) did not show significant 
associations between the main variables investigated, after 
adjusting for clinical covariates (Table 2). In this model, 
age and poor physical activity remained statistically signifi-
cant. Because of the important age effect, we fitted an inte-
raction model that failed to show a significant effect modi-
fication of age over ELC (OR: 0.99; 95% C.I.: 0.93 – 1.07). 

Longitudinal component: The 252 participants 
who had both baseline and follow-up MTIs (and ELC 
assessment) were followed for a mean of 6.5±1.4 years, 
and the total time of follow-up was 1,640 person-years 
(95% C.I.: 1,594 – 1,685 years). The mean (±SD) age 
was 65.4±5.9 years (median age: 63.6 years), 139 (55%) 
were women, 10 (4%) were current smokers, 60 (24%) 
had a body mass index ≥30 kg/m2, 11 (4%) had poor 
physical activity, 11 (4%) had an unhealthy diet, 96 
(38%) had blood pressure ≥140/90 mmHg, 71 (28%) had 
fasting glucose ≥126 mg/dL and 35 (14%) had total cho-
lesterol blood levels ≥240mg/dL. ELC was present in 
126 (50%) subjects. 

On baseline MRI, 89 participants (35%) did not 
have WMH, 130 (52%) had mild, and 33 (13%) had 
moderate WMH. At follow-up, 51 (20%) individuals 
did not have WMH, 111 (44%) had mild, 67 (27%) had 
moderate, and 23 (9%) had severe WMH. A total of 103 
(41%) individuals had MRI evidence of WMH progres-
sion. Progression from none-to-mild WMH was noticed 
in 33 cases, from none-to-moderate in five, from mild-
to-moderate in 42, from mild-to-severe in 10, and from 
moderate-to-severe in 13. 

Of 126 individuals with ELC, 54 had WMH pro-
gression as opposed to 49 of the 126 who did not have 
ELC (43% versus 39%; p=0.522). A Poisson regression 
model, using ELC as the exposure and WMH progres-
sion as the outcome showed no significant association 
between both variables, after adjusting for demographics, 
cardiovascular risk factors, and the time between base-
line and follow-up MRIs. Only age at baseline MRI rea-
ched independent significance in this model (Table 3). 
Smoking status was not included in the Poisson regres-
sion model due to collinearity with other variables. 

Earlobe
crease
absent
(n=184)

Earlobe
crease
present
(n=175) p value

Age at baseline, years, mean ± SD

Women, n (%)

Current smoker, n (%)

Body mass index ≥30 kg/m2, n (%)

Physical inactivity, n (%)

Unhealthy diet, n (%)

Blood pressure ≥140/90 mmHg, n (%)

Fasting glucose ≥126 mg/dL, n (%)

Total cholesterol ≥240 mg/dL, n (%)

White matter hyperintensities

Fazekas grade 0 (none), n (%)

Fazekas grade 1 (mild), n (%)

Fazekas grade 2 (moderate), n (%)

Fazekas grade 3 (severe), n (%)

67.1 ± 7.5

110 (59)

6 (3)

43 (23)

18 (10)

8 (4)

77 (42)

57 (31)

27 (15)

49 (27)

92 (50)

28 (15)

15 (8)

67.7 ±7.7

95 (54)

6 (3)

44 (25)

13 (7)

7 (4)

78 (45)

52 (30)

19 (11)

58 (33)

82 (47)

28 (16)

7 (4)

0.455

0.293

0.929

0.659

0.427

0.869

0.602

0.795

0.279

 0.178

0.551

0.838

0.101

Odds
ratio

Grades of white matter
hyperintensities severity

95% confidence
interval p value

Earlobe crease

Age 

Being women

Smoking status

Body mass index ≥30 kg/m2

Physical inactivity

Unhealthy diet

Blood pressure ≥140/90 mmHg

Fasting glucose ≥126 mg/dL

Total cholesterol ≥240 mg/dL

0.72

1.09

0.99

1.21

1.13

2.21

2.51

1.23

1.12

1.52

0.48 – 1.06

1.06 – 1.12

0.66 – 1.52

0.39 – 3.74

0.70 – 1.82

1.07 – 4.57

0.95 – 6.63

0.81 – 1.87

0.72 – 1.73

0.83 – 2.81

0.098

<0.001*

0.993

0.745

0.622

0.033*

0.062

0.323

0.610

0.177

*Statistically significant result

Table 1. Characteristics of Atahualpa residents aged ≥60 years 
according to the presence or absence of an earlobe crease (unadjus-
ted analysis). 

Table 2. Ordinal logistic regression model showing a non-signifi-
cant association between earlobe crease presence and severity of 
white matter hyperintensities.

Table 3. Poisson regression model showing a non-significant asso-
ciation between earlobe crease presence and progression of white 
matter hyperintensities after a mean of 6.5±1.4 years of follow-up.

Incidence
Rate Ratio

White matter
hyperintensities progression

95% confidence
interval p value

Earlobe crease

Age at baseline

Being women

Body mass index ≥30 kg/m2

Physical inactivity

Unhealthy diet

Blood pressure ≥140/90 mmHg

Fasting glucose ≥126 mg/dL

Total cholesterol ≥240 mg/dL

1.02

1.04

0.94

0.83

0.80

0.79

1.05

0.86

1.18

0.69 – 1.51

1.01 – 1.07

0.62 – 1.41

0.47 – 1.45

0.25 – 2.57

0.28 – 2.18

0.70 – 1.59

0.54 – 1.36

0.66 – 2.10

0.923

0.007*

0.763

0.505

0.704

0.647

0.799

0.525

0.563

*Statistically significant result
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Discussion 
Results of this study suggest that ELC presence is 

not associated with WMH severity nor related to WMH 
progression in community-dwelling older adults of Ame-
rindian ancestry. Our findings differ from those reported 
in cognitively impaired patients from South Korea, in 
whom ELC was significantly associated with WMH.13 
However, the recruited population and the design of the 
Korean study were vastly different from those of the pre-
sent study. Likewise, a Turkish study also found an asso-
ciation between ELC and WMH presence (not WMH 
severity assessed),14 but analyses were not adjusted for 
age or any other covariate, and this was an important 
shortcoming of this study since the frequency of both 
ELC and WMH increases with age. Another study of 
patients admitted to a stroke unit showed no differences 
in the frequency of ELC across the different categories of 
ischemic stroke subtypes, suggesting that ELC is not spe-
cifically linked to cSVD.12 

Besides the above-mentioned studies, there is scant 
additional information on the association between ELC 
and WMH, which makes the present study the first to 
unravel the lack of relationship between both variables 
and, at the same time, to show the independent signi-
ficance of increased age on this association in both the 
ordinal logistic (cross-sectional) and the Poisson regres-
sion (longitudinal) models. 

Regarding pathogenic mechanisms potentially 
implicated in the previously proposed link between ELC 
and cSVD, it has been trying to parallel the suggested 
mechanisms involved in the association between ELC 
and atherosclerosis with that of ELC and WMH. ELC has 
traditionally been proposed as a visual sign of collagen 
and elastin fibers disintegration of the earlobe and thus, a 
visible sign of arterial wall disease that could be present 
in the coronary arteries or other vascular beds. Indeed, 
an autopsy-based report suggested that pathogenetic 
mechanisms involved in the evolution of atherosclerosis 
(related to collagen metabolism) may also occur in the 
skin.19 In addition, it has been suggested that circulating 
inflammatory biomarkers (in particular pentraxin-3) and 
oxidative stress may account for the simultaneous occu-
rrence of ELC and atherosclerosis.20 Other mechanisms 
implicated in the simultaneous occurrence of ELC and 
atherosclerosis include endothelial dysfunction,21 shor-
tening of telomere length in peripheral blood cells,22 
decreased macrophages activity,23 and low circulating 
levels of the polypeptide hormones adropin and irisin.24 
A novel hypothesis elaborates on the role of the age-sup-
pressing hormone Klotho in the pathogenesis of the asso-
ciation between ELC and atherosclerosis.25 Despite all 
these assumptions, mechanisms addressing the associa-
tion between ELC and cardio- or cerebrovascular com-
plications are not fully understood thus far. 

It is noteworthy the high frequency of ELC in the 
study population (49% and 50% for subjects participa-
ting in the cross-sectional and longitudinal components 
of the study, respectively). These percentages are con-
siderably higher than those reported in some but not all 
studies.13,14 Differences in frequency can be explained by 
the ethnic background and the age of the present study 
population (≥60 years) since it is well-known that ELC 
frequency increases with age and is more prevalent in 
certain races/ethnic groups. 

Major strengths of our study include the population-
based design with an unbiased enrollment of participants 
as well as the cross-sectional and the longitudinal compo-
nents, which allowed the evaluation of the association bet-
ween ELC presence and WMH at baseline as well as the 
role of ELC on WMH progression after more than six years 
of follow-up. The fact that Atahualpa residents may not be 
representative of people living in other settings or belon-
ging to other races/ethnic groups, might be a limitation. 

Conclusion
ELC is not related to WMH severity or progression 

in older adults and should not be used as a reliable scree-
ning test to identify those needing a brain MRI. Further 
studies using a similar design must be carried out in diffe-
rent races/ethnic groups to confirm or deny our findings.
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