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ABSTRACT

Background and Aim: Cardiovascular disease is one of the leading causes of death worldwide.
Graying hair, a visible indicator of aging, is associated with an increased risk of coronary
artery disease (CAD). Dermatological signs, such as hair graying, may reflect an elevated
coronary risk, as age is an unavoidable risk factor for CAD. This study aimed to evaluate
the extent of hair graying as an independent risk marker for CAD.

Methods: In an observational cross-sectional study, 100 patients with suspected CAD
(presenting with chest discomfort) underwent coronary angiography at the Cardiovascular
Departments of Mansoura University Hospitals and Mansour Specialized Medical
Hospital between August 2020 and August 2021.

Results: A statistically significant positive association was observed between the presence of
xanthelasma and the risk factors of smoking (72.2%), diabetes (58.3%), dyslipidemia
(100%), and family history of CAD (50%). Additionally, a statistically significant
positive association was found between the presence of xanthelasma and the Gensini
score, with 80.6% of individuals with xanthelasma exhibiting atherosclerotic CAD and a
Gensini score < 20. However, the relationship between the presence of xanthelasma and
the hair whitening score was nonsignificant (P = 0.703).

Conclusions: In our cohort, an elevated hair whitening score was associated with a higher
likelihood of developing CAD, independent of chronological age and other
conventionally recognized cardiovascular risk factors. This preliminary study suggests a
relationship between CAD and hair graying. It is plausible that hair graying should be

considered a coronary risk factor and utilized for identifying individuals at higher risk.
(Iranian Heart Journal 2025; 26(2): 49-65)
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Hair Greying as Marker of CAD

oronary artery disease (CAD) occurs

when the myocardium is exposed to

inadequate oxygen and blood supply
due to the obstruction of the coronary
arteries. This condition leads to an
imbalance between oxygen demand and
supply. CAD often involves the formation of
plaques that obstruct blood flow within the
lumen of the coronary arteries. *
Globally, CAD is one of the leading causes
of morbidity and mortality. Traditional
cardiovascular risk factors (CVRFs) are
closely associated with CAD. % 2 Recently,
numerous studies have suggested a potential
link between various cutaneous markers and
CAD, which may allow for the early
identification of at-risk populations. *°
Graying hair is a physiological process that
occurs in both men and women as they age.
® Currently, age is the most significant and
irreversible risk factor for CAD. ’ In clinical
practice, it may be beneficial to assess
biological aging rather than relying solely on
chronological age. Graying hair is the most
visible sign of biological aging in humans,
yet the underlying mechanisms of this
process remain poorly understood. ® The
possibility that oxidative stress contributes
to hair graying ° has prompted researchers to
investigate premature graying as a risk
factor for age-related diseases such as
osteoporosis and CAD. Oxidative stress
causes erratic differentiation of melanocytic
stem cells, reducing the pool of stem cells
available to replace dying melanogenic
melanocytes. ® The etiopathogenesis of
CAD in young individuals is predominantly
influenced by smoking. ** Premature graying
of hair is one of the earliest clinical
indicators that could potentially aid in the
early detection of CAD in young smokers. *°
The mammalian hair follicle is a unique,
highly regenerative system containing a
large population of stem cells. These stem
cells, located at the base of hair follicles,
generate melanocytes, which are responsible
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for producing and storing hair pigment.
Graying begins with the death or
dysfunction of melanocyte stem cells. *
These stem cells express CD34, similar to
the vascular system, and may play a role in
the functional maintenance of human hair
follicles. ** Premature graying has been
associated with CAD in previous studies
with varying sample sizes and patient
populations, including those  with
myocardial infarction ***® and CAD.
Although some of these studies are dated
and have significant methodological
limitations, particularly in assessing the
severity of CAD and premature hair
whitening, several have demonstrated a
correlation between myocardial infarction
and premature hair whitening.

Therefore, this study aimed to evaluate the
extent of hair graying as an independent risk
factor for CAD.

METHODS

Study Design

A total of 100 patients with suspected CAD,
specifically those experiencing  chest
discomfort, underwent coronary
angiography at  the  Cardiovascular
Department of Mansoura  University
Hospitals and Mansour Specialized Medical
Hospital between August 2020 and August
2021 as part of an observational cross-
sectional study.

Ethical Considerations

The Mansoura Medical Research Ethics
Committee approved the study protocol
(IRB approval number: MS.20.10.2). Each
participant provided informed oral consent
to take part in the research. Confidentiality
and personal privacy were maintained at all
stages of the investigation, and the collected
data will not be used for any other purposes.
All participants who agreed to take part
provided signed informed consent after
being informed of the trial's benefits and
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risks, and following approval from the local
ethics committee. AIll procedures were
conducted in accordance with the 1964
Declaration of Helsinki and its subsequent
amendments, as well as comparable ethical
standards, in addition to the ethical
requirements of the institutional and/or
national research committee. The
investigation received approval from the
local ethics committee of the Mansoura
University Faculty of Medicine, and the
study's reporting complies with CONSORT
guidelines.

Inclusion Criteria

Any male patient with suspected CAD
(cases included angina-like symptoms or
chest pain accompanied by either ECG
ischemic changes such as ST-segment
depression, T-wave inversion, poor R-wave
progression, or the presence of pathological
Q-waves; echocardiographic findings such
as segmental wall motion abnormalities and
reduced ejection fraction; or positive stress
test results from stress ECG or dobutamine
stress echocardiography) who underwent
coronary angiography was included in the
study.

The study population was divided into
subgroups based on the presence or absence
of CAD, as determined by coronary
angiography, into normal coronaries or
atherosclerotic CAD. The hair whitening
score (HWS) was defined as follows: HWS
1 (trace): < 25%, HWS 2 (mild): 25%-50%,
HWS 3 (moderate): 50%-75%, HWS 4
(manifest): 75%-100%, and HWS 5
(complete): 100%. °

Based on the Gensini score, atherosclerotic
CAD was classified as either low (score <
20) or high (score > 20). 8

Exclusion Criteria

Patients with recent unstable angina, ST-
segment elevation myocardial infarction
(STEMI), or non-ST-segment elevation
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myocardial infarction (NSTEMI) were
excluded from the study. Additional
exclusion criteria included patients with
ongoing infection or inflammation, hepatic
disease, renal impairment (serum creatinine
> 1.4 mg/dL), hematological disorders, or
known malignancy. Women were excluded
due to the inability to accurately determine
the HWS in cases where hair coloring was
used.

Each patient included in the study
underwent a comprehensive evaluation,
which included full history taking to
document current histories of smoking,
hypertension, diabetes, and dyslipidemia, as
well as personal information such as name,
age, and sex. Additionally, early hair
graying and a family history of vascular
ischemic  events (eg, CAD and
cerebrovascular disorders) were recorded,
along with any history of previous drug use
or ischemic heart disease. A thorough
general and local cardiac examination was
also conducted. Hair graying was assessed
using the HWS, determined by the
percentage of gray/white hair as follows:
Pure black (trace < 25%), Black > white
(mild 25%-50%), Black = white (moderate
50%—75%), White > black (manifest 75%—
100%), and Pure white (complete 100%). ®
The presence of xanthelasma, characterized
by plaque-like yellow lesions near the inner
canthus of the eyelids, was noted. *° Frank’s
sign, defined as a diagonal ear lobe crease
running from the lower tip of the ear to the
bottom of the ear hole, was also evaluated. %°
Furthermore, arcus senilis, a yellowish-
white ring around the cornea, was
documented.

Each patient underwent several laboratory
tests upon admission, including a complete
blood count, renal function tests (urea and
serum creatinine), and a lipid profile. The
lipid profile measurements included low-
density lipoprotein cholesterol (LDL-C),
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total cholesterol, triglycerides (TGs), and
high-density lipoprotein cholesterol (HDL)
for each patient.

Elective  coronary  angiography  was
performed using the Judkins procedure,
which included 2 views of the right coronary
system and 4 views of the left coronary
system via the femoral artery. The coronary
angiograms were stored in DICOM format
on compact discs.

All patients also had a resting normal 12-
lead surface ECG. All ECGs were calibrated
using a standard of 25 mm/s and 10
mm/mV.

Transthoracic echocardiography was
performed on each patient to evaluate the
left ventricular ejection fraction and
determine whether there were any segmental
wall motion abnormalities.

Statistical Analysis

The data were entered into a computer and
analyzed using IBM SPSS Statistics for
Windows, version 22.0 (IBM Corp, released
in 2013, Armonk, New York). Qualitative
data were expressed as numerical values and
percentages, while quantitative data were
described using the mean and median (along
with minimum and maximum values) for
appropriately distributed data. The Monte
Carlo test was used to compare 2 or more
groups  with  qualitative data.  For
comparisons involving more than 2
independent groups, a one-way ANOVA test
was employed, supplemented by a post hoc
Tukey test for pairwise comparisons. The
Spearman rank-order correlation was used to
assess the magnitude and direction of a
linear relationship between 2 ordinal or
continuous  variables with  non-normal
distributions. Receiver operating
characteristic (ROC) curve analysis was
performed to determine specificity and
sensitivity, and cross-tabulation calculations
were used to derive accuracy, positive
predictive values, and negative predictive
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values. Linear regression analysis was
conducted to predict independent variables
for a continuous parametric outcome.

A P-value of < 0.05 was considered

statistically significant.
RESULTS

Figure 1 illustrates a flowchart of the study
population. Out of 120 cases with CAD
identified in the Cardiology Department at
Mansoura University Hospitals, 20 cases
were excluded. (12 declined to participate,
and 8 did not meet the inclusion criteria.)
Written informed consent was obtained from
the parents and caregivers of the remaining
100 patients after explaining the study’s
purpose. These cases were categorized into 5
groups based on the HWS: Group | (n = 5)
consisted of cases with pure black hair;
Group Il (n =19); Group Il (n = 32); Group
IV (n = 31); and Group V (n = 13)
comprised cases with white > black hair.
The current study found that the ages of the
analyzed patients ranged from 39 to 76
years, with a mean age of 54.93 vyears.
Among the participants, 61% were smokers,
61% had hypertension, 39% were diabetic,
65% had dyslipidemia, 36% had a family
history of CAD, 36% had xanthelasma, 8%
had arcus senilis, and 30% had Frank’s sign.
Regarding CAD distribution, the median
Gensini score was 19.75 (range: 0-166),
with 16% having normal coronary arteries,
34% having atherosclerotic CAD with a
score < 20, and 50% having atherosclerotic
CAD with a score > 20. Additionally, 73%
showed ischemia on ECG, 54% exhibited
segmental wall motion abnormalities on
echocardiography, and the mean left
ventricular ejection fraction was 57.1
(standard deviation: 8.75; range: 33-75)
(Table 1).
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Table 1. Cardiovascular risk factors and disease
distribution among the studied cases

N=100 %

Age, y

Mean % SD. 54(334‘%? i

(Min-Max)
Smoking

Nonsmoker 41 41.0

smoker 59 59.0
Hypertensive

-ve 39 39.0

+ve 61 61.0
DM

-ve 61 61.0

+ve 39 39.0
Hyperlipidemia

-ve 35 35.0

+ve 65 65.0
Family history of CAD

-ve 64 64.0

+ve 36 36.0
Xanthelasma

-ve 64 64.0

+ve 36 36.0
Arcus senilis

-ve 92 92.0

+ve 8 8.0
Frank’s sign

-ve 70 70.0

+ve 30 30.0
Gensini score

Median (Min-Max) 19.75 (0.0-166)
Normal coronary 16 16.0
angiography
Atherosclerotic CAD

Gensini score < 20 34 34.0
Atherosclerotic CAD

Gensini score 220 50 50.0
ECG ischemia 73 73.0
Echocardiography

SWMA 54 54.0
Echocardiography

,';A\;';'; 0+/05D 57.10+8.75

" (33.0-75.0)

(Min-Max)

DM: diabetes mellitus, CAD: coronary artery disease,
SWMA: segmental wall motion abnormalities, LVEF:
left ventricular ejection fraction
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Additionally, the HWS categorized the
analyzed cases into 4 groups: 5% pure black,
32% black equal to white hair, 31% white
more than black hair, and 13% pure white
(Fig. 2). Moreover, a statistically significant
positive association was found between the
age of the examined cases and the degree of
hair whitening, with cases exhibiting pure
white hair having a mean age of 64.92 years
compared with 41 years for those with pure
black hair. The study also revealed a
statistically significant difference in the
prevalence of hypertension  between
individuals with pure white hair (84.6%) and
those with black and white hair (31.6%).
Furthermore, a statistically significant
positive association was observed between
the HWS and arcus senilis, with 38.5% of
cases with pure white hair and 9.7% of cases
with white > black hair showing arcus
senilis.

A statistically  significant  positive
association was observed between the HWS
and the Gensini score among the studied
cases, with higher Gensini  scores
corresponding to higher grades of the HWS.
Specifically, 84.6% of cases with pure white
HWS had atherosclerotic CAD with a
Gensini score > 20, compared with 58.1% of
cases with white > black HWS, 46.9% with
black = white HWS, 26.3% with black >
white HWS, and 20% with pure black HWS.
A statistically significant correlation was
found between the HWS and abnormal
echocardiographic findings. Segmental wall
motion abnormalities were observed in
69.2% of cases with pure white HWS,
64.5% with white > black HWS, 43.8% with
black = white HWS, and 57.9% with pure
white HWS (Table 2).
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Figure 1. The image depicts the flowchart of the studied groups.

Hair whitening score (HWS)

H Pure black

H Black > white
™ Black = white
= White > black

B Pure white

Figure 2. The image showcases this study’s hair graying assessment using the hair whitening score (HWS).
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Table 2. The relationship between cardiovascular risk factors and diagnosis and the hair whitening scale among the
studied cases

Black >

Black =

White >

Pure Black . . Pure White Test of
White White Black L
N=5(%) N=19(%) N=32(%) N=31(%) N=13(%) Significance
Cardiovascular Risk Factors
Age, y F=65.97
Mean +SD 41.0+1.87 46.53+256 | 52.88+4.18 | 60.26+4.19 | 64.92+6.21 | P<0.001*
Smoking
Nonsmoker 4(80.0) 11(57.9) 12(37.5) 11(35.5) 3(23.1) xM°=7.66
Smoker 1(20.0) 8(42.1) 20(62.5) 20(62.5) 10(76.9) P=0.105
Hypertensive
-ve 5(100) 13(68.4) 13(40.6) 6(19.4) 2(15.4) xM¢=22.85
+ve 0 6(31.6) 19(59.4) 25(80.6) 11(84.6) P<0.001*
DM
-ve 3(60.0) 13(68.4) 23(71.9) 15(48.4) 7(53.8) x*V°=4.38
2(40.0) 6(31.6) 9(28.1) 16(51.6) 6(46.2) P=0.356
Dyslipidemia
-ve 2(40) 8(42.1) 14(43.8) 8(25.8) 3(23.1) xM°=3.52
3(60) 11(57.9) 18(56.2) 23(74.2) 10(76.9) P=0.475
Family history of CAD
-ve 2(40) 15(78.9) 18(56.2) 23(74.2) 6(46.2) xMe=7.12
+ve 3(60) 4(21.1) 14(43.8) 8(25.8) 7(53.8) P=0.130
Xanthelasma
-ve 3(60.0) 14(73.7) 22(68.8) 18(58.1) 7(53.8) xM°=2.18
2(40.0) 5(26.3) 10(31.2) 13(41.9) 6(46.2) P=0.703
Arcus senilis
-ve 5(100) 19(100) 32(100) 28(90.3) 8(61.5) x*M°=21.38
0 0 0 3(9.7) 5(38.5) P<0.001*
Frank’s sign
5(100) 19(100) 28(87.5) 16(51.6) 2(15.4) x*M°=38.41
0 0 4(12.5) 15(48.4) 11(84.6) P=0.356
Cardiovascular Diagnosis
Gensini score
Normal CA 4(80) 3(15.8) 6(18.8) 3(9.7) 0 =866
Gensini score < 20 0 11(57.9) 11(34.4) 10(32.3) 2(15.4) B
Gensini score 220 1(20) 5(26.3) 15(46.9) 18(58.1) 11(84.6) )
ECG ischemia
-VE 4(80) 10(52.6) 6(18.8) 7(22.6) 0 x*M°=19.68
+VE 1(20) 9(47.4) 26(81.2) 24(77.4) 13(100) P=0.001*
Echocardiography F=2 92
64.80+6.64"° | 57.11+7.06 | 58.97+8.21 | 55.26+9.35" | 53.92+9.56° | P=0.072
LVEF %
Echocardiography
Normal 5(100) 8(42.1) 18(56.2) 11(35.5) 4(30.8) x*V€=9.93
SWMA 0 11(57.9) 14(43.8) 20(64.5) 9(69.2) P=0.042*

Similar superscript letters denote nonsignificant differences between the groups within the same row according to the
post hoc Tukey test.

* statistically significant

F: one-way ANOVA test, MC: Monte Carlo test, DM: diabetes mellitus, CAD: coronary artery disease, CA: coronary
angiography, LVEF: left ventricular ejection fraction, SWMA: segmental wall motion abnormalities

Furthermore, a statistically significant
positive association was observed between
the presence of xanthelasma and the risk

factors of smoking (72.2%), diabetes
(58.3%), dyslipidemia (100%), and family
history of CAD (50%). Additionally, a
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statistically significant positive association
was found between xanthelasma and the
Gensini score, with 80.6% of individuals with
xanthelasma having atherosclerotic CAD and
a Gensini score < 20. Nonetheless, the
relationship between xanthelasma and the
HWS was nonsignificant (P = 0.703) (Table
3). Further, a statistically significant
association (P = 0.001) was found between
the risk factors of older age, smoking,
hypertension, and arcus senilis with the
presence of Frank’s sign. A statistically
significant correlation was also observed
between the Gensini score and the presence
of Frank’s sign, with 73.3% of cases
exhibiting Frank’s sign having atherosclerotic
CAD and a Gensini score > 20, 13.3% having
atherosclerotic CAD with a Gensini score <
20, and 13.3% having normal coronary
arteries. A statistically significant relationship
was also identified between the presence of
Frank’s sign and the HWS, with HWS 4
(manifest) present in 50% of cases with
positive Frank’s sign, HWS 5 (complete) in
36.7% of cases, and HWS 3 (moderate) in
13.3% of cases (Table 4).
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Regarding the Gensini score, the area under
the ROC curve effectively distinguished
cases with atherosclerotic CAD (Gensini
score > 20) from other cases. The optimal
cutoff point was identified as 21.75,
providing a 75% specificity and a 65.9%
sensitivity (Table 5 & Fig. 3). Hypertension
(adjusted odds ratio [AOR] = 68.99),
diabetes (AOR = 32.78), dyslipidemia (AOR
= 28.99), family history of CAD (AOR =
25.22), smoking (AOR = 8.22), and Hair
Whitening Scale 5 (AOR = 21) were
identified as  statistically  significant
predictors of CAD with a Gensini score >
20. Collectively, these predictors accurately
identified  95.6%  of cases  with
atherosclerotic CAD and a Gensini score >
20 (Table 6). In addition, the HWS was
found to be a statistically significant
predictor of the Gensini score, with the
HWS able to predict the Gensini score with
an accuracy of 41.8% using the following
prediction equation: Gensini score = —16.96
+0.462 x HWS (Table 7).

Table 3. The relationship between cardiovascular risk factors, disease classification, and the HWS and xanthelasma
among the studied cases

-ve
n=64(%)

Xanthelasma

Test of Significance

Age, y t=0.247
Mean +SD 55.08+7.94 54.67+8.13 P=0.806
Smoking
Nonsmoker 31(48.4) 10(27.8) X?=4.07
Smoker 33(51.6) 26(72.2) P=0.04*
Hypertensive
29(45.3) 10(27.8) X°=2.98
35(54.7) 26(72.2) P=0.084
46(71.9) 15(41.7) X°=8.84
+ve 18(28.1) 21(58.3) P=0.003*
Dyslipidemia
-ve 35(54.7) 0 X°=30.29
+ve 29(45.3) 36(100) P<0.001*
Family history of CAD
-ve 46(71.9) 18(50.0) X°=4.79
+ve 18(28.1) 18(50.0) P=0.029*
Arcus senilis
-ve 59(92.2) 33(91.7) X°=0.008
+ve 5(7.8) 3(8.3) P=0.927
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Frank’s sign
-ve

Gensini Score
Normal CA
Gensini score < 20
Gensini score = 20

ECG ischemia
-VE
+VE

Echocardiography
LVEF %

Echocardiography
Normal
SWMA

HWS
1

2
3
4

5

Bedier et al
47(73.4) 23(63.9) X°=1.0
17(26.6) 13(36.1) P=0.317
13(20.3) 3(8.3) MC_
30(46.9) A(11.1) A v
21(32.8) 29(80.6) '
19(29.7) 8(22.2) X°=0.651
45(70.3) 28(77.8) P=0.420
t=1.29
57.94+7.76 55.61+10.16 B
31(48.4) 15(41.7) X?=0.425
P=0.514
3(4.7) 2 (5.6)
14 (21.9) 5 (13.9)
22 (34.4) 10 (27.8) MC=2.18
18 (28.1) 13(36.1) p=0.703
7 (10.9) 6 (16.7)

X% chi-square test, t: Student’s t-test, MC: Monte Carlo test, DM: diabetes mellitus, CAD: coronary artery disease,
CA: coronary angiography, LVEF: left ventricular ejection fraction, SWMA: segmental wall motion abnormalities,

HWS: hair whitening score

*statistically significant

Table 4. The relationship between cardiovascular risk factors, disease classification, and the HWS and Frank’s sign

among the studied cases

Age,
Mean £SD

Frank’s Sign

Test of Significance

Smoking
Nonsmoker
Smoker

Hypertensive

Dyslipidemia
-ve
+ve

Family history of CAD
-ve
+ve

Arcus senilis
-ve

Gensini Score
Normal CA
Gensini score < 20
Gensini score 2 20

ECG ischemia
-VE

t=8.58
51.53+6.56 62.87+4.64 BN
34 (48.6) 7 (23.3) x°=5.53
36 (51.4) 23 (76.7) P=0.019*
36 (51.4) 3(10.0) X°=15.15
34 (48.6) 27 (90.0) P<0.001*
43 (61.4) 18 (60.0) X°=0.018
27 (38.6) 12 (40.0) P=0.893
27 (38.6) 8 (26.7) x°=1.31
43 (61.4) 22 (73.3) P=0.253
44 (62.9) 20 (66.7) X°=0.132
26 (37.1) 10 (33.3) P=0.716
69 (98.6) 23(76.7) X°=13.69
1(1.4) 7 (23.3) P<0.001*
12 (17.1) 4 (13.3) MC_
30 (42.9) 4 (13.3) XP-O_ 3862*4
28 (40) 22(73.3) T
21 (30) 6 (20) X°=1.07
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+VE

Echocardiography
LVEF %
Echocardiography
Normal
SWMA

Bedier et al

49 (70) 24(80) P=0.302
57.04+7.76 55.61+10.16 LA
94T -61+10. P=0.203
34 (48.6) 12(40)
36 (51.4) 18(60)

HWS

5(7.1) 0

19 (27.1) 0 _

28 (40.0) 4(133) oy

16 (22.9) 15 (50.0) P
2(2.9) 11 (36.7)

x°: chi-square test, MC: Monte Carlo test, t: Student’s t-test, DM: diabetes mellitus, CAD: coronary artery disease,
CA: coronary angiography, LVEF: left ventricular ejection fraction, SWMA: segmental wall motion abnormalities,
HWS: hair whitening score

*statistically significant

Table 5. The validity of the Gensini score in differentiating cases with atherosclerosis

(93;%0 P Cutoff Point

Sensitivity% Specificity%

0.719

Gensini Score (0.616-0.822)

AUC: area under the curve

ROC Curve
10
0.5
£ 0.6
=
=
w
=
a
W 0.4
0.2
0.0 T T T T
00 02 0.4 0.6 0.8 10
1 - Specificity

Figure 3. The image depicts the sensitivity and specificity of the receiver operating characteristic (ROC) curve of the
Gensini Score in differentiating cases with atherosclerosis.
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Table 6. Univariate and multivariate analyses for predictors of atherosclerosis among the studied cases

Age,y

Smoking
Nonsmoker
Smoker
Hypertensiv

Dyslipidemia
-ve

+ve

Family
history of
CAD

-ve

Xanthelasm
a
-ve

Arcus senilis
-ve

Frank’s sign
-ve

ECG
ischemia
-VE

+VE
Echocardiog
raphy
Normal
SWMA

WS

H
1
2
3
4
5

Univariate Analysis

Multivariate Analysis

Normal/CAD CAD with
Gensini Gensini p COR 8 p AOR
Score Score (95% ClI) (95% CI)
<20 220
53.90+8.03 | 55.96+7.86 t=1.29 1.03(0.983-1.09)
908, .96+7. 0=0.198 .03(0. :
8.22
31(62.0) 10(20.0) x?=18.23 1 . :
19(38.0) 40(80.0) P<0.001* | 6.26(2.65-16.02) | 211 | 0028 (2eieeiid)
1
33(66.0) 6(12.0) X°=30.63 ) . 68.99(5.41-
17(34.0) 44(88.0) P<0.001* 14'4251_855')06 4.23 | 0.001 87.25)
36(72.0) 25(50.0) X°=5.09 1 o | amaes 32.78(3.25-
14(28.0) 25(50.0) P=0.024* | 2.57(1.12-5.89) ' ' 37.69)
25(50.0) 10(20.0) X°=9.89 1 o 28.99(2.69-
25(50.0) 40(80.0) P=0.002* | 4.0(1.65-9.72) ' ' 30.79)
39(78.0) 25(50) x’=8.51 1 3.23 | 0.006* 25'32522327')55'
11(22.0) 25(50) P=0.004* | 3.55(1.49-8.45) '
43(86.0) 21(42.0) X?=21.01 1 0.87 | 0.413 2'3185%)98'
7(14.0) 29(58.0) P<0.001* | 8.48(3.19-2252) | 0 '
47(94.0) 45(90.0) X°=0.543 1
3(6.0) 5(10.0) P=0.461 | 1.74(0.393-7.71)
42(84.0) 28(56.0) | x?=9.33 1 148 | 0.184 4'431é(2§§’3'
8(16.0) 22(44.0) P=0.002* | 4.13(1.61-10.56) '
21(42.0) 6(12.0) X°=11.42 1 1.69 | 0.078 5'4??5(%8)28'
29(58.0) 44(88.0) P=0.001* | 5.31(1.91-14.75) '
27(54.0) 19(38.0) x’=2.58 1
23(46.0) 31(62.0) P=0.108 | 1.92(0.863-4.25)
1
1.43(0.127-
410 1) 16.03) 0.35 1.6(0.14-17.54)
14(28.0) 5(10.0) e 0.772
x*M¢=13.2 3.53(0.354- 7 4.1(0.458-36.2)
17(34.0) 15(30.0) 0.282
3 35.16) 1.26 6.20(0.614-
13(26.0) 18(36.0) I 0.145
2(4.0) 11(220) | P00 5.54(0.553- i, || o oo 50.69)
' ' 55.49) 309 | 21(2.58-31.14)

22.0(1.54-30.29)

Overall % predicted =95.6%

r: reference groups, AOR: adjusted odds ratio, COR: crude odds ratio xz: chi-square test, MC: Monte Carlo test, DM:
diabetes mellitus, CAD: coronary artery disease, CA: coronary angiography, LVEF: left ventricular ejection fraction,
SWMA: segmental wall motion abnormalities, HWS: hair whitening score

() 9T ‘STOT ‘TevIno| 13edf uerueI]

59



(Z) 97 STOT ‘TevIno| 13ed ] ueruesy

60

Hair Greying as Marker of CAD

Bedier et al

Table 7. The multiple linear regression for predicting the Gensini score according to the HWS

(Constant)

F=26.643

2_
P<0.001* R'=0.418

HWS

Prediction equation
Gensini score = -16.96 + 0.462 x HWS

HWS: hair whitening score

DISCUSSION

As individuals age, they are more likely to
experience hair graying and atherosclerotic
vascular changes. Currently, age is the most
significant and irreversible risk factor for
CAD. In clinical practice, assessing
biological aging, rather than relying solely
on chronological age, may be more useful.
Graying hair is the most visible indicator of
biological aging in humans, yet the
underlying mechanisms remain poorly
understood. ?° The hypothesis that CAD and
premature hair graying are related prompted
this study. We aimed to determine whether
hair graying among Egyptian patients serves
as a marker for CAD by examining its
correlation with coronary atherosclerotic
burden and CVRFs. Analysis of our data
revealed that the mean age of the studied
patients ranged from 39 to 76 years. Among
them, 59% were smokers, 61% had
hypertension, 39% were diabetic, 65% had
dyslipidemia, 36% had a family history of
CAD, 36% had xanthelasma, 8% had arcus
senilis, and 30% had a positive Frank’s sign.
Consistent with our findings, the cross-
sectional study by El-Faramawy et al *°
aimed to determine the prevalence and
degree of hair graying in a cohort of men
with suspected CAD who underwent
computed tomography coronary
angiography, as well as to assess whether
hair graying served as an independent
marker for CAD. Their study involved 545
male cases with a mean age of 53.2 + 10.7
years, and dyslipidemia and hypertension
were the most common traditional CVRFs.
2123 1n the current study, the median Gensini
score was 19.75 (range: 0-166), with 16% of

cases having normal coronary arteries, 34%
having atherosclerotic CAD with a low
Gensini score (< 20), and 50% having
atherosclerotic CAD with a high Gensini
score (> 20). Additionally, 73% of cases
showed ischemia on ECG, 54% exhibited
segmental wall motion abnormalities on
echocardiography, and the mean left
ventricular ejection fraction was 57.1
(standard deviation: 8.75; range: 33-75). In
comparison, a study by Yokokawa et al *
reported an average subject age of 70.1
years, with 72.9% of participants being
male. The median Gensini score at initial
coronary angiography was 36 (IQR: 18-56),
and 65 individuals (32.7%) had a history of
percutaneous coronary intervention. During
the study period, the interventional
procedure was performed on 166 patients
(83.4%).

Based on the hair graying assessment using
the HWS, the examined cases were divided
into 4 groups: 5% pure black, 32% black =
white hair, 31% white > black hair, and 13%
pure white. In comparison, the study by El-
Faramawy et al *® reported that 298 (54.7%)
patients had predominantly white hair (HWS
3). The cases were categorized into
subgroups based on the percentage of white
or gray hair and the presence or absence of
CAD. Cases with predominantly white hair
(higher HWS) exhibited significantly higher
levels of age, diabetes, and hypertension
among traditional CVRFs, while cases with
lower HWS showed significantly higher
levels of smoking. Further, cases with an
HWS > 3 were statistically significantly
more likely to have coronary calcification
and CAD (73.5% vs 45.7%).
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In the current study, the age of the examined
cases showed a strong positive correlation
with the HWS, with older age being
associated with higher grades of the HWS.
Specifically, 84.6% of individuals with pure
white hair and 31.6% of cases with black
hair mixed with white hair had hypertension.
Additionally, arcus senilis was present in
38.5% of cases with pure white hair and
9.7% of cases with white > black hair.
Consistent with our findings, the study by
Avila et al % collected data on CVRFs and
aging indicators, such as the degree of gray
hair, baldness, arcus senilis, and facial
wrinkles, from a random sample of 20,000
men and women. The association between
all-cause mortality and these aging
indicators was analyzed using a descriptive
approach, with age included as an
explanatory variable in the Cox regression
model for proportional hazards. The study
found no association between mortality and
the degree of baldness, facial wrinkles, or
hair graying in either sex, regardless of age.
Nevertheless, the report by Cetin et al *
noted that patients with the highest HWS
were older, had a higher prevalence of
hypertension, and had a family history of
hair whitening. Moreover, this subgroup
exhibited larger ascending aortas, higher
serum uric acid levels, and lower total
bilirubin levels.

In the present study, 84.6% of cases with
pure white HWS had a Gensini score > 20,
compared with 20% of cases with pure black
HWS. Furthermore, 58.1% of cases with
white > black HWS, 46.9% with black =
white HWS, and 26.3% with black > white
HWS had a Gensini score > 20. Segmental
wall motion abnormalities were detected by
echocardiography in 69.2% of cases with
pure white HWS, 64.5% with white > black
HWS, 43.8% with black = white HWS, and
57.9% with pure white HWS. Subsequently,
further studies were conducted in diverse
populations, including cases of myocardial

Bedier et al

infarction and CAD in both white and black
males and females. 2’ Some of these studies
also associated premature hair whitening
with myocardial infarction, although many
are  somewhat outdated and have
methodological limitations, particularly in
assessing the severity of CAD and the
degree of hair whitening. Consequently, the
literature has yielded inconsistent findings.

In our study, we further tested this earlier
hypothesis and obtained promising results.
An elevated HWS may serve as a risk
indicator  for  atherosclerotic  vascular
involvement. Although gray hair is not a
prerequisite for the development of CAD, it
can manifest at any age. Conversely, the
presence of biological aging markers, such
as hair graying, may aid in identifying
individuals at higher risk of cardiovascular
disease when combined with cumulative
assessments of CVRFs. Since premature hair
graying was identified as an independent
CVRF unrelated to chronological age, it
could serve as a marker for atherosclerosis
that is not predicted by conventional risk
scores or explained by traditional CVRFs.

Premature hair graying has not previously
been recognized as a risk factor for
atherosclerosis severity, as no studies have
investigated the relationship  between
coronary  atherosclerotic  burden  and
premature hair graying. Still, prior studies
by Agarwal et al ®® and Acer et al ?° have
demonstrated an association between hair
whitening and the frequency of myocardial
infarction or the presence of CAD. In the
current study, the presence of xanthelasma
showed a significant correlation with
smoking  (72.2%), diabetes (58.3%),
dyslipidemia (100%), and a family history of
CAD (50%). Additionally, a strong
association  was  observed  between
xanthelasma and the Gensini score, with
80.6% of cases with xanthelasma having
atherosclerotic CAD and a Gensini score >
20. Consistent with our findings, Hassanin et
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al *° reported that cases with xanthelasma
had significantly more severe CAD than
those without it (single-vessel disease: 9
[20.9%] vs 1 [2.3%]; P = 0.001; two-vessel
disease: 7 [16.3%] vs 0; three-vessel disease:
13 [30.2%] vs 0; and the left main artery
disease: 4 [9.3%] vs 0; P = 0.001). On the
other hand, we found no association between
the degree of hair whitening and the
presence of xanthelasma. Nonetheless, our
study demonstrated a strong correlation
between the presence of Frank’s sign and
aging, smoking, hypertension, and the
presence of arcus senilis. Further, we
observed that 73.3% of cases with Frank’s
sign had atherosclerotic CAD with a Gensini
score > 20, 13.3% had atherosclerotic CAD
with a Gensini score < 20, and 13.3% had
normal coronary arteries. Among cases with
a positive Frank’s sign, 50% had HWS 4,
36.7% had HWS 5, and 13.3% had HWS 3.
El-Faramawy et al *® found that cases with
atherosclerotic CAD were older, and
hypertension, diabetes, and dyslipidemia
were more prevalent among all CVRFs.
Furthermore, a higher HWS was associated
with an increased risk of CAD, independent
of chronological age and other established
CVRFs, thereby supporting our findings.
Premature hair graying may be linked to
CAD or myocardial infarction in both sexes
according to evidence from numerous
studies with varying patient groups and
sample sizes. In addition to the
aforementioned findings, we observed that
the area under the ROC curve for the
Gensini score effectively distinguished cases
with atherosclerotic CAD (Gensini score >
20) from other cases. The optimal cutoff
point was identified as 21.75, yielding a
sensitivity of 65.9% and a specificity of
75%. A study by Avci et al, 3 which
reported a Gensini score cutoff value of 50.5
for predicting severe carotid stenosis with
63% specificity and 77% sensitivity (AUC
0.778, 95% CI1 0.712 to 0.843), aligns with

Bedier et al

our findings. In the present study,
hypertension (AOR = 68.99), diabetes (AOR
= 32.78), dyslipidemia (AOR = 28.99),
family history of CAD (AOR = 25.22),
smoking (AOR = 8.22), and HWS 5 (AOR =
21) were identified as statistically significant
predictors of CAD with a Gensini score >
20. Collectively, these factors predicted
95.6% of cases with atherosclerotic CAD
and a Gensini score > 20. Notably, we found
a strong positive association between the
Gensini score and the HWS. Furthermore,
the HWS was able to predict 41.8% of the
Gensini score, consistent with the results of
Kocaman et al, ® who reported that age,
family history of CAD, hyperlipidemia, and
creatinine levels were independent variables
associated with the HWS.

In contrast to Zayed et al, ** who found no
significant association between elevated
fasting blood sugar or hypertension and hair
graying, our study revealed that age was the
only factor significantly associated with an
increased HWS when examining the impact
of CVRFs on hair graying through linear
regression analysis.

32
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CONCLUSIONS

In our cohort, an elevated HWS was
associated with a higher risk of developing
CAD, independent of chronological age and
other conventionally recognized CVRFs.
This  preliminary  study suggests a
relationship between CAD and hair graying.
It is plausible that hair graying should be
considered a coronary risk factor and
utilized for identifying individuals at higher
risk.
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