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ABSTRACT
OBJECTIVE: Hair whitening (HW) is strongly linked with aging. Ascending aortic dilation (AAD) and HW share common 
etiologic factors. We investigated the association of HW with ascending aortic diameters.

METHODS: Our study included 93 male subjects aged below 50 years. All patients underwent echocardiography to measure 
ascending aortic diameter, in addition to routine biochemistry tests, physical examination, and thorough medical history. HW 
score (HWS) was defined according to the percentage of white hair (HWS 1: <25%; HWS 2: 25–50%; HWS 3: 50–75%; and 
HWS 4: 75–100).

RESULTS: Patients with highest HWS were older and had a higher percentage of hypertension (HT) and family history of 
HW. Moreover, this subgroup had increased ascending aortic diameter, higher serum uric acid, and lower total bilirubin con-
centrations. Multivariate analyses including age, HT, height, waist circumference, c-reactive protein, and family history of HW 
identified body weight and HWS as the independent predictors of ascending aortic diameter.

CONCLUSION: An independent association between the degree of HW and AAD exists in middle-aged men, which may 
depend on coexisting factors that enhance both pathologies rather than causality. We think that oxidative stress may be one 
of these stressors.
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Hair whitening and obesity are independently 
related to ascending aorta dilatation in 
young-middle aged men

Orıgınal Article   CARDIOLOGY

Hair whitening (HW), a frequently encountered sit-
uation related in elderly, is strongly linked with ag-

ing. Higher oxidative stress and lower antioxidant capac-
ity in addition to aging may be the most important factor 
for HW [1]. Other factors that may cause HW besides 
oxidative stress are a family history of HW, smoking, 
obesity, inflammatory conditions, androgen use, and so-
cial stress [2-8].

Interestingly, risk factors for premature HW (PHW) 
including obesity, smoking, aging, inflammatory con-
ditions, and oxidative stress also have major roles in 
cardiovascular diseases mainly atherosclerotic process 
[9-11]. Intrigued by these results, several investigators 
and we have demonstrated the association of, especially, 
PHW with endothelial dysfunction, the extent of coro-
nary artery disease (CAD), and myocardial infarction 
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[12-16]. Christoffersen et al. [16] demonstrated that al-
though affected by atherosclerotic risk factors, HW was 
not an independent predictor of CAD in an epidemio-
logic study. However, HW remained significantly asso-
ciated with myocardial infarction after adjusting for age 
and gender. This study revealed that, even if individuals 
were within similar age groups, the intensity of HW was 
related to atherosclerosis.

Although these studies have mainly focused on the 
relation of HW with atherosclerotic diseases, there is a 
reasonable possibility that HW may be associated with 
different cardiovascular pathologies, which in fact may 
be affected by oxidative stress, the most important me-
diator of HW. Ascending aortic dilation (AAD) is such 
a disorder [17, 18]. AAD is a clinical entity based on 
cystic medial degeneration/necrosis, which culminates 
in acute and deadly complications such as aortic dissec-
tion and rupture. Besides congenital reasons, age, smok-
ing, and atherosclerosis are associated with AAD [19, 
20]. We have previously demonstrated that epicardial 
adipose tissue and endothelial dysfunction are indepen-
dently related with AAD [21, 22]. Since AAD and HW 
share common etiologic factors, we thought that these 
pathologies might be related as well. We planned to in-
vestigate this association in our study.

MATERIALS AND METHODS

Patient selection and study protocol
Our study, having cross-sectional and observational de-
sign, included 93 male subjects aged below 50 years. The 
study was conducted in accordance with the principles 
stated in the Declaration of Helsinki and was approved 
by the local Ethics Committee. All patients underwent 
echocardiography to measure ascending aortic diameter, 
routine biochemistry tests, and physical examination in 
addition to thorough medical history.

We excluded patients with concomitant cardiovas-
cular disease, familial aortic dilation, Marfan syndrome, 
bicuspid aortic valve, Ehlers-Danlos syndrome and sim-
ilar connective disease disorders, malignancy, chronic re-
nal and hepatic failure, obstructive biliary disorders, and 
HW due to autoimmune diseases and patients who dye 
hair or who has excessive balding that precludes correct 
identification of HW.

Baseline characteristics of the patient were recorded. 
Hypertension (HT) was defined as the active use of an-
tihypertensive drugs or documentation of blood pres-
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sure >140/90 mmHg. Diabetes mellitus was defined as 
fasting plasma glucose levels over 126 mg/dl or glucose 
level over 200 mg/dl at any measurement or active use 
of antidiabetic treatment. Patients who were using to-
bacco products on admission and those quitted smok-
ing within the past year were considered as smokers. The 
family history for CAD was defined as a history of CAD 
or sudden death in a first-degree relative before the age of 
55 years in men and 65 years in women.

Routine measurements 
Blood samples were drawn by venipuncture to measure 
routine blood chemistry parameters after fasting for at 
least 8 h. Fasting blood glucose, serum creatinine, total 
cholesterol, high-density lipoprotein cholesterol, low-
density lipoprotein cholesterol, and triglyceride levels 
were recorded. Glucose, creatinine, and lipid profile 
were determined by standard methods. Serum c-reac-
tive protein (CRP) was analyzed using a nephelometric 
technique (Beckman Coulter Immage 800; Fullerton, 
CA, USA; normal range 0–0.8 mg/dL). Serum uric 
acid levels were evaluated using enzymatic colorimet-
ric method (the uricase-peroxidase method) by clinical 
chemistry auto-analyzer (Aeroset, Abbott Laboratory, 
Abbott Park, IL, USA). Body mass index (BMI) was de-
termined by the following formula: BMI=weight (kg)/
height2 (m). 

Measurement of ascending aortic diameter
Transthoracic echocardiography was performed using 
GE-Vingmed Vivid S5 (GE-Vingmed Ultrasound AS, 
Horten, Norway) using a 2.5–3.5 MHz transducer. 
Parasternal long-axis view was used to visualize the aor-
tic root and proximal ascending aorta. The aortic diam-
eter was measured between the inner edges of the aor-
tic lumen perpendicular to the long axis 2 cm above the 
sinotubular junction at end-diastole in views showing 
the largest aortic diameters.

The evaluation of hair whitening intensity
We used a gray/white-hair scale to determine the per-
centage of HW (Fig. 1). Due to the lack of a standard-
ized scale to determine PHW in the current literature, 
we assessed this scale for reproducibility in the first 25 
subjects. Two experienced cardiologists who were to-
tally blinded to the study details defined the percentage 
of white hair in every subject using this scale (between 
0% and 100%) in our outpatient clinic. The intra- and 



inter-observer variabilities for this method were 1.3% 
and 1.9%, respectively. On presentation, to categorize 
the data, the HW score (HWS) was defined according 
to the percentage of white hair (HWS 1 [trace]: <25%; 
HWS 2 [mild]: 25–50%; HWS 3 [moderate]: 50–75%; 
HWS 4 [manifest]: 75–100%; and HWS 5 [complete]: 
100%). Onset age of HW and family history of early 
HW were also determined.

Statistical analyses
Continuous variables were given as mean±standard 
deviation; categorical variables were defined as percent-
ages. Data were tested for normal distribution using the 
Kolmogorov–Smirnov test. Spearman’s rank correlation 
coefficient was used to analyze the relationship between 
the variables. Mean values were compared by ANOVA 
test among different groups. Multiple linear regression 
analyses were used to assess multivariate relations among 
ascending aortic diameter and HW degree and study 
parameters. In these analyses, a stepwise method for all 
independent variables was used. After first pre-elimina-
tion, linear regression analysis with Enter method was 
repeated.

Statistical significance was defined as p<0.05. All tests 
of significance were two-tailed. The SPSS statistical soft-
ware (SPSS for Windows, version 15.0, Inc., Chicago, 
IL, USA) was used for all statistical calculations.

RESULTS

Patient characteristics
Baseline characteristics of the group are presented in 
Table 1. Our study included 93 male subjects with the 
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Figure 1. The gray/white hair scale
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Table 1. Baseline demographics and clinical characteristics of 
study population

Variables Patients (n=93)

Age, years 44±6
Height, m 1.7±0.1
Weight, kg 88.5±12.9
Waist circumference, cm 102±12
Hypertension, % 23.7
Diabetes Mellitus, % 5.4
Smoking status, % 41.9
Ex-smoker, % 37.7
Dyslipidemia, % 43
Family history of CAD, % 29
HW age, years 29±10
Family history of HW 17.6%
Glucose, mg/dL 98±26
Creatinine, mg/dL 0.89±0.12
Uric acid, mg/dL 5.6±1.2
T. Bilirubin, mg/dL 0.92±0.51
Total cholesterol, mg/dL 205±42
LDL-Cholesterol, mg/dL 128±34
HDL-Cholesterol, mg/dL 41±9
Triglycerides, mg/dL 176±102
CRP,mg/dL,  0.42±0.50
Leukocytes, 103/mm³ 7.7±1.6
Ascending aortic diameter, mm 34±4
Percentage of HW 47±39
HW score (1–5) 2.4±1.3

CAD: Coronary artery disease; CRP: C-reactive protein; HDL: High density 
lipoprotein; HW: hair whitening; LDL: Low density lipoprotein; Continuous 
variables were given as mean±SD; categorical variables were defined as per-
centages.



mean age of 44±6. Starting age of HW was 29±10, and 
approximately 18% of patients confirmed a family his-
tory of HW. Percentage of HW was variable (47±39) 
with a mean HWS of 2.4±1.3. 

Hair whitening and study parameters
As we stratified the group according to quartiles of HW, 
patients with the highest degree of HW were older and 
had a higher percentage of HT and family history of 
HW (Table 2). Moreover, this subgroup had increased 
ascending aortic diameter, higher serum uric acid, and 
lower total bilirubin concentrations.

Correlations of ascending aortic
diameter with study parameters
The strongest association existed between ascending aor-
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tic diameter and percentage of HW (r: 0.513, p<0.001) 
(Table 3). Age, body weight, waist circumference, serum 
uric acid, and CRP concentrations were positively cor-
related, whereas HW age and total bilirubin concentra-
tions were negatively correlated with ascending aortic 
diameter. The correlations between ascending aortic 
diameter and HW percentage were moderate; however, 
the remaining correlations were weak.

Multivariate analyses
Multivariate analyses including age, HT, height, waist 
circumference, CRP, and family history of HW identi-
fied body weight (β±standard error [SE]=0.09±0.03, 
p=0.001) and HWS (β±SE=1.35±0.27, p<0.001) as 
the independent predictors of ascending aortic diameter 
(Table 4). 

Variables 0–25% 25–50%  50–75% 75–100% p 
n (93) (36) (16) (12) (29)

Age, years 42±5 43±5 46±5 48±5 <0.001
Diabetes Mellitus, % 5.5 6.2 8.3 3% NS
Hypertension, % 8.3 18.6 33.3 41.4 0.014
Dyslipidemia, % 44.4 37.5 50 41.4 NS
Smoking, % 38.8 50 50 37.9 NS
Ex-smoker, % 29.2 30 50 47.6 NS
Family history of premature CAD 22.2 50 33.3 24.1 NS
Height, m 1.75±0.06 1.72±0.075 1.76±0.076 1.75±0.068 NS
Weight, kg 86±11 85±15 88±12 94±14 0.09
Waist circumference, cm 99±15 99±15 104±11 105±13 NS
HW age, years 23±20 34±3 32±4 27±7 0.01
Family history of HW 0% 0% 0% 55% <0.001
Glucose, mg/dL 101±36 97±11 86±7 100±18 NS
Creatinine mg/dL 0.89±0.14 0.91±0.13 0.86±0.10 0.89±0.11 NS
Uric acid, mg/dL 5.3±1.2 5.2±1.2 5.3±0.9 6.1±1.4 0.043
Total bilirubin, mg/dL 1.01±0.57 1.19±0.65 0.71±0.24 0.75±0.35 0.027
Total cholesterol, mg/dL 202±46 207±32 203±42 209±43 NS
HDL-C, mg/dL 42±11 40±6 42±5 39±7 NS
LDL-C, mg/dL 124±37 128±23 128±35 133±36 NS
Triglycerides, mg/dL 168±86 199±103 169±89 178±123 NS
CRP, mg/dL 0.25±0.15 0.30±0.15 0.89±1.20 0.49±0.24 0.001
Leukocytes, 103/mm³ 7.60±1.36 7.67±1.37 8.13±2.25 7.74±1.63 NS
Ascending aortic diameter, mm 32.8±3.34 32.4±2.96 34.5±3.68 36.8±3.2 <0.001

CAD: Coronary artery disease; CRP: C-reactive protein; HDL: High density lipoprotein; HW: hair whitening; LDL: Low density lipoprotein; Continuous variables were given 
as mean±SD; categorical variables were defined as percentages. *Mean values were compared by ANOVA test among different groups.

Table 2. The relation between hair whitening degree and study parameters



DISCUSSION

We revealed that AAD was significantly associated with 
HW and obesity. The relationship between AAD and 
HW is novel. We hypothesize that this association is 
not causal, which might exist mainly due to co-existing 
etiologic factors and parallel pathogenic processes.

Oxidative stress might be major etiologic agent in 
this parallel process. Even though neither of our labo-
ratory values did not correlate with oxidative stress di-
rectly, bilirubin known with antioxidant properties had 
an inverse relationship with HW [23]. Moreover, an 
oxidative stress product in ischemic conditions, serum 
uric acid concentration was related to ascending aortic 
diameter [24]. We observed a similar association be-
tween HW and serum uric acid. In addition, CRP, an 
inflammatory marker, was correlated to both HW and 
aortic dilation. This result was concurrent with previ-
ous studies that support the inflammatory hypothesis 
regarding HW [16]. Even though our results may not 
directly link HW and aortic dilation to oxidative stress, 
data support our hypothesis.

Aging is a natural course indubitably related to 
higher oxidative stress [16, 25]. The imbalance between 
increased oxidant molecules and decreased antioxidant 
factors causes accumulation of free radicals. These rad-
icals affect cellular membrane, lipids, DNA, proteins, 
and crucial enzymes. Melanocytes might be influenced 
by oxidative stress, which in turn disturb melanocyte 
function and melanin synthesis. This is the currently ac-
cepted mechanism of HW.

Aortic aneurysm is an inflammatory disorder char-
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Table 3. The correlations between ascending aortic diameter 
and study parameters

Variables, n (93) Ascending aortic diameter

Hair whitening score r=0.504, p<0.001
Percentage of HW r=0.513, p<0.001
HW age, years r=-0.275, p=0.025
Age, years r=0.371, p=0.001
Height, m r=0.261, p=0.012
Weight, kg r=0.386, p<0.001
Waist circumference, cm r=0.275, p=0.022
Uric acid, mg/dL r=0.278, p=0.008
CRP, mg/dL r=0.325, p=0.002
Total bilirubin, mg/dL r=-0.097, p=0.388

CRP: C-reactive protein; HW: hair whitening; Spearman’s rank correlation coef-
ficient was used to analyze the relationship between the variables.

Linear regression analysis    Dependent variable: Ascending aortic diameter

Independent variables p Beta Beta±SE p Beta Beta±SE
   (Standardized) (Unstandardized  (Standardized) (Unstandardized
    Coefficients)   Coefficients)

Age, years 0.337 0.111 0.07±0.07
Hypertension 0.420 0.089 0.72±0.88
Height, m 0.758 -0.040 -2.50±8.08
Weight, kg 0.048 0.608 0.16±0.08 0.001 0.339 0.09±0.03
Waist circumference, cm 0.223 -0.333 -0.10±0.08
Uric acid, mg/dL 0.313 0.110 0.30±0.29
CRP, mg/dL 0.991 0.001 0.01±0.72
Family history of HW 0.166 0.167 1.6±1.1
HW score 0.001 0.413 1.12±0.32 <0.001 0.501 1.35±0.27
Constant 0.061  27±14 <0.001  23±2.2
Adjusted R2 0.426 0.442

SE: standard error; CRP: C-reactive protein; HW: hair whitening; Multiple linear regression analyses were used to assess multivariate relations among ascending aortic 
diameter and hair whitening degree and study parameters.

Table 4. The independent association of ascending aortic diameter with study parameters



acterized by weakening of aortic wall and ensuing aortic 
dilation due to increased turnover of connective tissue. 
Although the mechanism is not completely understood, 
hemodynamic stress on aortic wall, transmural inflam-
mation, and destructive remodeling of the extracellular 
matrix have been plausibly blamed [26-29]. Inflam-
matory mediators augment matrix metalloproteinase 
(MMP) activity, which causes disruption of extracellu-
lar matrix and subsequent remodeling of the aortic wall 
[30-33]. Since reactive oxygen species enhance MMPs, 
oxidative stress, in addition to inflammation, has a pos-
sible role in the pathogenesis of aortic aneurysms [34]. 
Ejiri et al. [17] demonstrated higher oxidative stress in 
patients with thoracic aortic aneurysm compared to con-
trols, which was associated with p22phox-based nicoti-
namide adenine dinucleotide/nicotinamide adenine 
dinucleotide phosphate oxidase expression. Another 
study demonstrated decreased basal and oxidative 
stress-induced metallothionein expression in ascending 
aortic aneurysms of bicuspid aortic valve patients [35]. 
Since metallothionein is a stress-induced metal binding 
protein that regulates MMP activity and is upregulated 
under oxidative stress, this study demonstrated the im-
portance of imbalance between oxidant and antioxidant 
molecules in the pathogenesis of aortic aneurysm.

Another independent predictor of our study is body 
weight. Body weight determines obesity, and obesity is 
associated with increased visceral, perivascular, and epi-
cardial adipose tissue. We previously demonstrated the 
relationship of epicardial adipose tissue with AAD [22].

Aortic dilation and aneurysm are an important disor-
der that might cause death due to aortic dissection and 
rupture. Since clinical symptoms and signs are scarce, 
diagnosis is usually incidental. Therefore, clues that sug-
gest aortic dilation may be helpful for diagnosis in the 
early phase of this condition. Even though early diag-
nosis is important, there are not viable options to de-
lay or stop further aortic dilation possibly because the 
mechanisms of aortic dilation are not fully elucidated. 
The demonstrated association between HW and aortic 
dilation may add valuable data and help to understand 
the mechanisms of both HW and aortic dilation. 

Study limitations
Our study has several limitations, the most important 
of which is the small number of subjects. Our study is 
observational in design; therefore, our results do not im-
plicate causality. Not utilizing better predictors of total 
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oxidative stress is also a major limitation, making the 
proposed coexisting factors more speculative. There is 
not a standardized method for grading of HW. A more 
standardized method rather than visual grading could 
have strengthened our results. 

Conclusion
There is an independent association between the degree 
of HW and AAD in young-middle aged men, which may 
depend on coexisting factors that enhance both patholo-
gies rather than causality. We think that oxidative stress 
may be one of these stressors.

Conflict of Interest: The authors declare no conflict of interest.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Authorship Contributions: Concept – M.C., S.A.K.; Design – E.B., 
T.E.; Supervision – O.S., M.E.D.; Materials – S.A.K., O.S.; Data col-
lection &/or processing – T.E., M.C.; Analysis and/or interpretation 
– S.A.K., E.B.;  Writing – M.C., E.D.; Critical review – M.C., E.B., T.E., 
S.A.K., O.S., M.E.D.

REFERENCES

1. Trüeb RM. Oxidative stress in ageing of hair. Int J Trichology 
2009;1:6–14. [CrossRef ]

2. Van Neste D, Tobin DJ. Hair cycle and hair pigmentation: Dynamic 
interactions and changes associated with aging. Micron 2004;35:193–
200. [CrossRef ]

3. Shin H, Ryu HH, Yoon J, Jo S, Jang S, Choi M, et al. Association of 
premature hair graying with family history, smoking, and obesity: A 
cross-sectional study. J Am Acad Dermatol 2015;72:321–7. [CrossRef ]

4. Tobin DJ, Paus R. Graying: Gerontobiology of the hair follicle pigmen-
tary unit. Exp Gerontol 2001;36:29–54. [CrossRef ]

5. Kauser S, Thody AJ, Schallreuter KU, Gummer CL, Tobin DJ. A fully 
functional proopiomelanocortin/melanocortin-1 receptor system reg-
ulates the differentiation of human scalp hair follicle melanocytes. En-
docrinology 2005;146:532–43. [CrossRef ]

6. Slominski A, Tobin DJ, Shibahara S, Wortsman J. Melanin pigmen-
tation in mammalian skin and its hormonal regulation. Physiol Rev 
2004;84:1155–228. [CrossRef ]

7. Lindner G, Botchkarev VA, Botchkareva NV, Ling G, van der Veen C, 
Paus R, et al. Analysis of apoptosis during hair follicle regression (cata-
gen) Am J Pathol 1997;151:1601–17.

8. Mecklenburg L, Tobin DJ, Müller-Röver S, Handjiski B, Wendt G, 
Peters EM, et al. Active hair growth (anagen) is associated with angio-
genesis. J Invest Dermatol 2000;114:909–16. [CrossRef ]

9. Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, 
Kannel WB, et al. Prediction of coronary heart disease using risk factor 
categories. Circulation 1998;97:1837–47. [CrossRef ]

10. Bonomini F, Tengattini S, Fabiano A, Bianchi R, Rezzani R. Atheroscle-
rosis and oxidative stress. Histol Histopathol 2008;23:381–90.

11. Sherer Y, Shoenfeld Y. Mechanisms of disease: Atherosclerosis in au-
toimmune diseases. Nat Clin Pract Rheumatol 2006;2:99–106.

https://doi.org/10.4103/0974-7753.51923
https://doi.org/10.1016/j.micron.2003.11.006
https://doi.org/10.1016/j.jaad.2014.11.008
https://doi.org/10.1016/S0531-5565(00)00210-2
https://doi.org/10.1210/en.2004-1145
https://doi.org/10.1152/physrev.00044.2003
https://doi.org/10.1046/j.1523-1747.2000.00954.x
https://doi.org/10.1161/01.CIR.97.18.1837
https://doi.org/10.1038/ncprheum0092


12. Erdoğan T, Kocaman SA, Çetin M, Durakoğlugil ME, Uğurlu Y, Şahin 
İ, et al. Premature hair whitening is an independent predictor of carotid 
intima-media thickness in young and middle-aged men. Intern Med 
2013;52:29–36. [CrossRef ]

13. Kocaman SA, Çetin M, Durakoğlugil ME, Erdoğan T, Çanga A, Çiçek 
Y, et al. The degree of premature hair graying as an independent risk 
marker for coronary artery disease: A predictor of biological age rather 
than chronological age. Anadolu Kardiyol Derg 2012;12:457–63.

14. Schnohr P, Lange P, Nyboe J, Appleyard M, Jensen G. Gray hair, bald-
ness, and wrinkles in relation to myocardial infarction: The copenhagen 
city heart study. Am Heart J 1995;130:1003–10. [CrossRef ]

15. Mirić D, Fabijanić D, Giunio L, Eterović D, Culić V, Bozić I, et al. Der-
matological indicators of coronary risk: A case-control study. Int J Car-
diol 1998;67:251–5. [CrossRef ]

16. Christoffersen M, Frikke-Schmidt R, Schnohr P, Jensen GB, Nordest-
gaard BG, Tybjaerg-Hansen A. Visible age-related signs and risk of is-
chemic heart disease in the general population: A prospective cohort 
study. Circulation 2014;129:990–8. [CrossRef ]

17. Ejiri J, Inoue N, Tsukube T, Munezane T, Hino Y, Kobayashi S, et al. 
Oxidative stress in the pathogenesis of thoracic aortic aneurysm: Pro-
tective role of statin and angiotensin II type 1 receptor blocker. Cardio-
vasc Res 2003;59:988–96. [CrossRef ]

18. Branchetti E, Poggio P, Sainger R, Shang E, Grau JB, Jackson BM, et al. 
Oxidative stress modulates vascular smooth muscle cell phenotype via 
CTGF in thoracic aortic aneurysm. Cardiovasc Res 2013;100:316–24.

19. Isselbacher EM. Thoracic and abdominal aortic aneurysms. Circulation 
2005;111:816–28. [CrossRef ]

20. Carlson RG, Lillehei CW, Edwards JE. Cystic medial necrosis of the 
ascending aorta in relation to age and hypertension. Am J Cardiol 
1970;25:411–5. [CrossRef ]

21. Çetin M, Kocaman SA, Durakoğlugil ME, Erdoğan T, Uğurlu Y, Doğan 
S, et al. Independent determinants of ascending aortic dilatation in hy-
pertensive patients: Smoking, endothelial dysfunction, and increased 
epicardial adipose tissue. Blood Press Monit 2012;17:223–30. [CrossRef ]

22. Çanga A, Kocaman SA, Çetin M, Erdoğan T, Durakoğlugil ME, Çiçek 
Y, et al. Increased epicardial adipose tissue thickness is correlated with 
ascending aortic diameter. Tohoku J Exp Med 2012;226:183–90.

23. Tomaro ML, Batlle AM. Bilirubin: Its role in cytoprotection against 
oxidative stress. Int J Biochem Cell Biol 2002;34:216–20. [CrossRef ]

24. Glantzounis GK, Tsimoyiannis EC, Kappas AM, Galaris DA. Uric 

acid and oxidative stress. Curr Pharm Des 2005;11:4145–51. [CrossRef ]

25. Arck PC, Overall R, Spatz K, Liezman C, Handjiski B, Klapp BF, et 
al. Towards a “free radical theory of graying”: Melanocyte apoptosis in 
the aging human hair follicle is an indicator of oxidative stress induced 
tissue damage. FASEB J 2006;20:1567–9. [CrossRef ]

26. Dobrin PB, Baker WH, Gley WC. Elastolytic and collagenolytic stud-
ies of arteries. Implications for the mechanical properties of aneurysms. 
Arch Surg 1984;119:405–9. [CrossRef ]

27. Koch AE, Haines GK, Rizzo RJ, Radosevich JA, Pope RM, Robin-
son PG, et al. Human abdominal aortic aneurysms. Immunopheno-
typic analysis suggesting an immune-mediated response. Am J Pathol 
1990;137:1199–213.

28. Brophy CM, Reilly JM, Smith GJ, Tilson MD. The role of inflamma-
tion in nonspecific abdominal aortic aneurysm disease. Ann Vasc Surg 
1991;5:229–33. [CrossRef ]

29. Patel MI, Hardman DT, Fisher CM, Appleberg M. Current views 
on the pathogenesis of abdominal aortic aneurysms. J Am Coll Surg 
1995;181:371–82.

30. Herron GS, Unemori E, Wong M, Rapp JH, Hibbs MH, Stoney RJ, 
et al. Connective tissue proteinases and inhibitors in abdominal aortic 
aneurysms. Involvement of the vasa vasorum in the pathogenesis of aor-
tic aneurysms. Arterioscler Thromb 1991;11:1667–77. [CrossRef ]

31. Freestone T, Turner RJ, Coady A, Higman DJ, Greenhalgh RM, Pow-
ell JT, et al. Inflammation and matrix metalloproteinases in the en-
larging abdominal aortic aneurysm. Arterioscler Thromb Vasc Biol 
1995;15:1145–51. [CrossRef ]

32. Shah PK. Inflammation, metalloproteinases, and increased proteolysis: 
An emerging pathophysiological paradigm in aortic aneurysm. Circula-
tion 1997;96:2115–7. [CrossRef ]

33. Knox JB, Sukhova GK, Whittemore AD, Libby P. Evidence for altered 
balance between matrix metalloproteinases and their inhibitors in hu-
man aortic diseases. Circulation 1997;95:205–12. [CrossRef ]

34. Siwik DA, Pagano PJ, Colucci WS. Oxidative stress regulates collagen 
synthesis and matrix metalloproteinase activity in cardiac fibroblasts. 
Am J Physiol Cell Physiol 2001;280:C53–60. [CrossRef ]

35. Phillippi JA, Klyachko EA, Kenny JP 4th, Eskay MA, Gorman RC, 
Gleason TG, et al. Basal and oxidative stress-induced expression of 
metallothionein is decreased in ascending aortic aneurysms of bicuspid 
aortic valve patients. Circulation 2009;119:2498–506. [CrossRef ]

Cetin et al., Hair whitening and obesity are independently related to ascending aorta dilatation in young-middle aged men 39 

https://doi.org/10.2169/internalmedicine.52.7842
https://doi.org/10.5152/akd.2012.150
https://doi.org/10.1016/0002-8703(95)90201-5
https://doi.org/10.1016/S0167-5273(98)00313-1
https://doi.org/10.1161/CIRCULATIONAHA.113.001696
https://doi.org/10.1016/S0008-6363(03)00523-6
https://doi.org/10.1093/cvr/cvt205
https://doi.org/10.1161/01.CIR.0000154569.08857.7A
https://doi.org/10.1016/0002-9149(70)90006-8
https://doi.org/10.1097/MBP.0b013e328359c4a7
https://doi.org/10.1620/tjem.226.183
https://doi.org/10.1016/S1357-2725(01)00130-3
https://doi.org/10.2174/138161205774913255
https://doi.org/10.1096/fj.05-4039fje
https://doi.org/10.1001/archsurg.1984.01390160041009
https://doi.org/10.1007/BF02329378
https://doi.org/10.1161/01.ATV.11.6.1667
https://doi.org/10.1161/01.ATV.15.8.1145
https://doi.org/10.1161/01.CIR.96.7.2115
https://doi.org/10.1161/01.CIR.95.1.205
https://doi.org/10.1152/ajpcell.2001.280.1.C53
https://doi.org/10.1161/CIRCULATIONAHA.108.770776



