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1  | INTRODUC TION

Alopecia areata (AA) is the most frequent, localized, nonscarring 
hair loss that affects any hair bearing skin.1 The lifetime risk of AA 
in the general population is about 2%.2 It most commonly presents 
by single or multiple distinct, well-defined round or oval patches of 

hair loss on the scalp or body, the disease might involve the whole 
scalp (alopecia totalis) or the total body (alopecia universalis).3 
Alopecia areata is a complex disease where many factors assumed 
to be involved in its development, such as autoimmunity, genetic 
constitution, and emotional and environmental stress.4 Cells in-
filtrating the skin after immunological and/or nonimmunological 
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Abstract
Background: Although the etiopathogenesis of alopecia areata (AA) is still unclear, 
inflammation, oxidative stress, and subsequent DNA damage might be considered 
role players in disease development.
Aim: We aimed at exploring the potential link between oxidative DNA damage and in-
flammation in AA patients through measuring 8-hydroxy deoxyguanosine (8-OHdG), 
high mobility group box 1 protein (HMGB1), and one of the inflammatory mediators, 
C-reactive protein (CRP).
Methods: A total of 79 subjects (49 AA patients in addition to 30 apparently healthy 
control subjects) were tested for serum levels of 8-OHdG, HMBG1, and CRP.
Results: Compared with the control group, serum 8-OHdG, HMBG1, and CRP levels 
were significantly elevated in the studied patients group (0.031, <0.001, and <0.001, 
respectively). Moreover, logistic regression analysis revealed that disease course, 
serum levels of 8-OHdG, and HMBG1 were considered independent predictors for 
AA severity in both uni- and multivariable analyses.
Conclusion: Our results suggest a possible role of oxidative stress together with pro-
inflammatory biomarkers in development of AA and their benefit in predicting a se-
vere form of the disease.
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stimuli; release various bioactive products as inflammatory cyto-
kines and reactive oxygen species (ROS) that may denature pro-
teins, change apoptosis, and affect the inflammatory mediators 
release leading to the development of cutaneous tumors, skin 
aging and inflammatory cutaneous disorders.5 8-hydroxy de-
oxyguanosine (8-OHdG) and high mobility group box 1 protein 
(HMGB1) exist at the sites of oxidative DNA damage in living cells 
and act as sensitive markers for it.6,7 The acute-phase reactant, 
C-reactive protein (CRP), is diagnostic biomarker for inflammation 
in different diseases.8

Thus, to evaluate AA-associated oxidative DNA damage and ex-
plore the potential link between oxidative stress and inflammatory 
response in AA, 8-hydroxy deoxyguanosine (8-OHdG), high mobility 
group box 1 protein (HMGB1), and C-reactive protein (CRP) were 
investigated among AA patients.

2  | SUBJEC TS AND METHODS

2.1 | Study design

This study included 49 patients with alopecia areata (AA) who re-
ferred to our dermatology clinic from April 2018 to 2019 and 30 sex- 
and age-matched healthy persons. The study had been assessed and 
agreed by the institutional ethical committee according to Helsinki 
Declaration principles. Studied subjects received comprehensive in-
formation about the current research and filled a written informed 
consent prior to participation in the study.

2.2 | Study Population

Diagnosis of AA was clinically based on the presence of well-defined 
patches of hair loss in the scalp or large hairless areas in normal-ap-
pearing skin. The studied patients suffering from AA who are either 
not treated before or stopped treatment for minimally two months. 
Pregnant or lactating females, patients below 12 years old, suffering 
from anemia, bleeding disorders, other autoimmune diseases, sys-
temic inflammatory diseases, or inflammatory skin disorders were 
not included in the present work.9

2.3 | Methods

For evaluating the relation of different clinical characteristics with 
serum markers, we assessed patients’ essential information and all 
patients were subjected to complete history taking and general ex-
amination according to recommended investigative guidelines for 
AA 10 including age, sex, course, duration, family history, pattern, 
extent of alopecia and severity of disease, and concomitant nail pit-
ting. The scalp was examined to determine configuration, number, 
and size of AA patches. Severity of the disease was scored according 
to the “Severity of Alopecia Tool” (SALT) score defined by Olsen. 10

2.4 | Laboratory investigations

Three ml venous blood was collected from each subject by clean 
venipuncture. Serum was obtained by centrifugation of clotted sam-
ples at 1000 g for 15 minutes. All samples were coded and stored at 
−20°C. Two different sandwich ELISA kits for research use only were 
used to detect the serum levels of 8-OHdG (Cat #: K4160, BioVision 
Inc, Milpitas, California, USA) and HMGB-1 (Cat #: 11  683, Glory 
Science Co). The serum level of CRP was detected using a diagnos-
tic quantitative latex agglutination assay (Cat #: 13 921, Biosystems, 
Barcelona, Spain) by the turbidimetry method at wavelength 540 nm. 
The reference serum adult level of CRP is up to 5 mg/L.

2.5 | Statistical methods

For continuous variables, values were reported as mean  ±  stand-
ard deviation (SD) or median (interquartile range). In categorical 
variables, data were expressed as the number of subjects (per-
centage). To compare the continuous variables, the nonparametric 
the Mann-Whitney U test was applied and Kruskal-Wallis test was 
carried out wherever appropriate. Logistic regression was used to 
predict disease severity among studied patient. Statistical analysis 
was performed using the statistical software SPSS 16.0.0. (SPSS Inc 
Chicago). P values <.05 were considered statistically significant.

3  | RESULTS

3.1 | Sociodemographic characteristics of the 
studied subjects

This study included 49 patients with alopecia areata (31 males and 
18 females) with a mean age of 31. 9 ± 10.1 years, in addition to 30 
healthy control subjects (14 males and 16 females). The mean age of 
the control subjects was 35.8 ± 11.4 years. The basic sociodemo-
graphic and clinical features of the studied subjects are conferred 
in Table 1.

3.2 | Oxidative DNA damage and 
inflammatory biomarkers

Serum 8-OHdG, HMBG1, and CRP levels were showing significant 
higher levels in patients group than control subjects (P 0.031, < 
0.001 and < 0.001, respectively) (Table 1).

3.3 | Relation between serum biomarkers and 
clinical parameters in studied AA patients

Comparing the serum levels of oxidative DNA damage and inflam-
matory biomarkers regarding the clinical parameters in the studied 

 14732165, 2021, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocd.13814 by E

gyptian N
ational Sti. N

etw
ork (E

nstinet), W
iley O

nline L
ibrary on [06/06/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



     |  2307MUSTAFA et al.

patients reveled that their levels were significantly higher among AA 
patients with extensive disease patterns (P <  .001) and those with 
higher SALT score (P = .008) being the highest in patients with alo-
pecia totalis and SALT score S5 (Table 2).

3.4 | Performance characteristics of serum 
biomarkers for discrimination between AA 
patients and control groups

Receiver operating curve of serum levels of CRP, HMGB1, and 8 
OHdG was conducted for discrimination between AA patients and 
control groups. HMGB1 showed excellent AUC, CRP showed good 
AUC, whereas 8 OHdG showed poor AUCs. Other performance 
characteristics are shown in Table 3 and Figure 1.

3.5 | Prediction of AA severity in the studied 
patients group

Regression analysis was conducted for prediction of severity among 
AA patients, using age, gender, disease duration, disease course and 
serum levels of 8-OHdG, HMGB1 and CRP as covariates. Progressive 

disease course, serum levels of the tested biomarkers were consid-
ered as independent predictors for increasing disease severity in 
both uni- and multivariable regression analyses (Table 4).

4  | DISCUSSION

Alopecia areata is a common disorder with inflammation-mediated 
hair loss. Its etiopathogenesis and underlying mechanisms are un-
clear, although different theories were suggested including infec-
tions and neurological, genetic, and autoimmune hypotheses.11 
Oxidative stress is a probable mechanism for AA with an increase in 
the free radicals production exceeding the intracellular antioxidant 
defense that results in damaging of cellular components with release 
of various products that might be used as biomarkers for disease 
development and severity.4

Among the released bioactive products, the 8-Hydroxy de-
oxyguanosine (8-OHdG) is the oxidative modification of the DNA 
guanosine nitrogen base, and it can act as a precise biomarker for 
oxidative DNA damage.6 Also, the high mobility group box 1 pro-
tein (HMGB1) was initially recognized as one of the DNA-binding 
proteins and also identified as damage-associated molecular pattern 
(DAMP).12 HMGB1 accumulation into the extracellular matrix exists 

Patients
(N = 49)

Control
(N = 30) P

Age (years)
mean ± SD

31.9 ± 10.1 35.8 ± 11.4 .121

Gender (M/F)
N

31/18 14/16 .148

Duration (years)
median (range)

1 (0.25-4) - -

Course
N (%)

Constant 26 (53.1%) - -

Progressive 23 (46.9%) - -

Pattern
N (%)

Patchy 34 (69.4%) - -

Totalis 10 (20.4%) - -

Ophiasis 3 (6.1%) - -

Universalis 2 (4.1%) - -

SALT score
N (%)

S1 21 (42.9%) - -

S2 6 (12.2%) - -

S3 5 (10.2%) - -

S4 5 (10.2%) - -

S5 12 (24.5%) - -

Family history
N (%)

Positive 8 (16.3%) - -

Negative 41 (83.7%) - -

8-OHdG (ng/ml)
median (range)

20.8 (4.3-95.1) 16.2 (5.5-58.6) .031*

HMGB1 (ng/ml)
median (range)

49.1 (10-74) 3.3 (0.3-15) <.001*

CRP (mg/L)
median (range)

5.2 (0.5-32) 1.9 (0.1-5.0) <.001*

Abbreviations: SALT, Severity of Alopecia Tool; SD, standard deviation.

TA B L E  1   Sociodemographic 
characteristic and baseline data of the 
studied subjects
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in sites of oxidative DNA damage in viable cells, so it is defined as a 
constituent of the primary DNA damage response,13 while the ele-
vated level of C-reactive protein (CRP), a crucial biological marker of 

acute-phase systemic inflammatory response, can predict inflamma-
tion in different diseases.8 In the current study, we aimed at evalua-
tion of oxidative stress associated with AA via the measurement of 
serum 8-OHdG and HMGB1 levels besides serum CRP level as an 
inflammatory marker and their possible role in disease pathogenesis 
and severity.

The current study results revealed a significant elevation in 
serum 8-OHdG level in AA patients than healthy control subjects. 
Moreover, 8-OHdG was found to be an independent predictor for 
disease severity in AA patients. However, it did not differ with other 
clinical characteristic in studied patients. Oxidative stress occurs 
when the natural oxidant-antioxidant balance disturbed when there 
is an overproduction of free radicals or un-functioning antioxidant 
defense. The skin is continuously exposed to either intrinsic or ex-
trinsic environmental oxidative forces resulting in ROS production, 
with subsequent damage of the cellular components such as nucleic 
acids, proteins, and cell membrane lipids.5 Oxidative stress has been 
involved in several dermatopathologies as psoriasis,14 vitiligo,15 
atopic dermatitis, lichen planus,16 acne vulgaris,17 pemphigus vul-
garis,18 seborrheic dermatitis,19 and skin cancers.20 Oxidative stress 
role in AA pathogenesis is controversial, as it was found that total 

TA B L E  2   Relationship between serum levels of 8-OHdG, HMGB1, and CRP and clinical parameters in studied AA patients

AA patients
N = 49

8-OHdG (ng/mL)
median (range)

HMGB1 (ng/mL)
median (range)

CRP (mg/L)
median (range)

Median Range Median Range Median Range

Course Constant 18.6 4.3 35.8 48 10 62.8 3.1 0.5 15

Progressive 32.3 12.7 95.1 53 32.1 74 13.6 0.6 32

P <.001a  .013 a  .003 a 

Pattern Patchy 19.5 4.3 79.5 46.8 10 74 3.1 0.5 32

Totalis 62.2 21.3 95.1 68.1 53 73.5 20 5.9 32

Ophiasis 16.9 13.5 42.0 49.1 45.7 63 5.2 1.3 13.6

Universalis 13.2 10.6 15.8 40.1 32.1 48 3.1 2.3 3.9

P .001 a  <.001 a  .003 a 

SALT score S1 13.6 4.3 62.1 36.8 10 74 2.2 0.5 32

S2 19.2 13.5 31.7 48.5 48 51.3 3.7 1.4 15

S3 32.3 21.9 37.5 51.3 51.3 53 14 11.4 15

S4 20.8 17.7 26.8 54.5 53 61.5 10.8 2.1 12

S5 74.6 21.3 95.1 66.4 61.5 73.5 20 4.1 32

P <.001 a  <.001 a  <.001 a 

Family history Positive 20.5 4.3 89.3 49.1 10 74 4.1 0.5 32

Negative 24.1 10.6 95.1 51.2 24.5 72.5 8.5 0.5 24

P 0.607 0.914 0.695

Nail pitting Positive 20.6 4.3 89.3 48.5 10 74 4 0.5 32

Negative 32.3 11.5 95.1 49.1 24.5 72.5 6.2 0.5 24

P .296 .948 .561

Abbreviation: SALT, Severity of Alopecia Tool.
aBold indicate significant values. 

TA B L E  3   AUC and performance characteristics of HMBG and 
OHdG for discrimination between AA cases and control groups

CRP (mg/L)
HMGB1 
(ng/ml)

8-OHdG 
(ng/ml)

AUC 0.773 0.998 0.693

95% CI 0.673-0.873 0.992-1 0.479-0.730

P <.001a  <.001a  .045a 

Cutoff value 5.1 16 18.7

Sensitivity (%) 51 95.9 61.2

Specificity (%) 100 100 63.3

PPV (%) 100 100 73.2

NPV (%) 55.6 93.8 50

Accuracy (%) 69.6 97.5 62

Abbreviations: AUC, area under the curve; CI, confidence interval; NPV, 
negative predictive value; PPV, positive predictive value.
aBold indicate significant values. 
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antioxidant status (TAS), total oxidant status (TOS), and oxidative 
stress index (OSI) did not significantly differ between AA patients 
when compared to controls.,21 while others observed a significant 
lower TAS with increased free radical levels in AA patients than 
controls. Thus, oxidative DNA damage in terms of modified nitrog-
enous bases may carry mutations to the subsequent generations of 
the hair follicles, making them more vulnerable to apoptosis and the 
inflammatory responses observed in AA patients and might worsen 
disease status. 22,23

Regarding HMGB1, our study results revealed that its serum 
level was not only significantly higher in AA patients compared to 
control subjects but also its level showed a significant elevation 
in patients with extensive disease patterns and higher SALT score 
grades. Also, it was found to be an independent predictor for dis-
ease severity in AA patients as well. HMGB1 had been studied by 
Lee et al24 who found that its level was significantly elevated in the 

studied AA patients than control subjects and in alopecia totalis pa-
tients than those with other disease patterns. HMGB1 is produced 
mainly by necrotic cells in response to variable stimuli. It mediates 
cellular responses as chemotactic cell movement and inflamma-
tory cytokine (TNF-α, IL-1b, and IL-6) release, and affects various 
immune cells (macrophages, monocytes, T and B cells).25 Also, it is 
supposed to be an essential target antigen in some immune-medi-
ated disorders.24 Thus, our results support the theory of HMGB1 
implication in AA pathogenesis and reflecting disease severity. The 
initial increase in HMGB1 levels may lead to the destruction of im-
mune privilege of hair follicles thus initiating the autoimmunity in 
AA. Also, the secretion of HMGB1 and subsequent proinflamma-
tory cytokines occurs during AA may lead to propagation of inflam-
mation results in more severe disease. The current work results 
also revealed, as expected, that the CRP was significantly higher in 
AA patients than healthy control subjects what comes in line with 
Mahamid et al 26 who revealed a mild but insignificant elevation of 
CRP levels in AA patients supporting the role of the inflammatory 
mechanism in disease development. However, Yousefi et al 27 when 
assessing serum hsCRP levels in AA patients and healthy control 
subjects did not find significant difference. CRP is a member of the 
pentraxin family of oligomeric proteins that are implicated in the in-
nate immune response. Its immune regulatory functions include am-
plification of leukocytic activity, complement fixation, modulation 
of platelet activation, and clearance of cellular debris from sites of 
active inflammation.28 Thus, it could be considered as a biomarker of 
systemic inflammatory response promoting the secretion of other 
inflammatory mediators.29

5  | CONCLUSION

Our findings support the role of oxidative stress in AA and suggest a 
potential link between oxidative stress-induced DNA damage mark-
ers (8-OHdG & HMGB1) and proinflammatory markers (CRP), with 
the disease pathogenesis and severity. Modulating the activity of 
these biomarkers might provide a new perspective for treating pa-
tients with AA in order to improve their quality of life.

F I G U R E  1   ROC curve of serum CRP, HMBG, and 8-OHdG levels 
for discrimination between AA patients and control groups

Univariable regression analyses
Multivariable regression 
analyses

P OR [95% CI] P OR [95% CI]

Age .083 1.027 [0.997-1.058]

Gender .379 0.763 [0.418-1.394]

Duration .296 1.171 [0.871-1.574

Progressive course .035a  1.583 [1.875-6.846] 0.192 1.439 [0.729-2.198]

Serum 8-OHdG .001a  1.297 [1.085-2.009 .023a  1.329 [1.128-2.176]

Serum HMGB1 .008a  1.030 [1.008-1.052] <.001a  1.043 [1.019-1.067

Serum CRP .005a  1.696 [1.164-1.928] .002a  1.265 [1.028-1.820]

Abbreviations: CI, confidence interval; OR, odds ratio.
aBold indicate significant values. 

TA B L E  4   Regression analysis for 
prediction of AA severity among the 
studied patients
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