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ORIGINAL REPORT

SIGNIFICANCE
Alopecia areata is an autoimmune disease in which T-cells 
attack and damage hair follicles. The mechanism of this 
process is not fully understood. Zinc is known to be 
important for DNA stability, for normal hair growth, and 
in control of T-cells. This study found significantly lower 
levels of serum zinc in patients with alopecia areata than 
in healthy controls. Low levels of zinc are more pronoun-
ced in patients with long-lasting and more severe alopecia 
areata. The results of this study emphasize the importance 
of measurement of serum zinc levels in patients with alo-
pecia areata, and provide a basis for further research into 
the importance of zinc supplementation in the treatment 
of alopecia areata with other modalities.
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Alopecia areata is an autoimmune non-scarring di-
sease in which the exact mechanism that induces loss 
of immune privilege is unknown. Zinc is important for 
DNA stability and repair mechanisms that are essential 
in maintaining normal hair growth. Zinc deficiency has 
been investigated as an important factor in many au-
toimmune diseases, and may have a possible role in the 
aetiopathogenesis of alopecia areata. This study inclu-
ded 32 patients with severe forms of alopecia areata, 
and 32 age- and sex-matched healthy controls. When 
comparing serum zinc levels in these 2 groups, sta-
tistically significantly lower zinc concentrations were 
found in the alopecia areata group (p = 0.017). Detec-
ted zinc deficiency was statistically more prevalent in 
patients with alopecia areata (p = 0.011). Evaluating 
patients with alopecia areata, a statistically signifi-
cant negative correlation between serum zinc levels 
and severity of the disease was found (ρ = 0.006). The 
results indicate that zinc serum assessment is neces-
sary in patients with alopecia areata. Low serum zinc 
levels were found to correlate with severity of alopecia 
areata. Given that most severe forms of alopecia area-
ta are frequently most treatment-resistant, additional 
randomized control trials examining zinc supplemen-
tation are necessary to investigate its potential role in 
the restoration of hair follicles. 
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Alopecia areata (AA) is a common T-cell mediated 
autoimmune disease that affects hair follicles and 

results in non-scarring hair loss. The disease manifests as 
round or oval patches without hair, and can progress to 
a complete loss of hair on the scalp, as well as on other 
hairy parts of the body (1). AA affects all age groups, with 
no sex predominance (2). The lifetime risk of developing 
AA is 1.7%, while the prevalence in the general popula-
tion is 0.2–2%, depending on the area of the world and 
the severity of the disease (3). 

The aetiology of AA is unclear, but the collapse of im-
mune privilege that leads to immune-derived destruction 
of the hair shaft presents the end result (4). The factors 
that induce such loss of immune privilege remain unclear, 

although genetic susceptibility, stress and environmental 
factors (viral infections, trace elements and micron-
utrients) play an important role (5). 

Zinc is an essential micronutrient, which is required 
for more than 200 enzymatic reactions involved in many 
physiological processes (6). Regarding hair loss, zinc 
promotes the recovery of follicles through a series of ac-
tivities, and its inhibition of endonuclease activity medi-
ates the prevention of hair follicle regression. The matrix 
of the hair epithelium is one of the fastest proliferating 
and most sensitive tissues in the human body. Zinc is 
important for DNA stability and repair mechanisms that 
are essential in the maintenance of normal hair growth 
(7). Transient zinc deficiency is the main pathogenic 
factor in acrodermatitis enteropathica, a disease that, in 
addition to skin changes, leads to hair loss (8).

MATERIALS AND METHODS
A total of 64 participants were included in this prospective case-
control study. Thirty-two participants were patients with different 
clinical forms of AA, primarily with more severe forms, where the 
area of the affected scalp skin was greater than 30%, who were 
hospitalized at the Clinic of Dermatology and Venereology of the 
University Clinical Center of Serbia, Belgrade, Serbia, from 1 
January 2021 to 31 December 2022. Scalp involvement with AA 
was calculated based on the Severity of Alopecia Tool (SALT) 
score (9). Patients were divided into 2 groups, according to age: 
< 18 years and ≥ 18 years. The sex- and age-matched controls 
for patients younger than 18 years comprised paediatric patients 
treated at the same clinic who did not have AA or any other 
autoimmune or systemic disease, but a localized infection (viral 
warts, tinea corporis, or impetigo). The sex- and age-matched 
control group for the adults comprised healthy volunteers em-
ployed at the clinic.

https://creativecommons.org/licenses/by-nc/4.0/
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In addition to the serum zinc level and SALT score, demographic 
characteristics (age and sex) were obtained, as well as the clinical 
form of AA, and the duration of the disease before examination 
at our clinic. 

Clinical forms of AA were defined as: alopecia areata plurifocalis 
(AAP) (SALT 30–60%); alopecia areata subtotalis (AAS) (SALT 
60–95%); AAP + ophiasis (AAP + OPH) in cases where patients 
had hair loss in occipital and retroauricular regions; alopecia 
totalis/universalis (AT/UN) (SALT 100%), with or without hair 
loss on other hairy parts of the body. For serum zinc analysis, 5 
mL blood was taken using a vacutainer, left to clot, and then cen-
trifuged to separate serum. Then, serum zinc concentrations were 
analysed by electrothermal atomic absorption spectrophotometry. 
As normal values, the laboratory specified the range 10.1–16.8 
μmol/L for patients aged ≥ 11 years, and for those < 11 years, the 
reference range was 9.2–18.4 μmol/L. Statistical data analysis 
was performed using SPSS for Mac OS 23.0 program (IBM SPSS 
Statistics for Macintosh, Version 23.0. Armonk, NY: IBM Corp.) 
(χ2 test, Mann–Whitney U test, Spearman’s correlation, linear 
logistic regression). The normality of the distribution was tested 
with the Kolmogorov–Smirnov test.

RESULTS

The majority of the patients with AA were female, 19/32 
(59.4%), predominantly children 20/32 (62.5%), median 
age 11 years (range 5–57 years). The majority of pa-
tients had severe forms of AA, with SALT ≥ 30 (AT/UN 
34.4%, 11/32; AAS 31.3%, 10/32; AAP + OPH 9.4%, 
3/32), while only 25%, 8/32 patients, had AAP. The 
mean SALT for the patients with AA was 70.6% ± 25.9. 

The median serum zinc level in patients with AA 
was 9.72 μmol/L (range 6.06–14.71), while the control 
group had a median zinc level of 10.70 μmol/L (range 
8.52–14.83). Comparing the 2 groups, statistically signi-
ficantly lower concentrations of serum zinc were found 
in the AA group, p = 0.017 (Fig. 1). 

Furthermore, comparing adults and children with AA 
with their respective control groups revealed that, even 
though concentrations were lower in both groups of 

patients with AA, statistically significantly lower zinc 
concentrations were found in children with AA (Fig. 2).

There was a statistically significant negative correla-
tion between the severity of AA (SALT score) and zinc 
serum concentrations (Fig. 3); ρ = 0.006. 

When normal serum zinc concentration values, as 
defined by the laboratory, were taken into considera-
tion, a significantly higher number of patients with zinc 
deficiency was found in the AA group in comparison 
with healthy controls: 43.8% (14/32) vs 12.5% (4/32), 
respectively, p = 0.011. Zinc deficiency was significantly 
more expressed in severe clinical forms of AA (AAS 6/10 

Fig. 1. Serum zinc levels in patients with alopecia areata and 
healthy controls; p = 0.017.

Fig. 2. Serum zinc concentrations in patients with alopecia areata 
and healthy controls, adults (blue) and children (green); p = 0.236 
and p = 0.024, respectively.

Fig. 3. Negative correlation of serum zinc concentration and severity 
of alopecia areata (measured by Severity of Alopecia Tool (SALT) 
score); ρ = 0.006, R = 0.290.

http://medicaljournalssweden.se/actadv


A
ct

aD
V

A
ct

aD
V

A
d
v
a
n

c
e
s 

in
 d

e
rm

a
to

lo
g
y
 a

n
d
 v

e
n

e
re

o
lo

g
y

A
c
ta

 D
e
rm

a
to

-V
e
n

e
re

o
lo

g
ic

a

3/4 J. Lalosevic et al. “Serum zinc level in alopecia areata”

Acta Derm Venereol 2023

and AT/UN 7/11); p = 0.039. Similar to the results regard
ing serum zinc concentrations, these results showed a 
high prevalence of zinc deficiency in both the adult and 
children groups with AA: 41.7% (5/12) and 45.0% (9/20), 
respectively. In healthy controls, low zinc concentration 
prevalence was inferior to that in patients with AA (zinc 
deficiency was found in 8.3% (1/12) children and in 
15.0% (3/20) adults), the difference was not statistically 
significant (p = 0.082 and 0.155, respectively). 

DISCUSSION

Hair matrix epithelium is one of the most rapidly proli-
ferating and most sensitive tissues. Zinc is important for 
DNA stability and repair, making it essential for normal 
hair growth (10). The exact mechanisms by which zinc 
affects hair loss is still not clarified, although metal-
loenzymes containing zinc have a potential role in the 
regulation of hair growth. So-called zinc fingers are small 
protein structural motifs for many transcription factors 
that regulate hair growth via the hedgehog signalling pat-
hway; zinc is also a catagen inhibitor through its inhibi-
tory effect on the apoptosis-inducing endonuclease (11). 

Several studies have investigated zinc levels in patients 
with AA (Table I). The current study found a statistically 
highly significantly lower serum zinc concentration in 
patients with AA than in controls. This is in accordance 
with the results of studies by Abdel Fattah et al. (12), 
Bhat et al. (13) and Kil et al (7). Different results were 
published by Mussalo-Rauhamaa et al. (14), who found 
no differences in concentrations of trace elements, inclu-
ding zinc, in patients with AA compared with controls. 
Possible reasons for such discrepancies may be related 
to different zinc assessment methodology, sample size, 
or population variation. A study by Dastgheib et al. in-
vestigated trace element levels in both serum and hair, 
comparing healthy controls and patients with AA (15). 
In contrast to the current findings, they did not find sig-

nificant differences in trace element levels, including 
zinc, when comparing patients with AA and controls. The 
difference could be due to the fact that patients included 
in Dastgheib et al.’s study were mild to moderate cases, 
with no patients with AA totalis or AA universalis enrol-
led in the study (15). Nevertheless, a study by Amirnia 
et al. (16) that also examined hair and serum zinc levels 
in patients with AA, found significantly lower levels 
compared with age-/sex-matched controls, in agreement 
with the current results. 

Abdel Fattah et al. (12) concluded that patients with 
long-lasting AA, and patients with higher SALT scores 
are more prone to have low serum zinc. The current 
results confirm such findings, emphasizing the potential 
role of zinc in the aetiopathogenesis of more severe and 
more treatment-resistant forms of AA. 

The current results also show that zinc deficiency, and 
not only lower levels, are more pronounced in patients 
with AA than in healthy controls. This finding confirms 
the previously published results and meta-analysis, sta-
ting that zinc deficiency can be associated with suscepti-
bility to AA (17), but now confirms it in a new population 
(South-Eastern European).

However, the true aetiology of AA is yet to be eluci-
dated. Given that zinc has immunomodulatory effects 
protecting high cellular turnover tissue from oxidative 
stress, its role in maintaining a normal hair cycle in hair 
disorders is critical (7, 18). T cell function is highly zinc-
dependent and zinc-regulated. Zinc deficiency leads to 
malfunctions and altered T cell differentiation, resulting 
in thymic atrophy, and an unbalanced immune response, 
creating an immunological milieu promoting autoim-
mune diseases (19). A special subset of T cells, named 
regulatory T cells (Treg), is responsible for the down-
regulation of immune reactions, such as inflammation. 
Whereas effector T cells, such as Th17 cells, produce mo-
lecules inducing inflammations, their counterparts, Treg 
cells, suppress effector T cell mediated immune reactions 

Table I. Modified and updated table previously published by Thompson et al. (21), including studies that examined serum zinc (Zn) levels 
in patients with alopecia areata (AA)

Study Year Study type Study population Sample size Results

Abdel Fattah et al. (12) 2016 Case-control 
(hospital-based)

Sex: 39M/11F; Age: 27 ± 9.5 years
Country: Egypt

100 (50 AA cases and 50 sex- 
and age-matched controls)

Significantly lower serum Zn in 
AA patients vs controls

Bhat et al. (13) 2009 Case-control 
(hospital-based)

Sex: 34M/16F; Age: 27.3 years
Country: India

100 (50 AA cases and 
50 healthy sex- and 
age- matched controls 

Significantly lower serum Zn in 
AA patients vs controls

Mussalo-Rauhamaa 
et al. (14)

1986 Case-control 
(hospital-based)

Sex: 8M/19F; Age: 29 ± 11 years
Country: Finland 

27 AA cases compared with 
normal Finnish population 
reference values

No difference in serum zinc levels 
in AA vs normal population. 
Compared AA cases to serum zinc 
values from the normal Finnish 
population

Dastgheib et al. (15) 2014 Case-control 
(not described)

Sex: 16F; Age: 26.6 ± 8.5 years
Country: Iran

43 (16 AA cases and 27 sex- 
and age-matched healthy 
controls)

No difference in serum zinc levels 
or hair zinc levels in AA patients 
vs controls

Amirnia et al. (16) 2013 Case-control 
(hospital-based)

Sex: 3M/24F; Age: 66.3 ± 9.9 years
Country: Iran

54 (27 AA cases and 27 healthy 
sex- and age- matched 
controls)

Significantly lower serum and 
hair Zn in AA patients vs controls

Kil et al. (7) 2013 Case-control 
(hospital-based)

Sex: 44M/50F; Age: 37.1 ± 14.9 years
Country: Korea

126 (94 AA cases and 
32 healthy controls)

Significantly lower serum Zn in 
AA patients vs controls

Current study 2023 Case-control 
(hospital-based)

Sex: 13M/19F; Age: 18.1 ± 13.4 years, 
Children/Adults: 20/12 
Country: Serbia

64 (32 AA cases and 32 healthy 
sex- and age-matched controls)

Significantly lower serum Zn in 
AA patients vs controls

http://medicaljournalssweden.se/actadv
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by producing anti-inflammatory cytokines. Treg cells are 
important to keep effector T cells in check, preventing 
immune reactions from getting out of hand (20). 

The results of the current study show that children 
with AA have significantly lower zinc concentrations 
than adults with AA, compared with healthy controls. 
This finding could be due to a smaller sample size in the 
adult group. To the best of our knowledge, no studies 
have indicated zinc as an associated factor in childhood 
AA (Table I). 

The current study found that serum zinc concentrations 
correlate inversely with AA severity, and since the seve-
rest AA forms most commonly are treatment-resistant, 
additional supplementation with zinc could potentially 
be beneficial in patients with AA. There are 5 studies that 
have investigated zinc as a treatment option for AA, 3 
of which were placebo controlled (21, 22). In 2 studies 
there was a positive effect of zinc supplementation on 
hair regrowth in patients with AA (22, 23), while 1 study 
showed no significant difference compared with controls 
(24). The methodology of these studies differ with regard 
to the population, age, and doses of zinc supplementation. 

The observed association between low serum zinc con-
centration and AA does not automatically imply that zinc 
plays a role in the pathogenesis of AA; however, we can 
conclude that assessing the serum zinc level is necessary 
in evaluating patients with AA, especially in children. 
Further double-blind, placebo-controlled studies are 
necessary to determine whether zinc supplementation, 
together with its exact form, dose and duration, might 
be important in the treatment of AA.
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