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Abstract 
Aim: To compare serum gelsolin levels of women with androgenetic alopecia 
with PCOS and patients with non-PCOS alopecia. Materials and Methods: A 
total of 30 PCOS patients who applied to our dermatology clinic with the 
complaint of hair loss and were diagnosed with androgenetic alopecia (AGA) 
were included in the study. Thirty patients who were not diagnosed with PCOS 
but were diagnosed with AGA were considered as the control group. Patients 
in the control group were matched with PCOS in terms of age. AGA was di-
agnosed in cases of widespread thinning of the hair on the scalp and preser-
vation of the frontal hairline. All participants underwent a complete clinical 
examination and blood examination. Serum gelsolin levels of both groups were 
measured by ELISA. Results: The number, age, and BMI values of the partic-
ipants in both groups were recorded as similar. Serum total testosterone, in-
sulin, HOMA-IR and LH values were significantly higher in the PCOS with 
AGA compared to the AGA without PCOS. There is no significant difference 
between groups in terms of serum FSH levels. Serum gelsolin levels of the 
PCOS group were significantly lower than the control group (160.1 ± 34.2 
ng/mL vs. 188.6 ± 46.7 ng/mL, p < 0.03). We found a negative and significant 
relationship between serum gelsolin and testosterone levels (r = 0.68, p < 
0.02). Conclusions: Serum gelsolin levels in PCOS patients with androgenetic 
alopecia were found to be significantly lower than in non-PCOS alopecia pa-
tient groups. 
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1. Introduction 

Androgenetic alopecia (AGA) is the most common hair loss disorder whose ex-
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act mechanisms are not yet known. Although the clinical course of AGA is in-
terrupted by medical treatments, it is a progressive pathology. The psychological 
component of the disease prevents patient compliance with treatment. It affects 
80% of men and about 50% of women [1] [2]. Typical hair loss begins at the an-
terior hairline and bitemporal. Progressive hair thinning and loss result in com-
plete hair loss in the vertex. At the end of the process, only hair remains in the 
parietal and occipital areas [3] [4]. Because alpha-reductase Types I and II are more 
intense in the male frontal region than in females, the disease is more sensitive to 
androgens in males. Because alpha-reductase Types I and II are less in the occi-
pital and parietal areas, these areas are more resistant to hair loss [5]. 

AGA is a pathology with multifactorial etiology and the common result is fol-
licle miniaturization. Inflammation and fibrosis in the follicular bulge are among 
the most common abnormalities. Inflammation causes fibrosis in the hair fol-
licle, preventing adequate nutrition and causing the appearance of hairs in dif-
ferent developmental stages in the frontal area. Increased hypersensitivity to an-
drogens is another etiological culprit. Insufficient stem cell production in hair 
follicles, an increase in sebaceous glands, and dermal thickening are other pathol-
ogies responsible for the etiology of AGA [6] [7]. 

Gelsolin is a calcium-activated actin-depolymerizing filament protein. It is 
expressed in both extracellular and intracellular fluids. Deficiency of this protein 
results in widespread inflammation and apoptosis [8]. Plasma gelsolin is the 
extracellular isoform and is the main circulating gelsolin protein. This isoform is 
a biomarker used to determine the severity of different diseases and the response 
to treatment [9]. It is mostly used in the diagnosis and treatment follow-up of 
inflammatory diseases. Since damage to erector pili muscles and myofibrils is 
also responsible for the etiology of AGA [10], gelsolin may be responsible for the 
etiology of AGA. Gelsolin defect was found in proteomic analyzes of mesen-
chyme-derived dermal papilla cells of patients suffering from baldness [11]. Po-
lycystic ovary syndrome (PCOS) is an endocrine disease with skin and hair ma-
nifestations characterized by hyperandrogenemia and insulin resistance. Some 
PCOS patients exhibit hirsutism, while others have AGA [12]. Therefore, the re-
lationship between hyperandrogenemia and AGA is not clear. Detection of hyper-
androgenemia in only one-third of AGA patients suggests the role of different 
molecules in the etiology [13]. There are no studies investigating circulating gel-
solin levels in AGA due to PCOS. This study was designed to determine serum 
gelsolin levels in PCOS women with androgenetic alopecia. 

2. Materials and Methods 
2.1. Participant Selection 

A total of 30 PCOS patients who applied to our dermatology clinic with the 
complaint of hair loss and were diagnosed with androgenetic alopecia (AGA) 
were included in the study. Thirty patients who were not diagnosed with PCOS 
but were diagnosed with AGA were considered as the control group. Patients in 
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the control group were matched with PCOS in terms of age. Revised Rotterdam 
criteria were used for the diagnosis of PCOS. Those who met at least two of the 
three criteria below were considered PCOS: 1) oligo and/or anovulation, 2) clin-
ical and/or biochemical hyperandrogenism, and 3) unilateral or bilateral poly-
cystic ovary image on ultrasonography. In the age-matched control group, Rot-
terdam criteria were not met. All participants underwent a complete clinical 
examination and blood examination. AGA was diagnosed in cases of widespread 
thinning of the hair on the scalp and preservation of the frontal hairline. In the 
trichoscopy examination of both groups, hair miniaturization specific to AGA 
was detected. Cicatricial alopecia and alopecia areata were considered in the dif-
ferential diagnosis. Routine scalp biopsy was not performed for the diagnosis of 
AGA. 

2.2. Measurement of Serum Gelsolin with ELISA 

Gelsolin levels in serum samples taken in the morning after an overnight fast 
were studied by ELISA method using the human gelsolin ELISA Kit (Catalog no: 
E1233Hu Bioassay Technology Laboratory, Shanghai, CHINA). The measuring 
range of the kit was 3 - 900 ng/mL. Its minimum measurable level was 1.58 ng/mL. 
The kit’s Intra-Assay CV was <8%, while the Inter-Assay CV was <10%. The 
absorbances of the samples were read in a Bio-Tek ELx800 (BioTek Instruments, 
USA) device at a wavelength of 450 nanometers. The concentrations correspond-
ing to all absorbances were calculated in ng/ml with the formula obtained with 
the help of the standard curve graph. 

2.3. Statistical Analysis 

Demographic and laboratory data were analyzed with Statistical Package for So-
cial Sciences (SPSS) software and using Windows package software. Whether the 
data distributions were normal or not was determined by the Shapiro-Wilk test. 
To compare categorical variables, the Pearson Chi-square test was used and con-
tinuous variables were analyzed with the Mann-Whitney U test. The relationship 
between Gelsolin and other parameters was evaluated by Pearson correlation 
analysis. Categorical data were presented as both the number of cases and the 
percentage. Results were presented as mean ± SD. A p-value of < 0.05 was con-
sidered statistically significant. 

3. Results 

The number, age, and BMI values of the participants in both groups were rec-
orded as similar. Serum total testosterone, insulin, HOMA-IR, and LH values 
were significantly higher in the PCOS with AGA compared to the AGA without 
PCOS. There is no significant difference between groups in terms of serum FSH 
levels. Serum gelsolin levels of the PCOS group were significantly lower than the 
control group (160.1 ± 34.2 ng/mL vs. 188.6 ± 46.7 ng/mL, p < 0.03). Table 1 
presents the demographic, hormonal and gelsolin data of both groups in detail.  
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Table 1. Demographic and hormonal characteristics of PCOS with AGA and control 
groups. 

 AGA with PCOS AGA without PCOS p-value 

N (%) 30 (50%) 30 (50%)  

Age 29.4 ± 3.55 28.7 ± 3.09 0.71 

BMI (kg/m2) 22.8 ± 2.33 23.4 ± 3.08 0.50 

Testosterone (ng/mL) 0.77 ± 0.21 0.49 ± 0.30 0.01 

LH (mIU/ml) 9.33 ± 1.29 4.98 ± 2.06 0.01 

FSH (mIU/ml) 5.40 ± 1.04 4.77 ± 1.09 0.47 

Insulin (mU/L) 9.22 ± 2.45 5.39 ± 1.20 0.03 

HOMA-IR 2.86 ± 0.11 0.97 ± 0.22 0.02 

Gelsolin (ng/mL) 160.1 ± 34.2 188.6 ± 46.7 0.03 

 
In the Pearson correlation analysis, we found a negative and significant relation-
ship between serum gelsolin and testosterone levels (r = 0.68, p < 0.02). There 
was no significant relationship between other parameters and gelsolin levels. 

4. Discussion 

Female androgenetic alopecia (FAGA) is the most common cause of non-scarring 
hair loss. Although its etiology is not known exactly, it is thought to occur due to 
endocrine pathologies. In addition to benign adrenal pathologies, the incidence 
of FAGA increases in ovarian, adrenal tumors and high prolactin levels, although 
the age of onset is variable, it often occurs after puberty and there is an increase 
in the incidence of FAGA with advancing age. Typical hair loss starts from the 
scalp and extends to the frontal area [13]. Due to the progressive nature of the 
disease, early diagnosis makes it easier to take the necessary preventive measures. 
Delays in treatment will lead to complete loss of hair and psychological problems. 
PCOS is an endocrine pathology with dermatological and hair manifestations in 
addition to hyperandrogenemia and insulin resistance. The frequent occurrence 
of FAGA in diseases with androgen elevation suggests that FAGA in PCOS is due 
to hyperandrogenemia [13]. However, the clinical spectrum is not accompanied 
by androgen elevation in every FAGA patient. Therefore, it comes to mind that 
different etiological mechanisms, other than androgen, may be responsible for 
FAGA due to PCOS. Since PCOS is a chronic low-grade inflammatory disease, 
other causes of pathological inflammation in the hair follicle may contribute to the 
formation of FAGA [14]. Gelsolin is an actin-depolymerizing protein and its de-
ficiency can cause increased hair follicle inflammation and apoptosis. This study 
presents the first clinical data designed to determine the relationship between se-
rum gelsolin levels and demographic and hormonal parameters in PCOS patients 
presenting with FAGA. 

One of the mechanisms suggested in the etiology of FAGA is increased in-
flammation in the hair follicle bulge. Increased apoptosis secondary to inflam-

https://doi.org/10.4236/ijcm.2023.149034


S. Gencoglu et al. 
 

 

DOI: 10.4236/ijcm.2023.149034 387 International Journal of Clinical Medicine 
 

mation leads to a gradual thinning of the hair [15]. We found serum gelsolin le-
vels in PCOS patients to be significantly lower than control FAGAs. Decreased 
gelsolin levels are known to be characterized by increased inflammation [8]. 
Pro-inflammatory cytokines that arise due to increased inflammation in hair fol-
licles may cause follicle damage, leading to a gradual thinning of the hair and hair 
loss over time. Gelsolin is also a filament protein, which can cause damage to the 
erector pili muscles and mediate the weakening of the hair. Defective expression 
of genes responsible for gelsolin in dermal papillae supports the possible etio-
logical role of this molecule in FAGA Hypersensitivity of hair follicles to high 
androgens in the PCOS group is another cause of hair loss [15]. The negative 
correlation between serum gelsolin levels and androgens suggests that androgens 
block the production or effect of gelsolin. However, we do not know by which 
mechanism androgens impair the functions or production of gelsolin. The lack 
of a significant relationship between serum LH, insulin levels, and HOMA-IT and 
gelsolin suggests that the effect of androgens on gelsolin is independent of other 
endocrine parameters. 

While FAGA affects the vertex and parietal regions, the absence of hair loss in 
the anterior frontal zone cannot be explained by the effect of gelsolin and an-
drogens. Detection of follicle miniaturization only in these regions, with less in-
volvement of other regions, may be due to different responses of hair follicles to 
etiological factors rather than systemic effects [14]. Chronic inflammatory and 
systemic diseases such as PCOS occur through the disruption of both adaptive and 
innate immune reactions [16]. Thanks to its anti-inflammatory and actin-binding 
properties, gelsolin can play a role in the protection and function of hair fol-
licles. Decreased serum gelsolin levels in chronic inflammatory conditions such 
as PCOS may cause cellular damage in hair follicles and may predispose to FAGA. 
Despite the small number of cases, our study is important in that it is the first to 
report an increase in serum gelsolin levels in FAGA due to PCOS. More com-
prehensive studies that analyze gelsolin in hair follicles will allow a clearer con-
clusion. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Heilmann, S., Brockschmidt, F.F., Hillmer, A.M., Hanneken, S., Eigelshoven, S., Lud-

wig, K.U., et al. (2013) Evidence for a Polygenic Contribution to Androgenetic Alo-
pecia. British Journal of Dermatology, 169, 927-930.  
https://doi.org/10.1111/bjd.12443 

[2] Kelly, Y., Blanco, A. and Tosti, A. (2016) Androgenetic Alopecia: An Update of Treat-
ment Options. Drugs, 76, 1349-1364. https://doi.org/10.1007/s40265-016-0629-5 

[3] Sinclair, R. (1998) Male Pattern Androgenetic Alopecia. BMJ, 317, 865-869.  
https://doi.org/10.1136/bmj.317.7162.865 

https://doi.org/10.4236/ijcm.2023.149034
https://doi.org/10.1111/bjd.12443
https://doi.org/10.1007/s40265-016-0629-5
https://doi.org/10.1136/bmj.317.7162.865


S. Gencoglu et al. 
 

 

DOI: 10.4236/ijcm.2023.149034 388 International Journal of Clinical Medicine 
 

[4] York, K., Meah, N., Bhoyrul, B. and Sinclair, R. (2020) A Review of the Treatment 
of Male Pattern Hair Loss. Expert Opinion on Pharmacotherapy, 21, 603-612.  
https://doi.org/10.1080/14656566.2020.1721463 

[5] Ioannides, D. and Lazaridou, E. (2015) Female Pattern Hair Loss. Current Problems 
in Dermatology, 47, 45-54. https://doi.org/10.1159/000369404 

[6] Randall, V.A. (2008) Androgens and Hair Growth. Dermatologic Therapy, 21, 314- 
328. https://doi.org/10.1111/j.1529-8019.2008.00214.x 

[7] Van Neste, D., Leroy, T. and Conil, S. (2007) Exogen Hair Characterization in Hu-
man Scalp. Skin Research and Technology, 13, 436-443.  
https://doi.org/10.1111/j.1600-0846.2007.00248.x 

[8] Spinardi, L. and Witke, W. (2007) Gelsolin and Diseases. Subcellular Biochemistry, 
45, 55-69. https://doi.org/10.1007/978-1-4020-6191-2_3 

[9] Kwiatkowski, D.J. (1999) Functions of Gelsolin: Motility, Signaling, Apoptosis, Can-
cer. Current Opinion in Cell Biology, 11, 103-108.  
https://doi.org/10.1016/S0955-0674(99)80012-X 

[10] Uezum, A., Fukada, S., Yamamoto, N., Takeda, S. and Tsuchida, K. (2010) Mesen-
chymal Progenitors Distinct from Satellite Cells Contribute to Ectopic Fat Cell For-
mation in Skeletal Muscle. Nature Cell Biology, 12, 143-152.  
https://doi.org/10.1038/ncb2014 

[11] Moon, P.G., Kwack, M.H., Lee, J.E., Cho, Y.E., Park, J.H., Hwang, D., et al. (2013) 
Proteomic Analysis of Balding and Non-Balding Mesenchyme-Derived Dermal Pa-
pilla Cells from Androgenetic Alopecia Patients Using On-Line Two-Dimensional 
Reversed Phase-Reversed Phase LC-MS/MS. Journal of Proteomics, 85, 174-191.  
https://doi.org/10.1016/j.jprot.2013.04.004 

[12] Lause, M., Kamboj, A. and Fernandez Faith, E. (2017) Dermatologic Manifestations 
of Endocrine Disorders. Translational Pediatrics, 6, 300-312.  
https://doi.org/10.21037/tp.2017.09.08 

[13] Starace, M., Orlando, G., Alessandrini, A. and Piraccini, B.M. (2020) Female An-
drogenetic Alopecia: An Update on Diagnosis and Management. American Journal 
of Clinical Dermatology, 21, 69-84. https://doi.org/10.1007/s40257-019-00479-x 

[14] Blank, S.K., Helm, K.D., McCartney, C.R., et al. (2008) Polycystic Ovary Syndrome 
in Adolescence. Annals of the New York Academy of Sciences, 1135, 76-84.  
https://doi.org/10.1196/annals.1429.005 

[15] Herskovitz, I. and Tosti, A. (2013) Female Pattern Hair Loss. International Journal 
of Endocrinology and Metabolism, 11, 103-108. https://doi.org/10.5812/ijem.9860 

[16] Piktel, E., Levental, I., Durnaś, B., Janmey, P.A. and Bucki, R. (2018) Plasma Gelso-
lin: Indicator of Inflammation and Its Potential as a Diagnostic Tool and Therapeu-
tic Target. International Journal of Molecular Sciences, 19, Article 2516.  
https://doi.org/10.3390/ijms19092516 

 
 

https://doi.org/10.4236/ijcm.2023.149034
https://doi.org/10.1080/14656566.2020.1721463
https://doi.org/10.1159/000369404
https://doi.org/10.1111/j.1529-8019.2008.00214.x
https://doi.org/10.1111/j.1600-0846.2007.00248.x
https://doi.org/10.1007/978-1-4020-6191-2_3
https://doi.org/10.1016/S0955-0674(99)80012-X
https://doi.org/10.1038/ncb2014
https://doi.org/10.1016/j.jprot.2013.04.004
https://doi.org/10.21037/tp.2017.09.08
https://doi.org/10.1007/s40257-019-00479-x
https://doi.org/10.1196/annals.1429.005
https://doi.org/10.5812/ijem.9860
https://doi.org/10.3390/ijms19092516

	Serum Gelsolin Levels in PCOS-Related Androgenetic Alopecia
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Participant Selection
	2.2. Measurement of Serum Gelsolin with ELISA
	2.3. Statistical Analysis

	3. Results
	4. Discussion
	Conflicts of Interest
	References

