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Serum Levels of 25-Hydroxyvitamin-D
and C-Reactive Protein in
Acne Vulgaris Patients

Akne Vulgaris Hastalarinda 25-Hidroksivitamin
D ve C-Reaktif Protein Diizeyleri

ABSTRACT Objective: Acne vulgaris is a disease of pilosebaceous unit. Although multiple factors
contribute to the development of acne, inflammation is the key component in the pathogenesis. C-
reactive protein (CRP) is a well-known marker of inflammation and there are few reports study-
ing the antioxidant, and anti-inflammatory effects of vitamin D in acne. In the present study, the
aim was to compare serum vitamin D and CRP levels in acne patients with control subjects. Mate-
rial and Methods: 65 patients with acne vulgaris, and 41 healthy subjects were enrolled in this cross-
sectional study. Serum vitamin D and CRP levels of both groups were evaluated. Results: No
significant association was found between the occurence of acne vulgaris and serum 25-hydroxy-
vitamin D and CRP levels (p=0.692, p=0.300, respectively). Conclusion: Vitamin D deficiency was
determined to be equivalent in both acne patients and healthy subjects. This result might be due to
the affection of the whole Turkish population with the same problem. Larger size studies which in-
vestigate the status of vitamin D levels in patients with acne, could provide making more precise
interpretations.

Keywords: Acne vulgaris; c-reactive protein; inflammation; vitamin D

OZET Amag: Akne vulgaris pilosebase iinitenin bir hastaligidir. Akne gelisimine pek cok faktor
katkida bulunsa da, inflamasyon patogenezdeki ana bilesendir. C-reaktif protein (CRP) iyi bilinen
bir inflamatuar belirtectir ve vitamin D’'nin aknedeki antioksidan ve antiinflamatuar etkilerini in-
celeyen birkag ¢alisma bulunmaktadir. Bu ¢aligmanin amaci akne hastalar1 ile kontrol grubu
arasinda serum vitamin D ve CRP diizeylerini kargilagtirmaktir. Gereg ve Yontemler: 65 akne vul-
garis ve 41 saglikli kontrol kisileri bu kesitsel ¢aligmaya dahil edilmistir. Her iki grupta da serum vi-
tamin D ve CRP diizeyleri degerlendirilmistir. Bulgular: Akne vulgaris varhig: ile serum
25-hidroksi-vitamin D ve CRP diizeyleri arasinda bir iliski gosterilememistir (p=0,692, p=0,300,
sirastyla). Sonug: Vitamin D eksikliginin hem akne hem de kontrol grubunda esit olarak bulun-
masi, bu sorunun tiim Tirkiye popiilasyonunu ekileyen genel bir problem olmasina baglanabilir.
Akne hastalarinda vitamin D diizeyinin aragtirilmasi igin daha genis gruplarla yapilacak ¢aligmalar,
daha net yorumlarin yapilabilmesini saglayabilir.

Anahtar Kelimeler: Akne vulgaris; c-reaktif protein; inflamasyon; vitamin D

cne vulgaris (AV), disease of the pilosebaceous unit, is character-

ized by inflammatory and non-inflammatory lesions, presented as

comedones, papules, pustules, and nodules.! Many factors contribute
to the development of AV, including hormones, follicular pluggings and hy-
perkeratinization of follicles, increase in the levels of sebum secretion, Pro-
pionibacterium acnes (P. acnes) colonization, and inflammation.!*

In the acne follicle infiltration of CD4+ T cells and T helper (Th) 1 cy-
tokine profile has been shown which is thought to be a cellular response
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against the P. acnes antigens within the follicular
lumen. P. acnes promotes the development of in-
flammation by inducing monocytes via toll like re-
ceptor (TLR) 2-dependent pathways to secrete
proinflammatory cytokines such as interleukin
(IL)-8, and IL-12.% Neutrophils, are attracted to pi-
losebaceous unit by IL-8 and other chemotactic
factors, releasing lysosomal enzymes that lead the
rupture of the follicular epithelium and inflamma-
tion. Meanwhile, IL-12 contributes the inflamma-
tory process by Th1l mediated immune response.
Furthermore, P. acnes releases lipases, proteases,
and hyaluronidases that contribute to tissue injury
and inflammation.? In addition, monocytes in acne
lesions stimulate the expression of IL-1 and tumor
necrosis factor-a (TNF-o).* Thus, acne is a local
chronic inflammatory status.

C-reactive protein (CRP) is an acute-phase
protein that appears after injury, infection, or in-
flammation and disappears when the injury heals, or
when the infection or inflammation subsides. CRP
is synthesized exclusively by the liver in response to
inflammatory cytokines, particularly IL-1, IL-6 and
TNF-o.® It may be assumed that if the inflammation
in acne is high enough to be systemic, serum CRP
levels may be elevated in AV patients.

25- hydroxyvitamin D (25(OH)D) plays role in
the functioning of the immune system through its
effects on T and B lymphocytes, dendritic cells and
macrophages. Furthermore, it has antioxidant and
anti-comedogenic properties.® It also affects the
proliferation and differentiation of keratinocytes
and sebocytes.” Based on these characteristics of vi-
tamin D, it has been hypothesized that there may
be alink between the pathophysiology of acne and
vitamin D.

There are only few studies separately evaluat-
ing vitamin D and CRP levels in AV patients. To
the best of our knowledge, this is the first study to
have investigated the levels of vitamin D and CRP
in AV patients. The aim of this study was to com-
pare serum levels of 25 (OH)D and CRP in patients
with AV and healthy controls and to evaluate the
association between disease severity and levels of
these parameters.

I MATERIAL AND METHODS

The study was reviewed and approved by the local
ethics committee (The protocol number: 957, Date
of approval: 03/09/2016), and all individuals gave
written informed consent. The study was carried
out according to the principles expressed in the
Declaration of Helsinki.

A cross-sectional study was planned to inves-
tigate the relationship between acne and CRP, vi-
tamin D levels, and the association of these
parameters with the disease activity of AV patients.

65 patients with AV and 41 healthy controls
were enrolled in the study. Previously, vitamin D
deficiency has been demonstrated to be related
with obesity, thus subjects within the normal lim-
its of body mass index (BMI; 18-25 kg m?) were in-
cluded. All subjects participated in the study during
the same period (November 2017 to December
2017) to avoid seasonal variations in vitamin D lev-
els. None of the subjects were applying daily sun-
screen, and none had smoking or alcohol
consumption habit.?

Exclusion criteria of the study were as follows;
having a history of any systemic treatment, partic-
ularly vitamin D or calcium supplementation ther-
apy or phototherapy within the last six months;
diagnosis of a systemic disease, such as diabetes
mellitus, parathyroid or thyroid disorders, autoim-
mune diseases, anemia, atopy, chronic renal or
liver disease, malignancy; pregnancy or breast-
feeding. Informed consent was obtained from each
participant.

Complicated variants of acne that may affect the
levels of CRP and vitamin D, such as acne fulminans,
acne conglobate and hidradenitis suppurativa (acne
inversa) were excluded from the present study.

ASSAY OF CRP AND 25-HYDROXY-VITAMIN D

Patients gave venous blood samples following a 12-
hour fasting period. Measurements of the serum
CRP levels were performed using a spectrophoto-
metric system (Cobas ¢ 501; Roche Diagnostics,
Mannheim, Germany). The serum concentration
of 25(OH)D was determined for each participant
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on the day of enrollment using liquid chromatog-
raphy/tandem mass spectrometry (Quattro Premier
XE; Waters Corporation, Milford, MA, USA).
Serum 25(OH)D concentrations <20 ng/mL were
defined as deficient.’

EVALUATION OF DISEASE SEVERITY

Severity of acne vulgaris was assessed according to
the International Consensus Conference on Acne
classification system: mild (few to several come-
dones, papules, and pustules; no nodules); moder-
ate (several comedones, papules, and pustules; few
to several nodules); and severe (numerous come-
dones, papules, and pustules; many nodules). At the
baseline, each patient’s age, sex, weight, height, and
disease duration were recorded. The BMI was cal-
culated as weight (kg)/height (m?).

STATISTICAL ANALYSIS

The Number Cruncher Statistical System 2007
(NCSS; Kaysville, Utah, USA) program was used for
the statistical analysis. The descriptive data was ex-
pressed with meanststandard deviation, numeric
variables and percentages. Mann-Whitney U-test
was used for statistical analysis. Kruskal-Wallis test
was used to determine whether there is difference
between the groups. The correlations were assessed
by Spearman correlation analysis. p<0.05 was con-
sidered statistically significant.

I RESULTS

AV patients and controls were all age and gender-
matched (p>0.05). The mean disease time of AV pa-
tients was 37.97+28.10 months. Eight patients
(12.3%) had mild, 14 patients (21.5%) had moder-
ate, and 43 patients (66.2%) had severe AV.

Serum CRP value of AV patients was
3.79+0.95, and CRP of controls was 3.54+0.45, and
the difference was not statistically significant (p=
0.300; p>0.05). The mean 25(OH)D value in AV pa-
tients was 10.22+6.11, while it was 10.37+7.41 in
controls, and the difference was not statistically
significant (p=0.692; p>0.05). However vitamin D
deficiency was noted in both AV group and the
controls (Table 1).

AV patients were also divided into two groups
according to the severity of the disease as mild-
moderate (n=21) and severe (n=43), there was no
significant difference between mild-moderate
acne, severe acne and control groups in terms of
the CRP (3.85+1.02, 3.76+0.92, 3.54+0.45, respec-
tively p=0.321; p>0.05) and 25(OH)D (11.00+8.04,
9.82+4.91, 10,37+2,41,
p>0.05) (Table 2).

respectively p=0.917;

Additionally, there was no correlation be-
tween these values, and disease severity or the du-
ration of the disease (p>0.05).

TABLE 1: C-reactive protein (CRP), and 25-hydroxyvitamin D levels of acne vulgaris patients and healthy controls.

Patients (n=65)

CRP Min-max (med) 3.3-7.8 (3.5)
Mean+SD 3.79+0.95

25 (OH)D Min-max (med) 3-37.6 (9.1)
Mean+SD 10.22+6.11

Controls (n=41) P
3-6.3(3.5) 0,300
3.54+0.45

3-35.5(8.2) 0,692
10.37+7.41

aMann Whitney U Test..

TABLE 2: C-reactive protein (CRP), and 25-hydroxyvitamin D levels according to acne severity.

Mild-moderate (n=22)

CRP Min-max {med) 3.3-7.4 (3.5)
Mean+SD 3.85+1.02

25 (OH)D Min-max (med) 3-37.6 (8.7)
Mean+SD 11.00+8.04

Severe (n=43) Controls (n=41) P
3.3-7.8 (3.5) 3-6.3(3.5) 0.321
3.7620.93 3.54+0.45
3-19.6 (9.8) 3-355(8.2) 0.917
9.82+4.91 10.37+7.41

2Kruskal Wallis Test.
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I DISCUSSION

AV, a chronic inflammatory disease, occurs due to
multiple factors.! The abnormal desquamation of
the follicular epithelium, insulin-like growth factor
1 (IGF-1) and androgen-stimulated increase in
sebum production, P. acnes colonization within the
follicles and inflammation triggers hyperkeratiniza-
tion and the obstruction of the pilosebaceous folli-

cles leading to the occurence of acne lesions.'**?

Inflammation is the key component in the
pathogenesis of acne. IL-1, a proinflammatory cy-
tokine, is thought to be the trigger of the activation
of keratinocyte proliferation. In acne lesions in-
crease of many proinflammatory cytokines includ-
ing TNF-o, IL-1B, IL-8 and IL-10, matrix
metalloproteinases, f-defensin 4, and granulysin
has been reported. Increase in the production of
the chemokine, IL-8 and the activator protein
(AP)-1, provides migration of circulating inflam-
matory cells to the tissue.'*'> Expression of proin-
flammatory cytokines; such as TNF-a, IL-1, IL-8,
IL-12 and IL-23 increase through the reduction of
intracytoplasmic levels of cyclic adenosine
monophosphate (cAMP) by phosphodiesterases in
acne involved skin.">'®* Among these cytokines IL-
1 is the trigger in the remodeling of the piloseba-
ceous unit and initiation of comedogenesis, while
IL-8 is the molecule that attracks neutrophils to the
pilosebaceous unit and IL-12 induces the expres-
sion of antimicrobial peptides.>!® Moreover, mi-
crobial ligands (such as P. acnes) can activate
several pathways that may cause the release of in-
flammatory cytokines (IL-1, IL-6, IL-8, IL-10, IL-
12 and TNF-«). TLR activation also leads to the
release of antimicrobial peptides, (human p de-
fensin 1 and human f defensin 2) that play an im-
portant role in innate immune responses.!” The
ligands of receptors expressed in sebocytes; such as
androgens and estrogens, Peroxisome proliferator-
activated receptor (PPAR) ligands, neuropeptides
(NP),
retinoids, and vitamin D are some of the factors

liver-X receptor ligands, histamines,
that affect the functioning of sebocytes.'*'® Hor-
monal, microbiological, and immunological mech-

anisms contribute to the development of AV. In the

present study, we investigated whether vitamin D
and CRP levels was associated with acne vulgaris.
We expected to find lower levels of vitamin D and
higher levels of CRP in acne patients due to in-
flammation in the acne-involved skin. However
present study failed to find any correlation be-
tween these parameters and AV.

Vitamin D plays role in the proliferation and
differentiation of keratinocytes and sebocytes and
there have been studies showing the effects of vi-
tamin D in acne patients. In cultured sebocytes, vi-
tamin D treatment is shown to reduce the
expression of inflammatory biomarkers, such as IL-
6, IL-8, and matrix metalloproteinase.' P. acnes-
induced Th17, which stimulates the expression of
IL-17, an inflammatory cytokine that is increased
in acne patients, is also inhibited by vitamin D.%
Furthermore, vitamin D shows antimicrobial ef-
fects by inducing antimicrobial peptides, such as
LL-37, in human sebocytes.?! Active vitamin D
metabolites effect human sebocytes and ker-
atinocytes via the nuclear vitamin D receptors
(VDRs).?? 1,25 dihydroxyvitamin-D3 (1,25 [OH]
2D3) was demonstrated to inhibit the proliferation
and stimulate the differentiation of keratinocytes
that may result in comedone formation, probably

the first step of acne.>?

There are also clinical studies showing vitamin
D deficiency in acne patients. Lim et al. demon-
strated that vitamin D deficiency is more common
in acne patients as compared with controls.’”
Yildizgoren et al. demonstrated that serum levels
of vitamin D was lower in patients with nodulo-
cystic acne than that of the control group.® In the
same study, it was hypothesized that vitamin D de-
ficiency may contribute to development of come-
dones due to its role in the process of proliferation
and differentiation of keratinocytes and sebocytes.®
Tehrani et al. introduced the therapeutic effect of
vitamin D in acne.* Moreover, oral vitamin D sup-
plementation was found to be effective in the treat-
ment of acne in the study involving 39 patients.*

With these reports supporting the immune
regulatory function of vitamin D in sebocytes, it
may be assumed that vitamin D may have antiin-
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flammatory effects in acne patients. In the present
study no significant differences in the mean vita-
min D concentration between acne patients and
healthy controls was found. However, participants
of the study both in acne group and in control
group, had low vitamin D levels, consistent with
vitamin D deficiency of which is a common prob-
lem in Turkish population.

CRP, the most commonly used biomarker of
inflammation, is an acute phase protein that is pro-
duced predominantly by hepatocytes under the in-
fluence of cytokines such as IL-6 and TNF-alpha
which are shown to be elevated in AV patients.”
Serum levels of CRP has been widely studied in
several diseases, as it is a cheap and accessible
marker of inflammation.

In this study, we found no significant differ-
ence in the serum levels of CRP between acne and
control groups. Similarly to our findings, Namazi
et al. showed no significant difference between
CRP levels in acne and control groups.” Moreover;
median levels of CRP were found to be higher in
controls.> Vergou et al. found no statistical differ-
ence in the CRP levels between acne and control
groups in the study evaluating the correlation of
thyroid disorders with the presence of acne.” In
other studies investigating the association of AV
with polycystic ovary syndrome (PCOS) increased
levels of CRP were reported.”””® In the present
study, we excluded cases with thyroid disorders or
PCOS, since these diseases might also induce in-
flammation. In the present study we aimed to in-
vestigate the acne induced inflammation upon
serum levels of CRP. In the study mentioned afore,
Namazi et al. showed higher mean CRP levels in
the severe acne group than in the moderate acne
group.’ In our study, we found no significant dif-
ference in the CRP levels, regardless of the sever-
ity of acne.

I CONCLUSION

The inflammatory process taking place in the acne
follicle was shown to increase some inflammatory

cytokines in the circulation. Due to this inflamma-
tion, we expected to find higher levels of CRP and
lower levels of vitamin D in acne patients, but cur-
rent work did not demonstrate any correlation be-
tween vitamin D or CRP levels and AV occurrence.
Low serum vitamin D levels among Turkish popu-
lation might be a general problem that can affect
the comparison between the controls and the pa-
tients which may have limited the ability of this
study to draw significant conclusions. The lack of
not studying high sensitive CRP levels is another
limitation of the study. Another limitation of the
study could be small numbers of participants. New
studies involving more patients would be appro-
priate to evaluate the realtionship of acne, CRP and
vitamin D levels. Measuring other inflammatory
cytokines would also be helpful in defining the
severity of the inflammation in acne. Defining a
serum marker for the severity of acne would pro-
vide scoring the disease severity in daily practice,
and would also help the development of new treat-
ment strategies by targeting the pathogenic factors
in acne.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct
connection with the research subject, nor from a company that
provides or produces medical instruments and materials which

may negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and/or family
members of the scientific and medical committee members or
members of the potential conflicts of interest, counseling, ex-
pertise, working conditions, share holding and similar situa-

tions in any firm.

Authorship Contributions

Idea/Concept: Ezgi Aktas Karabay, Asli Aksu Cerman; Design:
Ezgi Aktas Karabay; Control/Supervision: Ezgi Aktas Karabay;
Data Collection and/or Processing: Ezgi Aktas Karabay; Analy-
sis and/or Interpretation: Ezgi Aktas Karabay, Asli Aksu Cer-
man; Literature Review: Ezgi Aktas Karabay; Writing the
Article: Ezgi Aktas Karabay; Critical Review: Asli Aksu Cer-
man; References and Fundings: Materials: Ezgi Aktag Karabay.



Ezgi AKTAS KARABAY et al.

Turkiye Klinikleri ] Dermatol. 2019;29(1):1-6

Williams HC, Dellavalle RP, Garner S. Acne
vulgaris. Lancet. 2012;379(9813):361-72.
[Crossref]

Mouser PE, Baker BS, Seaton ED, Chu AC.
Propionibacterium acnes-reactive T helper-1
cells in the skin of patients with acne vulgaris.
J Invest Dermatol. 2003;121(5):1226-8.
[Crossref] [PubMed]

Kim J, Ochoa MT, Krutzik SR, Takeuchi O,
Uematsu S, Legaspi AJ, et al. Activation of
toll-like receptor 2 in acne triggers inflamma-
tory cytokine responses. J Immunol.
2002;169(3):1535-41. [Crossref] [PubMed]
[PMC]

Vowels BR, Yang S, Leyden JJ. Induction of
proinflammatory cytokines by a soluble factor
of Propionibacterium acnes: implications for
chronic inflammatory acne. Infect Immun.
1995;63(8):3158-65.

Namazi MR, Parhizkar AR, Jowkar F. Serum
levels of hypersensitive-C-reactive protein in
moderate and severe acne. Indian Dermatol
Online J. 2015;6(4):253-7. [Crossref]
[PubMed] [PMC]

Yildizgéren MT, Togral AK. Preliminary evi-
dence for vitamin D deficiency in nodulocystic
acne. Dermatoendocrinol. 2015;6(1):983687.
[Crossref]

Lim SK, Ha JM, Lee YH, Lee Y, Seo YJ, Kim
CD, et al. Comparison of vitamin D levels in pa-
tients with and without acne: a case-control study
combined with a randomized controlled trial.
PloS One. 2016;11(8):e0161162. [Crossref]

Vanlint S. Vitamin D and obesity. Nutrients.
2013;5(3):949-56.

Hollis BW, Wagner CL. Normal serum vitamin
D levels. N Engl J Med. 2005;352(5):515-6.
[Crossref] [PubMed]

Smith RN, Mann NJ, Braue A, Makeldinen H,
Varigos GA. The effect of a high-protein, low
glycemic-load diet versus a conventional, high
glycemic-load diet on biochemical parameters
associated with acne vulgaris: a randomized,
investigator-masked, controlled trial. J Am
Acad Dermatol. 2007;57(2):247-56. [Crossref]
[PubMed]

—_

12.

13.

14.

15.

16.

17.

18.

19.

20.

1.

I REFERENCES

Melnik BC, Schmitz G. Role of insulin, insulin-
like growth factor-1, hyperglycaemic food and
milk consumption in the pathogenesis of acne
vulgaris. Exp Dermatol. 2009;18(10):833-41.
[Crossref] [PubMed]

Erpolat S, Arslanyllmaz Z, Kaygusuz I. [Serum
zinc levels in patients with acne vulgaris and
its correlation with severity of acne]. Dicle Tip
Dergisi. 2016;43(2):310-4.

Zouboulis CC. Is acne vulgaris a genuine in-
flammatory disease? Dermatology. 2001;
203(4):277-9. [Crossref] [PubMed]

Jeremy AH, Holland DB, Roberts SG, Thom-
son KF, Cunliffe WJ. Inflammatory events are
involved in acne lesion initiation. J Invest Der-
matol. 2003;121(1):20-7. [Crossref] [PubMed]

Kang S, Cho S, Chung JH, Hammerberg C,
Fisher GJ, Voorhees JJ. Inflammation and
extracellular matrix degradation mediated by
activated transcription factors nuclear factor-
kappaB and activator protein-1 in inflamma-
tory acne lesions in vivo. Am J Pathol.
2005;166(6):1691-9. [Crossref]

Ozlii E, Baykan A, Ertag R. [An overview of
etipathogenesis of acne vulgaris]. Duzce
Universitesi Saglik Bilimleri Enstitiisti Dergisi.
2018;8(1):44-51.

Mclnturff JE, Kim J. The role of toll-like recep-
tors in the pathophysiology of acne. Semin
Cutan Med Surg. 2005;24(2):73-8. [Crossref]
[PubMed]

Bhat YJ, Latief I, Hassan I. Update on
etiopathogenesis and treatment of acne.
Indian J Dermatol Venereol Leprol.
2017;83(8):298-306. [Crossref] [PubMed]

Lee WJ, Choi YH, Sohn MY, Lee SJ, Kim DW.
Expression of inflammatory biomarkers from
cultured sebocytes was influenced by treat-
ment with vitamin D. Indian J Dermatol.
2013;58(4):327. [Crossref] [PubMed] [PMC]

Agak GW, Qin M, Nobe J, Kim MH, Krutzik
SR, Tristan GR, et al. Propionibacterium
acnes inducesan IL-17 response in acne vul-
garis that is regulated by vitamin A and vitamin
D. J Invest Dermatol. 2014;134(2):366-73.
[Crosstref] [PubMed] [PMC]

21.

22.

23.

24.

25.

26.

27.

28.

Lee WJ, Cha HW, Sohn MY, Lee SJ, Kim DW.
Vitamin D increases expression of cathelicidin
in cultured sebocytes. Arch Dermatol Res.
2012;304(8):627-32. [Crossref] [PubMed]

Kramer C, Seltmann H, Seifert M, Tilgen W,
Zouboulis CC, Reichrath J. Characterization
of the vitamin D endocrine system in human
sebocytes in vitro. J Steroid Biochem Mol Biol.
2009;113(1-2):9-16. [Crossref]

Sertznig P, Seifert M, Tilgen W, Reichrath J.
Activation of vitamin D receptor (VDR)- and
peroxisome proliferator-activated receptor
(PPAR)-signaling  pathways  through
1,25(0H)(2)D(3) in melanoma cell lines and
other skin-derived cell lines. Dermatoen-
docrinol.  2009;1(4):232-8.  [Crossref]
[PubMed] [PMC]

Tehrani HG, Mostajeran F, Shahsavari S. The
effect of calcium and vitamin D supplementa-
tion on menstrual cycle, body mass index and
hyperandrogenism state of women with poly-
cystic ovarian syndrome. J Res Med Sci.
2014;19(9):875-80.

Zacho J, Tybjaerg-Hansen A, Jensen JS,
Grande P, Sillesen H, Nordestgaard
BG. Genetically elevated C-reactive protein
and ischemic vascular disease. N Engl J
Med. 2008;359(18):1897-908. [Crossref]
[PubMed]

Vergou T, Mantzou E, Tseke P, Moustou AE,
Katsambas A, Alevizaki M, et al. Association
of thyroid autoimmunity with acne in adult
women. J Eur Acad Dermatol Venereol.
2012;26(4):413-6. [Crossref] [PubMed]

Alemzadeh R, Kichler J, Calhoun M. Spectrum
of metabolic dysfunction in relationship with
hyperandrogenemia in obese adolescent girls
with polycystic ovary syndrome. Eur J En-
docrinol.  2010;162(6):1093-9. [Crossref]
[PubMed]

Keskin Kurt R, Okyay AG, Hakverdi AU, Gun-
goren A, Dolapcioglu KS, Karateke A, et al.
The effect of obesity on inflammatory markers
in patients with PCOS: a BMI-matched case-
control study. Arch Gynecol Obstet.
2014;290(2):315-9. [Crossref]


https://doi.org/10.1007/s00404-014-3199-3
https://www.ncbi.nlm.nih.gov/pubmed/20371657
https://doi.org/10.1530/EJE-10-0205
https://www.ncbi.nlm.nih.gov/pubmed/21521376
https://doi.org/10.1111/j.1468-3083.2011.04084.x
https://www.ncbi.nlm.nih.gov/pubmed/18971492
https://doi.org/10.1056/NEJMoa0707402
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2835881
https://www.ncbi.nlm.nih.gov/pubmed/20592797
https://doi.org/10.4161/derm.1.4.9629
https://doi.org/10.1016/j.jsbmb.2008.10.010
https://www.ncbi.nlm.nih.gov/pubmed/22695798
https://doi.org/10.1007/s00403-012-1255-z
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4084940
https://www.ncbi.nlm.nih.gov/pubmed/23924903
https://doi.org/10.1038/jid.2013.334
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3726901
https://www.ncbi.nlm.nih.gov/pubmed/23919024
https://doi.org/10.4103/0019-5154.113959
https://www.ncbi.nlm.nih.gov/pubmed/28195079
https://doi.org/10.4103/0378-6323.199581
https://www.ncbi.nlm.nih.gov/pubmed/16092794
https://doi.org/10.1016/j.sder.2005.03.002
https://doi.org/10.1016/S0002-9440(10)62479-0
https://www.ncbi.nlm.nih.gov/pubmed/12839559
https://doi.org/10.1046/j.1523-1747.2003.12321.x
https://www.ncbi.nlm.nih.gov/pubmed/11752811
https://doi.org/10.1159/000051771
https://www.ncbi.nlm.nih.gov/pubmed/19709092
https://doi.org/10.1111/j.1600-0625.2009.00924.x
https://www.ncbi.nlm.nih.gov/pubmed/17448569
https://doi.org/10.1016/j.jaad.2007.01.046
https://www.ncbi.nlm.nih.gov/pubmed/15689596
https://doi.org/10.1056/NEJM200502033520521
https://doi.org/10.1371/journal.pone.0161162
https://doi.org/10.4161/derm.29799
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4513404
https://www.ncbi.nlm.nih.gov/pubmed/26225329
https://doi.org/10.4103/2229-5178.160256
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4636337
https://www.ncbi.nlm.nih.gov/pubmed/12133981
https://doi.org/10.4049/jimmunol.169.3.1535
https://www.ncbi.nlm.nih.gov/pubmed/14708633
https://doi.org/10.1046/j.1523-1747.2003.12550_6.x
https://doi.org/10.1016/S0140-6736(11)60321-8

