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ABSTRACT

Background: Acne vulgaris is a common inflammatory disease of the skin. Acne occurring in > 25 years old is called “adult
acne,” and it occurs more commonly in women than in men.

Purpose: The aim of this study was to examine the recent findings of the connection between genetic factors, hormones and
diet with adult female acne.

Methods: The study was conducted as a systematic literature review. For the review, data searches were made on the PubMed
and Scopus databases. Finally, 20 articles met the inclusion criteria.

Results: According to this systematic literature review, several different hormones may be linked to the development of adult
acne. Androgens play a particularly important role, as they can stimulate growth of the sebaceous glands and increase the
secretion of sebum, thus promoting the formation of skin changes associated with acne. A high glycemic diet increases the
secretion of insulin, which in turn causes an increase in the amount of insulin-like growth factor (IGF)-1. IGF-1 increases
the growth of the sebaceous gland, sebum production, keratinocyte proliferation and it activates androgen synthesis, thus
contributing to acne pathogenesis. Adults with acne have a positive familial history more often than healthy controls, which
indicates the genetic nature of adult acne.

Conclusion: This literature review highlighted that especially hyperandrogenism, a positive familial history and a high-
glycemic diet may be linked to the development of adult acne. Understanding the pathogenesis of adult acne is crucial for

effective treatment.

1 | Introduction

Acne refers to an inflammatory disease in the duct connecting
the hair follicle and the sebaceous gland. It occurs in areas with
densely packed hair follicles, such as the face, neck, chest, back
and shoulders. Acne typically begins during puberty, when
androgens activate the sebaceous gland [1]. According to many
studies, adult acne is more common among women than in
men [2, 3]. The incidence of acne decreases with age [2, 3];

Acne occurs in 7.5% of women aged 16-29, about 5% of women
aged 30-39 and less than 2% of women aged 40-49 [2].

Acne in women over 25 years of age is called adult female acne.
It can be divided into persistent, late-onset and recurring sub-
types based on when it starts. However, in many studies, acne
has been categorized into two types: persistent acne and late-
onset acne [4]. Clinically, adult female acne differs from that of
adolescents as adult women present more frequently with mild

Abbreviations: DHEAS, dehydroepiandrosterone; HDL, high density lipoprotein; HOMA-IR, homeostasis model assessment for insulin resistance; IGFBP-3, insulin-like growth factor-binding

protein 3; IGF-1, insulin-like growth factor 1; LDL, low density lipoprotein.
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to moderate lesions and few deep inflammatory cysts on the
mandibular zone [5]. The overall severity of adult acne varies
from mild to moderate [6], but a cohort study from Finland has
demonstrated that most middle-aged women suffer from mild
acne [3].

The development of acne is linked to several causal factors:
increase in sebum production, hyperkeratinization abnormalities
of the pilosebaceous follicles, hyperproliferation of Propioni-
bacterium acnes (P. acnes), inflammation and DNA Methylation.
[7]. Genetic factors, hormones, eating habits and many other
lifestyle factors have also been found to play a role in the
development of acne [7, 8]. In adult female acne, premenstrual
flare-ups triggered by hormonal factors are common [9].

This study aimed to use a systematic literature review to
determine the significance of hormones, nutrition and genetic
factors in the onset of adult female acne. Although complex
inflammatory mechanisms play a role in the pathogenesis of
acne in general [8], those at the molecular level were outside
the scope of this systematic review. The study focuses on studies
published in 2018 or later, which allows us to create an overall
picture of what we know now and where we should focus
research in the future.

2 | Materials and Methods

2.1 | Search Strategy and Selection Criteria

The systematic review was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [10]. An electronic literature searches were
made on the PubMed/Medline and Scopus databases using the
medical subject headings on September 2023. A full list of search
terms is available online in Supplementary methods.

The search words were to be found either in the title, keywords
or in the summary. No manual data searches were made in
related journals and no unpublished studies were sought, either.

2.1.1 | Inclusion Criteria

+ Peer-reviewed studies examining the effect of hormones,
genome and nutrition on acne pathogenesis.

+ Women across all age groups with consideration given to
age in the analyses.

+ Both women and men with consideration given to gender
in the analyses.

« Publication year 2018-2023.

 English language publications with no restrictions imposed
on location.

2.1.2 | Exclusion Criteria

« Studies focusing on the treatment of acne and scarring,
inflammatory mediators or other diseases or conditions.

« Studies on men only.

« Studies in which the subjects suffered from an acne-linked
disease.

« Full text not available.

« Abstracts, case reports, reviews, comments and editorials.

2.1.3 | Study Selection

The search results were imported to the Covidence program for
systematic assessment. Literature search results were screened
independently by two reviewers (A.T. and L.H.) to identify all
citations that met the inclusion criteria. Discrepancies in the
selection were reviewed by a third reviewer (S.P.S.) for arbi-
tration. The PRISMA flow diagram of the search progress is
shown in Figure 1.

2.14 | Summary Measures and Synthesis of Results
Characteristics of the included studies were described and
results discussed in narrative synthesis.

2.1.5 | Risk of Bias and Level of Evidence

The risk of bias for the studies included in the review was
assessed following the “Quality Assessment Tool for Observa-
tional Cohort and Cross-Sectional Studies” of the National
Institutes of Health (Supporting Information S1: Table SI). The
level of evidence was recorded according to the Center for
Evidence-Based Medicine (CEBM). Levels of evidence were
recorded as follows: 1a: Evidence obtained of systematic reviews
or meta-analysis of randomized control trials; 1b: Evidence
obtained from individual randomized control trials; 2a: Evi-
dence obtained from systematic reviews or meta-analysis of
cohort studies; 2b: Evidence obtained from individual cohort
studies; 3a: Evidence obtained from systematic reviews or meta-
analysis of case-control studies; 3b: Evidence obtained from
individual case-control studies; 4: Evidence obtained from case
series; and 5: Evidence obtained from expert opinions.

2.1.6 | Assessment of Review Reliability

The study aims to address adult female acne. However, when
selecting the material, studies involving men had to be
approved to include articles covering the desired areas in the
final report.

3 | Results

3.1 | Study Selection

A total of 20 studies met the inclusion criteria (Figure 1). A total
of 10 studies addressed the link between hormones and/or
metabolic factors (e.g., lipids) and acne. Four studies focused on
researching the use of certain food or diet in acne patients. Only
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| Identification of studies via databases

Bigibility

Studies included inreview
(n =20)

hduded

FIGURE 1 | Flow diagram of systematic literature search progress.

two studies, whose aim was to explain the inheritance of acne,
met the criteria. There were four studies on the link between
several different variables and acne. Methods and populations
of the included studies are outlined in Table 1. All reported data
is from the original papers.

3.2 | Nutrition

In their study, Penso et al. (2020) reported the significant con-
sumption of sweets and sugary beverages by acne patients [11].
They also found that acne patients consume significantly more
dairy products and fatty foods than the controls. Juhl et al. (2018)
analysed the possible link between milk consumption and acne
in adulthood in subjects having lactose intolerance or not. They
did not find a link between dairy products and adult acne, and
their finding was not associated with lactose tolerance status [12].

Burris et al. (2018) studied the impact of a low glycemic diet on
biochemical factors linked to adult acne [13]. The aim of sam-
pling was to monitor possible changes in blood sugar, insulin,

§ :;::::e':zr::d e Records removed before screening
B PubMed (n = 459 . Duplncetg records rfmoved by
b= e automastion tool (n =3202)
g Scopus (n=874)
0 Total (n = 1133)
A
E’ Records excluded on title and
§ :?ne:%rg:)saeened >l slnkac
8 (n=728)
v
Full-text articles assessed for
eligibility I S
(n=103)

Fulk-text articles exduded with
reasons

Studies focusing on the
trestment of acne and scarring,
inflammatory medistors or other
diseases or conditions (n= 37)
Wrong study population (n= 42)
Non-original publication (n = 3)

Notin English language (n= 1)

insulin-like growth factor 1 (IGF-1) and insulin-like growth
factor-binding protein 3 (IGFBP-3) concentrations. IGF-1 levels
were found to be significantly decreased in those who follow a
low glycemic diet. Due to the short duration of the study
(t =2 weeks), authors were unable to conclude whether the
decrease in IGF-1 levels had a clinical impact on acne.

The search produced several studies related to vitamin D and
acne. However, only the study carried out by Kemeriz et al.
(2020) met the required criteria [14]: The purpose of their study
was to investigate the link between vitamin D levels in serum
and acne and its severity. They found that vitamin D deficiency
was significantly more common among acne patients compared
to the controls. It was also noted that there was a significant
link between the severity of acne and vitamin D deficiency.
Gender and age did not affect vitamin D levels in this study
[14]. Penso et al. (2020) also studied vitamin D concentrations
in acne patients and controls as one of the variables [11]. Unlike
Kemeriz and co-workers [14], they did not notice any signifi-
cant differences in the concentration of vitamin D in acne pa-
tients and controls.

3 0f 12



(sanunuo))

qg

qz

qaz

qr

'sdnoi3 19710 UI UL} QUIE JIJAIS
KI9A 10 2I9A3S )Im 3s0Y) Juowre
UOWIW0d dIow AJUBIYIUSIS Sem
Aouayep g UIWe)IA “S[OIIU0D
a1 03 paredwod syuanyed
ouoe Suowe UOWTOD dI0W
Apueoyrugis sem AoUaIdyop
 UIWe)IA Jey) punoj sem |

'sdnoid omy

91 U29MI(q S[OAQ] ( UTWEIIA
Ul PIAISSCO 9IdM SIJUIIJIP ON
"QUOB peY IAdU pey oym S0}

uey} aude Yiim Isoy) Suoure

uowwod 10w Apyuedyrusdis
sem sjonpoid Aredns pue

Kyey ‘soe1anaq Aredns ‘syonpoid
Airep jo uondwnsuod 2y} Jey}
punoj sisA[eue d[qeLIBAN[NUW YL,

"JOU IO 9JUBII[OIUL
9s030®[ W01y pa1apns juanied Y}
I9UIoUM JO sso[pIedal ‘Qude pue
syonpoid A1rep jo uondwnsuod
9Y) U9M}dq PUNOJ Sem NUI] ON

"PaAIasqo
a19M €-dg D] pue uInsur
‘re3ns pooiq ur sagueyd oN
*J3Ip OTWA[3 MO & SuImor[of
asoy) Suowre Apjueoyrudis
PaSeaIdap S[EAJ] DI

*K11I9A3S )1 pUB JUIE YIIM
S[OA9] (J UIWB)IA WINIAS JO
UOT)O9UUOD 3} JUIWEXD O],

"9UOB PUE JIIP UIIMIAq
uondaUU0d 2Y) Apnis 0J,

*90UBIS[OIUT ISOJOB]
pue uondwnsuod Y[ pue
QUOR JINPE UIIMIq NUI'T

"auoe woiy SUuLdpNS sjnpe
Suoure sjo1p oTwIa0A[3
Mo[ £q pasned aIe Jey) dude
I PIJBIOOSSE SI0)OE]
[esrwayoo1q ut saguey)

"Iopuad pue a8e d[qeIIns
® JO S[OTU0D 67T POpNIOUL
dnoi3 jonyuod ay, s309(qns
Y} JO %6°T9 I0] PaIUNOIIE

uswop "a8e Jo s1edk 59
0} 81 woyJ syuaned aude H€T

"Qudoe Woij
paiapns sjuedonted
79LT "USUWIOM 9IdM
WY} JO %G/ pue sIedk /S
sem sjuedronted ay)
Jo 93e 93eraae Y], "Apnys
oy ur pajedronred uowom
pue usw gSHyC JO [€30) V
'sjuaryed Qude Y JO %S S
10J pPaIUNOJJE USWOA "o3e
Jo s1eak Qf I9A0 1M 79T
pue 6£-07 pade a1om T¢I
‘syuaned aude 9y} JO dUdE
WoIj paIdyns syuspuodsax
Y} JO %S°T -2areuuonsanb
9y} N0 Py syuopuodsax
ystueq 9TH°0¢ JO 18101 ¥
'sjo9[qns a3 jo
%¢8 10] PAIUNOIJe USUIOA
"J3Ip [EULIOU © PaMOT[0]
7 dnois ur syuaned pue 121p
OTUWIAIATS MO[ B PIMOT[O]
T dnoig ur sjyuaned ‘sdnoid
0} OJUT PIPIAIP OF-8T page
sjuaned Qude 99 Jo [€10) V¥

[+1] ozoz

— %Uzum 1013U02-9s8)) Te 19 Z1Isway

2UIPIAd
JO 1949
NgdD

SI[NSII JURAI[IY

ey ay3 jo asoding

[eLId)eW YOaeasay

Apm3s 110402 aan0adso1g [t1] 0Z0T
oueI] ‘ApnJs [BUOT)OIS-SSOID) ‘Te 319 osuag

(uonezrwopuex

UBI[SPUIIA)

Apnis uonendod
Jrewuaq [BUOI103S-SS0ID) [z1] 810T ‘TR 32 TUN[
e [€1] 8T1OT
vSn PO[[01U0D pazIwiopuey ‘Te 19 suung
uonLINN
Anuno) uSisap (9oud19ya1)
res1Sojorwaprdg TedA ‘Ioyine ISILy

*MIIASI JIIBUIA)ISAS ) UI POpN[oul SAIPNIS 3} JO MAIAIAQ | T ATIV.L

Health Science Reports, 2025

4 of 12



(senunuo))

Ul 90UBQINISIP B PBY %SS ‘S[9AJ]

UI[nSUl pajeAd[d pey %01 ‘1edns

‘syuaned suoe Ul
s19jowrered [euowioy pue

9y, "ouoe woij JuLyns

[L1] €20T
% poolq Sunsej pajead[d pey %ST [BOTWIAYD0Iq SUIWEXD O, usuIom (9 Jo [810) ¥ eIpU] Apnis [BUONIIS-SSOID ‘Te 19 BURIA
QUOE YIIm 'sdnoi3 yjoq ur usw pue
USUWIOM UI PAONPaI A[IUBOYIUSIS uauIoMm Jo s1dquinu [enba
OS[e Sem SPIOB OUIWE [BIIUISSD 9IoM Q1Y “Iopual pue
-UOU pUE [BIIUISSI JO JoqUINU 93e 91geInS ® JO S[OIU0D
QUL "S[OIIU0D ) Ul UBY) USWOM 0¥ papnpur dnoid joruod
Guowre 19y31y Apuedyrugdis "KI1I19A9S 9L oude w0y Jurrepns
9I0M SUOTJBIIUIOUOD S)I pUE QUOE pUE SI0JOB] G€-6T1 pade uswom pue
% proe A)jej winies pue SYAHA JT[0gEBIdW UIIMIq JUI'T usuI 09 popn[our Apnjs AyJ,  ©3I0Y YINOS Apnjs [BUONIIS-SSOID [61] 00T "Te 30 Wiy
‘dnoid yv oy ur uey sdnoid s1eak £'8T
Vd pue VA 2y} Ul 19y31y o1om 93e a3erane (%1'67) V4
unoejoxd pue HSA ‘H'T ‘SYAHA s1eak 1T
au0191801$9) [e10, "dnoid vq ay; 93e 93erane (%5°€2) VH
ur Apyuanbaiy 3sowr pauasiom SIBA
QUOE ‘UONENIISUSW 3I0Jog 7'LT 93e 93erdae (%LY) VV
‘dnoig yv oy ur ueys sdnoi3 'sdnoig age juaIapIp :sdnoi13 921y} ojur papIAIp
Vd pPu® YA 9y} Ul UoWwod dI0W ur syusned aude UAIMIAq 1am (091 = 12103) syuaned [91] Z20T
q¢ dI19M Sa1njed] oruadorpueradAy SOOUAIJJIP pulj O, Srewrd] ‘Apnis ay) uy beiy Apnjs [o1u02-3se) ‘Te 319 1yeyg
JudR YHm
sjusned ur Apuedyrudis
paddoip pey HIDV pue DGHS 19puad pue a3e 9[qeIns
‘syuanied QUOE AY) UI PISEIIOUL ® JO S[OIU0D 69 1M 1YL
Apueorjrugis pey [0S13100 "9UOE ) 0) UOIIOUUO0D S)I ‘ouoe woyj SulIdyns T¢
pue unoeroid ‘xopul uadoIipue pue sjuaned auoe jo o[joid  pue 8T Jo soFe oY) udAmIdq [s1] zzoT TR 30
qg ‘QUOIPAUR)ISOIPUE ‘QUOIIS0ISIL, QUOULIOY Y} SSISSE O, uduwIoMm 66 JO [810) puejod Apnjs [01U09-358) BYsmoxzsAziog
‘wistuaSorpueradAy
paInsesw AJ[eorwayo0Iq
PeY 359U} JO %8T A[UO ‘IOASMOH 'SSO[ Irey ‘Apn3s ay3 ur pajedronted
'sa1nyed) oruadorpueradAy oruadoipue pue ‘sonsi3or ‘Quoe wolj uLdyns pue
)M SUOB WOIJ PAIdINS ‘souowLIoy ‘Qude 0} predar  33e Jo sIBAA G7 ISBI[ I8 1M [zz] 1202
qg usdwom Y} Jo %0L URY) IO im sjuedronted ssasse 0, oym ‘usuwIom gl Jo [810) eIpU] Apnjs [01)U09-35BD ‘Ie 19 Tesueg
$I0)9€J dr[oqelow
pue sououLIOH
OUIPIAD SI[NSAI JUBAI[Y 1810 9y3 yo asoding [ELIJRW YOIBISY Anyuno) usisop (99ua1ajax)
JO 19A9] resiSojorwaprdyg TeA ‘I0YINe ISIL
NGdD

(ponupuo)) | THATIAVL

50f 12



(senunuo))

qc

qaz

q€

qg

USIY ‘%8°¢ Ul TA'T PARAS[ ‘%9°L
Ul [019)S9[0VD [B10) PAJBAS[D
‘%€"0T ul s[ead] spndad-p ysiy
‘o%°'GT UI senfea HS [ewLIouqe
‘syuedronaed oy} JOo %6°LT
ul punoj sem wisiuadorpuersdAyq

's103[qns
o) JO %¢€°8T AJUO UI punoj sem
wstusagorpueradAy [eorurayoorg
'$309[qns oY) Jo %9°TL Ul
punoj a1om wisiuagorpueladAy
JO saInjesy [edrur))

'S[9A9 TQH Ul punojy
9IoMm SUOTIRIASD JuedyIUdIS
ON 'S[onuod 0} paredwod
S[OAQ] TA'T PUB SPLIAdAISIN
‘[0193s310d B30} IoY3IY
Apueoyrugis pey syusned auoy

S| U0 9} 01 pareduiod
pasearour Ajyuedijrudis pey audoe
IIM USWOM JO dUOII)S0ISI) 99I]
pU® 9U0I2)S0}SI] 810} ‘[OIPBIISS

“TAH “IAT ‘sopl1dd4[3in

‘[0131S3[0YD [€10} YL

"IAH MO]
® peY %.,°99 pue TJ'T pPIeAd[d
pue pey %0S ‘[0131S9[0YD

[E30} P3JBAS[d UE PBY %¢E'8¢E
‘sopL122A1311 Y31y pey %0C

‘[oA3] HSL PRJeAS[d Ue Pey %ST

‘T9A9] H'T PdIBAd[d Uk peY %¢°€

‘TOAS] HSA PIeAd[d U pey %€°8T

‘[OAQ] QUO0IS)S0ISA) PIAJBAJ[D UB

PEY %L'9 Xapul YI-VINOH 119U}

-9ryoad
pidi] pue s10}0€] [eUOULIOY
pue SUOE UdIMIdq
UOI}O3UU0D Y} SUIUIEXS O,

"aUdR J[BWIJ
Jo 9[goid TeuOWIIOY puUE
Teorurpd 9y} aredwod oy,

"Quoe pue
dryoxd pidi] & usamiaq
UOI}03UU0D Y} dUTWEXT

*K)119A9S Qude
0} WY} JuI] pue syuaned
QUOE UI S[AAJ] SUOWLIOY
pue pidi] ssasse o],

Apnis a3 ur pajedronted
ouoe woIj SULIAIINS ST I9A0
paSe uawom g/ JO [810}

‘paredionred
Juoe woiy Suusgns pue o93e
JO 183K G T9A0 USWIOM (OZT

"19puagd pue
93e J[geINS ®B JO S[OIU0D
0z pepnjour dnoid jo13u0d
oy, -oude woyy SuLeyns 9
pue 0z Jo sa3e oY) UAMISq
uswom (9 Jo [0} Y

“19puad
pue a3e a[qelns e Jo
s[onuod goT pepnour dnoid
[onuod ayJ, s309(qns a1y jo
%t 10J POIUNOIIE USTWOM
‘paredronaed a8e jo s1eak Gf
0} 81 wioyJ syuaned aude 00T

-93e jo s1eak 1y pue
97 U99M]9q 9IoM USWIOM

redaN

pue[od

Apnis [BUONOIS-SSOID

Apnjs TBUONIOIS-SSOID

Apnjs [013U0D-25BD)

%USum 1013U02-9s8))

[+2] 810T emqisarys

[oz] ozoT
‘Te 19 euepIes

[92] 8T1OT T8 19
BIO0H-eSUBWOY

[81] €z0T
‘T8 19 poWwBON

2UIPIAd
Jo 1949
NgdD

SI[NSAI JUBAI[Y

e a3 jo asoding

[eLId)eW Yoaedsay

Anuno)

usisop
resiSojorwaprdyg

(9ouda9y01)
TedA ‘Ioyine ISILj

(ponupuo)) | THATIAVL

Health Science Reports, 2025

6 of 12



(senunuo))
*Quoe Jo juatdo[aAap
9} pUE SSAIIS UdM)q JUI] ©
Sem 2I19Y) 1Y) 3[3] %S T9 "SIdYI0
ur uey) Apuenbaiy arow sude "guoe Jnpe 's309[qns 2y Jo
919A3s 3im drdoad ur pajussaid  pue SI030E] [BIUSWIUOIIAUS %08 I0J PIIUNOIIE USWOM B[OSUTURJ
wstuadorpueradAy jo swoydwAs pue Teroos ‘[esrdojolq ‘Apn3s ay3 ur pajedronted ueLRq[
"A[Turej I19Y) Ul dude Jo AI03ISIY ‘oryderdowap usamiaq ouoe wioyj SULIPNS 09-S7  PUR BOLIDWY [sz] 6102
qz B PBY QUIB YIIM 9SO} JO %8°6S JUI[ 9Y} SUIUIEX? O, pade uswom pue UdW $8ET une] Apnjs [BUONIIS-SSOID ‘Te 39 Asurwey]
SO[qeLIEA JUIIIMIP [eIIAdS
"S[O1U0D Y} Ul uey} sjuaned
Juoe ur Aousnbaiy 1918213 “19puagd pue
IeJ Y)im punoj osye sem adAjouad 93e J1geINS ®B JO S[OIUO0D
D/D YL "d[3[[e D Y} YNm 0¢T pepnpour dnoig [013uod
asoy) ueyy aude dojeadp 03 A1 QYL "s303[qns a3 JO %L+8
9I0W SW) 9'T 1M J[[[8 D *Quoe Jo Juawdo[aAsp Yy} 10} PAIUNOJJE USWOM
Y3 YIM IS0, 'S[oNU0I AYI[esy uo (9/0) wsrydiowAjod "Qude woyj Surepgns
UBY) UIAIAING JO S[9AJ] 1aYSIY 9Ua3 UIAIAINS JO UOT)OUUOD ¥7-61 pade uowom [82] zz0T
qg Apueoryiudis pey syusned auoy 9U} QUIULIdAP O], pue uaW §IT JO [€10} V¥ 1d43g Apnjs [013U02-35B) ‘Ie 19 yeag-[d
‘sisauagoyyed “19puag pue
"SI9U30 A} I9A0 quoe ur wsrydiowAjod 93e 10§ 91qeIINS B JO S[OIIUOD
suoe urdo[aadp Jo ysi1 19jea13  oudd YIOH pue uoissaidxe ST papnjour dnoig [o13uod
® pajuasard YJOH JO SwIo] ‘QunjoA JOd pue YIod 9y, ‘ude woly ureyns [62] TZ0T
qg J3[[e JUSIPIP Y} JO SUON JO 901 9} dUIWEXD O, UQUWIOM PUE UdW 95T — Apnys [01U02-358) ‘Te 19 zoSuIpAy
SI0)9EJ JO1}UID
"Quoe 91} pareaei3de uagonss 0}
ud30IpUE JO OIJBI 9Y) UI 9SBAIOUL
Ue pue ‘Qude Y} PIJeIA[[E
HS UI 9SBI0UT UY "PIUISIOM
QUOE IS} ‘USWIOM UI PISBIIOP 's103[qns
Juo19)sedoid pue [o1peIse Y} JO %S°T8 10 pajuNodde
JO S[9AJ] A} SV S[ONU0D AY) JO "9ude Jo AJII9ASS ) pue usuwop\ ‘paredonied
950U} WO} IQJIP JouU pIp sjuened  SOUOWLIOY JOPUT UdIMIdq 0€ pue 0z Jo sade o) [12] ZzoT
qz QUOE JO S[OAJ] SU0I)S0ISI) YL JUI] 9Y} SUIULIAIAP O], udam)aq spudned aude €69 BUIYD Apnjs [BUONIIS-SSOID ‘Te 19 Sueyyz
%T°0T Ul TAH Pased1odp
pUR ‘%8°¢ UI SOPLISOAISII}
OUIPIAD SI[NSAI JUBAI[Y 1810 9y3 yo asoding [ELIJRW YOIBISY Anyuno) usisop (99ua1ajax)
JO 19A9] resiSojorwaprdyg TeA ‘I0YINe ISIL
INGHD

(ponupuo)) | THATIAVL

7 of 12



‘urnqoj3 SurpuIq-auowIoy Xas ‘OGHS ‘dude Juddsdjope Jsod ‘yd ouowioy Jurzrurainy ‘47 ‘urejoadodiy
Kysuap mo “1qT ‘€ urjoxd Surpurq-1030ey yimoIs aI-urnsur ‘€-JgA0T ‘10J9BJ YIMOIS SYI[-UINSUI ‘O] dOUBISISNY UI[NSU] I0J JUSWSSISSY [OPOJAl dNeIsodwoy YI[-VINOH ‘uraroxdodr Arsuap ySiy “TqH ‘ouowioy Suneinuns
QOI[0] ‘HSA ‘1039€] Yimoid [eurropids ‘49 103dooar 10)0e] Yimois rewropide YJ0DF Oude Jnpe A[1ed ‘o ‘rejins suoidisorpuerdooIpAysp ‘SyAH(J ouourioy 91doIjodIo0o0usIpe ‘HIIV OUJ. JUIISI[OPE YV SUONRIAIQQY

‘suorurdo j1adxa WOy paure}qQ :§ PUE SILIAS ISED WOIJ PauTeIqQ
' {S9IPNIS [OI)UO0D-ISED [ENPIAIPUI WIOIJ PAUTLIqQ g€ ‘SIIPNIS [OTJU0I-9SEI JO SISA[EUL-BIOW IO SMIIADI JN)BUIAISAS WOIJ PaurelqQ e ‘SAIPNIs 310Y0d [ENPIAIPUT WO} PIUTeIqQ :qg ‘SAIPNIS 1I0Y0J JO SISK[EUL-BIIW IO SMIIADI JNJBUWIA)SAS
WIOIJ PAUTEIQO AOUIPIAY (BT ‘S[ELI} [OI)UO0D PIZIWOPUEI [ENPIAIPUI WIOIJ PAUTEIO SOUIPIAF :qT ‘S[BLI) [0IJUOD PIZIWOPUELI JO SISA[EULB-BIAW IO SMIIAI JJBUIIISAS JO PIUTE)O SOUIPIAT BT “QUIIPIIA PISeq-d0UdPIAY 10J IIUD) ‘NIHD 2JON

qc

ag

qg

'SsO[ Irey druadoIpue

woj Surreyns pajiodal %SG pue

‘wispnsary Suiaey pajrodar %€ 91
‘UONENI)SUIW 210Joq 3SIOM
MRI3 dude I13Y) 1By} [ %6°19
‘pooj o143 Y31y pawnsuod

Koy pres %gy “Aqrurej aerpawrw

II9Y) UI 9UJR PBY %8°79 ‘SSAIS
oruoIyd woiy Surreyns pajiodax
%6°€7 ‘Sstuaned aude A} JO
‘dnoig auoe 9y} UI UOWIWOD
d10W A[[€Oo1SNe)S SeM SpO0J
o1rura2413 y3ry jo uondwnsuod
3YL, "S[OIIUO0D 3} UBY) USIJO
2IOW SaWI) 0M) INOQE J[OIID
dJeIpawWI II8Y} Ul dUJE pey
QUOE J[NPE YIIM 3SOY ], 'SUOTIBN)IS
OJI] [NJSSAIS YIIM UONBQISIBXD
Jo saseyd pojeroosse
syuaned auode jo Jiey ueyl
QIOIN 'S[oIIU0d 9y} 0} paredwod
90URISHIp JUBOLIUSIS A[TeonISHe)S
® sem UoIym ‘syuonjed
QuoOe 1)) JO %87 Ul puUNoJ
aIam saInjed orusforpueradAH

"QUde JO AJIIOASS
9} 0] PaYUI] SeMm S}MS JO
uonidunsuod ayJ, ‘syuaned sude
ur paseaioul Apyuedyrudis pey
Xapul YI-VINOH °YL 'S[013uod
oy} 03 paredwod Apyueoyrusis
Pasea1d9p pey S[eA9] TAH
pUe UI[NSUI ‘[0I3)SI[0YD WINIdS

-auoe Jjeaeidde 10
asned Jey) s10308f [enuajod
Kmuapt pue uonendod
JINpe Y} Ul dude
Jo doudreaard ayy ssasse 0,

‘Jusned QUOE JO S10J0B]
[eUONLIINU PUB 030BJ0)
‘[0YyOJ[e pue ‘Adudpud)
AreyrpaIay ‘A103s1q
[BJIpaW 9} SUIWEXS O],

"dudR pue
s1ojowrered [euonLINU pue
S1[0qBIAW PIJIJ[AS UIIMII]

JUI[ 9Y3 QUIWIdNAP O],

“USWIOM dIam
sjyuedonted oy Jo %L 18
‘Apn3s ay3 ur pajedronted

93¢ Jo s18a£ ST 19A0 USWIOM
pue uaw Q8T JO [€10) V¥

"19puad
pue a8e a[qeins © Jo
S[OIIUO0D 096 PIPNOUl OS[e
dnoi3 jonuod ay, ‘syuaned
Y} JO %68 I0] PAIUNOIIE
uawoA "93e Jo SIedk G9 0}
Gz woij syusned aude 990T

"19puag
pue a8e a[qeins © Jo
s[onuod 69 papnjout dnoid
[onuod ayJ, ‘paredonied
ouoe woyj JuLdyns T€-8T1
pade uswom 89T JO 1810} V

— Apnjs [BUONIIS-SSOID

[¢z] 120T
Te 32 qeys

[s] €zoz TR 30 npny

[L2] €20t
‘Te 19 ISMO0JZ0]

2UIPIAd
Jo 1949
NgdD

SI[NSAI JUBAI[Y

e a3 jo asoding

[eLId)eW Yoaedsay

AaxIng, Apnjs [o1u02-3se)

puejod Apnys [013U02-358D
Anyuno) usisop

resiSojorwaprdyg

(9ouda9y01)
TedA ‘Ioyine ISILj

(ponupuo)) | THATIAVL

Health Science Reports, 2025

8 of 12



3.3 | Hormones and Metabolic Factors

The link between androgens and acne has been studied for a long
time and is generally considered to be part of the pathogenesis of
acne. The included studies reported, for example, significant
increases in testosterone [15-18] and dehydroepiandrosterone
(DHEAS) levels [16, 19, 20] in acne patients compared to healthy
acne patients. Contrary reports were also found, as the testosterone
levels of women with acne in a study conducted by Zhang and co-
workers were within the reference limits [21], and Borzyszkowska
and co-workers did not notice any difference in DHEAS values for
acne patients compared to the controls [15].

Clinical hyperandrogenism in acne patients was reported in
several studies [5, 16, 20, 22-25]. Depending on the study,
hirsutism, androgenic hair loss, menstrual disorders and/or
seborrhea were considered of the clinical features of hyperan-
drogenism. Interestingly, the study conducted by Sardana on
the relationship between clinical and hormonal hyperan-
drogenism found clinical features of hyperandrogenism in
71.6% of acne patients, but only 18.3% of the patients had bio-
chemically verified hyperandrogenism [20].

Other hormones associated with acne included thyrotrophin
secreted by the pituitary gland [17, 24] and cortisol (stress
hormone) secreted from the adrenal gland [15]. Patients’ self-
reported stress was also commonly reported as a triggering or
aggravating factor among acne patients [5, 23, 25].

Elevated low density lipoprotein (LDL) [17, 18, 24, 26, 27], high
triglycerides [17, 18, 24, 26] and low high density lipoprotein
(HDL) [17, 24] were most seen changes in the lipid profile of acne
patients. However, Romanska-Gocka et al. did not notice any
differences in HDL levels between acne patients and the controls
[26]. In the study conducted by Mohammed et al. the HDL values
of acne patients were above the reference values [18].

Meena et al. studied the glucose metabolism of acne patients [17].
They found that one fourth of acne patients had elevated fasting
blood sugar levels and elevated serum insulin levels, and 55% had
insulin resistance in the body (assessed using the homeostasis
model assessment for insulin resistance [HOMA-IR]).

3.4 | Genetic Factors

In their study, Kutlu et al. reported that patients with adult acne
had a close relative with acne approximately twice as often as
healthy controls [5]. In the study conducted by Shah et al. more
than 60% of those with adult acne had acne in their family [23].
Similar results were found by Kaminsky et al. which reported in
their study that 59.8% of those suffering from acne had inher-
ited the disease [25].

El-Beah et al. examined the connection of Survivin gene poly-
morphism (C/G) on the development of acne [28]. They found
that acne patients had significantly higher levels of survivin
than healthy controls. Those with the C allele were 1.6 times
more likely to develop acne than those with the G allele. Those
with a C/C genotype had an acne risk 2.8 times higher than
those with a G/G genotype.

4 | Discussion

According to this systematic literature review, especially hy-
perandrogenism, a positive familial history and a high-glycemic
diet may be linked to the development of adult acne. The
mechanism of action of androgens is unclear in adult acne, as
most patients have normal androgen levels. Research findings
on the link between milk and acne are contradictory.

4.1 | Nutrition

The association between adult acne and diet has been studied
widely, and, many expert consider Western diet with high-
glycemic-index food (high-fat, high-sugar foods) to worsen
acne. In a large French study by Penso et al. [11] it was shown
that acne patients consumer more high-sugar foods than those
without acne. The link between diet and acne has been ex-
plained e.g. by a study conducted by Burris et al. in which a low
glycemic diet reduced the IGF-1 levels of acne patients [13].
IGF-1 contributes to acne pathogenesis, increasing the growth
of the sebaceous gland, sebum production, keratinocyte prolif-
eration and activating androgen synthesis. The increase in
IGF-1 also reduces the amount of IGFBP-3, which increases the
concentration of free IGF-1, thus exacerbating the acne [30, 31].

Although the relationship between dairy products and acne has
been studied for a long time, no convergent opinion on its
contribution to acne development has been stated. For example,
Penso et al. found that subjects with high consumption of milk
intake have a higher risk of adult acne [11], however, in a large
Danish study Juhl et al. did not found that association [12].
More, even though milk has a low glycemic index, it is thought
that it can cause acne with the same mechanism as high gly-
cemic foods - in other words it increases the production of
IGF-1 [32-35].

A recent systematic review by Meixiong and co-workers
reports that high-glycemic-index food may exacerbate acne
and acne severity [36]. All the reviewed studies about milk and
acne were observational in nature and varied widely in terms
of exposure assessment and reported results [36]. Like us, they
conclude that studies investigating the association between
diet and acne face several challenges: in many studies sample
sizes are inadequate or with too short exposure period, and large
surveys rely on food diaries and participant self-assessment of
acne, which are prone to bias [36].

Vitamin D is necessary for optimal health and vitamin D defi-
ciency has been implicated in various skin diseases [37].
Interestingly, some studies have reported the relationship
between acne and D vitamin, too. For example in a small
Turkish study by Kemeriz et al. acne patients showed signifi-
cantly lower D vitamin levels than acne-free controls [14].
Corresponding findings were reported in South-Korean [38]
and in an Australian studies too [39]. The role of vitamin D in
acne pathogenesis could be explained by its ability to regulate
the growth of the sebaceous gland, the distribution of kerati-
nocytes and the expression of inflammatory mediators [40].
However, the association between acne and p-vitamin is not
indisputable either and studies with contradictory findings exist
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as well [41]. For example age is seldom taken into account
when reporting results. Geographical location also affects vita-
min D levels in people with acne; Northern location has a
negative effect on vitamin D levels in acne patients [42]. Also, it
would be important to investigate how vitamin D supplemen-
tation affects vitamin D levels and clinical manifestations of
acne in adult women living in the North.

Thus, more studies among various ethnicities, among different
age groups and geographical areas are still needed before rec-
ommendations about the D vitamin intake can be given for
patients with acne.

4.2 | Hormones and Metabolic Factors

In some studies glucose and fat metabolism disorders have been
associated with acne. However, the mechanism linking elevated
triglycerides, LDL, total cholesterol, low HDL and acne is not
precisely understood. In addition to glucose, a high glycemic
diet often contains a lot of saturated fatty acids, which increase
the triglycerides, total cholesterol and LDL circulating in the
blood [43]. Therefore, the link between the lipid profile and
acne could also be explained by the consumption of high gly-
cemic foods.

It is well demonstrated that sex hormones - and especially an-
drogens -have a remarkable role in the pathogenesis of adult
acne. Androgens can stimulate growth of the sebaceous glands
and increase the secretion of sebum, which promotes changes
in the skin associated with acne [44]. The role of androgens in
the development of acne is also supported by research evidence
that antiandrogenic therapies often successfully treat acne in
women [45, 46]. Based on our systematic review, it could be
concluded that the androgen levels of acne patients are more
often abnormal and that clinical features of hyperandrogenism
occur more frequently than in healthy controls. However in
fact, most women suffering from adult acne have normal
androgen levels [1, 3, 20, 22, 47, 48].

Sebaceous gland is able to transform weak hormone precursors
into potent androgens as testosterone and dihydrotestosterone
[49, 50]. These androgens stimulate increased sebum produc-
tion, which favors colonization by P. acnes [51]. Normoandro-
genic acne patients have been reported to have higher level of
androsterone glucoronate, an androgenic metabolite, than
healthy controls [52]. This result may indicate that local
androgen production in sebaceous gland is more active in acne
patients than in healthy controls. In addition, the inflammation
associated with acne also appears to be localized to the skin
[53]. This further supports the use of topical treatments, such as
azelaic acid, which has an acne-promoting effect by decreasing
toll-like-receptor 2 expression in sebaceous glands [54].

Many women report that stress is aggravating their acne. In
addition, some studies have found an association between more
severe form of acne and reported stress [55]. The connection
between acne and stress has been explained e.g. by the secretion
of different neurotransmitters, cytokines and hormones such as
cortisol, which are known to affect acne [56]. New insights
into the association between acne in women and professional

stress are needed, particularly to understand the correlation
between acne in adult women and potential job situation or
unemployment.

However, these studies about these associations have their
limitations since many aspects are contributing simultaneously
both acne and stress.

4.3 | Genetic Factors

Based on our review, patients with acne have other acne sufferers
in their first-degree relatives more often than healthy controls.
This finding is further supported by other studies (from United
Kingdom and Nigeria) which reported an increase in the risk of
adult acne among those with a positive familial history of acne
[57, 58]. In addition, those with a positive familial history have a
greater risk of developing a severe form of acne and acne scars as
well [58]. Therefore, when planning the comprehensive treat-
ment of acne patients it is important to be aware of the possible
family history of the disease.

Unfortunately, our review does not provide a broad under-
standing of how genetic factors can be part of acne pathogenesis.
However, the survivin -noted in our review-can be integrated
into a larger framework of innate immunity to understand the
role of genetic factors in the development of acne: Rocha &
Bagatin have suggested that factors activating the innate immune
system seem to explain the persistence of acne lesions [59] as
survivin indirectly supports the activation of innate immune
responses by promoting e.g. the function of dendritic cells [60].

5 | Conlusions

Acne is a complex condition influenced by a variety of factors
including diet, hormones, metabolism and genetics. However,
there are still contradiction of the role of diet in adult acne
whereas low p-vitamin levels might have an association with
acne and this relationship requires more research. Androgens,
in turn, has a major role in pathogenesis - interestingly,
androgen levels may be normal in adult acne patients but in
some individuals hormonal receptors in sebaceous glands and
keratinocytes seems to react to even low androgen levels. More,
patients with adult acne have more often first-degree relatives
with acne than those without adult acne which strengthens the
role of genome in adult acne. Nevertheless, the complexity of
the pathogenesis in acne, creates a great challenge for studies
investigating these association. Due to this, it is understandable
that also this review included many studies with contradictory
results. Thus, more studies taking this bias into consideration
are needed. Moreover, the population size in many studies in
this review were moderately small which can be considered as a
limitation, and more larger scale studies among various ethni-
cities are needed.
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