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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
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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.

2.1.4 | 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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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,

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.

FIGURE 1 | Flow diagram of systematic literature search progress.
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s

in
ac
n
e
pa

ti
en

ts
.

25
%

h
ad

el
ev
at
ed

fa
st
in
g
bl
oo

d
su
ga
r,
10
%

h
ad

el
ev
at
ed

in
su
li
n

le
ve
ls
,
55
%

h
ad

a
di
st
u
rb
an

ce
in

4

(C
on

ti
n
u
es
)
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B
L
E
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|
(C

on
ti
n
u
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)

F
ir
st

au
th

or
,
ye

ar
(r
ef
er
en

ce
)

E
p
id
em

io
lo
gi
ca

l
d
es
ig
n

C
ou

n
tr
y

R
es
ea

rc
h
m
at
er
ia
l

P
u
rp

os
e
of

th
e
tr
ia
l

R
el
ev

an
t
re
su

lt
s

C
E
B
M

le
ve

l
of

ev
id
en

ce

w
om

en
w
er
e
be
tw

ee
n
26

an
d
41

ye
ar
s
of

ag
e.

th
ei
r
H
O
M
A
‐IR

in
de

x,
6.
7%

h
ad

an
el
ev
at
ed

te
st
os
te
ro
n
e
le
ve
l,

18
.3
%
h
ad

an
el
ev
at
ed

F
SH

le
ve
l,

3.
3%

h
ad

an
el
ev
at
ed

L
H

le
ve
l,

15
%

h
ad

an
el
ev
at
ed

T
SH

le
ve
l,

20
%

h
ad

h
ig
h
tr
ig
ly
ce
ri
de

s,
38
.3
%

h
ad

an
el
ev
at
ed

to
ta
l

ch
ol
es
te
ro
l,
50
%

h
ad

an
d

el
ev
at
ed

L
D
L
an

d
66
.7
%

h
ad

a
lo
w

H
D
L
.

M
oh

am
m
ed

et
al
.

20
23

[1
8]

C
as
e‐
co
n
tr
ol

st
u
dy

—
10
0
ac
n
e
pa

ti
en

ts
fr
om

18
to

45
ye
ar
s
of

ag
e
pa

rt
ic
ip
at
ed

.
W
om

en
ac
co
u
n
te
d
fo
r
44
%

of
th
e
su
bj
ec
ts
.
T
h
e
co
n
tr
ol

gr
ou

p
in
cl
u
de

d
10
0
co
n
tr
ol
s

of
a
su
it
ab

le
ag
e
an

d
ge
n
de

r.

T
o
as
se
ss

li
pi
d
an

d
h
or
m
on

e
le
ve
ls

in
ac
n
e

pa
ti
en

ts
an

d
li
n
k
th
em

to
ac
n
e
se
ve
ri
ty
.

T
h
e
to
ta
l
ch

ol
es
te
ro
l,

tr
ig
ly
ce
ri
de

s,
L
D
L
,
H
D
L
,

es
tr
ad

io
l,
to
ta
l
te
st
os
te
ro
n
e
an

d
fr
ee

te
st
os
te
ro
n
e
of

w
om

en
w
it
h

ac
n
e
h
ad

si
gn

if
ic
an

tl
y
in
cr
ea
se
d

co
m
pa

re
d
to

th
e
co
n
tr
ol
s.

3b

R
om

ań
sk
a‐
G
oc
ka

et
al
.
20
18

[2
6]

C
as
e‐
co
n
tr
ol

st
u
dy

P
ol
an

d
A

to
ta
l
of

60
w
om

en
be
tw

ee
n
th
e
ag
es

of
20

an
d

64
su
ff
er
in
g
fr
om

ac
n
e.

T
h
e

co
n
tr
ol

gr
ou

p
in
cl
u
de

d
20

co
n
tr
ol
s
of

a
su
it
ab

le
ag
e

an
d
ge
n
de

r.

E
xa
m
in
e
th
e
co
n
n
ec
ti
on

be
tw

ee
n
a
li
pi
d
pr
of
il
e

an
d
ac
n
e.

A
cn

e
pa

ti
en

ts
h
ad

si
gn

if
ic
an

tl
y

h
ig
h
er

to
ta
l
ch

ol
es
te
ro
l,

tr
ig
ly
ce
ri
de

an
d
L
D
L
le
ve
ls

co
m
pa

re
d
to

co
n
tr
ol
s.
N
o

si
gn

if
ic
an

t
de

vi
at
io
n
s
w
er
e

fo
u
n
d
in

H
D
L
le
ve
ls
.

3b

Sa
rd
an

a
et

al
.

20
20

[2
0]

C
ro
ss
‐s
ec
ti
on

al
st
u
dy

—
12
0
w
om

en
ov
er

25
ye
ar
s
of

ag
e
an

d
su
ff
er
in
g
fr
om

ac
n
e

pa
rt
ic
ip
at
ed

.

T
o
co
m
pa

re
th
e
cl
in
ic
al

an
d
h
or
m
on

al
pr
of
il
e
of

fe
m
al
e
ac
n
e.

C
li
n
ic
al

fe
at
u
re
s
of

h
yp

er
an

dr
og
en

is
m

w
er
e
fo
u
n
d

in
71
.6
%

of
th
e
su
bj
ec
ts
.

B
io
ch

em
ic
al

h
yp

er
an

dr
og
en

is
m

w
as

fo
u
n
d
in

on
ly

18
.3
%

of
th
e

su
bj
ec
ts
.

2b

Sh
re
st
h
a
20
18

[2
4]

C
ro
ss
‐s
ec
ti
on

al
st
u
dy

N
ep

al
A

to
ta
l
of

78
w
om

en
ag
ed

ov
er

25
su
ff
er
in
g
fr
om

ac
n
e

pa
rt
ic
ip
at
ed

in
th
e
st
u
dy

T
o
ex
am

in
e
th
e
co
n
n
ec
ti
on

be
tw

ee
n
ac
n
e
an

d
h
or
m
on

al
fa
ct
or
s
an

d
li
pi
d

pr
of
il
e.

H
yp

er
an

dr
og
en

is
m

w
as

fo
u
n
d
in

17
.9
%

of
th
e
pa

rt
ic
ip
an

ts
,

ab
n
or
m
al

T
SH

va
lu
es

in
15
.4
%
,

h
ig
h
C
‐p
ep

ti
de

le
ve
ls

in
10
.3
%
,

el
ev
at
ed

to
ta
l
ch

ol
es
te
ro
l
in

7.
6%

,e
le
va
te
d
L
D
L
in

3.
8%

,h
ig
h

2b

(C
on

ti
n
u
es
)
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T
A
B
L
E
1

|
(C

on
ti
n
u
ed

)

F
ir
st

au
th

or
,
ye

ar
(r
ef
er
en

ce
)

E
p
id
em

io
lo
gi
ca

l
d
es
ig
n

C
ou

n
tr
y

R
es
ea

rc
h
m
at
er
ia
l

P
u
rp

os
e
of

th
e
tr
ia
l

R
el
ev

an
t
re
su

lt
s

C
E
B
M

le
ve

l
of

ev
id
en

ce

tr
ig
ly
ce
ri
de

s
in

3.
8%

,
an

d
de

cr
ea
se
d
H
D
L
in

10
.2
%
.

Z
h
an

g
et

al
.

20
22

[2
1]

C
ro
ss
‐s
ec
ti
on

al
st
u
dy

C
h
in
a

69
3
ac
n
e
pa

ti
en

ts
be
tw

ee
n

th
e
ag
es

of
20

an
d
30

pa
rt
ic
ip
at
ed

.
W
om

en
ac
co
u
n
te
d
fo
r
81
.5
%

of
th
e

su
bj
ec
ts
.

T
o
de

te
rm

in
e
th
e
li
n
k

be
tw

ee
n
ge
n
de

r
h
or
m
on

es
an

d
th
e
se
ve
ri
ty

of
ac
n
e.

T
h
e
te
st
os
te
ro
n
e
le
ve
ls

of
ac
n
e

pa
ti
en

ts
di
d
n
ot

di
ff
er

fr
om

th
os
e

of
th
e
co
n
tr
ol
s.
A
s
th
e
le
ve
ls

of
es
tr
ad

io
l
an

d
pr
og
es
te
ro
n
e

de
cr
ea
se
d
in

w
om

en
,
th
ei
r
ac
n
e

w
or
se
n
ed

.
A
n
in
cr
ea
se

in
F
SH

al
le
vi
at
ed

th
e
ac
n
e,

an
d
an

in
cr
ea
se

in
th
e
ra
ti
o
of

an
dr
og
en

to
es
tr
og
en

ag
gr
av
at
ed

th
e
ac
n
e.

2b

G
en

et
ic

fa
ct
or
s

A
yd

in
go
z
et

al
.

20
21

[2
9]

C
as
e‐
co
n
tr
ol

st
u
dy

—
15
6
m
en

an
d
w
om

en
su
ff
er
in
g
fr
om

ac
n
e.

T
h
e

co
n
tr
ol

gr
ou

p
in
cl
u
de

d
15
4

co
n
tr
ol
s
of

a
su
it
ab

le
fo
r
ag
e

an
d
ge
n
de

r.

T
o
ex
am

in
e
th
e
ro
le

of
E
G
F
R
an

d
E
G
F
vo
lu
m
e,

ex
pr
es
si
on

an
d
E
G
F
R
ge
n
e

po
ly
m
or
ph

is
m

in
ac
n
e

pa
th
og
en

es
is
.

N
on

e
of

th
e
di
ff
er
en

t
al
le
le

fo
rm

s
of

E
G
F
R
pr
es
en

te
d
a

gr
ea
te
r
ri
sk

of
de

ve
lo
pi
n
g
ac
n
e

ov
er

th
e
ot
h
er
s.

3b

E
l‐B

ea
h
et

al
.

20
22

[2
8]

C
as
e‐
co
n
tr
ol

st
u
dy

E
gy
pt

A
to
ta
l
of

11
8
m
en

an
d

w
om

en
ag
ed

19
–2
4

su
ff
er
in
g
fr
om

ac
n
e.

W
om

en
ac
co
u
n
te
d
fo
r

84
.7
%

of
th
e
su
bj
ec
ts
.
T
h
e

co
n
tr
ol

gr
ou

p
in
cl
u
de

d
12
0

co
n
tr
ol
s
of

a
su
it
ab

le
ag
e

an
d
ge
n
de

r.

T
o
de

te
rm

in
e
th
e

co
n
n
ec
ti
on

of
su
rv
iv
in

ge
n
e

po
ly
m
or
ph

is
m

(C
/G

)
on

th
e
de

ve
lo
pm

en
t
of

ac
n
e.

A
cn

e
pa

ti
en

ts
h
ad

si
gn

if
ic
an

tl
y

h
ig
h
er

le
ve
ls

of
Su

rv
iv
in

th
an

h
ea
lt
h
y
co
n
tr
ol
s.
T
h
os
e
w
it
h
th
e

C
al
le
le

w
er
e
1.
6
ti
m
es

m
or
e

li
ke

ly
to

de
ve
lo
p
ac
n
e
th
an

th
os
e

w
it
h
th
e
G

al
le
le
.
T
h
e
C
/C

ge
n
ot
yp

e
w
as

al
so

fo
u
n
d
w
it
h
fa
r

gr
ea
te
r
fr
eq
u
en

cy
in

ac
n
e

pa
ti
en

ts
th
an

in
th
e
co
n
tr
ol
s.

3b

Se
ve
ra
l
di
ff
er
en

t
va

ri
ab

le
s

K
am

in
sk
y
et

al
.

20
19

[2
5]

C
ro
ss
‐s
ec
ti
on

al
st
u
dy

L
at
in

A
m
er
ic
a
an

d
Ib
er
ia
n

P
en

in
su
la

13
84

m
en

an
d
w
om

en
ag
ed

25
–6
0
su
ff
er
in
g
fr
om

ac
n
e

pa
rt
ic
ip
at
ed

in
th
e
st
u
dy

.
W
om

en
ac
co
u
n
te
d
fo
r
80
%

of
th
e
su
bj
ec
ts
.

T
o
ex
am

in
e
th
e
li
n
k

be
tw

ee
n
de

m
og
ra
ph

ic
,

bi
ol
og
ic
al
,
so
ci
al

an
d

en
vi
ro
n
m
en

ta
l
fa
ct
or
s
an

d
ad

u
lt
ac
n
e.

59
.8
%

of
th
os
e
w
it
h
ac
n
e
h
ad

a
h
is
to
ry

of
ac
n
e
in

th
ei
r
fa
m
il
y.

Sy
m
pt
om

s
of

h
yp

er
an

dr
og
en

is
m

pr
es
en

te
d
in

pe
op

le
w
it
h
se
ve
re

ac
n
e
m
or
e
fr
eq
u
en

tl
y
th
an

in
ot
h
er
s.
61
.5
%

fe
lt
th
at

th
er
e
w
as

a
li
n
k
be
tw

ee
n
st
re
ss

an
d
th
e

de
ve
lo
pm

en
t
of

ac
n
e.

2b

(C
on

ti
n
u
es
)
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F
ir
st

au
th

or
,
ye

ar
(r
ef
er
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ce
)

E
p
id
em

io
lo
gi
ca

l
d
es
ig
n

C
ou

n
tr
y

R
es
ea

rc
h
m
at
er
ia
l

P
u
rp

os
e
of

th
e
tr
ia
l

R
el
ev

an
t
re
su

lt
s

C
E
B
M

le
ve

l
of

ev
id
en

ce

K
oz
ło
w
sk
i
et

al
.

20
23

[2
7]

C
as
e‐
co
n
tr
ol

st
u
dy

P
ol
an

d
A

to
ta
l
of

16
8
w
om

en
ag
ed

18
–3
1
su
ff
er
in
g
fr
om

ac
n
e

pa
rt
ic
ip
at
ed

.
T
h
e
co
n
tr
ol

gr
ou

p
in
cl
u
de

d
69

co
n
tr
ol
s

of
a
su
it
ab

le
ag
e
an

d
ge
n
de

r.

T
o
de

te
rm

in
e
th
e
li
n
k

be
tw

ee
n
se
le
ct
ed

m
et
ab

ol
ic

an
d
n
u
tr
it
io
n
al

pa
ra
m
et
er
s

an
d
ac
n
e.

Se
ru
m

ch
ol
es
te
ro
l,
in
su
li
n
an

d
H
D
L
le
ve
ls

h
ad

de
cr
ea
se
d

si
gn

if
ic
an

tl
y
co
m
pa

re
d
to

th
e

co
n
tr
ol
s.
T
h
e
H
O
M
A
‐IR

in
de

x
h
ad

si
gn

if
ic
an

tl
y
in
cr
ea
se
d
in

ac
n
e
pa

ti
en

ts
.
T
h
e
co
n
su
m
pt
io
n

of
sw

ee
ts

w
as

li
n
ke

d
to

th
e

se
ve
ri
ty

of
ac
n
e.

3b

K
u
tl
u
et

al
.2
02
3
[5
]

C
as
e‐
co
n
tr
ol

st
u
dy

T
u
rk
ey

10
66

ac
n
e
pa

ti
en

ts
fr
om

25
to

65
ye
ar
s
of

ag
e.

W
om

en
ac
co
u
n
te
d
fo
r
89
%

of
th
e

pa
ti
en

ts
.
T
h
e
co
n
tr
ol

gr
ou

p
al
so

in
cl
u
de

d
96
0
co
n
tr
ol
s

of
a
su
it
ab

le
ag
e
an

d
ge
n
de

r.

T
o
ex
am

in
e
th
e
m
ed

ic
al

h
is
to
ry
,
h
er
ed

it
ar
y

te
n
de

n
cy
,
an

d
al
co
h
ol
,

to
ba

cc
o
an

d
n
u
tr
it
io
n
al

fa
ct
or
s
of

ac
n
e
pa

ti
en

t.

H
yp

er
an

dr
og
en

ic
fe
at
u
re
s
w
er
e

fo
u
n
d
in

28
%

of
th
e
ac
n
e

pa
ti
en

ts
,
w
h
ic
h
w
as

a
st
at
is
ti
ca
lly

si
gn

if
ic
an

t
di
ff
er
en

ce
co
m
pa

re
d
to

th
e
co
n
tr
ol
s.
M
or
e

th
an

h
al
f
of

ac
n
e
pa

ti
en

ts
as
so
ci
at
ed

ph
as
es

of
ex
ac
er
ba

ti
on

w
it
h
st
re
ss
fu
l
li
fe

si
tu
at
io
n
s.
T
h
os
e
w
it
h
ad

u
lt
ac
n
e

h
ad

ac
n
e
in

th
ei
r
im

m
ed

ia
te

ci
rc
le

ab
ou

t
tw

o
ti
m
es

m
or
e

of
te
n
th
an

th
e
co
n
tr
ol
s.
T
h
e

co
n
su
m
pt
io
n
of

h
ig
h
gl
yc
em

ic
fo
od

s
w
as

st
at
is
ti
ca
lly

m
or
e

co
m
m
on

in
th
e
ac
n
e
gr
ou

p.

3b

Sh
ah

et
al
.

20
21

[2
3]

C
ro
ss
‐s
ec
ti
on

al
st
u
dy

—
A

to
ta
l
of

18
0
m
en

an
d

w
om

en
ov
er

25
ye
ar
s
of

ag
e

pa
rt
ic
ip
at
ed

in
th
e
st
u
dy

.
81
.7
%

of
th
e
pa

rt
ic
ip
an

ts
w
er
e
w
om

en
.

T
o
as
se
ss

th
e
pr
ev
al
en

ce
of

ac
n
e
in

th
e
ad

u
lt

po
pu

la
ti
on

an
d
id
en

ti
fy

po
te
n
ti
al

fa
ct
or
s
th
at

ca
u
se

or
ag
gr
av
at
e
ac
n
e.

O
f
th
e
ac
n
e
pa

ti
en

ts
,
23
.9
%

re
po

rt
ed

su
ff
er
in
g
fr
om

ch
ro
n
ic

st
re
ss
,
62
.8
%

h
ad

ac
n
e
in

th
ei
r

im
m
ed

ia
te

fa
m
il
y,

42
%

sa
id

th
ey

co
n
su
m
ed

h
ig
h
gl
yc
em

ic
fo
od

,
61
.9
%

fe
lt
th
at

th
ei
r
ac
n
e
gr
ew

w
or
se

be
fo
re

m
en

st
ru
at
io
n
,

16
.3
%
re
po

rt
ed

h
av
in
g
h
ir
su
ti
sm

,
an

d
5.
5%

re
po

rt
ed

su
ff
er
in
g
fr
om

an
dr
og
en

ic
h
ai
r
lo
ss
.

2b

N
ot
e:
C
E
B
M
,C

en
te
r
fo
r
E
vi
de

n
ce
‐B
as
ed

M
ed

ic
in
e.
1a
:E

vi
de

n
ce

ob
ta
in
ed

of
sy
st
em

at
ic
re
vi
ew

s
or

m
et
a‐
an

al
ys
is
of

ra
n
do

m
iz
ed

co
n
tr
ol

tr
ia
ls
;1

b:
E
vi
de

n
ce

ob
ta
in
ed

fr
om

in
di
vi
du

al
ra
n
do

m
iz
ed

co
n
tr
ol

tr
ia
ls
;2

a:
E
vi
de

n
ce

ob
ta
in
ed

fr
om

sy
st
em

at
ic

re
vi
ew

s
or

m
et
a‐
an

al
ys
is

of
co
h
or
t
st
u
di
es
;
2b

:
O
bt
ai
n
ed

fr
om

in
di
vi
du

al
co
h
or
t
st
u
di
es
;
3a
:
O
bt
ai
n
ed
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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 D‐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 D‐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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