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ABSTRACT

Aim: To provide a comprehensive review of acne pathogenesis and data regarding inositol efficacy in targeting IGF-1 pathway and decreasing IGF-1 levels and
find pathophysiological substantiation (rationale, reasoning) of inositol therapy feasibility in acne treatment.

Materials and Methods: Search of literature was performed on PubMed, Scopus, ResearchGate to identify scientific publications that aimed to research the role
of inositol in acne and IGF-11in acne pathogenesis and treatment and were published between 1999 and 2024 yielding information about possible therapeutic
approach targeting IGF-1induced increased sebum production. Peer-reviewed full-text articles, systematic reviews and evidence-based guidelines were included.
Conclusions: We provided a comprehensive review of acne pathogenesis and data regarding inositol efficacy in targeting IGF-1 pathway.
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INTRODUCTION

Acne is a chronic, inflammatory disease of the pilose-
baceous unit. According to one of the most influential
epidemiological studies, The Global Burden of Disease
Study, itis known that acne is the eighth most common
disease in the world with a total prevalence (for all age
groups) of 9.38% [1]. As we know from the literature,
the pathogenesis of acne is explained by four key fac-
tors: excess production of sebum, hyperproliferation of
bacteria Cutibacterium acnes (C. acnes, formerly called
Propionibacterium acnes), hyperkeratinization of the
sebaceous follicle, and inflammatory mechanisms [2].
Excessive sebum production occurs due to increased ac-
tivity of androgenic hormones and insulin-like growth
factor 1 (IGF-1) [2]. Most textbooks describe acne as a
hormone- dependent dermatosis [3]. Without a doubt,
the participation of male sex hormones is an import-
ant link in the pathogenesis of acne. However, serum
androgen levels increase during puberty and may
remain high for decades, whereas acne physiologically
resolves spontaneously after puberty. From the paper of
Deplewski and Roseneld itis known that it is not serum
androgens, but the level of IGF-1 that correlates with
the clinical manifestation of acne. After all, the peak
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incidence usually falls on the teenage period, when
the level of insulin-like growth factor - 1 in the blood
serum reaches its maximum. This happens during a
growth spurt [4]. After the culmination of puberty, the
level of Somatomedin-C (IGF-1), the main hormone of
puberty, is known to decrease continuously [5]. There
are scientific publications that confirm that the increase
in the level of IGF-1 in addition to androgens correlates
with worsening of acne in adult men and women [6].
There is increasing evidence that interactions between
growth hormone, insulin, and IGF-1 signaling during
puberty may play a causative role in acne pathogenesis
by influencing adrenal and gonadal androgen metabo-
lism [7]. This opinion is also supported by the fact that
acne is absentin adolescents with Laron syndrome and
in people with a hereditary predisposition to dwarfism
resulting from congenital deficiency of IGF-1 due to
growth hormone receptor (GHR) mutations. Conversely,
in some patients, the development of acne is observed
against the background of treatment with insulin-like
growth factor (IGF-1) drugs. And also regresses when
IGF-1 dosage is reduced or stopped. [2] This data can
imply that new therapeutic strategies that target IGF-1
levels may be implied in acne treatment.
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AIM

We aimed to provide a comprehensive review of acne
pathogenesis and data regarding inositol efficacy in tar-
geting IGF-1 pathway and decreasing IGF-1 levels and
find pathophysiological substantiation (rationale, rea-
soning) of inositol therapy feasibility in acne treatment.

MATERIALS AND METHODS

Search of literature was performed on PubMed, Sco-
pus, ResearchGate to identify scientific publications
that aimed to research the role of inositol in acne and
IGF-1 in acne pathogenesis and treatment and were
published between 1999 and 2024 yielding information
about possible therapeutic approach targeting IGF-1 in-
duced increased sebum production. Peer-reviewed full-
text articles, systematic reviews and evidence-based
guidelines were included.

ETHICS
All sources used in this literature review are publicly
available.

REVIEW AND DISCUSSION

Growth hormone and IGF-1 are important components
of epidermal homeostasis Somatotropin is produced
by the adenohypophysis. It binds to growth hormone
receptors (GHR), which are expressed on most periph-
eral cells of the body. Somatotropic hormone induces
hepatic synthesis and secretion of IGF-1 [8]. Somatotro-
pin, insulin and insulin-like growth factor-1 have a clear
effect on the growth and differentiation of sebocytes
[4]. According to the literature, it is known that IGF-1
signaling is a central endocrine pathway of puberty and
is a key mechanism through which nutrition influences
the development of acne [2], which is closely associated
with the Western diet [9].

Three main components of the Western diet have
been identified as driving forces in the pathogenesis of
acne: 1) hyperglycemic carbohydrates (high glycemic
load); 2) insulinotropic milk/ dairy products, which pro-
mote secretion insulin/insulin-like growth factor (IGF)-1;
3) saturated fats, including trans fats and a deficiency
of polyunsaturated fatty acids [5].

Epidemiological and clinical data evidence confirms
that milk and other insulinotropic dairy products have
an acne-promoting or acne-aggravating effect. Also,
according to data from placebo- controlled studies, it is
known that diets with a high glycemicload can exacer-
bate acne, increase levels of free IGF-1 in blood serum
and stimulation of postprandial hyperinsulinemia [5].
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INSULIN-IGF-1 PATHWAY AND ACNE

As it was mentioned before growth hormone and
Western diet induce production of insulin and IGF-I in
the liver and many other target tissues. Which, in turn,
on the one hand activates the excess production of
sebum, and on the other - androgens, which stimulate
abnormal keratinization of the sebaceous glands. As a
result, all these processes lead to the development of
acne [5,8,9]. For a better understanding of all links of
pathogenesis, let’s take a closer look at the processes
that occur after the activation of the insulin-insulin-like
growth factor pathway. Insulin and IGF-1 activate insu-
lin and insulin-like growth factor receptors [5]. These
receptors by their structure are very similar to the
insulin receptor, as it is a member of the insulin gene
family. However, it is known that functionally they have
differences: insulin plays a more metabolic role and
IGF-I is more involved in cell growth [8]. In this way, it
is a possible explanation of the adjacent overlapping
of signal transduction between receptors.

Stimulation of insulin receptors and insulin-like
growth factor receptors promotes cell growth and
proliferation through activation of the phosphoinosi-
tol-3-kinase (PI3K)—protein kinase B (AKT) signaling
cascade [5]. Activation of the PI3K/Akt cascade affects
the regulation of FoxO1 and its nuclear export by insu-
lin, insulin-like growth factor-1 (IGF-1). In the end this
process has impact on the transcriptional activity of
key target genes and nuclear receptors involved in the
pathogenesis of acne [10].

IGF-1 downregulates FoxO1 and activates mTORCI.
According to the literature, insulin-like growth factor-1
is known to reduce the nuclear levels of the Fork head
box class O transcription factor 1 (FoxO1) and lead to the
activation of the mammalian target of rapamycin com-
plex 1 (mTORC1) [2] FoxO1 modulates the expression of
genesinvolved in cell cycle control, DNA damage repair,
apoptosis, oxidative stress, cell differentiation, glucose
and lipid metabolism, inflammation, and innate and
adaptive immune functions. FoxO1 is expressed in all
mammalian tissues, including human sebaceous glands
[11]. The main way of regulating FoxO1 transcription
factors is their transport either to the nucleus or to the
cytosol. Inhibition of FoxO1 occurs through its export
from the nucleus to the cytoplasm. As it was mentioned
before, insulin and insulin-like growth factor by specific
phosphorylation of FoxO1 due to the activation of Akt
kinase initiates its nuclear export. This process leads
to the activation of the mammalian target of rapamy-
cin complex 1 (mTORC1) [10]. This protein complex is
involved in cell proliferation and metabolism. In acne,
mTORC1 mediates sebaceous gland hyperproliferation,
lipid synthesis, and keratinocyte hyperplasia [12]. Insu-
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lin-like growth factor-1 also increases androgen levels,
which in turn increases endogenous IGF-1, creating a
positive feedback loop that increases lipogenesis [2].

IGF-1 AND INFUNDIBULAR KERATINOCYTES
LOCAL PROLIFERATION

IGF-1 possesses the stimulatory effects on sebofollic-
ular androgen signaling, by regulatory mechanisms
that enhance androgen receptor (AR) transcriptional
activity [13]. AR activate the expression of genes which
are responsible for androgen-dependent growth and
proliferation. For initiation of this nuclear transcription
factors require two major aspects: 1) binding of its
hormonal ligand (androgen) and 2) depression of its
inhibitory nuclear coregulator FoxO1. Activation of
AR depends on how it is related to androgen binding.
Dihydrotestosterone (DHT), which is ten times more
active than testosterone, has the highest ability to bind
with AR. IGF-1 is also known to be a powerful inductor
of the production of gonadal testosterone and adrenal
dehydroepiandrosterone (DHEA) and also promotes
the conversion of testosterone to DHT in the skin by
increasing the activity of 5a-reductase [5,13].

IGF-1 AND LIPOGENESIS IN SEBACEOUS
GLANDS

IGF-1 plays a key role in the lipogenesis of sebaceous
glands. According to research it is known that, the level
of concentration of IGF-I, has effect on increase in the
accumulation of lipids in the sebocyte [14]. Signaling
pathway of IGF-1/PI3K/AKT affects four key lipogenic
transcription factors: the AR, peroxisome prolifera-
tor-activated receptor-y (PPARYy), liver X receptor-a
(LXRa), and sterol response element binding protein-1c
(SREBP-1c). They are negatively regulated by FoxO1 [5,
13, 15]. Thus, activation of the insulin/IGF-1 pathway
reduces nuclear FoxO1 and derepresses all major tran-
scription factors of sebaceous gland lipogenesis [5].
High levels of IGF-1 induced by glycemic load result
in both increased sebum production in sebocytes
and upregulation of inflammatory cytokines such as
IL-1B, IL-6, IL-8 and tumor necrosis factor (TNF)-a [25].
Besides, there is a positive correlation between serum
IGF-1 levels and amount of facial sebum excretion [26].

NEW TRAJECTORIES IN THE TREATMENT

OF ACNE

The treatment of acne is regulated by the European
guidelines for local and systemic therapy. At the mo-
ment, oral isotretinoin is the most effective drug for

acne treatment. It reduces sebum secretion in humans
through sebocyte-mediated apoptosis. However,
isotretinoin is associated with the risk of teratogenicity
and other serious side effects. It is also possible to use
antiandrogens in women without contraindications as
an alternative method of treatment [16]. Thus, there
is a need to develop alternative methods to suppress
sebum production with fewer side effects. Therefore,
according to modern scientists, several key develop-
ment trajectories have been outlined:

+ Medicines that increase insulin sensitivity (insulin
sensitizers) such as MYO and D-Chiro- inositol (DCI)

« Probiotics are an important component in the com-
plex treatment of acne and correction dysbiosis

« Transition from symptom control to a holistic pa-
tient-centered approach and stress control are further
directions for future acne treatments [17]

INOSITOL AND ACNE

In the literature there is increasing information about
the relationship between acne and insulin resistance
[18,19]. Both pathologies have shared signaling path-
ways of mammalian target of rapamycin complex
1(mTORC1) and insulin-like growth factor-1 (IGF-1).
Insulinemia, hyperandrogenism and elevated levels of
insulin-like growth factor are important components
in the development of the pathogenesis of acne [20].
Increased insulin levels can stimulate IGF-1 receptors
boost, which leads to the proliferation and dysfunction
of keratinocytes. On the other hand, hypersecretion
of IGF-1 can produce abnormal production of sebum,
hyperproliferation of sebocytes, and lipogenesis [1].
Also, insulin and insulin-like growth factor activate the
androgen signaling pathway, and as a result - increase
level of androgens. [2,6].

The results of the review of modern literature gave
an understanding that inositol is a new player in the
complex treatment of mild acne [21-23]. Chemically it
can be characterized as hexahydroxycyclohexane and
belongs to vitamin B group. Epimerization of the six
hydroxyl groups leads to the formation of nine stereo-
isomers, including myo - (MYO) and D-chiro-inositol
(DCI). [24] This vitamin-like substance mediates cellular
signal transmission in response to various hormones,
neurotransmitters, and growth factors [25]. It has been
reported that an alteration of inositol levels plays a piv-
otal role in the pathogenesis of some metabolic diseas-
es, such as metabolic syndrome (MetS), type 2 diabetes
mellitus (T2D), and polycystic ovary syndrome (PCOS),
which are conditions all related to altered insulin sensi-
tivity it has been reported that an alteration of inositol
levels plays a pivotal role in the pathogenesis of some
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metabolic diseases, such as metabolic syndrome (MetS),
type 2 diabetes mellitus (T2D), and polycystic ovary
syndrome (PCOS), which are conditions all related to al-
tered insulin sensitivity Both myo-and D-chiro-inositol
can regulate insulin signal transduction by increasing its
sensitivity and improving glucose metabolism. Inositol
was also examined in patients with glucose intolerance,
given its properties as an insulin-sensitizer and second
messenger, thus exerting an insulin-like effect on as an
insulin-sensitizer and second messenger, thus exerting
an insulin-like effect on metabolic enzymes [27]. In
type-1 diabetes (T1D), inositol was tested to replace
metformin metabolic enzymes [27]. For this reason,
inositol can be used as a complementary therapy for
improving the cellular response to metabolic cascades

following the binding of insulin to its receptor, specif-
ically be reducing insulin resistance and improving
glucose metabolism [6].

CONCLUSIONS

Recent studies have shown thatinositol treatmentimproves
tissue sensitivity to insulin and reduces circulating androgen
levels. As a result, inositol preparations contribute to the
reduction of manifestations of skin diseases in hyperan-
drogenic conditions; reduce the rate of hirsutism and acne
manifestations. Inositol may be beneficial in treating female
patients with acne as an adjunct therapy. Short-term treat-
ments with low dosages of d-chiro-Ins, on the other hand, can
be considered safe in man with normal testosterone levels.

REFERENCES

1. Heng AHS, Chew FT. Systematic review of the epidemiology of acne vulgaris. Sci Rep. 2020;10(1):5754. doi:10.1038/541598-020-62715-

3. Dole

2. Baldwin H, Tan J. Effects of diet on acne and its response to treatment. Am J Clin Dermatol. 2020;21(5):701-712. doi:10.1007/s40257-

020-00542-0. “poi

3. Pulatova SKh. Hormonal changes and their impact on acne development: what teenagers and adults need to know. Tashkent Pediatric

Medical Institute. 2024.

4. Deplewski D, Rosenfield RL. Growth hormone and insulin-like growth factors have different effects on sebaceous cell growth and
differentiation. Endocrinology. 1999;140(9):4089—4094. doi: 10.1210/endo.140.9.6957. (boi&
5. Melnik B C. Linking diet to acne metabolomics, inflammation, and comedogenesis. Clin Cosmet Investig Dermatol. 2015;8:371-388.

doi: 10.2147/CCID.S69135. ¢boie

6. Cappel M, Mauger D, Thiboutot D. Correlation between serum levels of insulin-like growth factor-1, dehydroepiandrosterone sulfate, and
dihydrotestosterone and acne lesion counts in adult women. Arch Dermatol. 2005;141(3):333-338. doi: 10.1001/archderm.141.3.333. ¢bol

7. Agamia NF, Abdallah DM, Sorour O et al Skin expression of mammalian target of rapamycin and forkhead box transcription factor 01, and
serum insulin-like growth factor-11in patients with acne vulgaris and their relationship with diet. Br J Dermatol. 2016;174(6):1299—1307.

doi:10.1111/bjd.14409, (o1

8. Olarescu NC, Gunawardane K, Hansen TK et al. Normal physiology of growth hormone in adults. Endotext. South Dartmouth (MA):

MDText.com. 2019.

9. Meixiong J, Ricco (, Vasavda C, Ho BK. Diet and acne: a systematic review. JAAD Int. 2022;7:95-112. doi:10.1016/j.jdin.2022.02.012.

Dol

10. Melnik BC. Fox01: key regulator of the pathogenesis and therapy of acne. J Dtsch Dermatol Ges. 2010;8(2):105—114. d0i:10.1111/j.1610-

0387.2010.07344.x. <bol&

11. Huang H, Tindall DJ. Dynamic FoxO transcription factors. J Cell Sci. 2007;120(15):2479—2487. doi: 10.1242/jcs.001222. (boi&
12. Melnik B. Dietary intervention in acne: attenuation of increased mTORC1 signaling promoted by Western diet. Dermatoendocrinol.

2012;4(1):20-32. d0i:10.4161/derm.19828. (pol&

13. LaiJJ, Chang P, Lai KP et al. The role of androgen and androgen receptor in skin-related disorders. Arch Dermatol Res. 2012;304(7):499-510.

doi: 10.1007/500403-012-1265-x. (Dor&

14. Smith TM, Cong Z, Gilliland KL et al. Insulin-like growth factor-1 induces lipid production in human SEB-1 sebocytes via sterol response
element-binding protein-1. J Invest Dermatol. 2006;126(6):1226—1232. doi: 10.1038/sj.jid.5700278. (pol&

15. FanW, YanaseT, Morinaga H et al. Insulin-like growth factor-1/insulin signaling activates androgen signaling through direct interactions
of Fox01 with androgen receptor. J Biol Chem. 2007;282(10):7329—-7338. doi: 10.1074/jbc.M610447200. <pol

16. Nast A, Dréno B, Bettoli V et al. European evidence-based (S3) guideline for the treatment of acne — update 2016 — short version. J Eur
Acad Dermatol Venereol. 2016;30(8):1261—1268. doi: 10.1111/jdv.13776. (bol&

17. Dessinioti C, Dréno B. Acne treatments: future trajectories. Clin Exp Dermatol. 2020;45(8):955-961. d0i:10.1111/ced.14239. (boi&

18. Napolitano M, Megna M, Monfrecola G. Insulin resistance and skin diseases. ScientificWorldJournal. 2015:2015:479354. doi:

10.1155/2015/479354. (poi&

1084


http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/

Igf-1 in acne pathogenesis and inositol as possible adjuvant treatment of acne

19.

20.

21.

22.

23.

24,

25.

26.

2].
28.

Hasrat NH, Al-Yassen AQ. The relationship between acne vulgaris and insulin resistance. Cureus. 2023;15(1):e34241. doi: 10.7759/

cureus.34241. ool

Melnik BC. Acne vulgaris: the metabolic syndrome of the pilosebaceous follicle. Clin Dermatol. 2018;36(1):29-40. doi: 10.1016/j.

clindermatol.2017.09.006. “ol&

Zacche MM, Caputo L, De Filippis S et al. Efficacy of myo-inositol in the treatment of cutaneous disorders in young women with polycystic

ovary syndrome. Gynecol Endocrinol. 2009;25(8):508—513. doi: 10.1080/09513590903015544. (ol &

AdvaniK, Batra M, Tajpuriya S et al. Efficacy of combination therapy of inositols, antioxidants and vitamins in obese and non-obese women

with polycystic ovary syndrome: an observational study. J Obstet Gynaecol. 2020;40(1):96—101. doi: 10.1080/01443615.2019.1604644.
DOl &

Fruzzetti F, Perini D, Russo M et al. Comparison of two insulin sensitizers, metformin and myo-inositol, in women with polycystic ovary

syndrome (PCOS). Gynecol Endocrinol. 2017;33(1):39—-42. doi: 10.1080/09513590.2016.1236078. (poi&

Genazzani AD. Inositol as putative integrative treatment for PCOS. Reprod Biomed Online. 2016;33(6):770-780.doi:10.1016/j.

rbmo.2016.08.024.

Kim H, Moon SY, Sohn MY, Lee W). Insulin-like growth factor-1 increases the expression of inflammatory biomarkers and sebum production

in cultured sebocytes. Ann Dermatol. 2017;29(1):20—25. doi:10.5021/ad.2017.29.1.20. boi&

Vora S, Ovhal A, Jerajani H et al. Correlation of facial sebum to serum insulin-like growth factor-1in patients with acne. Br J Dermatol.

2008;159(4):990-991. d0i:10.1111/}.1365-2133.2008.08764.x. Dol

Maurizi AR, Menduni M, Del Toro R

et al. A pilot study of D-chiro-inositol plus folic acid in overweight patients with type 1 diabetes. Acta Diabetol. 2017;54(4):361-365.

doi:10.1007/500592-016-0954-x. (bol&

CONFLICT OF INTEREST
The Authors declare no conflict of interest

CORRESPONDING AUTHOR

Roman R. Yaremkevych

Uzhhorod National University

3 Narodna Sg., 88000 Uzhhorod, Ukraine
e-mail: ryaremkevych@gmail.com

ORCID AND CONTRIBUTIONSHIP

Iryna Y. Smolanka: 0009-0005-6063-2936 A ® @ (& (F
Roman R. Yaremkevych: 0009-0008-8280-2635 A& @ @ (& (F
Pavlo Y. Lesyk: 0009-0006-4042-3798 & ® @ (E (F
Oleksandr P. Lozynskyi: 0009-0002-4443-273X & B @ (E (F

A —

Work conceptand design, ‘8- — Data collection and analysis, ‘¢ — Responsibility for statistical analysis, (o' — Writing the article, (€ — Critical review, (- — Final approval of the article

RECEIVED: 17.01.2026 0cl0)
ACCEPTED: 20.04.2026 m

1085


http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
mailto:r.yaremkevych@gmail.com
https://orcid.org/0009-0005-6063-2936
https://orcid.org/0009-0008-8280-2635

