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Summary

Background: To investigate blood levels and the impor-
tance of Mllerian Inhibiting Substance (MIS), insulin-like
growth factor 1 (IGF-1), insulin-like growth factor binding
protein 3 (IGFBP-3), and 25-hydroxyvitamin D S25(OH)DC
in patients with polycystic ovarian syndrome (PCOS).
Methods: The observation group consisted of 212 PCOS
patients who received treatment at this institution between
May 2022 and May 2024, while the control group consist-
ed of 212 healthy women who were physically examined at
the same hospital during the same time frame. The two
groups’ general information, serum 25(OH)D, MIS, IGF-1,
and IGFBP-3 levels, and sex hormones and glucose metab-
olism markers were compared. PCOS patients were divided
into the IR group and the non-IR group based on the pres-
ence of insulin resistance (IR). The levels of serum
25(OH)D, MIS, IGF-1, and IGFBP-3 were compared
between the two groups. The study examined the associa-
tions among the four markers and the homeostasis model
of insulin resistance index (HOMA-IR), as well as their sup-
plementary diagnostic utility for PCOS.

Results: The level of 25(OH)D in the observation group
was lower than that in the control group (P<0.05). Total
testosterone (TT), luteinising hormone (LH), estradiol (E2),
fasting insulin (FINS), fasting blood glucose (FBG), serum
MIS, IGF-1, IGFBP-3, HOMA-IR, and the average body
mass index were all greater in the observation group than
in the control group (P<0.05). The IR group’s 25(OH)D
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Kratak sadrzaj

Uvod: Cilj je bio da se ispitaju nivoi u krvi i zna¢aj Milerove
inhibirajuée supstance (MIS), insulinu sli¢nog faktora rasta
1 (IGF-1), proteina koji vezuje insulinu sli¢an faktor rasta 3
(IGFBP-3) i 25-hidroksivitamina D [25(OH)D] kod pacijen-
tkinja sa sindromom policisti¢nih jajnika (PCOS).

Metode: Posmatrana grupa je obuhvatala 212 pacijentkinja
sa PCOS koje su le¢ene u ovoj ustanovi u periodu od maja
2022. do maja 2024. godine, dok je kontrolna grupa
obuhvatala 212 zdravih zena koje su fizi¢ki pregledane u
istoj bolnici u istom periodu. Uporedeni su opsti podaci,
serum 25(0OH)D, MIS, IGF-1 i IGFBP-3, kao i polni hor-
moni i markeri metabolizma glukoze izmedu dve grupe.
Pacijentkinje sa PCOS su podeljene u IR grupu i ne-IR
grupu na osnovu prisustva insulinske rezistencije (IR).
Uporedeni su nivoi seruma 25(0OH)D, MIS, IGF-1 i IGFBP-
3 izmedu ove dve grupe. Takode, istrazene su korelacije
izmedu Cetiri markera i indeksa homeostaze insulinske
rezistencije (HOMA-IR), kao i njihova dopunska dijagnos-
ticka vrednost za PCOS.

Rezultati: Nivo 25(OH)D u posmatranoj grupi bio je nizi
nego u kontrolnoj grupi (P<0,05). Ukupni testosteron
(TT), luteiniziraju¢i hormon (LH), estradiol (E2), insulin
nataste (FINS), glukoza u krvi nataste (FBG), serum MIS,
IGF-1, IGFBP-3, HOMA-IR i prosedan indeks telesne mase
bili su veéi u posmatranoj grupi u odnosu na kontrolnu
grupu (P<0,05). Nivo 25(OH)D u IR grupi bio je nizi nego
u ne-IR grupi (P<0,05). Nivoi seruma MIS, IGF-1 i IGFBP-
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level was lower than the non-IR group’s (P<0.05). Serum
MIS, IGF-1, and IGFBP-3 levels were higher in the IR group
than in the non-IR group (P<0.05). The levels of serum
MIS, IGF-1 and IGFBP-3 in the observation group were
positively correlated with  HOMA-IR (r=0.659, 0.586,
0.565, P<0.05), and 25(OH)D was negatively correlated
with HOMA-IR (r=-0.548, P<0.05). The combined auxil-
iary diagnosis of PCOS by serum 25(0OH)D, MIS, IGF-1,
and IGFBP-3 had an area under the curve of 0.963,
according to the results of receiver operating characteristic
curve analysis, which was greater than that of the single
detection of each index (0.819, 0.864, 0.814, 0.799).
Conclusions: MIS, IGF-1, IGFBP-3, and serum 25(OH)D
levels are associated with the development and occurrence
of PCOS. The combined detection of these four indicators
has high auxiliary diagnostic value for PCOS and is con-
ducive to clinical prevention and treatment.

Keywords: polycystic ovary syndrome, 25-hydroxyvita-
min D, insulin-like growth factor 1, insulin-like growth fac-
tor binding protein 3, anti-Mullerian hormone

Introduction

Polycystic ovary syndrome (PCOS) has an inci-
dence rate of 5% to 15%, is characterised mainly by
excessive androgen levels, is accompanied by obesity
and insulin resistance (IR), and affects female ovula-
tion function and the conception rate (1-3). At pres-
ent, its pathogenesis is still unclear. High levels of
androgens, the environment, and family genetics may
all be related to PCOS (4). Recent studies (5-7) have
shown that a deficiency in 25-hydroxyvitamin
D[25(OH)D] is associated with sex hormone secre-
tion and glucose metabolism disorders in patients
with PCOS. The transforming factor  superfamily
includes Mullerian Inhibiting Substance (MIS). An
overabundance of MIS may impact dominant follicle
development. Insulin-like growth factor 1 (IGF-1) is a
vital regulatory component that helps regulate pro-
tein, lipid, and carbohydrate metabolism. It also has a
connection to follicular development and the produc-
tion of sex hormones (8-10). Insulin-like growth fac-
tor binding protein 3 is the main protein that regu-
lates islet growth factor (IGFBP-3). It can bind to
IGF-1, prolonging its half-life, and is associated with
the suppression of follicular development (11).

A prevalent endocrine condition in women with
a comparatively high incidence rate, polycystic ovari-
an syndrome (PCOS) is intimately linked to several
health issues, such as infertility, menstrual disorders,
and metabolic abnormalities (12). In recent years,
with increasing understanding of PCOS, research has
revealed that its aetiology is complex and involves
multiple factors, such as genetics, the environment
and hormone levels. A variety of serum biomarkers,
including 25(OH)D, MIS, IGF-1, and IGFBP-3, have
been proposed as potential diagnostic indicators of
PCOS (13). However, there is still some controversy
over their application value in the diagnosis of PCOS.
25(0OH)D, the main metabolite of vitamin D, is closely

3 bili su vii u IR grupi nego u ne-IR grupi (P<0,05). Nivoi
seruma MIS, IGF-1 i IGFBP-3 u posmatranoj grupi bili su
pozitivho povezani sa HOMA-IR (r=0,659, 0,586, 0,565,
P<0,05), dok je 25(OH)D bio negativno povezan sa
HOMA-IR (r=-0,548, P<0,05). Kombinovana dopunska
dijagnoza PCOS pomocu seruma 25(0OH)D, MIS, IGF-1 i
IGFBP-3 imala je povrsinu ispod krive (AUC) od 0,963, $to
je vise od pojedina¢ne detekcije svakog indeksa (0,819,
0,864, 0,814, 0,799).

Zakljuéak: Nivoi MIS, IGF-1, IGFBP-3 i serumski 25(OH)D
su povezani sa razvojem i pojavom PCOS. Kombinovana
detekcija ova Cetiri indikatora ima visoku dopunsku dijag-
nosti¢ku vrednost za PCOS i doprinosi klini¢koj prevenciji i
le¢enju.

Kljuéne reéi: sindrom policisti¢nih jajnika, 25-hidroksivi-
tamin D, insulinu sli¢an faktor rasta 1, protein koji vezuje
insulinu sli¢an faktor rasta 3, anti-Milerov hormon

associated with metabolic abnormalities and hormon-
al imbalances in PCOS (14). MIS, a marker of ovarian
function, usually increases in patients with PCOS.
IGF-1 and IGFBP-3 regulate growth factors and hor-
mones in the body and may play important roles in
the development and progression of PCOS (15).
Therefore, exploring the diagnostic value of these
biomarkers in PCOS is clinically significant. It not only
helps in early disease diagnosis but also provides a
theoretical basis for the formulation of individualised
treatment plans.

Our goal was to provide more precise diagnostic
techniques for clinical practice by further evaluating
the diagnostic potential of serum levels of 25(OH)D,
MIS, IGF-1, and IGFBP-3 in PCOS.

Materials and Methods
General information

212 PCOS patients who presented to our insti-
tution between May 2022 and May 2024 were select-
ed as the observation group.

Inclusion criteria: (1) Met the diagnostic criteria
for PCOS and (2) Did not receive treatment within 3
months before enroliment.

Exclusion criteria: (1) Severe organic damage to
the liver or kidneys exists; (2) Endocrine diseases not
caused by PCOS; (3) Recently taken drugs that affect
the levels of 25(OH)D, MIS, IGF-1 and IGFBP-3; (4)
some tumours secrete androgens; (5) Combined
acute and chronic infections. An additional 212
healthy women who visited our hospital for physicals
at that time were selected as the control group.
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Serum levels of 25(0OH)D, MIS, IGF-1 and
IGFBP-3

Early in the morning of the third to fifth day of
the menstrual cycle, 3 mL of fasting venous blood
was drawn from each of the two subject groups. The
enzyme-linked immunosorbent test was used to eval-
uate the levels of IGF-1, IGFBP-3, 25(OH)D, and
blood MIS (ELISA).

Sex hormones and glucose metabolism indica-
tors

An automatic electrochemiluminescence
immunoassay analyser was used to measure the
amounts of estradiol (E2), total testosterone (TT), folli-
cle-stimulating hormone (FSH), luteinising hormone
(LH), fasting insulin (FINS), and fasting blood glucose
(FBG) in the serum of the two subject groups. The for-
mula for calculating the homeostasis model insulin
resistance index (HOMA-IR) is HOMA-IR=FINS X
FBG/22.6. With a HOMA-IR score 3.8 as the diagnos-
tic criterion for IR, the observation group was divided
into two subgroups: the IR group (148 patients) and
the non-IR group (64 patients).

Laboratory testing methods

All fasting venous blood samples collected from
the research subjects in the early morning in this
study were left to stand at room temperature, then
centrifuged (3000 rpm for 10 minutes) to separate
the serum. The target serum markers were deter-
mined in strict accordance with the instructions of
each test item using a routine clinical detection plat-
form.

A chemiluminescence immunoassay (CLIA) was
used to measure the levels of anti-Mullerian hormone
(MIS) and blood 25-hydroxyvitamin D [25(OH)D],
among which the detection of 25(OH)D was carried
out via the Roche Cobas e601/e602 electrochemilu-
minescence immunoassay system and its matching
reagents from Roche Diagnostics, item no.
07092707 190; MIS detection was carried out via
the Beckman Coulter Access 2/Access Dxl 800 sys-
tem and the matching reagents (Manufacturer:
Beckman Coulter, item number: B13148). The con-
centrations of insulin-like growth factor-1 (IGF-1) and
its binding protein-3 (IGFBP-3) were determined via
enzyme-linked immunosorbent assay (ELISA). IGF-1
detection was performed with a DSL kit (Manu-
facturer: DSL/now under Beckman Coulter, item
number: 10-5600), and IGFBP-3 detection was per-
formed with a DSL kit (manufacturer: DSL/Beckman
Coulter, item number: 10-6600). All testing is carried
out under strict indoor quality control conditions and
performed by professional inspectors. The interpreta-
tion and recording of results are subject to a double-

person verification system to ensure the accuracy and
reliability of the testing data.

Statistical processing methods

SPSS 20.0 was used to analyse the data.
Measurement data that fit a normal distribution are
reported as x=s, and the t-test was used for all group
comparisons. The associations between serum
25(0OH)D, MIS, IGF-1, and IGFBP-3 levels and
HOMA-IR were examined using Pearson correlation
analysis. Serum 25(OH)D, MIS, IGF-1, and IGFBP-3
were evaluated for their auxiliary diagnostic efficacy in
the treatment of PCOS using receiver operating char-
acteristic (ROC) curves. A P value below 0.05 was
regarded as an indicator of statistical significance.

Results

Comparison of general characteristics between
the two groups

There was no statistically significant difference
in the average age between the observation group
(27.16=3.07 vyears) and the control group
(26.47 £3.29 years) (P>0.05). However, the average
BMI in the observation group (27.14+3.44 kg/m?)
was significantly greater than that in the control group
(23.64+4.15 kg/m?) (P<0.05).

The levels of serum 25(0H)D, MIS, IGF-1 and
IGFBP-3 in the two groups

Although the observation group’s serum
25(0OH)D level was lower than the control group’s,
their levels of serum MIS, IGF-1, and IGFBP-3 were
higher. The differences were statistically significant,
as demonstrated by P<0.05.

According to the subgroup analysis of PCOS
patients, the above differential characteristics of
insulin resistance (IR) patients were more significant:
the 25(OH)D level in the IR subgroup was consider-
ably lower than that in the non-IR subgroup, although
the levels of MIS, IGF-1 and IGFBP-3 were significant-
ly greater than those in the non-IR subgroup.
Correlation analysis further revealed that MIS, IGF-1
and IGFBP-3 were positively correlated with the
insulin  resistance index (HOMA-IR), whereas
25(0OH)D was negatively correlated with HOMA-IR
(Table 1).
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Table | Comparison of serum levels of 25 (OH) D, MIS, IGF-1, and IGFBP-3 between two groups (x=s).

Group n 25(0OH)D (g/L) MIS (ng/mL) IGF1 (g/L) IGFBP-3 (ng/L)

Observation group 212 28.96+5.37 8.15+1.69 271.25+52.23 63.59+8.48

Control group 212 40.72+6.58 3.55+104 202.35+49.67 51.25+10.59

t 9.996 16.763 6.899 6.585

P <0.001 <0.001 0.009 <0.001
Table Il Comparison of sex hormones and glucose metabolism indicators between the two groups (x=+s).

Group n (mt)s/t'nL) (mllJ_/HmL) (mecil/L) (nnE/L) (miqBj/L) (:lsl/su HOMA-IR

Observation group | 212 [5.98+1.41| 8.44+2.05 |157.39+34.22| 3.06=0.77 | 5.25+0.46 |15.44+3.15| 4.18+0.99

Control group 212 |6.25%x1.53| 3.56+1.15 |134.18+31.25| 1.34+0.39 | 4.52+0.47 | 6.06+1.28|2.04+0.45

t 0.94 14.908 3.616 14.685 8.047 20.118 13.854

P 0.37 <0.001 0.001 <0.001 <0.001 <0.001 <0.001

Table 11l Comparison of serum levels of 25 (OH) D, MIS, IGF-1, and IGFBP-3 between the IR group and non-IR group (x=s).

Group n 25(OHD (pg/L) MIS (ng/mL) IGF-1 (ng/mL) IGFBP-3 (ng/mL)
IR group 148 27.16x5.28 9.07+1.53 281.29+51.32 65.18+9.59
Non IR group 64 33.19+5.19 6.06+0.97 248.07+50.12 59.88+10.23
t 5.479 10.424 3.077 2.578

P <0.001 <0.001 0.003 0.011

Sex hormones and markers of glucose metabo-
lism between the two groups

The observation group’s levels of LH, E2, TT,
FBG, FINS, and HOMA-IR were all considerably high-
er than the control group’s (P<0.05). The two
groups’ FSH levels did not differ statistically signifi-
cantly (P>0.05).

Patients with polycystic ovary syndrome (PCOS)
exhibit characteristic changes in sex hormone profiles
and glucose metabolism homeostasis. The levels of
serum luteinising hormone (LH), estradiol (E2), and
total testosterone (TT) in the observation group were
significantly increased, indicating the typical patho-
logical features of hypothalamic pituitary ovarian axis
dysfunction and hyperandrogenemia. In terms of glu-
cose metabolism, fasting blood glucose (FBG), fast-
ing insulin (FINS), and the insulin resistance index
(HOMA-IR) are elevated simultaneously in patients

with PCOS, suggesting that their abnormal glucose
tolerance and insulin resistance are significantly more
severe than those of healthy individuals. Sex hormone
abnormalities and glucose metabolism disorders
showed a synchronous strengthening trend in the
observation group, reflecting the multiple endocrine
and metabolic imbalance characteristics of PCOS
patients (Table ).

Comparison of serum 25(0H)D, MIS, IGF-1 and
IGFBP-3 levels between the IR group and the
non-IR group

While the serum levels of MIS, IGF-1, and
IGFBP-3 were higher in the IR group than in the non-
IR group, the serum 25(OH)D level was lower in the
IR group. P<0.05 indicated that the differences were
statistically significant.
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Table IV Correlation analysis between serum 25 (OH) D, MIS, IGF-1, IGFBP-3 levels and HOMA-IR in the observation group.

HOMA-IR
Indicator
r P
25(OH)D -0.545 <0.001
MIS 0.659 <0.001
IGF-1 0.582 <0.001
IGFBP-3 0.567 <0.001

Table V Analysis of the auxiliary diagnostic value of serum 25 (OH) D, MIS, IGF-1, and IGFBP-3 in PCOS.

Indicator AUC P Truncated value | Sensitivity (%) | Specificity (%) 95% Cl

25(0OH)D 0.808 <0.001 33.88 ng/L 78.32 76.44 0.752~0.867
MIS 0.864 <0.001 5.49 ng/mL 86.77 90.59 0.804~0.919
IGF-1 0.813 <0.001 239.35 ng/L 76.46 74.57 0.755~0.875
IGFBP-3 0.799 <0.001 57.59 ng/L 74.55 75.45 0.736~0.858
O LSt 0.963 <0.001 87.75 9628 | 0.935~0.989

The 25(0OH)D level in the insulin-resistant group
was significantly lower than that in the non-insulin-
resistant group, while the levels of MIS, IGF-1 and
IGFBP-3 were greater. These variations imply that the
levels of these markers in PCOS patients may be sig-
nificantly impacted by insulin resistance. Additionally,
there was a positive association between the insulin
resistance index and MIS, IGF-1, and IGFBP-3, but a
negative correlation with 25(OH)D. These findings
suggest that insulin resistance contributes significant-
ly to the onset and progression of PCOS, and identi-
fying these indicators helps better understand its clin-
ical characteristics (Table ).

Correlation analysis of serum 25(0OH)D, MIS,
IGF-1 and IGFBP-3 levels with HOMA-IR in the
observation group

Serum 25(OH)D had a negative correlation with
HOMA-IR (P<0.05), while serum levels of MIS, IGF-
1, and IGFBP-3 were favorably linked with HOMA-IR
(P<0.05) in the observation group.

The insulin resistance index (HOMA-IR) showed
a strong correlation with the observation group’s
serum 25(0OH)D, MIS, IGF-1, and IGFBP-3 levels.
There is a negative correlation between HOMA-IR
and serum 25(OH)D levels. Serum 25(OH)D levels
were lower in those with more severe insulin resist-
ance. MIS, IGF-1, and IGFBP-3 levels were strongly
correlated with HOMA-IR, indicating that patients

with higher hormone levels had more severe insulin
resistance. These findings imply that the insulin resist-
ance mechanism of PCOS may involve significant
roles for serum 25(OH)D, MIS, IGF-1, and IGFBP-3
(Table IV).

Analysis of the auxiliary diagnostic value of
serum 25(0OH)D, MIS, IGF-1 and IGFBP-3 for
PCOS

The results of the ROC curve analysis revealed
that the area under the curve (AUC) for the combined
auxiliary diagnosis of PCOS based on serum
25(0OH)D, MIS, IGF-1, and IGFBP-3 was 0.963,
which was greater than that for the individual detec-
tion of each index (Table V).

These four markers are strongly associated with
the formation and progression of PCOS, according to
our study of the participants’ test results. In particular,
MIS, IGF-1, and IGFBP-3 are closely associated with
insulin resistance and are positively correlated with
HOMA-IR, whereas 25(0OH)D is negatively correlated
with HOMA-IR. Further analysis of the subjects’ oper-
ating characteristics indicated that the diagnostic
value of combined detection of these four biochemi-
cal markers was much greater than that of individual
detection of each marker. The combined detection’s
area under the curve was significantly larger than
each indicator’s, according to an analysis of the
receiver operating characteristic (ROC) curve, indicat-



6 Sun et al.: Serum 25-hydroxyvitamin D, MIS, insulin-like growth factor 1 for polycystic ovary syndrome (PCOS)

ing that this combined detection scheme can provide
a more sensitive and specific reference for the clinical
diagnosis of PCOS.

Discussion

PCOS is an endocrine and metabolic disorder
that can cause polycystic changes in the ovaries,
menstrual disorders, hyperandrogenism and other
symptoms and can affect normal conception (16).
Studies (17-19) have shown that 50% to 70% of
PCOS patients have IR, with elevated androgen levels
that affect follicular development. 25(OH)D is an
intermediate product of vitamin D metabolism. It is
linked to coronary heart disease, diabetes, and other
illnesses, and it can regulate the differentiation of
human reproductive cells and maintain calcium and
phosphorus homeostasis (20). Relevant studies (21—
23) suggest that 25(OH)D has a certain relationship
with PCOS. When the concentration is 20 ng/mlL,
the ovulation rate significantly increases. The obser-
vation group in this study had lower 25(OH)D levels
than the control group, and the IR group had lower
25(0OH)D levels than the non-IR group (24).
Additionally, there was a negative correlation between
blood 25(OH)D levels and the HOMA-IR score, indi-
cating that PCOS patients had lower 25(OH)D levels
than healthy individuals and that these levels were
associated with the development of IR. Studies have
shown that 25(OH)D can stimulate estrogen and
progesterone production, affect insulin -cell function,
and thereby influence the progression of IR (25).
Other studies have shown that supplementing with
25(OH)D in patients with PCOS can significantly
improve insulin sensitivity (26).

MIS can be used to assess ovarian reserve func-
tion and has an inhibitory effect on follicular develop-
ment (27, 28). Moreover, the serum MIS level was
positively correlated with HOMA-IR. The interaction
between serine threonine kinase type | and type 2
receptors in the ovary activates MIS activity (29). MIS
can inhibit steroid synthesis, activate the hypothala-
mus to release GnRH, inhibit the conversion of
androgens to estrogens, cause follicular development
disorders, and trigger PCOS (30).

References

1. Zhang N, Liao Y, Zhao H, Chen T, Jia F Yu Y, Zhu S,
Wang C, Zhang W, Liu X. Polycystic ovary syndrome and
25-hydroxyvitamin D: A bidirectional two-sample
Mendelian randomisation study. Front Endocrinol (Lau-
sanne) 2023 Mar 9; 14: 1110341. doi: 10.3389/
fendo.2023.1110341 PMID: 36967791; PMCID:
PMC10034407.

The liver cells produce and release the peptide
hormone known as IGF-1. It is crucial to the body’s
growth, development, and metabolism and shares
structural and functional similarities with insulin. In
the serum and ovaries, IGFBP-3 is the most prevalent
IGF-binding protein (31). It can form a complex with
IGF-1, thereby affecting its biological function (32).
Because insulin levels in PCOS patients can stimulate
increases in IGF-1 and IGFBP-3, and because signal
transmission between insulin and IGF-1 receptors is
impaired, this can lead to IR in PCOS patients. IGFBP-
3 binds the same site as the -transcription factor
retinoic acid X receptor (RXR) and can alter glucose
homeostasis via RXR, thereby contributing to IR
development in PCOS. Relevant studies (33, 34) have
shown that IGFBP-3 levels can serve as a diagnostic
marker and a reference for clinical diagnosis and
treatment, as they are closely linked to glycolipid
metabolism in obese PCOS patients. This value was
higher than the individual detection of each index.
This study also has certain shortcomings. Given the
small sample size, there may be some bias. In the
future, we will collaborate with multiple centres to
expand the sample size and enhance the richness and
accuracy of this study.

Conclusion

MIS, IGF-1, IGFBP-3, and serum 25(OH)D are
associated with the development and occurrence of
PCOS. Combined detection has high auxiliary diag-
nostic value for PCOS and is conducive to its clinical
prevention and treatment.

Funding

None.

Acknowledgments. None.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

2. Zhao J, Fu S, Chen Q. Serum 25-hydroxyvitamin D is
associated with homocysteine in infertile patients with
polycystic ovary syndrome (PCOS). Ginekol Pol 2024;
95(10): 763-9. doi: 10.5603/gpl.94879 PMID:
38506476.

3. Eickman K, Maxwell R, McGinnis LK, Stanczyk F, Legro
R, Lindheim SR. Total and bioavailable 25-hydroxyvita-



J Med Biochem 2026; 45

10.

1.

12.

. Atiomo W, Algutami F,

min D is not associated with improved sexual dysfunction
following vitamin D supplementation in women with
polycystic ovarian syndrome: a pilot study. J Sex Med
2024 Feb 27; 21(3): 240-7. doi: 10.1093/jsxmed/
qdad176 PMID: 38303661; PMCID: PMC10906494.

.Fu Y, Wang YH, Wang L, Huang MR. Correlation

between follicular fluid of 25-hydroxyvitamin D level and
endocrine function, ovarian function and insulin resist-
ance in women with polycystic ovary syndrome. J Physiol
Pharmacol 2025 Jun; 76(3). doi: 10.26402/jpp.
2025.3.07 PMID: 40698789.

.LiH, Zhang Y, Liu C, Zhang Y, Yang H, Fu S, Lv H.

Association of Insulin-Like Growth Factor-1 With
Polycystic Ovarian Syndrome: A Systematic Review and
Meta-analysis. Endocr Pract 2023 May; 29(5): 388-97.
doi: 10.1016/j.eprac.2022.12.004 PMID: 36516939.

.FuY, Sun Q, Zhu K, Hu C. Elevated Insulin-Like Growth

Factor-1-Induced Female Rats Perpetuate the Polycystic
Ovary Syndrome Phenotype: Pathological Mechanism of
Insulin-Like Growth Factor-1 in Polycystic Ovary
Syndrome. Gynecol Obstet Invest 2023; 88(3): 143-9.
doi: 10.1159/000529354 PMID: 36731447.

. Farhadi-Azar M, Ghahremani M, Mahboobifard F

Noroozzadeh M, Yaghmaei P Tehrani FR. Effects of Rosa
damascena on reproductive improvement, metabolic
parameters, liver function and insulin-like growth factor-
1 gene expression in estradiol valerate induced polycystic
ovarian syndrome in Wistar rats. Biomed J 2023 Jun;
46(3): 100538. doi: 10.1016/].bj.2022.05.003 PMID:
35605922; PMCID: PMC10209690.

Albasha S, Hachim M.
Deciphering the Role of Insulin-Like Growth Factor 1 in
Endometrial Cancer in Patients With Polycystic Ovary
Syndrome: Protocol for a Methodological Approach
Using Cell Culture Experiments. JMIR Res Protoc 2023
Nov 21; 12: e48127. doi: 10.2196/48127 PMID:
37988160; PMCID: PMC10698646.

. Wang, Li R, Sun B, Song W, Zhao X, Hu Y. Relationship

of Serum Nesfatin-1 and Insulin-Like Growth Factor-1
Levels with Adverse Pregnancy Outcomes in Patients with
Polycystic Ovary Syndrome. J Coll Physicians Surg Pak
2024 Oct; 34(10): 1167-71. doi: 10.29271/jcpsp.
2024.10.1167 PMID: 39410683.

Lu J, Xuan F, Chen A, Jin R, Zhou W, Ye Y, Ren Y.
MicroRNA-646 inhibits the proliferation of ovarian gran-
ulosa cells via insulin-like growth factor 1 (IGF-1) in poly-
cystic ovarian syndrome (PCOS). Endokrynol Pol 2023;
74(3): 305-14. doi: 10.5603/EPa2023.0020 PMID:
37155307.

Amin AF, Abd el-Aal DE, Darwish AM, Meki AR.
Evaluation of the impact of laparoscopic ovarian drilling
on Doppler indices of ovarian stromal blood flow, serum
vascular endothelial growth factor, and insulin-like
growth factor-1 in women with polycystic ovary syn-
drome. Fertil Steril 2003 Apr; 79(4): 938-41. doi:
10.1016/s0015-0282(02)04849-5 PMID: 12749434,
Fertil Steril 2024 Aug; 122(2): 394. doi: 10.1016/
j.fertnstert.2024.05.151 PMID: 39069373.

Wu L, Li X, Yan J. Commentary: Machine learning devel-
oped an intratumor heterogeneity signature for predict-
ing prognosis and immunotherapy benefits in cholangio-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

carcinoma. Transl Oncol 2024 Jul; 45: 101995. doi:
10.1016/j.tranon.2024.101995 PMID: 38789241.

Sta czak NA, Grywalska E, Dudzi ska E. The latest reports
and treatment methods on polycystic ovary syndrome.
Ann Med 2024 Dec; 56(1): 2357737. doi: 10.1080/
07853890.2024.2357737 PMID: 38965663; PMCID:
PMC11229724.

Di Lorenzo M, Cacciapuoti N, Lonardo MS, Nasti G,
Gautiero C, Belfiore A, Guida B, Chiurazzi M. Patho-
physiology and Nutritional Approaches in Polycystic
Ovary Syndrome (PCOS): A Comprehensive Review. Curr
Nutr Rep 2023 Sep; 12(3): 527-44. doi: 10.1007/
s13668-023-00479-8 PMID: 37213054; PMCID:
PMC10444658.

Zhao H, Zhang J, Cheng X, Nie X, He B. Insulin resist-
ance in polycystic ovary syndrome across various tissues:
an updated review of pathogenesis, evaluation, and
treatment. J Ovarian Res 2023 Jan 11; 16(1): 9. doi:
10.1186/s13048-022-01091-0 PMID: 36631836;
PMCID: PMC9832677.

Wu L, Chen X, Zeng Q, Lai Z, Fan Z, Ruan X, Li X, Yan
J. NR5A2 gene affects the overall survival of LUAD
patients by regulating the activity of CSCs through SNP
pathway by OCLR algorithm and immune score. Heliyon
2024 Mar 28; 10(7): e28282. doi: 10.1016/
j.heliyon.2024.e28282 PMID: 38601554; PMCID:
PMC11004709.

Su P Chen C, Sun Y. Physiopathology of polycystic ovary
syndrome in endocrinology, metabolism and inflamma-
tion. J Ovarian Res 2025 Feb 20; 18(1): 34. doi:
10.1186/s13048-025-01621-6 PMID: 39980043;
PMCID: PMC11841159.

Calcaterra V, Rossi V, Massini G, Casini F Zuccotti G,
Fabiano V. Probiotics and Polycystic Ovary Syndrome: A
Perspective for Management in Adolescents with Obesity.
Nutrients 2023 Jul 14; 15(14): 3144. doi: 10.3390/
nu15143144 PMID: 37513562; PMCID: PMC10384396.

Chang KJ, Chen JH, Chen KH. The Pathophysiological
Mechanism and Clinical Treatment of Polycystic Ovary
Syndrome: A Molecular and Cellular Review of the
Literature. Int J Mol Sci 2024 Aug 20; 25(16): 9037.
doi: 10.3390/ijms25169037 PMID: 39201722;
PMCID: PMC11354688.

Pera AS, Witchel SF, Boivin J, Burgert TS, Ee C, Hoeger
KM, Lujan ME, Mousa A, Oberfield S, Tay CT, Teede H.
International evidence-based recommendations for poly-
cystic ovary syndrome in adolescents. BMC Med 2025
Mar 11; 23(1): 151. doi: 10.1186/512916-025-03901-
w PMID: 40069730; PMCID: PMC11899933.

Mimouni NEH, Giacobini P Polycystic ovary syndrome
(PCOS): progress toward a better understanding and
treatment of the syndrome. C R Biol 2024 Apr 19; 347:
19-25. doi: 10.5802/crbiol.147. PMID: 38639155.

Simon SL, Phimphasone-Brady F McKenney KM, Gulley
LD, Bonny AE, Moore JM, Torres-Zegarra C, Cree MG.
Comprehensive transition of care for polycystic ovary syn-
drome from adolescence to adulthood. Lancet Child
Adolesc Health 2024 Jun; 8(6): 443-55. doi:
10.1016/S2352-4642(24)00019-1. Epub 2024 Mar
27. PMID: 38552655; PMCID: PMC11837223.



8 Sun et al.: Serum 25-hydroxyvitamin D, MIS, insulin-like growth factor 1 for polycystic ovary syndrome (PCOS)

23.

24.

25.

26.

27.

28.

29.

Wu L, Li X, Qian X, Wang S, Liu J, Yan J. Lipid
Nanoparticle (LNP) Delivery Carrier-Assisted Targeted
Controlled Release mRNA Vaccines in Tumor Immunity.
Vaccines (Basel) 2024 Feb 12; 12(2): 186. doi:
10.3390/vaccines12020186. PMID: 38400169;
PMCID: PMC10891594.

Almhmoud H, Alatassi L, Baddoura M, Sandouk J,
Alkayali MZ, Najjar H, Zaino B. Polycystic ovary syn-
drome and its multidimensional impacts on women’s
mental health: A narrative review. Medicine (Baltimore)
2024 Jun 21; 103(25): e38647. doi: 10.1097/
MD.0000000000038647. PMID: 38905372; PMCID:
PMC11191963.

Stefanaki K, Karagiannakis DS, Peppa M, Vryonidou A,
Kalantaridou S, Goulis DG, Psaltopoulou T, Paschou SA.
Food Cravings and Obesity in Women with Polycystic
Ovary Syndrome: Pathophysiological and Therapeutic
Considerations. Nutrients 2024 Apr 3; 16(7): 1049. doi:
10.3390/nu16071049. PMID: 38613082; PMCID:
PMC11013286.

Cichocka E, Maj-Podsiadto A, Gumprecht J. Polycystic
ovary syndrome and type 1 diabetes - the current state of
knowledge. Endokrynol Pol 2024; 75(5): 479-85. doi:
10.5603/ep.101392. Epub 2024 Oct 8. PMID:
39376174.

Colombo GE, Pirotta S, Sabag A. Diet and Exercise in the
Management of Polycystic Ovary Syndrome: Practical
Considerations for Person-Centered Care. Semin Reprod
Med 2023 Mar; 41(1-02): 26-36. doi: 10.1055/s-
0043-1777116. Epub 2023 Dec 1. PMID: 38040023.

Wu L, LiH, LiuY, Fan Z, Xu J, Li N, Qian X, Lin Z, Li X,
Yan J. Research progress of 3D-bioprinted functional pan-

creas and in vitro tumor models. International Journal of
Bioprinting 2024, 10(1), 1256. doi: 10.36922/ijb.1256.

Wu L, Zhong Y, Yu X, Wu D, Xu B Lv L, Ruan X, Liu Q,
Feng Y, Liu J, Li X. Selective poly adenylation predicts the

30.

31.

32.

33.

34.

efficacy of immunotherapy in patients with lung adeno-
carcinoma by multiple omics research. Anticancer Drugs
2022 Oct 1; 33(9): 943-59. doi: 10.1097/CAD.
0000000000001319. Epub 2022 Aug 9. PMID:
35946526; PMCID: PMC9481295.

Yu O, Christ JB Schulze-Rath R, Covey J, Kelley A,
Grafton J, Cronkite D, Holden E, Hilpert J, Sacher F,
Micks E, Reed SD. Incidence, prevalence, and trends in
polycystic ovary syndrome diagnosis: a United States
population-based study from 2006 to 2019. Am J Obstet
Gynecol 2023 Jul; 229(1): 39.e1-39.e12. doi:
10.1016/j.ajog.2023.04.010. Epub 2023 Apr 14.
PMID: 37061077.

Tay CT, Garrad R, Mousa A, Bahri M, Joham A, Teede H.
Polycystic ovary syndrome (PCOS): international collabo-
ration to translate evidence and guide future research. J
Endocrinol 2023 Apr 28; 257(3): e220232. doi:
10.1530/JOE-22-0232. PMID: 36946556.

Han Y, Wu H, Sun S, Zhao R, Deng Y, Zeng S, Chen J.
Effect of High Fat Diet on Disease Development of
Polycystic Ovary Syndrome and Lifestyle Intervention
Strategies. Nutrients 2023 May 8; 15(9): 2230. doi:
10.3390/nu15092230. PMID: 37432488; PMCID:
PMC10180647.

Xiaomei Z, Xiaoyan F. Effect of cinnamon as a Chinese
herbal medicine on markers of cardiovascular risk in
women with polycystic ovary syndrome: A systematic
review and meta-analysis of randomised controlled trials.
Eur J Obstet Gynecol Reprod Biol 2024 Sep; 300: 253~
6. doi: 10.1016/j.ejogrb.2024.07.032. Epub 2024 Jul
18. PMID: 39053085.

Gautam R, Maan P Patel AK, Vasudevan S, Arora T.
Unveiling the complex interplay between gut microbiota
and polycystic ovary syndrome: A narrative review. Clin
Nutr 2024 Dec; 43(12): 199-208. doi: 10.1016/j.clnu.
2024.10.028. Epub 2024 Oct 22. PMID: 39481287.

Received: October 21, 2025
Accepted: November 27, 2025




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <>
    /SRL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


