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Serum levels of galanin-like peptide
and alarin are highly correlated
with polycystic ovary syndrome

Mengchen Liu%*, Xueyu Zhang**, Zihao Sun?, Haoran Wang?, Xianchang Sun®* &
Wenjuan Zhang'™

To compare the levels of galanin-like peptide (GALP) and alarin between patients with polycystic ovary
syndrome (PCOS) and a control group, and to explore the correlations between GALP/alarin and PCOS.
We selected a total of 103 PCOS patients and 89 non-PCOS control patients who visited the hospital
during the same period. The PCOS patients and the controls were assigned by body mass index (BMI)
into PCOS subgroup 1 and control subgroup 1 (18.5 <BMI <24 kg/m?) and into PCOS subgroup 2 and
control subgroup 2 (BMI 2 24 kg/m?). The general indices (weight, height, waist circumference, and

hip circumference), serum sex hormone concentrations, biochemical indices, and GALP and alarin
levels were measured for all subjects, and the differences in each index were compared between

the two groups. (1) The BMI, waist-to-hip ratio (WHR), lipid accumulation product (LAP), total
testosterone (total T), luteinizing hormone (LH) levels, fasting insulin (FINS), triglycerides (TG), alanine
transaminase (ALT), HOMA-IR, and GALP and alarin concentrations were significantly higher and the
AST/ALT ratio was significantly lower in the PCOS patients than in the controls. (2) Correlation analysis
showed that serum GALP levels were positively correlated with BMI, WHR, LAP, total T, LH, FINS, TG,
HOMA-IR, and alarin, and negatively correlated with AST/ALT. Serum alarin levels were correlated
positively with BMI, WHR, LAP, total T, LH, FINS, TG, HOMA-IR, and GALP, and negatively with FSH
and AST/ALT. Serum LAP, FINS, LH, and alarin were independent factors that influenced serum GALP
levels, and serum FINS, LAP, LH, and GALP were independent factors that influenced serum alarin
concentrations. The areas under the receiver operating characteristic curves (95% confidence intervals)
for serum GALP and alarin levels in predicting PCOS were 0.78 (0.713, 0.847) and 0.828 (0.766, 0.889),
respectively, and the cutoff values were 0.895 and 0.355, respectively. GALP and alarin were highly
expressed in PCOS patients and closely associated with factors such as IR, HA, and obesity, and they
showed favorable predictive values for PCOS.
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Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine disease that damages the reproductive health
of many women of childbearing age worldwide!'. The typical characteristics of PCOS include androgen excess,
polycystic ovaries, and ovulatory dysfunction. The onset of PCOS is not only associated with genetic and
environmental factors, but likely also with metabolic diseases such as obesity and insulin resistance?. However,
the exact cause of PCOS remains unclear. Although women with PCOS reflect an increased risk of experiencing
cardiovascular, metabolic, and neoplastic diseases?, its long-term impacts cannot be readily measured due to
its complex pathogenesis and periodic progression. Therefore, research on PCOS should not only focus on
the treatment of its clinical manifestations, but investigators need to more assiduously explore its underlying
pathogenesis and work to prevent its long-term complications.

Galanin-like peptide (GALP) belongs to the galanin family of neuropeptides and contains 60 amino acids.
GALP-expressing cells are principally confined to the arcuate nucleus of the hypothalamus and the posterior
pituitary gland, and it increases gonadotropin secretion by stimulating the release of GnRH into the pituitary
portal vein blood*. In addition, GALP-positive neurons can project to several areas of the brain so as to regulate
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feeding behavior, body weight changes, energy metabolism, and reproductive capability. However, the specific
mechanism underlying GALP’s involvement in PCOS is still unelucidated. Alarin is another member of the
galanin family of neuropeptides and contains 25 amino acids, with its N-terminal alanine and C-terminal serine
residues resulting from the splice variant of GALP mRNA?®. Alarin participates in the onset of insulin resistance
through increased free fatty acids®, and modulates the reproductive system by regulating the hypothalamic-
pituitary-gonadal axis ”. Therefore, it is speculated that PCOS patients may harbor abnormal alarin levels.

In this case—control study, we compared the serum GALP and alarin levels between PCOS patients and
normally ovulating women, so as to explore the pathogenesis of PCOS and to provide further research directions
for the early diagnosis of and effective interventions for PCOS.

Materials and methods
Participants and grouping
This study comprised 103 PCOS patients and 89 non-PCOS control patients who visited the Reproductive Clinic
of the Second Affiliated Hospital of Shandong First Medical University between January 2022 and June 2023.

The inclusion criteria for the PCOS patients were based on the Rotterdam Criteria® formulated by the American
Society for Reproductive Medicine and the European Society of Human Reproduction and Embryology in 2003.
Females treated for infertility during the same period who exhibited regular menstrual cycles (25 d < menstrual
cycle <35 d) were recruited as participants in the control group. None of the subjects possessed acute or chronic
diseases—including diabetes, cardiovascular disease, thyroid disease, liver or kidney disease, autoimmune
disease, malignant tumors, cognitive disorders, and acute or chronic inflammation. Patients who were
administered hormonal therapy or any drug therapy in the previous three months were excluded. Data analysis
of patient medical records in this study complied with the Declaration of Helsinki and was approved by the
Ethics Committee of Shandong First Medical University (Ethics approval number 202004014). All participants
were informed regarding the purpose of this study and provided their informed consent.

Both the PCOS patients and controls were assigned to two subgroups according to body mass index (BMI):
a PCOS subgroup 1 and control subgroup 1 (39 and 53 non-obese women, respectively, with 18.5 <BMI <24 kg/
m?), as well as a PCOS subgroup 2 and control subgroup 2 (64 and 36 overweight and/or obese women,
respectively, with a BMI>24 kg/m?).

Methods
The weight, height, hip circumference (HC), and waist circumference (WC) of all subjects were measured by
the same individual. The waist-to-hip ratio (WHR=WC [cm]/HC [cm]), BMI (body mass [kg]/height [m?),
and lipid accumulation product (LAP= [WC (cm) — 58] xtriglyceride [TG {mmol/L}]) of each subject were also
calculated.

Each subject came to the hospital in the early morning of the 2nd to 5th days of her menstrual cycle. After
15-30 min of sitting and resting, blood was drawn through the cubital vein (with the individual having fasted
for over 12 h) to determine blood concentrations of reproductive endocrine hormones and biochemical indices,
and 1 ml of serum was retained and frozen at —80°C for the subsequent combined evaluation of serum GALP
and alarin levels. Biochemical indices such as liver and kidney function, fasting blood glucose (FBG), and blood
lipids were analyzed with a Hitachi 7600 automatic biochemical analyzer. Then, with a Beckman Coulter Gen-$S
automated analyzer, follicle-stimulating hormone (FSH), luteinizing hormone (LH), testosterone, estradiol
(E2), prolactin (PRL), progesterone (P), and fasting insulin (FINS) were measured using a chemiluminescence
method. We calculated the homeostasis model assessment of insulin resistance (HOMA-IR) as fasting insulin x
fasting blood glucose/22.5. The serum levels of GALP (ELK Biotechnology Co., Ltd., catalog number: ELK9340,
inter-assay variation: <10%) and alarin (Phoenix Pharmaceuticals Inc., catalog number: EK-026-34, inter-assay
variation: <15%) were determined with an enzyme-linked immunosorbent assay (ELISA) kit.

Statistical methods

We conducted statistical analysis using SPSS 27.0, and all data were analyzed after fully controlling for
confounding factors and by balancing baseline data. The measured data that conformed to a normal distribution
are expressed as mean + standard deviation, and compared between groups via independent-sample ¢-tests, and
data that did not follow a normal distribution are expressed as M (P25, P75), and compared between groups
via the Mann-Whitney U rank-sum test. The correlations between serum GALP or alarin concentrations and
other parameters were evaluated via simple and multivariate stepwise regression analyses. Receiver operating
characteristic (ROC) curves were constructed and areas under the ROC curves (AUCs) were applied to assess
the value of GALP and alarin levels in predicting PCOS. We considered differences to be significant at P<0.05.

Research technology roadmap
The research technology roadmap of the study was shown in Fig. 1.

Results
Comparisons of clinical indices, GALP, and Alarin between PCOS and controls
We herein evaluated 103 PCOS patients and 89 controls. The two groups were divided into two subgroups
according to BMI: 39 and 64 cases in PCOS subgroups 1 and 2, and 53 and 36 cases in control subgroups 1 and
2, respectively.

BMI, WHR, LAP, total T, LH, FINS, TG, ALT, HOMA-IR, GALP, and alarin in the PCOS group were
significantly higher than in controls, while the levels of AST/ALT were significantly lower than in the control
group. There were no differences in other indices between the two groups (Table 1; Fig. 2).
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Fig. 1. Research technology roadmap.
PCOS group (n=103) | Control group (n=89) | P

BMI (kg/m?) 25.09 (23.03, 29.41) 22.72 (20.44, 26.22) <0.001**
WHR 0.79+0.058 0.77+£0.046 0.002**
LAP 23.40 (12.15, 52.47) 16.20 (7.45, 24.58) 0.001**
P (ng/ml) 0.52 (0.42,0.66) 0.55 (0.42,0.71) 0.257
E, (pg/ml) 38.00 (27.35,45.62) 35.07 (27.58,49.08) 0.610
PRL (ng/ml) | 11.50 (8.33,14.02) 12.38 (9.26,16.57) 0.144
total T (ng/dL) | 25.26 (19.80,32.11) 17.46 (14.79,22.34) <0.001*
FSH (mIU/mL) | 6.73+1.43 6.85+1.55 0.580
LH (mIU/mL) | 6.39 (4.62,9.95) 3.94 (2.99,5.54) <0.001**
FINS (mU/L) | 14.76 (10.89,23.10) 10.15 (6.91,16.49) <0.001*
TC (mmol/L) 4.58 (4.19,5.08) 4.59 (4.08,5.22) 0.779
TG (mmol/L) 1.09 (0.76,1.80) 0.97 (0.66,1.35) 0.010*
FBG (mmol/L) |5.32+0.39 5.25+0.40 0.258
ALT (U/L) 15.00 (11.00,23.00) 13.00 (10.00,19.00) 0.038*
AST (U/L) 16.00 (13.00,19.00) 16.00 (14.00,17.75) 0.761
AST/ALT 0.94 (0.80,1.28) 1.12 (0.91,1.46) 0.016*
BUN (mmol/L) | 4.08 (3.58,4.96) 4.21 (3.64,5.11) 0.841
Cr (mol/L) 51.40 (45.80,56.80) 52.25 (46.90,57.60) 0.415
HOMA-IR 3.61 (2.47,5.36) 2.29 (1.66,3.95) <0.001*
GALP (ng/ml) | 1.44 (0.96,1.69) 0.58 (0.40,0.82) <0.001 **
Alarin (ng/ml) | 0.54 (0.40, 0.66) 0.23 (0.20, 0.34) <0.001 **

Table 1. Comparisons of clinical indices and serum GALP and Alarin concentrations between PCOS patients
and controls. *P < 0.05; **P < 0.01.
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Fig. 2. Comparisons of serum GALP and alarin concentrations between PCOS and control groups. (a) GALP;
(b) alarin.

Subgroup comparisons of clinical indices, GALP, and Alarin in PCOS patients and controls
FINS, TG, ALT, HOMA-IR, GALP, and alarin were significantly lower, and the levels of LH and AST/ALT were
significantly higher, in PCOS subgroup 1 than in PCOS subgroup 2. Other indices did not differ between the
two subgroups (Table 2). FINS, ALT, HOMA-IR, GALP, and alarin in control subgroup 1 were also significantly
attenuated relative to control subgroup 2 (Table 3)’

Simple correlation analysis of GALP or Alarin with other indices

Serum GALP levels were correlated positively with BMI, WHR, LAP, total T, LH, FINS, TG, HOMA-IR, and
alarin, negatively correlated with AST/ALT, and not correlated with other indices. Serum alarin levels were
positively correlated with BMI, WHR, LAP, total T, LH, FINS, TG, HOMA-IR, and GALP, negatively correlated
with FSH and AST/ALT, and not correlated with other indices (Table 4).

Multiple Stepwise regression analysis between GALP or alarin and influencing factors

Serum LAP, FINS, LH, and alarin levels were independent influencing factors of serum GALP levels (P<0.05)
(Table 5). Serum FINS, LAP, FSH, and GALP levels were independent influencing factors of serum alarin levels
(P<0.05) (Table 6).

Efficacy of serum GALP and alarin levels in predicting PCOS

We constructed ROC curves for serum GALP and alarin levels in predicting PCOS, and found that the areas
under the curves (AUCs, 95% CI) were 0.78 (0.713, 0.847) (P<0.001) and 0.828 (0.766, 0.889) (P<0.001),
respectively, and the cutoff values were 0.895 and 0.355, respectively (Fig. 3).

Discussion

When we compared serum GALP and alarin levels, and various metabolic indices between PCOS patients
and infertile, non-PCOS patients, we ascertained that serum GALP and alarin were highly expressed in PCOS
patients.

GALP is a hypothalamic peptide located in the arcuate nucleus that stimulates the release of GnRH from the
hypothalamus and GT1-7 cells (a GnRH neuronal cell line). Takatsu et al. found that GALP immunoreactive
fibers were densely distributed in the medial preoptic area of the hypothalamus, which is known to be associated
with the regulation of feeding and reproduction’. Some researchers also demonstrated that the central
administration of GALP stimulated GnRH-mediated LH secretion in rats. Since GALP was shown to be involved
in GnRH-mediated LH secretion, it may constitute a mediator of the augmented GnRH pulse frequency and LH
pulsatility that are characteristic of PCOS!’. Lawrence et al.* discerned that GALP expression was regulated by
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PCOS subgroup 1 (n=39) | PCOS subgroup 2 (n=64) | P

P (ng/ml) 0.60+0.24 0.52+0.21 0.069

E, (pg/ml) 39.18 (31.50, 49.08) 36.91 (25.93, 43.21) 0.227
PRL (ng/ml) 11.68 (8.04, 14.31) 11.49 (9.35,13.84) 0.935
total T (ng/ml) | 26.95+10.84 25.82+9.83 0.588
FSH (mIU/mL) | 7.19+1.54 6.55+1.45 0.056
LH (mIU/mL) | 7.80 (5.27, 12.52) 5.74 (3.53,9.05) 0.009**
FINS (mU/L) 10.94 (9.30,12.60) 21.00 (14.27,28.83) <0.001**
TC (mmol/L) 4.54 (4.19,4.96) 4.59 (4.18,5.16) 0.552
TG (mmol/L) 0.79 (0.72,1.09) 1.56 (0.90,2.10) <0.001**
FBG (mmol/L) | 5.25 (5.05,5.46) 5.33(5.16,5.63) 0.162
ALT (U/L) 11.00 (9.00,15.00) 18.00 (14.00,25.00) <0.001**
AST (U/L) 15.00 (13.00,17.00) 17.00 (14.00,19.00) 0.098
AST/ALT 1.23 (0.96,1.71) 0.88 (0.73,1.09) <0.001**
BUN (mmol/L) | 4.08 (3.58,4.68) 4.08 (3.57,5.05) 0.830

Cr (mol/L) 50.50 (45.80,56.00) 52.00 (45.78,57.10) 0.373
HOMA-IR 2.48 (2.00,3.12) 4.72 (3.37,7.20) <0.001%*
GALP (ng/ml) |0.91+0.25 1.62+0.34 <0.001**
Alarin (ng/ml) | 0.40 (0.34,0.47) 0.64 (0.58,0.68) 0.001**

Table 2. Subgroup analysis of clinical indices and GALP and Alarin concentrations in PCOS patients. *P <
0.05; **P < 0.01.

Control subgroup 1 (n=53) | Control subgroup 2 (n=36) | P

P (ng/ml) 0.58 (0.45, 0.74) 0.55 (0.40,0.67) 0.533

E, (pg/ml) 38.27 (30.43,53.24) 32.26 (25.13,44.24) 0.245
PRL (ng/ml) 12.86 (10.69,17.77) 10.68 (8.31,15.59) 0.080
total T (ng/ml) | 17.23 (14.61,20.33) 19.33 (15.80,24.49) 0.111
FSH (mIU/mL) | 7.36 (6.42,8.57) 6.42 (5.43,7.79) 0.054

LH (mIU/mL) | 4.48 (3.22,5.84) 3.22(2.64,4.64) 0.225
FINS (mU/L) | 8.72 (5.31,11.08) 15.90 (9.51,22.18) <0.001**
TC (mmol/L) 4.71+0.97 4.61+0.72 0.525

TG (mmol/L) 0.89 (0.58, 1.34) 1.08 (0.77, 1.42) 0.079
FBG (mmol/L) |5.13+0.38 5.47+0.44 0.427
ALT (U/L) 12.50 (9.25,16.00) 14.50 (11.00,20.00) 0.015*
AST (U/L) 15.00 (14.00,17.75) 16.00 (14.25,17.75) 0.341
AST/ALT 1.23 (1.07,1.50) 1.03 (0.75,1.33) 0.076
BUN (mmol/L) | 4.08+1.08 4.55+0.87 0.611

Cr (mol/L) 52.35+£7.99 52.55+8.30 0.888
HOMA-IR 1.93 (1.24,2.62) 3.83 (2.25,5.31) <0.001 **
GALP (ng/ml) |0.53+0.22 0.80+0.33 0.028*
Alarin (ng/ml) | 0.21(0.19, 0.24) 0.31(0.29, 0.33) <0.001 **

Table 3. Subgroup analysis of clinical indices and GALP and Alarin concentrations in control patients. *P <
0.05; **P < 0.01.

insulin, leptin, and blood glucose levels, and in turn affected the secretion of ovarian hormones. However, there
are only two reports on potential correlations between GALP and PCOS. Li et al.'! uncovered no significant
differences in GALP protein or mRNA expression among a PCOS model group, an electroacupuncture group,
a sham acupuncture group, and a normal control group in rats. Demirpence et al.!? found significantly elevated
serum GALP levels in PCOS patients, and their study revealed that the GALP levels were negatively correlated
with 25-hydroxyvitamin D levels and positively correlated with total T levels, but not with other parameters
such as IR. We found that GALP levels in the PCOS group were also significantly higher than in the control
group and positively correlated with total T, supporting the results of Demirpence et al. However, in contrast,
we determined that GALP levels were positively correlated with FINS, TG, and HOMA-IR—suggesting that
GALP was not only involved in hormonal regulation, but that it was also closely associated with glucose and
lipid metabolism. In addition, Fraley et al.!* showed that insulin might influence GALP gene expression via the
central nervous system (CNS). Research has revealed that GALP enhanced the expression of uncoupling protein
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GALP (n=192) Alarin (n=192)
Indices r P r P
BMI 0.654 <0.001** | 0.603 <0.001**
WHR 0.428 <0.001** | 0.435 <0.001**
LAP 0.538 <0.001** | 0.514 <0.001**
P -0.024 | 0.741 —-0.086 | 0.238
E, 0.017 |0.811 -0.017 | 0.819
PRL -0.132 | 0.068 -0.178 | 0.214
total T 0.285 0.002** 0.364 0.001**
FSH —-0.129 | 0.074 —-0.161 | 0.026*
LH 0.192 0.008** 0.22 0.002**
FINS 0.499 <0.001** | 0.513 <0.001**
TC 0.048 0.511 0.047 0.496
TG 0.299 <0.001** | 0.329 <0.001**
FBG 0.125 0.084 0.186 0.013*
AST/ALT | -0.299 | 0.035* —-0.309 | 0.002**
BUN 0.012 0.872 0.056 0.439
Cr 0.003 0.972 -0.01 |0.810
HOMA-IR | 0.493 <0.001** | 0.513 <0.001**
Alarin 0.818 <0.001**

Table 4. Simple correlation analysis between GALP or Alarin concentrations and other indices. *P < 0.05; **P
<0.01.

B Standard errors for B | B (Standardized coefficient) | t P
LAP 0.004 | 0.001 0.241 3.015 | 0.003
Alarin | 0.435 | 0.212 0.148 2.049 | 0.042
FINS |0.011 | 0.005 0.201 2.495 | 0.013
LH 0.018 | 0.008 0.149 2.322 1 0.021

Table 5. Multiple Stepwise regression analysis between GALP and influencing factors.

B Standard errors for B | B (Standardized coefficient) | t P
FINS | 0.004 0.002 0.219 2.757 0.006
GALP | 0.055 | 0.024 0.162 2292 | 0.023
LAP 0.001 0.000 0.171 2.139 | 0.034
FSH -0.015 | 0.007 -0.128 -2.021 | 0.045

Table 6. Multiple Stepwise regression analysis between alarin and influencing factors.

1 (UCP1) in the brown adipose tissue (BAT) of high-fat diet-induced obese mice by activating their sympathetic
nervous system (SNS), while also increasing the expression of adipose tissue triglyceride lipase (ATGL) and
hormone-sensitive lipase (HSL) genes in white adipose tissue (WAT); this then enhanced the expression of
phosphorylated protein in HSL, promoting lipolysis. These data also indicate that GALP may regulate peripheral
lipid metabolism through the SNS!. Fang et al.!> showed that serum GALP concentrations in obese subjects
were significantly higher than in their healthy control group and were associated with elevated triglyceride levels,
but not with insulin sensitivity. After subgroup analysis based on BMI, the GALP levels were significantly higher
in our PCOS subgroup 2 relative to PCOS subgroup 1, and in control subgroup 2 versus control subgroup 1.
Thus, GALP levels in the obese or overweight groups were significantly augmented, consistent with the results
of Fang et al.'”, and re-confirmed the correlation between GALP and obesity. These results suggest that weight
loss may assist in reducing GALP levels, thereby further improving glucose and lipid metabolism and endocrine
function in PCOS patients. However, the specific pathway by which GALP is involved in PCOS remains unclear,
and this necessitates additional clinical trials.

Alarin is a regulatory peptide that is widely expressed in the CNS and peripheral tissues of humans and
rodents, is involved in multiple physiologic functions (e.g., ingestive behaviors, sugar metabolism, body
temperature regulation, and reproduction), and is associated with various diseases (e.g., obesity, metabolic
syndrome, type 2 diabetes mellitus [T2DM], and hypertension)!®-?. A majority of studies on alarin have
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Fig. 3. ROC curves for serum GALP and alarin levels used in the prediction of PCOS.

focused on diabetes and metabolic syndrome. For example, Fang et al.>!showed that alarin levels in patients with
metabolic syndrome were significantly higher than in the control group, and were positively correlated with FBG,
BMLI, glycosylated hemoglobin (HbA1c), and HOMA-IR; meanwhile, Zhou et al.?2 ascertained that alarin levels
significantly increased in newly diagnosed T2DM patients compared to controls. Similarly, Hu et al.® determined
that the alarin levels in patients with impaired glucose tolerance (IGT) and T2DM were higher than in healthy
individuals, and that the plasma alarin levels in T2DM patients rose significantly relative to patients with IGT—
suggesting that alarin plays a role in the onset and development of diabetes. Fraley et al.? administered alarin
via intravenous injection to mice and observed an induction of FOS protein immunoreactivity in several areas
of the hypothalamus that regulate food intake, body weight, and the secretion of LH. Animal experiments have
indicated that alarin promoted the secretion of LH by affecting GnRH secretion in the hypothalamus?, and
Yildirim et al.”® found alarin levels to be significantly higher in infertile women with diminished ovarian reserve
and to be significantly correlated with serum LH concentrations. However, there are only two extant reports on
a potential correlation between alarin and PCOS, and their results are divergent. A case—control study showed
elevated serum alarin concentrations in PCOS patients that were positively correlated with LH and anti-Miillerian
hormone (AMH) levels, and significantly negatively correlated with HDL and FSH concentrations?. Similarly,
Yang et al.?” ascertained that alarin was highly expressed in PCOS patients. However, in contrast to the study by
Gorkem et al., Yang et al. found no correlation between alarin and FSH, LH, or HDL; instead, it was positively
correlated with BMI, WPR, FBG, fasting insulin, HOMA-IR, E, TG, high-sensitivity C-reactive protein, and IL-
6. We herein found that the serum alarin levels in the PCOS group were significantly higher than in the control
group, and that they were correlated positively with LH and negatively with FSH, congruent with the results of
Gorkem et al. In addition, serum alarin levels were positively correlated with BMI, WHR, LAP, FINS, TG, and
HOMA-IR, consistent with the data of Yang et al.?”’. These data suggest that alarin may be closely associated
with obesity, dyslipidemia, and insulin resistance. Distinct from the results of Gorkem et al. and Yang et al., we
found alarin levels to be positively correlated with total T, suggesting that alarin may be important in inducing
PCOS by affecting testosterone levels. The disparities among these studies may be related to racial differences
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in research samples, regional differences, diversity of selection criteria, and sample size. Some scholars who
have studied the relationship between alarin levels and obesity in children demonstrated that circulating alarin
in obese children was significantly higher than in the respective control group?, depicting an effect of alarin
on obesity. Other authors have reported that serum alarin levels in obese patients were higher than in normal-
weight individuals, and that they were correlated with factors such as BMI and IR”. After subgroup allocation
based on BMI, we found that alarin levels in PCOS subgroup 2 and control subgroup 2 were significantly higher
than in the corresponding normal-weight subgroups, suggesting that alarin may be related to the development of
obesity. However, we still need to further examine the mechanisms by which alarin is involved in IR and obesity,
and discern its impact on the onset and development of PCOS so as to improve the accuracy of PCOS diagnosis
and to foster effective treatment.

This study indicates that there are abnormal levels of GALP and alarin in the bodies of patients with PCOS.
Our ROC curve analysis showed that serum levels of GALP and alarin could be used to predict the occurrence of
PCOS, thus providing a method for the early diagnosis of PCOS. However, due to the limitations inherent to the
selection of subjects, our results may be affected by this confounder. In addition, due to the multifactorial nature
of the pathogenic mechanisms underlying PCOS, its development cannot be revealed using a single model.
Therefore, we expect to increase sample size in the future. We also postulate that methods will be improved by
initiating prospective cohort studies that further clarify the changes in serum GALP and alarin levels during the
onset and development of PCOS, and posit that this will elucidate potential pathophysiologic mechanisms that
are operational in PCOS.

Data availability

All data sharing and collaboration requests should be directed to the corresponding author.

Received: 13 August 2024; Accepted: 6 March 2025
Published online: 22 March 2025

References

1. Deans. Polycystic ovary syndrome in adolescence. Medical sciences. (Basel Switzerland) 7 https://doi.org/10.3390/medsci7100101
(2019).

2. Carmina, E., Oberfield, S. E. & Lobo, R. A. The diagnosis of polycystic ovary syndrome in adolescents. Am. J. Obstet. Gynecol. 203
201 E. 201-205. 10.1016/j. ajog.2010.03.008 (2010).

3. Zhang, X. Clinical symptoms and long-term effects of polycystic ovary syndrome. J. Practical Obstet. Gynecol. 2018. 34, 566-570
(2018).

4. Lawrence, C. & Fraley, G. S. Galanin-like peptide (GALP) is a hypothalamic regulator of energy homeostasis and reproduction.
Front. Neuroendocrinol. 32, 1-9, https://doi.org/10.1016/j.yfrne06.001 (2011).

5. Santic, R. et al. Gangliocytes in neuroblastic tumors express Alarin, a novel peptide derived by differential splicing of the galanin-
like peptide gene. J. Mol. Neuroscience: MN 29, 145-152. https://doi.org/10.1385/jmn:29:2 (2006).

6. Hu, W. et al. Circulating Alarin concentrations are high in patients with type 2 diabetes and increased by glucagon-like peptide-1
receptor agonist treatment: An Consort-compliant study. Medicine 98, e16428. https://doi.org/10.1097/md.0000000000016428
(2019).

7. Xue, S. & Wang, H. Advances in the study of the vasoactive peptide Alarin. new. Med. 51, 731-735 (2020).

8. Revised consensus on diagnostic criteria and long-term health risks related to polycystic ovary syndrome. Fertility Sterility 81,
19-25, (2003). https://doi.org/10.1016/j.fertnstert.2003.10.004 (2004).

9. Takatsu, Y. et al. Distribution of galanin-like peptide in the rat brain. Endocrinology 142, 1626-1634. https://doi.org/10.1210/endo
.142.4.8089 (2001).

10. Sanchez-Ferrer, M. L. et al. Are there differences in basal thrombophilias and C-reactive protein between women with or without
PCOS? Reprod. Biomed. Online. 38, 1018-1026. https://doi.org/10.1016/j.rbmo.2019.01.013 (2019).

11. Li, Y. et al. Effects of electroacupuncture on the expression of hypothalamic neuropeptide Y and Ghrelin in pubertal rats with
polycystic ovary syndrome. PloS One 17, €0259609. https://doi.org/10.1371/journal.pone.0259609 (2022).

12. Demirpence, M., Yasar, Y., Karakoyun, H., Girgin, E. M. & I. & Galanin-like peptide and its correlation with androgen levels in
patients with polycystic ovary syndrome. Endokrynologia Polska 74, 197-202. https://doi.org/10.5603/EP.a2023.0026 (2023).

13. Fraley, G. S. et al. Effects of diabetes and insulin on the expression of galanin-like peptide in the hypothalamus of the rat. Diabetes
53, 1237-1242. https://doi.org/10.2337/diabetes.53.5.1237 (2004).

14. Takenoya, F. et al. Regulation of feeding behavior and energy metabolism by Galanin-like peptide (GALP): A novel strategy to fight
against obesity. Curr. Pharm. Des. 24, 3926-3933. https://doi.org/10.2174/1381612824666181106111623 (2018).

15. Fang, P. et al. Circulating Galanin and Galanin like peptide concentrations are correlated with increased triglyceride concentration
in obese patients. Clin. Chim. Acta 461, 126-129. https://doi.org/10.1016/j.cca.2016.07.019 (2016).

16. Abebe, E. C., Mengstie, M. A., Seid, M. A., Malik, T. & Dejenie, T. A. The evolving roles of Alarin in physiological and disease
conditions, and its future potential clinical implications. Front. Endocrinol. 13,1028982. https://doi.org/10.3389/fendo.2022.1028982
(2022).

17. Giil, E C,, Kobat, S. G., Celik, E, Aydin, S. & Akkog, R. F. Plasma and aqueous levels of Alarin and adipsin In patients with and
without diabetic retinopathy. BMC Ophthalmol. 22, 176. https://doi.org/10.1186/s12886-022-02403-0 (2022).

18. Kiling, F. & Assessment of serum alarin levels in patients with typE 2 diabetes mellitus. Acta Endocrinologica (Bucharest, Romania)
16, 165-169, (2005). https://doi.org/10.4183/aeb.2020.165 (2020).

19. Li, M. et al. Serum Tenascin-C and Alarin levels are associated with cardiovascular diseases in type 2 diabetes mellitus. Int. J.
Endocrinol. 2022 (2009724). https://doi.org/10.1155/2022/2009724 (2022).

20. Wang, Q., Deng, F. & Zhu, D. Superoxide anions modulate the effects of Alarin in the paraventricular nucleus on sympathetic activity
and blood pressure in spontaneously hypertensive rats. Neuropeptides 80, 102021. https://doi.org/10.1016/j.npep.2020.102021
(2020).

21. Fang, X. etal. High Circulating Alarin levels are associated with presence of metabolic syndrome. Cell. Physiol. Biochem. Int. ]. Exp.
Cell. Physiol. Biochem. Pharmacol. 51, 2041-2051, (2018). https://doi.org/10.1159/000495823

22. Zhou, X. et al. Plasma Alarin level and its influencing factors in obese newly diagnosed type 2 diabetes patients. Diabetes Metab.
Syndrome Obes.: Targets Ther. 14, 379-385. https://doi.org/10.2147/dms0.5290072 (2021).

23. Boughton, C. K. et al. Alarin stimulates food intake and gonadotrophin release in male rats. Br. J. Pharmacol. 161, 601-613. https:
//doi.org/10.1111/j.1476-5381.2010.00893.x (2010).

Scientific Reports |

(2025) 15:9881 | https://doi.org/10.1038/s41598-025-93354-1 nature portfolio


https://doi.org/10.3390/medsci7100101
https://doi.org/10.1016/j.yfrne06.001
https://doi.org/10.1385/jmn:29:2
https://doi.org/10.1097/md.0000000000016428
https://doi.org/10.1016/j.fertnstert.2003.10.004
https://doi.org/10.1210/endo.142.4.8089
https://doi.org/10.1210/endo.142.4.8089
https://doi.org/10.1016/j.rbmo.2019.01.013
https://doi.org/10.1371/journal.pone.0259609
https://doi.org/10.5603/EP.a2023.0026
https://doi.org/10.2337/diabetes.53.5.1237
https://doi.org/10.2174/1381612824666181106111623
https://doi.org/10.1016/j.cca.2016.07.019
https://doi.org/10.3389/fendo.2022.1028982
https://doi.org/10.1186/s12886-022-02403-0
https://doi.org/10.4183/aeb.2020.165
https://doi.org/10.1155/2022/2009724
https://doi.org/10.1016/j.npep.2020.102021
https://doi.org/10.1159/000495823
https://doi.org/10.2147/dmso.S290072
https://doi.org/10.1111/j.1476-5381.2010.00893.x
https://doi.org/10.1111/j.1476-5381.2010.00893.x
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

24. Fraley, G.S. et al. Effects of Alarin on food intake, body weight and luteinizing hormone secretion in male mice. Neuropeptides 46,
99-104. https://doi.org/10.1016/j.npep.2011.12.003 (2012).

25. Yildirim, E. & Gorkem, U. The Circulating Alarin level was elevated in infertile women with poor ovarian reserve. Gynecol.
Endocrinology: Official J. Int. Soc. Gynecol. Endocrinol. 37, 1128-1131. https://doi.org/10.1080/09513590.2021.1950683 (2021).

26. Gorkem, U,, Yildirim, E. & Alarin A new predictive marker in infertile women with polycystic ovary syndrome: A case-control
study. J. Obstet. Gynaecol. Res. 48, 980-986. https://doi.org/10.1111/jog.15176 (2022).

27. Yang, J. & Li, N. Serum Alarin levels in relation to inflammatory state and insulin resistance in patients with polycystic ovary
syndrome. Beijing Med. 43, 738-742. https://doi.org/10.15932/j.0253-9713.2021.08.008 (2021).

28. Li, M. Q, Li, J. Y. & Xie, L. [Level of circulating Alarin in obese children and its association with insulin resistance]. Zhongguo
Dang Dai Er Ke Za zhi = chinese. J. Contemp. Pediatr. 21, 983-986. https://doi.org/10.7499/j.issn.1008-8830.2019.10.006 (2019).

Author contributions
M.L.: Wrote the main manuscript text, X.Z.: Statistical Analysis and Experimental guidance, Z.S.: Experimental
operation, H.W.: Data Collection, X.S.: Study Design, W.Z.: Funds Collection, Data Interpretation.

Funding

This study was supported by the Natural Science Foundation of Shandong Province (ZR2016HL04); the De-
velopment of Science and Technology Plan of Shandong Province Medicine and Health Care (2015WS0100);
Science and Technology Innovation Development Project of Taian City (2020NS266).

Declarations

Competing interests
The authors declare no competing interests.

Ethical approval

Data analysis of patient medical records in this study complied with the Declaration of Helsinki and was
approved by the Ethics Committee of Shandong First Medical University (Ethics approval number 202004014).
All participants were informed with regards to the purpose of this study and provided their informed consent.

Additional information
Correspondence and requests for materials should be addressed to X.S. or W.Z.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:9881 | https://doi.org/10.1038/s41598-025-93354-1 nature portfolio


https://doi.org/10.1016/j.npep.2011.12.003
https://doi.org/10.1080/09513590.2021.1950683
https://doi.org/10.1111/jog.15176
https://doi.org/10.15932/j.0253-9713.2021.08.008
https://doi.org/10.7499/j.issn.1008-8830.2019.10.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Serum levels of galanin-like peptide and alarin are highly correlated with polycystic ovary syndrome
	﻿Materials and methods
	﻿Participants and grouping
	﻿Methods
	﻿Statistical methods
	﻿Research technology roadmap

	﻿Results
	﻿Comparisons of clinical indices, GALP, and Alarin between PCOS and controls
	﻿Subgroup comparisons of clinical indices, GALP, and Alarin in PCOS patients and controls
	﻿Simple correlation analysis of GALP or Alarin with other indices
	﻿Multiple Stepwise regression analysis between GALP or alarin and influencing factors
	﻿Efficacy of serum GALP and alarin levels in predicting PCOS

	﻿Discussion
	﻿References


