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Abstract: Objective: To evaluate the clinical efficacy and safety of liraglutide combined with pioglitazone in obese
patients with polycystic ovary syndrome (PCOS), and to explore the predictive value of serum chemerin, visfatin
and their ratio for the improvement of insulin resistance (IR). Methods: A total of 338 obese PCOS women enrolled
in this retrospective study were divided into two groups. The control group (n=168) received pioglitazone alone
(15-30 mg/day), while the combination group (n=170) received liraglutide (0.6-1.8 mg/day) plus pioglitazone for
24 weeks. Anthropometric, metabolic, hormonal and adipokine-related indicators were compared before and after
treatment. Correlation analysis, ROC curve analysis and multivariate logistic regression analysis were subsequently
performed. Results: After treatment, the combination group exhibited significantly better improvements in multiple
anthropometric, metabolic, hormonal and adipokine parameters than the control group (all P<0.001). The overall
clinical response rate was markedly higher in the combination group (92.35% vs. 78.57%, P<0.001), whereas
the incidence of adverse events showed no significant between-group difference (P=0.628). Baseline HOMA-IR
was positively correlated with chemerin (r=0.569), visfatin (r=0.360) and chemerin/visfatin ratio (r=0.580) (all
P<0.001). The chemerin/visfatin ratio yielded the highest predictive efficiency for IR improvement, with an AUC of
0.703. Multivariate logistic regression identified treatment regimen (OR=4.858), baseline chemerin/visfatin ratio
(OR=1.281), BMI (OR=1.169), triglycerides (OR=1.874) and testosterone (OR=2.997) as independent influencing
factors for IR improvement (all P<0.05). No significant interaction was observed between treatment regimen and
baseline chemerin/visfatin ratio or BMI. Conclusion: Liraglutide combined with pioglitazone can effectively amelio-
rate body mass, glucose and lipid metabolism, reproductive hormone levels and IR in obese PCOS patients, without
increasing the risk of adverse events. The serum chemerin/visfatin ratio is closely correlated with IR and may serve
as a promising biomarker for predicting treatment response in obese PCOS.
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Introduction position, environmental exposure and unheal-

thy lifestyle, and is currently recognized as a

Polycystic ovary syndrome (PCOS) is one of the
most prevalent endocrine and metabolic dis-
orders affecting women of reproductive age,
with a reported prevalence ranging from 5% to
20%. It is clinically characterized by hyperan-
drogenism, ovulatory dysfunction, and polycys-
tic ovarian morphology on ultrasonography [1].
Accumulating evidence indicates that PCOS
originates from the interplay of genetic predis-

complex multisystem disorder [2]. Nearly half of
PCOS patients are overweight or obese. This
obese phenotype is accompanied by a higher
incidence of glucose and lipid metabolic distur-
bances, as well as elevated cardiovascular dis-
ease risk [3].

Insulin resistance (IR) is widely acknowledged
as the core pathological mechanism underlying
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PCOS and plays a pivotal role in disease pro-
gression [4]. Approximately 75% of women with
PCOS present with varying degrees of insulin
resistance. IR can trigger compensatory hyper-
insulinemia, which further stimulates ovarian
androgen overproduction, thereby aggravating
hyperandrogenism and ovulatory dysfunction
[5]. Notably, PCOS patients exhibit more severe
insulin resistance than the general population
independent of obesity status, indicating that
metabolic abnormalities in PCOS cannot be
simply attributed to excess body weight [6].
Moreover, the severity of IR is positively corre-
lated with body fat mass and further disturbs
hormonal homeostasis in affected women.

Adipose tissue is now regarded as a functional
endocrine organ that secretes a variety of adi-
pokines to regulate energy balance and hor-
monal metabolism. Mounting studies have con-
firmed that adipokines participate in the pa-
thogenesis of PCOS and are closely correlated
with IR and hyperandrogenism [7]. Aberrant
expression of chemerin, visfatin and other adi-
pokines has been frequently observed in PCOS
patients. These adipokines may contribute to
disease progression by modulating inflamma-
tory responses and insulin sensitivity [8-10].
PCOS is also closely linked to chronic inflamma-
tion and immune dysfunction, which partially
explains the increased long-term cardiovascu-
lar risk in this population. Additionally, abnor-
mal neuroendocrine regulation is involved in
PCOS pathogenesis. Anti-Millerian hormone
and related neuropeptides could modulate
the luteinizing hormone (LH)/follicle-stimulat-
ing hormone (FSH) ratio and thus influence the
disease progression [11].

Current clinical management of PCOS primarily
targets metabolic derangements and endo-
crine dysfunction. Lifestyle intervention and
weight loss are first-line strategies, which can
effectively improve IR, hyperandrogenism and
menstrual irregularities [12]. Insulin sensitizers
such as metformin have been demonstrated
to ameliorate body mass, IR and androgen lev-
els in PCOS patients [13]. In recent years, glu-
cagon-like peptide-1 receptor agonists (GLP-
1RAs), a novel class of glucose-lowering agents,
have been increasingly applied in PCOS man-
agement. GLP-1RAs exert beneficial effects on
weight reduction, metabolic profiles and hyper-
androgenism [14]. Nevertheless, the exact role
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of chemerin and visfatin in PCOS pathogenesis,
as well as their correlations with IR and hor-
monal alterations, are not fully elucidated.

Materials and methods
Study design

A total of 338 obese women with PCOS admit-
ted to Qingyang People’s Hospital between
January 2019 and December 2023 were
enrolled in this retrospective study. According
to the treatment regimen, patients were divid-
ed into a control group (n=168, pioglitazone
alone) and a combination group (n=170, piogli-
tazone combined with liraglutide). The treat-
ment course lasted 24 weeks in both groups.
The study protocol was approved by the Ethics
Committee of Qingyang People’s Hospital and
conducted in strict accordance with the princi-
ples of the Declaration of Helsinki.

Sample size was calculated using the single
population proportion formula: N = 72 x [P x (1-
P)]/E2. Based on previous literature, the overall
clinical response rate of PCOS treatment was
assumed to be 86.49% [15]. With «=0.05
(Z=1.96) and an allowable error of 0.05, the
minimal required sample size was 180. After
accounting for a 10% dropout and missing da-
ta rate, approximately 200 participants were
needed. The final enrolled sample of 338 cases
adequately met this requirement.

Clinical data collection

PCOS was diagnosed according to the Rotter-
dam diagnostic criteria [15]. All patients were
required to meet at least two of the following
three items: oligovulation or anovulation, clini-
cal or biochemical hyperandrogenism, and
polycystic ovarian morphology on pelvic ultra-
sound, with other related endocrine disorders
excluded.

Inclusion criteria: confirmed diagnosis of PCOS;
body mass index (BMI) >28 kg/m?; age 18-40
years; completion of the full 24-week treatment
course; and complete clinical and laboratory
data.

Exclusion criteria: thyroid dysfunction, hyperp-
rolactinemia, Cushing’'s syndrome, congenital
adrenal hyperplasia, type 2 diabetes mellitus,
severe hepatic or renal insufficiency, malignant
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tumors; use of any medications affecting glu-
cose and lipid metabolism or sex hormone lev-
els within the preceding 3 months; pregnancy
or lactation; and incomplete clinical data.

Data collection

Baseline demographic indicators included age
and disease duration. Clinical and laboratory
parameters recorded at baseline and post-
treatment comprised BMI, waist circumference,
fasting plasma glucose (FPG), fasting insulin
(FINS), homeostasis model assessment of IR
(HOMA-IR), triglycerides (TG), and testosterone
(T). Serum chemerin and visfatin levels as well
as the chemerin/visfatin ratio were also detect-
ed. Adverse events during treatment were
recorded throughout the follow-up period.

Treatment methods

In the control group, pioglitazone was adminis-
tered once daily with dosage individualized
according to baseline HOMA-IR: 30 mg/day for
patients with HOMA-IR >4.5, and 15 mg/day for
those with HOMA-IR <4.5 [16, 17]. The combi-
nation group received the same pioglitazone
regimen plus liraglutide. Liraglutide was initiat-
ed at 0.6 mg/day in the first two weeks,
increased to 1.2 mg/day during weeks 3-4, and
further increased to a maintenance dose of 1.8
mg/day from week 5 onward if well tolerated.
Patients intolerant to 1.8 mg/day remained on
1.2 mg/day as a maintenance dose [18, 19].
The treatment duration was 24 weeks in both
groups.

Measurement methods

Fasting venous blood samples were collected
in the early morning at baseline and after 24
weeks of treatment. Biochemical indicators
including FPG and TG were detected using an
automatic biochemical analyzer (Hitachi 7600,
Hitachi, Japan). FINS and sex hormones were
measured by chemiluminescence immunoas-
say on a Roche Cobas €601 analyzer (Roche
Diagnostics).

Serum chemerin and visfatin concentrations
were determined by commercial enzyme-linked
immunosorbent assay (ELISA) kits. Chemerin
was measured using the Elabscience Human
Chemerin ELISA Kit (Cat. No. E-EL-HO0698; de-
tection range: 0.16-10 ng/mL; sensitivity: 0.1
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ng/mL). Visfatin was assayed with the Elab-
science Human Visfatin ELISA Kit (Cat. No.
E-EL-H1763; detection range: 0.31-20 ng/mL,;
sensitivity: 0.19 ng/mL). All ELISA kits were pur-
chased from Shanghai Enzyme-Linked Biote-
chnology Co., Ltd. All experimental procedures
were performed strictly in accordance with the
manufacturer’s instructions. HOMA-IR was cal-
culated using the formula: HOMA-IR = FPG x
FINS/22.5.

Outcome measures

The primary outcome was the improvement of
IR and changes in related metabolic biomark-
ers. AHOMA-IR was defined as the reduction in
HOMA-IR from baseline to post-treatment,
reflecting the magnitude of IR improvement; a
higher AHOMA-IR indicated a better therapeu-
tic effect. Using the median AHOMA-IR value of
1.97 as the cutoff, patients were classified into
an improved group (AHOMA-IR >1.97) and a
non-improved group (AHOMA-IR <1.97).

Secondary outcomes included changes in BMI,
waist circumference, FPG, FINS, TG, T, chemer-
in, visfatin, and the chemerin/visfatin ratio.
Clinical efficacy at 24 weeks was independen-
tly evaluated by two clinicians blinded to gro-
up allocation (inter-rater agreement: Cohen’s
k=0.884; discrepancies were resolved by con-
sensus) and categorized into three grades
based on four evaluation dimensions. Markedly
effective: HOMA-IR reduction 250% from base-
line, BMI reduction >10%, regular menstrual
cycles restored to 21-35 days for at least two
consecutive cycles, and testosterone levels
within the normal reference range. Effective:
HOMA-IR reduction of 20-49%, BMI reduction
of 5-9%, improved but incompletely normali-
zed menstrual cyclicity, and decreased testos-
terone still above the upper normal limit.
Ineffective: HOMA-IR reduction <20% or deteri-
oration of indicators, with no remarkable im-
provement in BMI, menstrual regularity or tes-
tosterone level.

The total clinical response rate was defined as
the proportion of patients achieving markedly
effective or effective outcomes. Adverse events
were documented during the treatment. Fur-
thermore, we analyzed correlations between
baseline parameters and HOMA-IR, correla-
tions between dynamic biomarker changes and
AHOMA-IR, and the predictive value of serum
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chemerin, visfatin and their ratio for IR impro-
vement.

Notably, the two outcome evaluation systems
served different research purposes. Dichoto-
mized IR improvement (AHOMA-IR > median)
was used as the dependent variable in logistic
regression to screen independent predictive
factors, given that HOMA-IR reflects the core
pathophysiological characteristics of PCOS.
The multidimensional clinical efficacy grading
was used to comprehensively assess therapeu-
tic effects covering hormonal and menstrual
improvements. The two evaluation approaches
were complementary and not designed for
direct comparison.

Statistical analysis

All statistical analyses were performed with
R 4.5.2 and SPSS 28.0. Normally distributed
continuous data were presented as mean *
standard deviation; independent-sample t-test
and paired t-test were used for between-group
and within-group comparisons, respectively.
Non-normally distributed data were expressed
as median (interquartile range) and compared
using the Mann-Whitney U test or Wilcoxon
signed-rank test. Categorical variables were
described as case number (percentage) and
analyzed via the chi-square test or Fisher’s
exact test when appropriate.

Correlation analysis was conducted using Pe-
arson or Spearman correlation according to the
data distribution. Logistic regression was per-
formed with IR improvement as the depend-
ent variable (O = non-improved, 1 = improved).
Variables with P<0.10 in univariate analysis
were included in the multivariate regression
model. Odds ratios (ORs) and 95% confiden-
ce intervals (Cls) were calculated. Variance
inflation factor (VIF) was used to assess multi-
collinearity, and VIF<5 was regarded as ac-
ceptable.

Receiver operating characteristic (ROC) curves
were constructed to assess the predictive effi-
cacy of chemerin, visfatin and the chemerin/
visfatin ratio for IR improvement. The area
under the curve (AUC), optimal cutoff value,
sensitivity and specificity were calculated. The
optimal cutoff point was determined according
to the Youden index. A two-tailed P value <0.05
was considered statistically significant.
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Results
Baseline characteristics

Age differed significantly between the combina-
tion group and the control group (P=0.017). No
significant intergroup differences were obser-
ved in disease duration, age at menarche, men-
strual cycle pattern, marital status, reproduc-
tive history, infertility history, educational level,
type of menstrual abnormality, family history of
diabetes, smoking history, or physical activity
habits (all P>0.05; Table 1).

Changes in BMI and waist circumference

Before treatment, BMI and waist circumference
were comparable between the two groups
(P=0.900 and P=0.220, respectively). After
treatment, both BMI and waist circumference
were significantly lower in the combination
group than those in the control group (both
P<0.001). Within-group comparisons revealed
significant reductions in these two anthropo-
metric indicators after treatment in both groups
(both P<0.001; Figure 1; Table S1).

Changes in glucose metabolism and IR

FPG, FINS, and HOMA-IR were similar at base-
line between the two groups (P=0.597, P=
0.745, P=0.837, respectively). Post-treatment
levels of FPG, FINS and HOMA-IR were mark-
edly lower in the combination group than tho-
se in the control group (all P<0.001). Both
groups also presented significant within-group
improvements in glucose metabolism and IR
after intervention (all P<0.001; Figure 2; Table
S1).

Changes in lipid metabolism and reproductive
hormones

Baseline levels of total cholesterol (TC), triglyc-
erides (TQ), luteinizing hormone (LH), follicle-
stimulating hormone (FSH), testosterone (T),
and the LH/FSH ratio were balanced between
the two groups (all P>0.05). After treatment,
TC, TG, LH, T and LH/FSH ratio were significant-
ly decreased in the combination group com-
pared with the control group (all P<0.001),
while FSH levels remained comparable (P=
0.418). Within-group analysis showed signifi-
cant reductions in TC, TG, LH, T and LH/FSH
ratio in both groups after treatment (all P<
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Table 1. Comparison of baseline characteristics between the two groups

Combination group

Control group

Variable (n=170) (n=168) Statistic P value
Age (years) 29.02 £ 5.01 27.83 £ 4.07 2.397 0.017
Disease duration (years) 3.00 (2.00, 4.00) 3.00 (3.00, 4.00) 13721.5 0.524
Age at menarche (years) 13.00 (12.00, 14.00) 13.00 (12.00, 14.00) 14449 0.848
Menstrual cycle (days) 82.92 + 25.62 82.01 +26.74 0.322 0.748
Marital status 0.284 0.594
Married 102 (60.00%) 96 (57.14%)
Unmarried 68 (40.00%) 72 (42.86%)
Childbearing history 0.357 0.55
Yes 64 (37.65%) 58 (34.52%)
No 106 (62.35%) 110 (65.48%)
History of infertility 0.562 0.453
Yes 56 (32.94%) 49 (29.17%)
No 114 (67.06%) 119 (70.83%)
Educational level 0.93 0.628
Junior high school or below 31 (18.24%) 35 (20.83%)
High school/technical secondary school 71 (41.76%) 74 (44.05%)
College degree or above 68 (40.00%) 59 (35.12%)
Type of menstrual abnormality 0.617 0.734
Oligomenorrhea 94 (55.29%) 98 (58.33%)
Amenorrhea 50 (29.41%) 43 (25.60%)
Irregular uterine bleeding 26 (15.29%) 27 (16.07%)
Family history of diabetes 0.461 0.497
Yes 47 (27.65%) 41 (24.40%)
No 123 (72.35%) 127 (75.60%)
Smoking history 0.325 0.569
Yes 15 (8.82%) 12 (7.14%)
No 155 (91.18%) 156 (92.86%)
Regular exercise habit 0.422 0.516

Yes
No

52 (30.59%)
118 (69.41%)

46 (27.38%)
122 (72.62%)

Note: PCOS: Polycystic Ovary Syndrome, BMI: Body Mass Index.

0.001). FSH levels did not change obviously
in either group (both P>0.05; Figure 3; Table
S1).

Changes in serum chemerin, visfatin, and the
chemerin/visfatin ratio

Baseline serum chemerin, visfatin and chemer-
in/visfatin ratio were similar between the two
groups (all P>0.05). After treatment, serum
chemerin, visfatin and their ratio were all sig-
nificantly lower in the combination group than
those in the control group (all P<0.001). Bo-
th adipokines decreased significantly within
each group after treatment (all P<0.001). The
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chemerin/visfatin ratio also decreased signifi-
cantly in both groups (control group P=0.005;
combination group P<0.001; Figure 4; Table
S1).

Correlation between baseline HOMA-IR and
related variables

Baseline HOMA-IR was positively correlated
with BMI (r=0.443, P<0.001), waist circumfer-
ence (r=0.484, P<0.001), chemerin (r=0.569,
P<0.001), visfatin (r=0.360, P<0.001), chemer-
in/visfatin ratio (r=0.580, P<0.001), TG (r=
0.373, P<0.001), and T (r=0.369, P<0.001;
Figure 5).
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Figure 1. Comparison of changes in BMI and waist circumference before and after treatment in the two groups. A:
Comparison of BMI changes before and after treatment in the two groups. B: Comparison of waist circumference
changes before and after treatment in the two groups. Note: BMI: Body Mass Index. ***P<0.001, ns indicates no

statistical significance.

Correlation between AHOMA-IR and dynamic
changes in related variables

AHOMA-IR was positively correlated with A
chemerin (r=0.475, P<0.001), Avisfatin (r=
0.255, P<0.001), Achemerin/visfatin ratio (r=
0.480, P<0.001), ABMI (r=0.355, P<0.001),
and Awaist circumference (r=0.343, P<0.001;
Figure 6).

Predictive value of baseline chemerin, visfatin,
and the chemerin/visfatin ratio

ROC curve analysis was performed with AHO-
MA-IR as the outcome variable. AHOMA-IR was
defined as baseline HOMA-IR minus post-treat-
ment HOMA-IR and dichotomized according to
its median value. Participants with AHOMA-IR
>1.97 were defined as having improved IR
(coded as 1), and those with AHOMA-IR <1.97
were categorized into the non-improvement
group (coded as 0).

Baseline chemerin, visfatin and chemerin/vis-
fatin ratio all exhibited predictive efficacy for
IR improvement, with AUC values of 0.670,
0.569 and 0.703, respectively. The chemerin/
visfatin ratio yielded the best predictive per-
formance, followed by chemerin, while visfatin
showed relatively lower discriminatory ability.
All three biomarkers possessed statistically
significant predictive value (chemerin P<0.001,
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visfatin P=0.027, chemerin/visfatin ratio P<
0.001; Figure 7).

Logistic regression analysis of factors associ-
ated with IR improvement

With dichotomized AHOMA-IR as the depen-
dent variable, univariate logistic regression re-
vealed that treatment regimen, baseline che-
merin/visfatin ratio, baseline BMI, baseline TG
and baseline T were significantly associated
with IR improvement (all P<0.001). By contrast,
age, disease duration, baseline FPG and base-
line FINS showed no significant association (all
P>0.05, respectively).

Variables with P<0.10 in univariate analy-
sis were included in the multivariate logistic
regression model. The results demonstrated
that treatment group (OR=4.858, 95% CI:
2.839-8.313, P<0.001), baseline chemerin/
visfatin ratio (OR=1.281, 95% Cl: 1.162-1.412,
P<0.001), baseline BMI (OR=1.169, 95% CI:
1.054-1.297, P=0.003), baseline TG (OR=
1.874, 95% Cl: 1.107-3.174, P=0.019), and
baseline T (OR=2.997, 95% CI: 1.722-5.218,
P<0.001) were independent influencing factors
for IR improvement.

Collinearity diagnostics indicated no obvious
multicollinearity among the enrolled variables.
The VIFs for treatment group, chemerin/visfa-
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tin ratio, BMI, TG and T were 1.123, 1.056,
1.022, 1.057 and 1.038, respectively, all lower
than 5, confirming no significant multicolli-
nearity. The multivariate model had an AUC of
0.812, indicating good discriminatory power
(Figure 8).

Interaction analysis

To explore potential interactive effects, two
interaction models were constructed: treat-
ment group with baseline chemerin/visfatin
ratio and treatment group with baseline BMI.
The interaction between treatment group and
chemerin/visfatin ratio was not statistically sig-
nificant (P=0.468), and likewise, no significant
interaction was found between treatment group
and baseline BMI (P=0.512). These results indi-
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Figure 2. Comparison of changes in glucose me-
tabolism and insulin resistance indices before and
after treatment in the two groups. A: Comparison of
fasting plasma glucose (FPG) changes before and
after treatment in the two groups. B: Comparison
of fasting insulin (FINS) changes before and after
treatment in the two groups. C: Comparison of Ho-
meostasis Model Assessment of Insulin Resistance
(HOMA-IR) changes before and after treatment in
the two groups. Note: FPG: Fasting Plasma Glucose,
FINS: Fasting Insulin, HOMA-IR: Homeostasis Model
Assessment of Insulin Resistance. ***P<0.001, ns
indicates no statistical significance.

cated that baseline chemerin/visfatin ratio and
BMI did not modify the therapeutic effect of
combined therapy on IR improvement.

Notably, the main effect of treatment group
became non-significant after introducing the
interaction term into the model, accompanied
by markedly widened confidence intervals. This
is a recognized statistical phenomenon: when
an interaction term is included, the main effect
of the grouping variable is interpreted as its
conditional effect when the continuous inter-
acting variable equals zero, which is physio-
logically implausible for both BMI and chemer-
in/visfatin ratio. Therefore, the corresponding
main effect coefficients cannot represent the
overall therapeutic effect, and the primary mul-
tivariate model without interaction terms re-
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mains appropriate for evaluating the overall
treatment effect (OR=4.858, 95% Cl: 2.839-
8.313, P<0.001).

In Model 1, baseline chemerin/visfatin ratio
(P<0.001), baseline BMI (P=0.003), baseline
TG (P=0.022) and baseline T (P<0.001) re-
mained significantly correlated with IR improve-
ment, whereas the main effect of treatment
group was insignificant (P=0.122). In Model 2,
baseline chemerin/visfatin ratio (P<0.001),
baseline TG (P=0.020) and baseline T (P<0.001)
maintained statistical significance, while treat-
ment group (P=0.852) and baseline BMI (P=
0.084) did not. Interaction visualization showed
that the predicted probability of IR improve-
ment increased along with elevated baseline
chemerin/visfatin ratio and BMI, yet the trend
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curves of the two treatment groups remained
nearly parallel, further verifying the absence of
a meaningful interaction (Tables 2, S2, S3;
Figure 9).

Clinical efficacy

The combination group achieved superior clini-
cal efficacy compared with the control group. In
the combination group, 101 patients (59.41%)
were rated as markedly effective, 56 (32.94%)
as effective, and 13 (7.65%) as ineffective. In
the control group, 78 patients (46.43%) were
markedly effective, 54 (32.14%) effective, and
36 (21.43%) ineffective. The distribution of effi-
cacy grades differed significantly between the
two groups (x?=13.776, P=0.001). The overall
clinical response rate was 92.35% in the com-
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Figure 5. Scatter plots showing correlations between baseline HOMA-IR and related vari-
ables. A: Scatter plot showing the correlation between baseline HOMA-IR and BMI. B: Scat-
ter plot showing the correlation between baseline HOMA-IR and waist circumference. C:
Scatter plot showing the correlation between baseline HOMA-IR and chemerin. D: Scatter
plot showing the correlation between baseline HOMA-IR and visfatin. E: Scatter plot show-
ing the correlation between baseline HOMA-IR and the chemerin/visfatin ratio. F: Scatter
plot showing the correlation between baseline HOMA-IR and TG. G: Scatter plot showing
the correlation between baseline HOMA-IR and T. Note: HOMA-IR: Homeostasis Model
Assessment of Insulin Resistance, BMI: Body Mass Index, WC: Waist Circumference, TG:
Triglycerides, T: Testosterone. r indicates the correlation coefficient, and P indicates the
probability value.
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pre-treatment minus post-treatment, with a larger A indicating greater improvement; r indicates the correlation coefficient; P indicates the probability value.
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Figure 7. Receiver operating characteristic (ROC) curves of baseline chemerin, visfatin, and the chemerin/visfatin ratio for predicting improvement in insulin resis-
tance. A: ROC curve of baseline chemerin for predicting improvement in insulin resistance. B: ROC curve of baseline visfatin for predicting improvement in insulin
resistance. C: ROC curve of the baseline chemerin/visfatin ratio for predicting improvement in insulin resistance. Note: ROC: Receiver Operating Characteristic, AUC:
Area Under the Curve, Cl: Confidence Interval, HOMA-IR: Homeostasis Model Assessment of Insulin Resistance. AHOMA-IR was defined as pre-treatment HOMA-IR
minus post-treatment HOMA-IR. Improvement was coded as 1 when AHOMA-IR was greater than or equal to the median value and as O otherwise. Cut-off indicates
the optimal threshold determined by the Youden index, sensitivity indicates the true positive rate, and specificity indicates the true negative rate.
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Figure 8. Forest plot of logistic regression analysis of factors associated with improvement in insulin resistance.
Note: HOMA-IR: Homeostasis Model Assessment of Insulin Resistance, VIF: Variance Inflation Factor, OR: Odds
Ratio, Cl: Confidence Interval, FPG: Fasting Plasma Glucose, FINS: Fasting Insulin, TG: Triglycerides, T: Testosterone,
BMI: Body Mass Index. AHOMA-IR was defined as pre-treatment HOMA-IR minus post-treatment HOMA-IR. Improve-
ment in insulin resistance was coded as 1 when AHOMA-IR was greater than or equal to the median value and
as O otherwise. Univariate indicates univariate logistic regression, and multivariate indicates multivariate logistic
regression.

Table 2. Interaction analysis of treatment group with baseline chemerin/visfatin ratio and baseline
BMI for improvement in insulin resistance

Interaction model Interaction term B SE OR (95% ClI) P value
Model 1 Treatment x baseline chemerin/visfatin ratio -0.073 0.101 0.930 (0.761-1.131) 0.468
Model 2 Treatment x baseline BMI 0.07 0.107 1.073(0.870-1.328) 0.512

Note: HOMA-IR: Homeostasis Model Assessment of Insulin Resistance, BMI: Body Mass Index, TG: Triglycerides, T: Testoster-
one, SE: Standard Error, OR: Odds Ratio, Cl: Confidence Interval.

bination group and 78.57% in the control gro- Discussion
up, with a significant intergroup difference
(x3=12.947, P<0.001; Table 3). This retrospective study of 338 women with
obese PCOS evaluated the efficacy and safety
Adverse reactions of liraglutide combined with pioglitazone, and
examined changes in metabolic parameters
The incidence rates of nausea/vomiting, ab- and adipokine profiles. We also explored fac-
dominal distension/diarrhea, dizziness/fatigue tors associated with IR improvement and
and mild edema were all comparable between assessed potential predictive biomarkers.
the two groups (all P>0.05). The overall inci- Compared with pioglitazone monotherapy, the
dence of adverse events was 11.76% in the combination regimen resulted in significantly
combination group and 10.12% in the con- greater reductions in BMI, waist circumference,
trol group, with no significant difference (x?= fasting plasma glucose, fasting insulin, and
0.235, P=0.628). These findings suggested HOMA-IR. Serum levels of chemerin, visfatin,
that liraglutide combined with pioglitazone did their ratio, and reproductive hormone profiles
not increase the risk of adverse reactions also improved more markedly in the combina-
(Table 4). tion group. The dual-treatment group achieved
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Figure 9. Interaction plots of the treatment group with baseline chemerin/visfatin ratio and baseline BMI for im-
provement in insulin resistance. A: Interaction plot of treatment group and baseline chemerin/visfatin ratio for the
predicted probability of improvement in insulin resistance. B: Interaction plot of treatment group and baseline BMI
for the predicted probability of improvement in insulin resistance. Note: HOMA-IR: Homeostasis Model Assessment
of Insulin Resistance, BMI: Body Mass Index, TG: Triglycerides, T: Testosterone. Improvement in insulin resistance
was defined according to the binary coding based on AHOMA-IR. P for interaction indicates the significance of the
interaction term between treatment and the corresponding baseline variable.

Table 3. Comparison of clinical efficacy between the control group and the combination group

Outcome Control (n=168) Combination (n=170) X2 P value
Markedly effective 78 (46.43%) 101 (59.41%)
Effective 54 (32.14%) 56 (32.94%)
Ineffective 36 (21.43%) 13 (7.65%) 13.776 0.001
Total effective rate 132 (78.57%) 157 (92.35%) 12.947 <0.001

Table 4. Comparison of adverse events between the control group and the combination group

Adverse event Control (n=168) Combination (n=170)  Test statistic P value
Nausea/vomiting 5 (2.98%) 8 (4.71%) 0.684 0.408
Abdominal distension/diarrhea 4 (2.38%) 6 (3.53%) - 0.75
Dizziness/fatigue 3(1.79%) 3(1.76%) - 1
Mild edema 5 (2.98%) 3(1.76%) - 0.501
Any adverse event 17 (10.12%) 20 (11.76%) 0.235 0.628

a significantly higher overall clinical response
rate, without an increase in adverse events.
Consistent with previous reports, weight loss
and metabolic intervention effectively impro-
ved HOMA-IR and hyperandrogenism in women
with PCOS [12]. In a study by Elkind-Hirsch et al.
[14], liraglutide reduced body weight and im-
proved endocrine markers. Other studies have
also confirmed the beneficial effects of GLP-1
receptor agonists on BMI, waist circumference,
and multiple metabolic parameters [3, 20].
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Women with obese PCOS frequently present
with severe IR, which is not merely a metabolic
feature but a core component of the pathogen-
ic process. IR may exacerbate hyperandrogen-
ism by stimulating androgen production in ovar-
ian stromal cells and reducing sex hormone-
binding globulin synthesis, creating a self-per-
petuating pathological cycle [21, 22]. There-
fore, improving IR represents a key therapeutic
target in PCOS. In the present study, combina-
tion treatment was more effective in reducing
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HOMA-IR than monotherapy, accompanied by
more pronounced reductions in BMI and waist
circumference. This indicates that liraglutide
with pioglitazone may enhance insulin sensitiv-
ity through complementary mechanisms. Piog-
litazone, a peroxisome proliferator-activated
receptor y (PPAR-y) agonist, promotes adipo-
cyte differentiation and enhances peripheral
insulin sensitivity. Liraglutide, a GLP-1 receptor
agonist, controls body weight by delaying gas-
tric emptying and suppressing appetite, and
has been approved for the management of type
2 diabetes [11, 23-25]. The two agents act syn-
ergistically, achieving weight reduction while
improving insulin sensitivity.

Combination treatment also exerted superior
effects on lipid metabolism and reproductive
endocrine function. Hyperandrogenism and
dyslipidemia commonly coexist in PCOS, and IR
is closely involved in both conditions. Dysre-
gulated insulin signaling disrupts lipid metabo-
lism and steroidogenesis through multiple
pathways. Hyperinsulinemia increases ovarian
androgen production and reduces sex hor-
mone-binding globulin levels, thereby exacer-
bating hyperandrogenism [26, 27]. In our study,
TG, T, and the LH/FSH ratio decreased signifi-
cantly after combination treatment, indicating
that improved insulin sensitivity was accompa-
nied by alleviated metabolic and endocrine dis-
turbances. Zhang et al. [6] also reported that
women with PCOS, regardless of obesity sta-
tus, exhibit more severe IR and hormonal
abnormalities. In the present study, FSH levels
remained unchanged, suggesting that FSH is
less sensitive to insulin resistance per se and is
more strongly regulated by the hypothalamic-
pituitary-ovarian axis. As reported by Pratama
et al. [11], the LH/FSH ratio is modulated by
multiple neuroendocrine factors rather than by
metabolic status alone.

The roles of adipokines in PCOS have gained
increasing attention. Chemerin and visfatin are
adipose tissue-derived cytokines that partici-
pate in inflammatory responses, lipid metabo-
lism, and glucose homeostasis [28, 29]. In our
study, serum chemerin, visfatin, and the che-
merin/visfatin ratio decreased significantly in
both groups after treatment, indicating that
these adipokines are closely associated with
metabolic improvement. Previous studies have
demonstrated that adipokine-mediated chang-
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es in insulin sensitivity and inflammatory activ-
ity contribute to the pathogenesis of PCOS [7].
Inflammation and immune dysregulation also
play important roles in the metabolic distur-
bances observed in PCOS [10], which finding is
further supported by our findings. Baseline
HOMA-IR was positively correlated with chemer-
in, visfatin, and their ratio, supporting that
these adipokines are reflective of insulin resis-
tance. We further explored the correlations of
AHOMA-IR with chemerin, visfatin and their
ratio. Dynamic changes in these parameters
were positively correlated with AHOMA-IR. In
other words, elevated levels of chemerin, visfa-
tin and their ratio were accompanied by an
increase in AHOMA-IR, suggesting a progres-
sive deterioration of insulin resistance over
time in this population. Importantly, ROC curve
analysis showed that the chemerin/visfatin
ratio had a larger AUC than either marker alone,
suggesting that this ratio provides more stable
and reliable predictive performance in complex
metabolic states [12].

Multivariable logistic regression revealed that
treatment group, baseline chemerin/visfatin
ratio, BMI, TG and T were independent factors
associated with IR improvement. These find-
ings indicate that treatment response depends
not only on the therapeutic regimen but also on
baseline metabolic and endocrine status. The
chemerin/visfatin ratio remained significant in
the multivariable model, supporting its poten-
tial value as a predictive biomarker. Previous
studies have reported that body fat and meta-
bolic status strongly influence changes in insu-
lin sensitivity in women with PCOS [6]. All VIFs
were below 5, indicating no significant multicol-
linearity and good model stability. The model
AUC of 0.812 indicated strong discriminative
performance, supporting its potential clinical
utility for risk assessment and treatment
prediction.

We further evaluated whether the treatment
effect was modified by baseline chemerin/vis-
fatin ratio or BMI. Neither interaction was sta-
tistically significant, indicating that the benefi-
cial effect of combination treatment on IR was
consistent across different baseline levels of
these factors. In other words, the dual regimen
improved IR regardless of baseline BMI or che-
merin/visfatin ratio. These results are consis-
tent with previous studies showing that GLP-
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1 receptor agonists provide metabolic benefits
across a range of body weight categories [20].

Safety outcomes were favorable. No significant
between-group difference was observed in the
incidence of adverse events, which were mo-
stly mild gastrointestinal symptoms, dizziness,
fatigue, or mild edema. No serious adverse
events were reported. These findings indicate
that combination therapy enhances efficacy
without compromising tolerability, which is clini-
cally meaningful. Previous studies have also
reported that liraglutide-related adverse events
are predominantly mild-to-moderate gastroin-
testinal reactions [14].

This study has several limitations. As a single-
center retrospective study, it is susceptible to
selection bias and information bias. In addition,
biomarker measurements were obtained from
routine clinical records rather than centralized
research assays, so standardized intra- and
inter-assay coefficients of variation could not
be verified. This limitation is inherent to the ret-
rospective design. The study population was
relatively homogeneous, providing good inter-
nal validity but limited generalizability. The
24-week follow-up period did not allow assess-
ment of long-term efficacy or recurrence. Die-
tary intake, physical activity, and treatment
adherence were not strictly controlled, so com-
plete adjustment for confounders was not pos-
sible. Further multicenter, prospective, random-
ized controlled trials with larger sample sizes
are warranted to validate these findings.

Conclusion

In conclusion, liraglutide combined with piogli-
tazone significantly improves IR, body weight,
glucose and lipid metabolism, and hyperan-
drogenism in women with obese PCOS, without
increasing the risk of adverse events. Serum
chemerin, visfatin, and the chemerin/visfatin
ratio are closely correlated with IR and can
serve as predictive biomarkers of treatment
response. These adipokine markers may be
useful for evaluating metabolic status and guid-
ing personalized treatment strategies in obese
PCOS.
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Table S1. Comparison of anthropometric, metabolic, and hormonal parameters between the control and combination groups before and after

treatment
Variable Time Control group Combination  Between-group Between-gr*oup Within-group Withi[]-group Wlt;"\;;-IgJEUp Wgh:/r;—lir;up
(n=168) group (n=170) P value Q value P value (Control) Q value™ (Control) (Combination) (Combination)
BMI (kg/m?) Pre-treatment 31.47 £2.52 31.44 £ 2.67 0.900 0.900 - - - -
Post-treatment  29.94 + 2.75 2755+ 2.29 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Waist circumference (cm) Pre-treatment 99.12 + 7.64 98.12 + 7.33 0.220 0.220 - - - -
Post-treatment  93.78 £ 6.51 87.04 £ 6.24 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
FPG (mmol/L) Pre-treatment 5.62 + 0.58 5.59 + 0.55 0.597 0.716 - - - -
Post-treatment ~ 5.21 + 0.46 4.75+0.41 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
FINS (mU/L) Pre-treatment 16.83 + 2.94 16.94 + 2.88 0.745 0.812 - - - -
Post-treatment  12.65 + 2.15 9.87 £ 1.96 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
HOMA-IR Pre-treatment 4.21 +£0.89 419 +0.91 0.837 0.837 - - - -
Post-treatment  2.94 + 0.67 2.08 + 0.54 <0.001 <0.001 <0.001f <0.001 <0.001 <0.001
TC (mmol/L) Pre-treatment 4.86 + 0.51 4.92 £ 0.53 0.353 0.498 - - - -
Post-treatment ~ 4.52 + 0.45 4.08 £ 0.39 <0.001* <0.001 <0.001 <0.001 <0.001 <0.001
TG (mmol/L) Pre-treatment 1.92+0.34 1.98 £ 0.36 0.142 0.213 - - - -
Post-treatment ~ 1.68 + 0.29 1.41+0.22 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
LH (IU/L) Pre-treatment 12.48 + 3.02 12,51 +3.11 0.941 0.982 - - - -
Post-treatment  9.23 +2.11 7.15 + 1.86 <0.001 <0.001 <0.001 <0.001 <0.001't <0.001
FSH (IU/L) Pre-treatment 5.64 + 0.82 5.58 + 0.79 0.388 0.518 - - - -
Post-treatment  5.59 + 0.78 5.52+0.75 0.418 0.527 0.533 0.586 0.537 0.586
T (nmol/L) Pre-treatment 2.21 +£0.45 2.20+0.44 0.989 0.989 - - - -
Post-treatment  1.73 £ 0.38 1.21+0.29 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
LH/FSH ratio Pre-treatment 2.23+0.65 2.25+0.67 0.530* 0.586 - - - -
Post-treatment  1.66 + 0.48 1.30£0.35 <0.001* <0.001 <0.001 <0.001 <0.001ft <0.001
Chemerin (ng/mL) Pre-treatment  176.23 £+ 42.15 174.75 + 43.82 0.586* 0.639 - - - -
Post-treatment 132.56 + 34.27 117.63 + 31.45 <0.001* <0.001 <0.001 <0.001 <0.001 <0.001
Visfatin (ng/mL) Pre-treatment 9.52+1.48 9.42+1.51 0.461 0.553 - - - -
Post-treatment ~ 8.01 + 1.32 723 +1.18 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Chemerin/Visfatin ratio  Pre-treatment 18.62 + 3.84 18.58 + 3.91 0.926 0.926 - - - -
Post-treatment  16.55 + 3.21 16.27 + 3.08 <0.001 <0.001 0.005 0.007 <0.001 <0.001

Note: *Q values are Benjamini-Hochberg false discovery rate-adjusted p-values for multiple comparisons within each section (anthropometric, glucose metabolism, lipid metabolism, reproductive hormones,
and adipokines). 'Wilcoxon signed-rank test (non-parametric) was used because the difference was not normally distributed. *Mann-Whitney U test was used for between-group comparison (non-parametric).
TtWilcoxon signed-rank test was used for within-group comparison. Abbreviations: BMI, Body Mass Index; FPG, Fasting Plasma Glucose; FINS, Fasting Insulin; HOMA-IR, Homeostasis Model Assessment of
Insulin Resistance; TC, Total Cholesterol; TG, Triglycerides; LH, Luteinizing Hormone; FSH, Follicle-Stimulating Hormone; T, Testosterone; PCOS, Polycystic ovary Syndrome.
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Table S2. Multivariate logistic regression analysis including interaction between treatment groups
and baseline chemerin/visfatin ratio for improvement in insulin resistance

Variable B SE OR (95% Cl) P value
Treatment 2.941 1.901 18.939 (0.478-854.660) 0.122
Baseline chemerin/visfatin ratio 0.285 0.073 1.330 (1.160-1.546) <0.001
Baseline BMI 0.161 0.054 1.175 (1.059-1.308) 0.003
Baseline TG 0.617 0.27 1.854 (1.097-3.172) 0.022
Baseline T 1.107 0.283 3.026 (1.759-5.347) <0.001
Treatment x baseline chemerin/visfatin ratio -0.073 0.101 0.930 (0.761-1.131) 0.468

Note: HOMA-IR: Homeostasis Model Assessment of Insulin Resistance, BMI: Body Mass Index, TG: Triglycerides, T: Testoster-
one, SE: Standard Error, OR: Odds Ratio, Cl: Confidence Interval.

Table S3. Multivariate logistic regression analysis including interaction between treatment groups
and baseline BMI for improvement in insulin resistance

Variable B SE OR (95% Cl) P value
Treatment -0.631 3.383 0.532 (0.001-401.343) 0.852
Baseline chemerin/visfatin ratio 0.244 0.05 1.277 (1.161-1.412) <0.001
Baseline BMI 0.124 0.072 1.132 (0.985-1.308) 0.084
Baseline TG 0.625 0.269 1.868 (1.109-3.189) 0.02

Baseline T 111 0.284 3.034 (1.761-5.373) <0.001
Treatment x baseline BMI 0.07 0.107 1.073 (0.870-1.328) 0.512

Note: HOMA-IR: Homeostasis Model Assessment of Insulin Resistance, BMI: Body Mass Index, TG: Triglycerides, T: Testoster-
one, SE: Standard Error, OR: Odds Ratio, Cl: Confidence Interval.



