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Abstract: Objectives: To develop a risk prediction model for antipsychotic-induced hyperprolactinemia in female
patients with schizophrenia. Methods: A total of 200 female patients with first-episode schizophrenia who under-
went antipsychotic monotherapy at Huzhou Third Municipal Hospital from February 2022 to December 2023 were
enrolled in this study. Venous blood samples were collected before treatment to measure thyroid function, cortisol,
and sex hormones. Based on the levels of prolactin (PRL) and macroprolactin (MPRL) after four weeks of treatment,
patients were divided into two groups: the hyperprolactinemia group (n = 92) and the macroprolactinemia group (n
= 108). Baseline clinical data were compared between groups, and a risk prediction model was constructed and
evaluated using receiver operating characteristic (ROC) analysis, calibration curves, and decision curve analysis
(DCA). External validation was performed in an independent cohort of 57 patients with schizophrenia admitted be-
tween January and July 2024. Results: Univariate and multivariate analyses identified body mass index (BMI), free
thyroxine (FT4), thyroid-stimulating hormone (TSH), and cortisol as significant predictors of antipsychotic-induced
hyperprolactinemia (P < 0.05). The ROC curve showed an area under the curve (AUC) of 0.838 for the modeling
cohort, with specificity and sensitivity of 0.896 and 0.635, respectively. Internal and external verification yielded
AUCs of 0.852 and 0.689, with specificities/sensitivities of 0.903/0.759 and 0.677/0.615, respectively. The cali-
bration curve demonstrated good alignment with the ideal curve, and DCA indicated the model provided superior
net clinical benefit. Conclusions: The proposed model accurately predicts the risk of antipsychotic-induced hyperp-
rolactinemia in female patients with schizophrenia, offering a valuable tool for early clinical risk assessment.
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Introduction vention. Conversely, the absence of macropro-

lactin (MPRL) testing may lead to unnecessary

Schizophrenia is a chronic, severe, and dis-
abling mental illness primarily treated with anti-
psychotic drugs [1, 2]. While antipsychotics are
essential for symptom control, they frequently
induce elevated serum prolactin (PRL) levels.
However, only some patients develop clinically
significant hyperprolactinemia (HPRL), whereas
others exhibit asymptomatic elevation-termed
macroprolactinemia - which does not need pro-
lactin-lowering therapy [3-5]. Risperidone is a
widely used atypical antipsychotic drug, com-
monly prescribed for both acute and chronic
schizophrenia. However, due to patients’ limit-
ed self-care abilities, relying solely on clinical
manifestations may delay diagnosis and treat-
ment in those with true HPRL requiring inter-

treatment in asymptomatic patients, potentially
causing excessive suppression of monomeric
PRL and subsequent gonadal or luteal insuffi-
ciency, resulting in clinical misdiagnosis and
overtreatment [6]. Therefore, early prediction
and accurate identification of HPRL caused by
antipsychotics are particularly important.

According to the neuroendocrine theory, PRL
secretion is primarily regulated by the hypo-
thalamic-pituitary-gonadal (HPG) axis [7], with
additional modulation by the hypothalamic-
pituitary-thyroid (HPT) and hypothalamic-pitu-
itary-adrenal (HPA) axes. These neuroendocrine
axes not only regulate their respective target
glands but also interact through complex inter-
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axis feedback mechanisms [8]. Based on this
regulatory framework, the present study incor-
porated MPRL detection to accurately distin-
guish true HPRL induced by antipsychotics and
established an early prediction model ground-
ed in neuroendocrine regulation. This model
aims to guide individualized antipsychotic ther-
apy, improve treatment adherence, reduce dis-
ease recurrence, and ultimately alleviate the
burden on families and society.

Materials and methods
Subjects

This study enrolled 200 female patients with
first-episode schizophrenia admitted to Huzhou
Third Municipal Hospital between February
2022 and December 2023. All participants
received risperidone monotherapy for a 4-
week observation period. Venous blood sam-
ples were collected before treatment to mea-
sure thyroid function, cortisol, and sex hor-
mone levels. The dataset was randomly divided
into a modeling cohort (n = 140) and an inter-
nal verification cohort (n = 60) at a ratio of 7:3.

Inclusion criteria: (1) Diagnosis of schizophre-
nia confirmed by at least two attending psy-
chiatrists according to the International Classi-
fication of Diseases, 10th Revision (ICD-10),
with a Positive and Negative Syndrome Scale
(PANSS) score > 60; (2) Regular menstrual
cycles and normal baseline PRL levels; (3) Age
> 18 years.

Exclusion criteria: (1) Presence of organic brain
disorders, affective disorders, or other psychi-
atric conditions; (2) Severe physical illnesses
or conditions that could interfere with assess-
ments; (3) History of substance abuse or
dependence within the past year; (4) Use of
antipsychotics, mood stabilizers, antiepileptics,
or other drugs that could affect PRL levels
within the past six months; (5) Pregnhancy or
breastfeeding.

For external validation, clinical data from an
additional 57 patients with schizophrenia ad
mitted between January and July 2024 were
collected using identical inclusion and exclu-
sion criteria. This study was approved by the
Ethics Committee of Huzhou Third Municipal
Hospital, the Affiliated Hospital of Huzhou
University. Informed consent was obtained
from all patients.

9077

Implementation steps

(1) Clinical and demographic data were collect-
ed, including age, parity, menstrual status,
BMI, and disease duration. The total treatment
observation period lasted 4 weeks. (2) All
patients received monotherapy with a single
antipsychotic agent (excluding aripiprazole).
Drug dosages were titrated to therapeutic lev-
els within the first 2 weeks, and no additional
endocrine medications were administered. Fa-
sting venous blood samples (5 mL) were col-
lected in the morning prior to treatment. To
minimize hormonal fluctuations, blood sam-
pling was performed outside the menstrual
period and 2-4 days before or after menstrua-
tion. Serum PRL, MPRL, thyroid function [free
triiodothyronine (FT3), free thyroxine (FT4), and
thyroid stimulating hormone (TSH)], cortisol,
and sex hormones [luteinizing hormone (LH),
follicle stimulating hormone (FSH), and sex
hormone-binding globulin (SHBG)] were mea-
sured. Baseline differences in these indices
between the hyperprolactinemia and macrop-
rolactinemia groups were analyzed, and signifi-
cant predictors were subsequently used to
establish a risk prediction model.

Construction and verification of the model

The model was constructed using R (v4.4.1). All
patients were randomly divided into a modeling
cohort (n = 140) and an internal verification
cohort (n = 60) in a 7:3 ratio. The modeling
cohort data were utilized to construct the pre-
diction model, while the internal verification
cohort data were utilized to evaluate its pre-
dictive performance. The dependent variable
was antipsychotic-induced hyperprolactinemia.
Model performance was assessed in both
internal and external validation cohorts, calcu-
lating accuracy, sensitivity, specificity, recall
rate, precision, and the area under the receiver
operating characteristic curve (AUC). A com-
bined classification model was established
using the “rms” package in R software. Model
discrimination, calibration, and clinical utility
were evaluated through ROC analysis, cali-
bration plots, and decision curve analysis,
respectively.

Statistical methods

All statistical analyses were conducted with
using SPSS 23.0 software. Quantitative vari-
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Table 1. Comparison of training set data between the two groups of patients

Hyperprolactinemia  Macroprolactinemia

Index group (n = 63) group (n=77) vx P
Age (year, X £s) 31.25+5.71 34.22+6.38 -2.871 0.005
Parity 1.087 0.581

0 28 36

1 20 28

>2 15 13
Menstruation 1.327 0.515

Less flow 46 51

More flow 4 9

Moderate flow 13 17
BMI (kg/m2, X £s) 20.84+2.08 22.02+2.30 -3.132 0.002
Course of dieses (month, X +s) 11.95+3.39 12.17+3.60 -0.364 0.717
FT3 (pmol/L) 3.50+£0.84 3.38+£1.01 0.767 0.445
FT4 (pmol/L) 13.83+1.13 14.33+1.55 -2.124 0.035
TSH (uU/mL) 1.74+0.66 1.48+0.65 2.336 0.021
Cortisol (nmol/L, X+s) 331.81+82.27 256.45+54.25 6.498 <0.001
LH (mU/mL, X +s) 7.6942.23 8.23+2.76 -1.256 0.211
FSH (mU/mL, X £s) 6.80+2.50 6.57+1.91 0.610 0.543
SHBG (ng/mL, X +s) 223.10+25.34 216.47+24.11 1.582 0.116
Risperidone blood concentration (ng/mL) 28.17+2.76 27.96+2.85 0.452 0.652

Tips: FT3: free triiodothyronine; FT4: free thyroxine; TSH: thyroid stimulating hormone; LH: luteinizing hormone; FSH: follicle

stimulating hormone; SHBG: sex hormone binding globulin.

Table 2. Variable assignment

Results

Index Description of valuation . . .

Univariate and multivariate regression analy-
Age Actual value entry . . .

ses of independent risk factors for antipsychot-
BMI Actual value entry ic-induced hyperprolactinemia
FT4 Actual value entry
TSH Actual value entry Based on MPRL and PRL levels, patients in the
Cortisol Actual value entry training set were categorized into a hyperpro-

BMI: Body Mass Index; FT4: free thyroxine; TSH: thyroid
stimulating hormone.

ables were expressed as mean * standard
deviation (Xzs) and compared between gr-
oups using the independent-samples t-test.
Categorical variables were expressed as
counts and percentages, and analyzed using
the chi-square tests (x?) test. Repeated mea-
surements over time were evaluated using
repeated-measures analysis of variance (AN-
OVA) followed by LSD-t test. Multivariate logis-
tic regression was employed to identify inde-
pendent predictors of antipsychotic-induced
hyperprolactinemia in schizophrenic patients. A
P value < 0.05 was considered statistically
significant.
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lactinemia group (n = 63) and a macroprolac-
tinemia group (n = 77). In univariate analysis,
significant differences were observed between
the hyperprolactinemia and macroprolactine-
mia groups in age, BMI, FT4, TSH and cortisol
(all P < 0.05), whereas no significant differenc-
es were observed in the remaining variables
(P> 0.05) (Table 1).

Variables identified as significant in univariate
analysis, including age, BMI, FT4, TSH and cor-
tisol were subsequently entered as indepen-
dent variables in a multivariate logistic regres-
sion analysis. The occurrence of antipsychotic-
induced hyperprolactinemia (coded as O for
macroprolactinomas and 1 for hyperprolac-
tinemia) served as the dependent variable in
the logistic analysis, as shown in Table 2.
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Table 3. Multivariate logistic regression analysis

Index B SE Wald P OR 95% Cl
Age -0.064 0.035 3.365 0.067 0.938 0.876-1.004
BMI -0.330 0.105 9.795 0.002 0.719 0.585-0.884
FT4 -0.385 0.168 5.225 0.022 0.681 0.490-0.947
TSH 0.744 0.357 4.350 0.037 2.105 1.046-4.237
Cortisol 0.018 0.004 23.420 <0.001 1.018 1.011-1.026
Constant 7.908 3.415 5.362 0.021 2717.903

BMI: Body Mass Index; FT4: free thyroxine; TSH: thyroid stimulating hormone.

Table 4. Comparison of modeling cohort and internal verifi-

cation cohort data

0.902) in the modeling cohort, with a
specificity of 0.896 and sensitivity of

Modeling cohort Internal verification

Index t

0.635. In the internal verification
P cohort, the AUC was 0.852 (95%

(n=140) cohort (n = 60)
BMI 21.49+2.27 21.25+2.20 0.690 0.491 Cl: 0.751-0.965), with specificity of
FT4 14.11+1.39 14124124  -0.085 0.933 0.903 and sensitivity of 0.759. Cali-
TSH 1.59+0.66 155:069 0427 0670 DPration curve analysis indicated that
Cortisol 290.36+77.74  312.95+92.75  -1.774 0.078 the nomogram’s predicted probabili-

BMI: Body Mass Index; FT4: free thyroxine; TSH: thyroid stimulating

hormone.

Multivariate logistic regression analysis identi-
fied BMI, FT4, TSH, and cortisol as independent
predictors for antipsychotic-induced hyperpro-
lactinemia in schizophrenic patients (P < 0.05).
The prediction equation was developed: Y =
7.908 - 0.330 x BMI - 0.385 x FT4 + 0.744 x
TSH + 0.018 x Cortisol. Detailed statistical
results are presented in Table 3.

Construction and verification of the predictive
model

Statistical comparison revealed balanced ba-
seline characteristics between the training and
validation cohorts (P > 0.05, Table 4).

Based on the four independent predictors iden-
tified (BMI, FT4, TSH, and cortisol), a combina-
torial classification model was constructed to
predict the risk of antipsychotic-induced hyper-
prolactinemia using the modeling cohort data
(Figure 1). For instance, a patient with a BMI of
19 kg/m?, FT4 of 13 pmol/L, TSH of 2 yU/mL,
and cortisol of 300 nmol/L, the corresponding
nomogram scores would be approximately 36,
34, 19, and 49 points. The total score of 138
points corresponds to a predicted hyperprolac-
tinemia risk of about 69%.

ROC curve analysis showed that the model
achieved an AUC of 0.838 (95% CI: 0.774-
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ties closely aligned with the ideal ref-
erence curve, indicating excellent
calibration. DCA revealed that the
model provided a greater net benefit
than the two extreme strategies (treating all or
none), indicating strong practical utility (Figure
2).

To externally validate the model, clinical data
from 57 schizophrenia patients admitted be
tween January and July 2024 were analyzed.
The model demonstrated robust discrimi-
natory power, with an AUC of 0.689 (95% ClI:
0.550-0.827), with sensitivity of 61.5% and
specificity of 67.7%. Further calibration an-
alysis revealed close alignment between pre-
dicted and observed outcomes, suggesting
high clinical reliability. Notably, the model's
net benefit surpassed both extreme scenarios
(e.g., treating all or none), supporting its clinical
utility (Figure 3).

Discussion

Schizophrenia is a chronic and severe psychiat-
ric disorder with a complex pathogenesis, chal-
lenging treatment, and high relapse rate, im-
posing a significant psychological and econo-
mic burden on patients and their families [9,
10]. In female patients, elevated serum prolac-
tin (PRL) can lead to menstrual irregularities,
galactorrhea, and infertility, severely affecting
their life quality [11, 12]. Therefore, it is essen-
tial to identify risk factors for antipsychotic-
induced hyperprolactinemia in female patients

Am J Transl Res 2025;17(11):9076-9083
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Figure 1. Nomogram (combinatorial classification model). BMI: Body Mass
Index; FT4: free thyroxine; TSH: thyroid stimulating hormone; COR: cortisol.
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Figure 2. Model validation. A. ROC curve of the combinatorial classification
model in the modeling cohort; B. ROC curve of the combinatorial classifi-
cation model in the internal verification cohort; C. Calibration curve of the
modeling cohort; D. Calibration curve of the internal verification cohort; E.
Decision curve of the modeling cohort; F. Decision curve of the internal veri-
fication cohort.
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with schizophrenia and con-
struct a risk prediction model
to facilitate early interven-
tion.

PRL is synthesized and se-
creted by lactotroph cells in
the anterior pituitary gland,
regulated by hypothalamic
dopamine (an inhibitory hor-
mone) and prolactin-relea-
sing hormone [13]. Abnormal
serum PRL levels result in
HPRL. As clinical research on
HPRL progresses, MPRL has
been recognized as a signifi-
cant contributor to apparent
HPRL, complicating clinical di-
agnosis [14]. MPRL typically
consists of high-molecular-
weight PRL complexes - main-
ly tetramers or PRL bound to
immunoglobulins - with limit-
ed biological activity and mini-
mal impact on the endocrine
system, including the HPA
axis [15, 16]. Additionally,
classical antipsychotics are
well-established inducers of
HPRL [17, 18], therefore, mon-
itoring serum PRL and identi-
fying patients at high risk for
true HPRL are essential com-
ponents of safe and effective
antipsychotic therapy.

Logistic regression analysis
further confirmed that BMI,
FT4, TSH, and cortisol were
significant predictors of anti-
psychotic-induced hyperpro-
lactinemia. Adipose tissue
serves as the second-largest
source of PRL production in
the human body. The results
of this study show that pa-
tients with HPRL exhibited
lower BMI, possibly because
elevated PRL suppresses lipid
storage and adipokine syn-
thesis. Additionally, the hyper-
prolactinemia group showed
higher TSH and lower FT4 lev-
els. This finding may reflect
the influence of antipsychotic
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Antipsychotic-induced hyperprolactinemia

o o o
A2 B 2/ C 2,
- ~ Premodel
® © e oo All
° 7 g ] — None
z - z 8
> © . T © w 2
s ° -0.626 (0.677, 0.615) g o / 2°
@ ¥l V4
Q e v/ g <
0 3 g 3 - N <]
s ,.-/ T
2 a 8 o
] AUC: 0.689 2 o . Apparent T <]
95% CI: 0.550 - 0.827 — Bias-corrected g o i
2 3 ... Ideal e

T T T T
06 04 02 0.0 02

1-Specificity

T T
10 08 00

Predicted Probability

T T T r T T

04 0.6 08 1.0 0.0 0.2 0.4 06 08

High Risk Threshold

Figure 3. External verification of the model. A. ROC curve of the combinatorial classification model in the external
verification cohort; B. Calibration curve of the external verification cohort; C. Decision curve of the external verifica-

tion cohort.

medications, through their effects on neu-
rotransmitter metabolism, on thyroid hormone
levels [19, 20]. The HPT axis and the HPG axes
are two major endocrine systems under pitu-
itary control, functioning through closely inter-
related feedback mechanisms. Thyrotropin-
releasing hormone (TRH) secreted by the hypo-
thalamus not only stimulates TSH secretion but
also promotes PRL release [21]. Thus, any dis-
turbance in this balance can elevate PRL levels,
contributing to hyperprolactinemia. Endocrine
hormone secretion is modulated by neuro-
transmitters, and antipsychotic drugs can inter-
fere with the thyroid regulation via 5-hydroxy-
tryptamine (5-HT) and dopamine receptor path-
ways. Their inhibitory effect is partly mediated
through the interaction between 5-HT, recep-
tors and FT4 levels [22]. Most antipsychotics
exhibit potent antagonism of dopamine D, and
5-HT, receptors, leading to decreased FT4 lev-
els [23]. Additionally, their a,-adrenergic recep-
tor antagonism enhances sedative effects and
indirectly influences thyroid function. In hyperp-
rolactinemia, elevated PRL levels exert nega-
tive feedback on dopamine neurons in the
hypothalamus, stimulating the activity of o-
endorphin neurons. This inhibits the synthesis
and release of GnRH, reducing gonadotropin
levels and diminished pulsatile release. As a
result, the positive feedback of estrogen is dis-
rupted, leading to anovulation and menstrual
irregularities [24, 25]. Cortisol (Cor), the termi-
nal hormone of the HPA axis, also plays a role.
Clinical trials have shown that baseline Cor
levels are elevated in patients with schizophre-
nia across different disease stages [26, 27].
Some researchers suggest that antipsychotic
medications can increase plasma Cor levels in
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patients, possibly due to HPA axis dysregula-
tion in individuals with HPRL [28]. Collectively,
these findings suggest that age, BMI, FT4, TSH
and cortisol collaboratively modulate the risk
of antipsychotic-induced hyperprolactinemia in
patients with schizophrenia.

Nomograms are widely used in medical re-
search to quantitatively estimate disease risk
and guide personalized treatment decisions
[29, 30]. Studies have shown that a nomogram
can effectively improve prediction accuracy by
integrating multiple clinical indicators and bio-
markers [31]. The present study demonstrated
excellent performance, with an AUC of 0.838 in
the modeling cohort, with specificity and sensi-
tivity of 0.896 and 0.635, respectively. The cali-
bration curve of the nomogram closely alighed
with the ideal reference line, indicating strong
agreement between predicted and observed
probabilities. Additionally, the decision curve
analysis showed that the model provided gre-
ater net clinical benefits than the reference
line, indicating robust discriminative power and
practical utility. Both internal and external veri-
fications confirmed the strong predictive per-
formance of the nomogram. This is consistent
with prior studies emphasizing that rigorous
model validation is essential for assessing sta-
bility and generalizability [32]. Thus, the com-
binatorial classification model established in
this research is reliable and clinically practical,
capable of early identification of true hyperpro-
lactinemia and positively impacting patient
prognosis.

The model established in this study has a good
application prospect. It provides clinicians with

Am J Transl Res 2025;17(11):9076-9083



Antipsychotic-induced hyperprolactinemia

a reliable tool to optimize antipsychotic se-
lection and formulate personalized treatment
plans, thereby reducing the incidence of hyper-
prolactinemia and its complications, enhancing
patients’ treatment compliance and quality of
life. Moreover, this approach can facilitate the
optimization of antipsychotic drug development
and advance the implementation of personal-
ized psychiatry.

Nevertheless, this study has certain limita-
tions. Owing to the limited sample size and sin-
gle-center design, the external validation did
not include data from other medical institu-
tions, which may limit the representativeness
of the validation cohort. Therefore, the predic-
tive accuracy of this model across different
populations needs to be further verified throu-
gh large-scale, multicenter clinical studies.

Conclusion

In summary, BMI, FT4, TSH, and cortisol are
independent factors influencing antipsychotic-
induced hyperprolactinemia in patients with
schizophrenia. Early evaluation of these param-
eters can facilitate the identification of high-
risk individuals and support more accurate
medication plans. Future research should fur-
ther explore the roles of gene polymorphisms
and epigenetic mechanisms in drug-induced
hyperprolactinemia to deepen understanding
of its pathogenesis and optimize prevention
and treatment approaches.
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