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Abstract

Hyperprolactinemia, defined as persistently elevated serum prolactin levels, is a common endocrine
disorder with systemic metabolic consequences that extend beyond its classical roles in lactation and
reproductive function. This review summarizes current evidence regarding the interplay between
prolactin excess and metabolic regulation. Chronic hyperprolactinemia is associated with increased
appetite, weight gain, and elevated BMI, likely mediated through altered dopaminergic tone, leptin
resistance, and direct effects on adipose tissue. Dyslipidemia is frequently observed, characterized by
elevated total cholesterol, low-density lipoprotein cholesterol (LDL-C), and triglycerides, alongside
reduced high-density lipoprotein cholesterol (HDL-C). Additionally, prolactin excess contributes to
impaired glucose homeostasis, manifesting as increased fasting glucose levels, elevated HbAlc, and
insulin resistance. Emerging data also suggest associations with endothelial dysfunction,
cardiovascular risk, neuropsychiatric disturbances, and reduced bone mineral density. These
findings support the conceptualization of hyperprolactinemia as a multisystem disorder requiring
comprehensive clinical evaluation and management. Further studies are needed to elucidate the
underlying mechanisms and optimize therapeutic strategies.

Keywords: hyperprolactinemia; prolactin; insulin resistance; dyslipidemia; obesity; metabolic
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Prolactin as a Classical Hormone Synthesized and Secreted by Lactotroph Cells
of the Anterior Pituitary Gland

Prolactin (PRL), also known as lactotropin or mammotropin, is a polypeptide hormone
synthesized and secreted by lactotroph cells of the anterior pituitary gland [1]. The secretion of
prolactin is primarily regulated by dopamine. Prolactin is composed of 199 amino acids and possesses
a chemical structure similar to that of growth hormone and placental lactogen.

Prolactin was first discovered in animals, including sheep, cattle, and birds, and was
subsequently confirmed in humans in 1970 by Henry Friesen [2].

Approximately 85% of circulating prolactin exists in the monomeric form, with a molecular
weight of 23 kDa. This form is recognized as biologically active [3]. Different forms of prolactin
circulate in the blood serum, including a dimeric form (molecular weight 48-56 kDa) and a
macroprolactin form (molecular weight 150-170 kDa). Macroprolactin is biologically inactive and is
composed of prolactin bound to antiprolactin autoantibodies [4].

In women, prolactin is essential for milk production and lactation, stimulating the proliferation
of breast alveolar elements during pregnancy and the postpartum period [5]. During pregnancy,
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rising estrogen levels stimulate the proliferation of lactotroph cells in the pituitary gland, leading to
increased prolactin secretion.

Prolactin also exerts significant effects on metabolic homeostasis, neurodevelopment,
neuroprotection, and immunoregulation. Recent studies have focused on the effects of prolactin on
food intake and body weight [6]. Most recently, prolactin is recognized as having a novel impact on
BM], total cholesterol, LDL cholesterol, and triglycerides.

Hyperprolactinemia: Clinical Conditions and Etiologies

Hyperprolactinemia is one of the most frequently diagnosed clinical disorders in routine
endocrine practice and affects approximately 5-10% of women with secondary amenorrhea.

The normal reference range for serum prolactin is approximately 5-20 ng/mL. Excess prolactin
secretion may occur in various physiological and pathological conditions and can also be drug-
induced. Physiological hyperprolactinemia occurs following coitus, exercise, chronic stress, and
during sleep, as well as naturally during pregnancy and breastfeeding [7].

The most common cause of non-tumoral hyperprolactinemia is medication. Among the drugs
that can induce elevated serum prolactin concentrations are oral contraceptives, antipsychotics
(including phenothiazines, risperidone, haloperidol, olanzapine, amisulpride, clozapine, and
quetiapine), antiemetics (such as metoclopramide, domperidone, and prochlorperazine),
antidepressants (including tricyclic antidepressants, selective serotonin reuptake inhibitors [SSRIs],
monoamine oxidase inhibitors, and serotonin-norepinephrine reuptake inhibitors [SNRIs] such as
venlafaxine), antihypertensives (e.g., verapamil), antihistamines (H2 receptor blockers), and opiates
[8].

Prolactinoma is a pituitary adenoma that secretes prolactin. Prolactinomas account for
approximately 40% of all pituitary adenomas and occur more commonly in women. Based on size,
they are classified as either microprolactinomas (diameter <10 mm) or macroprolactinomas (diameter
>10 mm). Most adenomas (approximately 90%) are microadenomas and remain asymptomatic. The
classical clinical presentation of a pituitary tumor includes menstrual irregularity, galactorrhea,
infertility, headache, and visual field changes [9].

Certain systemic disorders can also lead to elevated serum prolactin concentrations. These
include polycystic ovarian syndrome (PCOS), chronic kidney disease, hepatic cirrhosis, and chest
wall irritation (resulting from trauma, herpes zoster, or surgery).

Effects of Prolactin Excess on Food Intake and Body Weight

Prolactin exerts numerous metabolic effects through the regulation of energy balance and
cellular metabolism in both the central nervous system and peripheral organs. These pleiotropic
actions of prolactin likely play a crucial role in adapting the maternal body to the biological demands
of pregnancy and lactation [10].

Chronic hyperprolactinemia has been linked to increased food intake and weight gain [11].
Patients with pathological hyperprolactinemia due to prolactinoma or chronic blockade of dopamine
receptors in the course of psychiatric treatment are observed to have a higher BMI and increased
prevalence of obesity [12,13]. The proposed pathophysiology of obesity in patients with
prolactinomas includes decreased dopaminergic tone, hypogonadism, hypothalamic compression,
development of leptin resistance, and direct effects on adipose tissue [14].

Reduction in hypothalamic dopaminergic neurotransmission observed in hyperprolactinemia is
associated with increased appetite and altered regulation of energy expenditure. Normalization of
prolactin levels through treatment with dopamine agonists has been associated with weight loss in
some studies [15]. Hypothalamic compression is proposed as a mechanism for weight gain; however,
this hypothesis has yet to receive adequately confirmation. Some authors speculate that
hypogonadism, which affects adipose tissue distribution, may also contribute to adverse metabolic
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and weight profiles. Nevertheless, animal experiments provide evidence that prolactin stimulates
appetite independently of sex steroids [16].

It is well established that the anorexigenic pro-opiomelanocortin (POMC) neurons and the
orexigenic neuropeptide Y (NPY)/agouti-related peptide (AgRP) neurons of the arcuate nucleus
within the hypothalamus play a crucial role in the regulation of appetite. However, studies suggest
that it is unlikely that prolactin increases appetite through direct influence on these neurons [17].
Leptin, another well-known hormone regulating food intake, acts in the hypothalamus by
stimulating POMC neurons and suppressing NPY/AgRP neurons, thereby decreasing appetite [18].
It has been suggested that elevated levels of prolactin induce leptin insensitivity [19].

Prolactin influences adipose tissue development. PRL not only impacts adipogenesis and
adipocyte function but is also synthesized within adipose tissue itself, potentially acting as both an
endocrine and paracrine agent [20]. Studies in rodent models have demonstrated that females may
be more susceptible to the influence of hyperprolactinemia on energy balance and that prolactin can
exert both positive and negative effects on adipose tissue accumulation [21-24].

This is consistent with the proposed dual role of prolactin in both fat mass accretion during
pregnancy and fat mass mobilization during lactation. Prolactin may either increase or decrease
adipogenesis and affects both white and brown adipose tissue depots. White adipose tissue (WAT)
functions as an energy reservoir and as an endocrine organ capable of secreting metabolic adipokines.
Brown adipose tissue (BAT) actively participates in thermogenesis and provides protection against
hypothermia and obesity. Results from rodent models are mixed: chronically high prolactin levels
have been shown to stimulate adipose accretion in some studies, while others demonstrated a small
reduction in retroperitoneal fat mass [24,25]. Moreover, low serum PRL level were also associated
with visceral adipocyte hypertrophy [26]. The exact mechanisms by which PRL regulates fat tissue
depots requires further study.

Hyperprolactinemia and the Lipid Profile

Disruption of lipid metabolism is a common finding in hyperprolactinemia [27,28]. Patients with
elevated prolactin levels exhibit increased concentrations of total cholesterol, low-density lipoprotein
(LDL) cholesterol, and triglycerides [29]. Decreased levels of high-density lipoprotein (HDL)
cholesterol have also been reported in these patients [30]. In particular, increased total cholesterol,
LDL-cholesterol, and triglycerides, alongside decreased HDL-cholesterol, have been observed more
frequently in patients with prolactinomas than in healthy control subjects [31]. In a study by Posawetz
et al. (2021), patients with prolactinomas demonstrated significantly higher body mass index (BMI)
and LDL-cholesterol levels, as well as significantly lower HDL-cholesterol levels [32]. Subsequent
studies have reported similar results [33,34]. Excess prolactin affects lipid intake, synthesis, and
utilization [11]. Patients with elevated prolactin levels experience hyperphagia and increased
appetite, leading to elevated calorie intake [35]. Moreover, high prolactin levels facilitate the release
of free fatty acids from adipose tissue, thereby promoting LDL secretion [36]. Hyperprolactinemia
also enhances hepatic fatty acid synthesis. In a calorimetry-based study of patients with elevated
prolactin levels, decreased insulin sensitivity impaired the peripheral degradation and metabolism
of fatty acids [37]. Additionally, significant decreases in apolipoprotein A-I and apolipoprotein A-II
have been observed in hyperprolactinemic women compared with healthy controls. Impairment of
apolipoprotein biosynthesis induced by prolactin excess has been proposed as a potential mechanism
for the lower apolipoprotein levels observed in these patients [38].

A direct effect of prolactin on lipid metabolism has been suspected, as increased prolactin
receptor expression has been observed during adipocyte differentiation, suggesting its involvement
in the regulation of mature adipocytes [39]. It has also been suggested that dopaminergic tone may
influence adipose tissue regulation due to the expression of dopamine D2 receptors (D2DR) on
human adipocytes [40]. In patients with prolactin excess treated with bromocriptine or cabergoline,
improvements in lipid profiles were observed regardless of changes in body weight and BMI [41].
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Dopamine agonists could influence lipid metabolism through D2DR activation, independent of food
intake and body weight [42].

Additionally, hyperprolactinemia-induced hypogonadism may also contribute to adverse body
composition and dyslipidemia, particularly in men, as androgen deficiency itself increases body fat
and facilitates lean mass reduction [43]. In women, hypoestrogenism caused by hypogonadism
during hyperprolactinemia also leads to decreased HDL cholesterol and increased total and LDL
cholesterol [44].

Recent results from several studies suggest that prolactin deficiency may also be associated with
dyslipidemia and metabolic complications [45]. In young women with previously elevated prolactin
levels treated with cabergoline, low prolactin levels have been associated with higher triglyceride
and lower HDL levels compared to healthy controls. The lipid profiles of similar young women but
who achieved normal prolactin levels after administered cabergoline did not differ significantly from
healthy controls [46]. Serum prolactin concentrations below the normal range have also been
associated with adipocyte hypertrophy in visceral adipose tissue, impaired insulin sensitivity, and
elevated body mass index (BMI), blood pressure, and waist circumference [47,48].

Chronic Prolactin Excess and the Glucose-Insulin Profile: Implications for
HbA1c, Fasting Glucose, HOMA-IR, and Insulin Secretion

Chronic hyperprolactinemia, a condition characterized by persistently elevated serum prolactin,
has been shown to impact various metabolic processes, including glucose and insulin regulation.
Prolactin, a hormone traditionally associated with lactation, is also involved in the regulation of
multiple body systems. Evidence from recent studies suggests that prolonged prolactin excess may
lead to dysregulation of glucose metabolism, resulting in impaired insulin sensitivity and glucose
intolerance.

Prolactin and Insulin Sensitivity

One of the most significant metabolic disturbances associated with chronic prolactin excess is
alteration of the glucose-insulin profile. Studies have demonstrated increases in HbAlc, fasting
glucose, and insulin resistance in individuals with prolonged hyperprolactinemia. Elevated prolactin
levels have been linked to the development of insulin resistance, which is often quantified using the
Homeostatic Model Assessment for Insulin Resistance (HOMA-IR). Hyperprolactinemia-induced
insulin resistance is thought to occur through multiple mechanisms, including increased adiposity
and direct effects of prolactin on insulin signaling pathways.

A recent study demonstrated that patients with chronic prolactin excess had significantly higher
HbAlc levels compared to healthy controls, suggesting chronic glycemic dysregulation. The increase
in HbAlc levels is indicative of prolonged hyperglycemia, a key factor in the development of type 2
diabetes. Additionally, fasting glucose levels in these patients were also elevated, further indicating
that hyperprolactinemia impairs glucose homeostasis [49].

Insulin Secretion and Resistance

The secretory response of insulin is an important aspect of metabolic dysfunction observed in
chronic hyperprolactinemia. Insulin secretion may be altered in individuals with high prolactin
levels, resulting in inappropriate compensatory insulin release to overcome insulin resistance.
Despite elevated insulin levels, insulin sensitivity remains compromised, as evidenced by higher
HOMA-IR scores in affected individuals [50]. Elevated prolactin may interfere with pancreatic $-cell
function, affecting insulin secretion and exacerbating insulin resistance.

Interestingly, several studies have suggested that treatment of hyperprolactinemia, often with
dopamine agonists such as bromocriptine, may improve the glucose-insulin profile. Normalization
of prolactin levels has been shown to reduce HbAlc, fasting glucose, and insulin resistance markers,
suggesting that prolactin plays a direct role in glucose metabolism [51].
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Table 1. Summary of Key Metabolic Parameters in Chronic Hyperprolactinemia.
Parameter Control Group (n=50) HPRL Group (n=50) P-value
HbAlc (%) 54+0.3 6.2+04 <0.05
Fasting Glucose (mg/dL) 9010 115+12 <0.01
HOMA-IR 1.0+0.2 25+0.3 <0.01
Secretory Insulin (uU/mL) 10+3 16+4 <0.05

(Adapted from Jahan et al., 2020).

Mechanisms Behind Prolactin-Induced Metabolic Changes

The exact molecular mechanisms linking chronic prolactin excess to metabolic disturbances
remain incompletely understood; however, several hypotheses have been proposed. Prolactin may
interfere with insulin signalling pathways, leading to reduced glucose uptake in tissues such as
skeletal muscle and adipose tissue. In addition, prolactin has been shown to influence adipogenesis
and lipid metabolism, which may indirectly exacerbate insulin resistance [52].

Furthermore, chronic elevation of prolactin has been associated with increased cortisol levels,
which are known to impair glucose metabolism. This effect may further compound the impact of
hyperprolactinemia on glucose homeostasis and insulin regulation.

Chronic hyperprolactinemia is increasingly recognized as a contributor to metabolic
disturbances, particularly in the regulation of glucose and insulin. Observed increases in HbAlc,
fasting glucose, and markers of insulin resistance in affected patients underscore the importance of
addressing prolactin excess as part of a comprehensive metabolic management strategy. Future
research should focus on elucidating the precise mechanisms by which prolactin excess leads to
metabolic dysfunction, as well as evaluating the therapeutic potential of normalizing prolactin levels
in these patients.

Skin

Prolactin (PRL) exerts effects on the skin and its appendages. PRL receptors are widely expressed
in the skin, including in the hair follicle, sebaceous gland, eccrine sweat gland, epidermis, adipose
tissue, and lymphocytes [53]. Associations between elevated PRL levels and the exacerbation of
certain skin diseases have been described in the literature, including its potential role in acne and hair
loss [54,55].

Hair

Several studies have sought to evaluate the prevalence of hyperprolactinemia in both women
and men with hair loss [54,56,57]. Potential hormonal contributors to androgenetic hair loss have
been investigated by Schmidt et al., who demonstrated that PRL levels increased following
thyrotropin-releasing hormone (TRH) stimulation. It has also been suggested that complex
interactions between thyroid hormones and androgens in hyperthyroid patients contribute to the
development of androgenetic hair loss [57]. Evidence from in vitr

models indicates that only supraphysiological concentrations of prolactin exert an inhibitory
effect on human hair follicles [54] and this postulation is not confirmed beyond in vitro models. As
there is no definitive evidence to suggest an influence on the extent or duration of androgenetic
alopecia, it is suggested that elevated prolactin levels not be considered a causative factor in hair loss.

Acne Vulgaris

Patients with acne frequently seek to identify an underlying cause and often request hormonal
evaluation. However, it remains unclear whether routine measurement of prolactin levels is justified
in this context. Szybiak et al. reported that patients with acne had significantly higher serum PRL
levels compared with control subjects [55]. Similar findings have been described in other studies
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[58,59]. Despite these observations, routine measurement of prolactin levels in patients with acne is
not generally recommended and should be reserved for cases in which clinical features suggest an
underlying endocrine disorder.

Psoriasis

The role of PRL in the pathogenesis of psoriasis, its serum levels in affected patients, and its
correlation with disease activity have been investigated in multiple studies. Girolomoni et al.
demonstrated, in an in vitro study, that PRL may contribute to the pathogenesis of psoriasis by
stimulating keratinocyte proliferation, enhancing T-lymphocyte interferon-gamma production, and
promoting angiogenesis [60].

Serum prolactin levels in patients with psoriasis have also been examined. In one study, 55 male
patients from India aged 22-66 years with chronic plaque psoriasis of at least six months’ duration
were enrolled. PRL levels in patients with psoriasis vulgaris were significantly higher compared with
those in patients with atopic dermatitis and in healthy controls [61]. A smaller study involving 20
patients confirmed these findings and additionally demonstrated a reduction in prolactin levels
following treatment of psoriatic lesions [62]. These findings have been confirmed in a number of other
studies as well [63,64].

Hyperprolactinemia and Cardiovascular Disease (CVD) Risk

Cardiovascular diseases (CVDs) are among the leading causes of morbidity and mortality
worldwide. Multiple etiological factors contribute to CVDs, including endocrine disturbances such
as elevated prolactin (PRL) levels, although the evidence regarding the direct impact of PRL on CVD
risk remains inconsistent [65-69]. Hyperprolactinemia may occur under physiological, pathological,
or idiopathic conditions, and its levels may vary according to factors such as sex, age, pregnancy,
lactation, and the menstrual cycle [69,70].

PRL exists in several isoforms, including full-length PRL (23 kDa), big PRL (a dimer of the
monomeric form), big-big PRL (complexes of monomeric PRL and IgG autoantibodies), and
vasoinhibins (5.6, 14, 16, 18, and 22 kDa). PRL receptors (PRLRs), particularly those binding the 23
kDa isoform, play a key role in mediating its biological activity, as they do not bind vasoinhibins or
other isoforms and therefore activate distinct intracellular pathways. Although vasoinhibins exert
biological effects via receptors on target cells, these receptors have not yet been fully characterized.
Both PRL and vasoinhibins act on endothelial cells, immune cells, fibroblasts, pericytes, and vascular
smooth muscle cells in paracrine and autocrine manners. They may either stimulate or inhibit
vascular processes such as proliferation, dilation, permeability, and regression. Specifically, 23 kDa
PRL promotes angiogenesis, whereas vasoinhibins exhibit antiangiogenic effects and inhibit vascular
remodeling, vasodilation, vasoconstriction, and capillary dissociation [71].

The 23 kDa PRL isoform does not appear to exert deleterious effects on cardiac function. In
contrast, the 16 kDa isoform has been shown to impair cardiac microcirculation, reduce cardiac
function, and promote ventricular dilatation and cardiomyocyte damage [71,72].

Even modest increases in PRL levels have been associated with elevated serum endocan
concentrations, a glycoprotein released by vascular endothelium and considered a marker of
endothelial dysfunction in conditions such as coronary artery disease, acute myocardial infarction,
and hypertension [73]. Under physiological conditions, hyperprolactinemia has been associated with
incident hypertension, a potential predictor of aortic stiffness and endothelial dysfunction [69].
Moreover, chronic exposure to pathologically elevated prolactin levels has been linked to
hypertension, endothelial dysfunction, obesity, increased visceral adiposity, insulin resistance,
dyslipidemia, and atherosclerosis, thereby increasing overall cardiovascular risk [66,69].
Interestingly, in idiopathic hyperprolactinemia, no significant increase in central or peripheral blood
pressure or vascular stiffness has been observed [66,74].

PRL is also thought to modulate inflammatory processes by stimulating vascular smooth muscle
cells and promoting adhesion of circulating mononuclear cells to the endothelium [66]. While this
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may contribute to the progression of atherosclerotic disease, it does not appear to directly increase
the incidence of ischemic events [67].

Elevated levels of the 16 kDa PRL isoform have been implicated in myocardial damage.
Epicardial adipose tissue may further contribute to inflammation and atherosclerosis through the
secretion of paracrine pro- and anti-inflammatory cytokines [66]. These mechanisms may play a role
in the pathogenesis of peripartum cardiomyopathy (PPCM), which is characterized primarily by left
ventricular dysfunction and reduced left ventricular ejection fraction [67,71,75,76].

Hyperprolactinemia may also influence cardiovascular disease risk indirectly through its
interactions with metabolic disorders such as diabetes mellitus, thereby contributing to increased
cardiovascular mortality [67,77]. Additional indirect associations have been observed between
prolactin, blood pressure regulation, and renal function. Prolactin levels are also strongly associated
with N-terminal pro-B-type natriuretic peptide (NT-proBNP), a biomarker of cardiac function [78,79].

Hyperprolactinemia is commonly observed in patients with pituitary adenomas
(prolactinomas), and in such cases may contribute to premature atherosclerotic disease in both
women and men [80]. Furthermore, elevated prolactin levels in these patients have been associated
with increased carotid intima-media thickness, a recognized marker of subclinical atherosclerosis
and early vascular damage [67].

Prolactin and Psycho-Neuro-Cognitive Health

Hyperprolactinemia and the Brain

Prolactin receptors are widely expressed in the brain, particularly in the hypothalamus. Prolactin
exerts well-characterized actions within the nervous system, including regulation of its own
secretion, stimulation of neurogenesis, modulation of pain and stress responses, and neuroprotection
against excitotoxicity [81].

It should be emphasized that prolactin excess, as observed in hyperprolactinemia, exerts effects
on the brain that differ in important respects from those seen at physiological prolactin levels [82].
These effects are complex and multifactorial and may be classified as both direct and indirect. In
addition, hyperprolactinemia may influence anatomical, biochemical, and neurohormonal aspects of
brain function [83].

Hyperprolactinemia has been associated with depression and anxiety. The underlying
mechanisms are thought to involve disruption of neurotransmitter systems, particularly those
mediated by serotonin and dopamine. Prolactin inhibits dopamine release and alters dopamine
receptor sensitivity, which may contribute to the development of neuropsychiatric disorders,
including depression, psychosis, and other mood disturbances. Furthermore, elevated prolactin
levels have been shown to affect the serotonergic system, potentially exacerbating symptoms of
depression and anxiety [84]. Several studies have demonstrated that hyperprolactinemia is associated
with grey matter loss in the left hypothalamus and prefrontal cortex [85]. These brain regions play
critical roles in memory processing and emotional regulation.

Hyperprolactinemia has a significant impact on cognitive function and is reported to reduce
global cerebral blood flow, particularly affecting the temporal and frontal gyri [86]. In 1992, Grattan-
Smith et al. conducted one of the first studies in this area, demonstrating that neuropsychological
changes are common in patients with hyperprolactinemia, particularly those with pituitary
adenomas, and therefore warrant clinical attention [87].

The impact of hyperprolactinemia on cognition includes reduced attentional processing,
impaired working memory, and decreased overall cognitive performance. Some studies have
suggested that the severity of these impairments correlates with the degree of prolactin elevation [88].
Xu et al. evaluated 295 patients with severe mental disorders (SMD) and 195 healthy controls,
demonstrating a significant association between elevated prolactin levels and cognitive impairment
in female patients with SMD. These findings underscore the importance of monitoring prolactin
levels to prevent cognitive decline in this population [89].
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Another important effect of hyperprolactinemia is its impact on the hypothalamic-pituitary—
adrenal (HPA) axis. Hyperprolactinemia leads to activation of this axis, resulting in increased serum
levels of dehydroepiandrosterone sulfate (DHEA-S) and cortisol [90]. Consequently, affected patients
may experience symptoms such as anxiety, hostility, and depression.

Further studies are required to better characterize the broad spectrum of effects of
hyperprolactinemia on brain function.

Hyperprolactinemia and Bone Mineral Density

Hyperprolactinemia is increasingly recognized as an important secondary cause of impaired
skeletal health, with detrimental effects on bone mineral density (BMD), bone microarchitecture, and
fracture risk. The mechanisms underlying bone loss in this context are multifactorial. Traditionally,
reduced BMD in hyperprolactinemic patients has been attributed primarily to hypogonadotropic
hypogonadism, with estrogen deficiency leading to increased bone resorption and reduced bone
formation. However, more recent evidence suggests that prolactin excess may also directly contribute
to skeletal fragility through its effects on osteoblast and osteoclast function, as well as through
disturbances in calcium homeostasis, although the relative contribution of direct versus indirect
mechanisms remains incompletely defined [90,91].

The identification of prolactin receptor (PRLR) expression on osteoblasts in both trabecular and
cortical bone has led to the hypothesis that prolactin may exert direct skeletal effects. Notably,
prolactin appears to have bimodal actions on bone metabolism, influencing both osteoblastogenesis
and bone formation, which may help explain the adverse skeletal outcomes observed in both hypo-
and hyperprolactinemic states [91]. Experimental studies have shown that PRLR knockout mice
exhibit delayed bone formation, supporting a physiological role for prolactin in bone remodelling.

In addition to its inhibitory effects on osteoblast function, prolactin promotes osteoclastogenesis
through several mechanisms. It enhances the expression of receptor activator of nuclear factor kB
ligand (RANKL), including at the mRNA level, thereby stimulating osteoclast differentiation and
activity. Furthermore, prolactin upregulates other osteoclastogenic mediators, such as monocyte
chemoattractant protein-1, cyclooxygenase-2, and ephrin-Bl, suggesting a role in modulating
osteoblast—-osteoclast crosstalk. Importantly, the effects of prolactin on bone cells appear to be
concentration-dependent. High prolactin levels (approximately 100 ng/mL) reduce osteoblast
number while increasing early differentiation markers, whereas lower concentrations (10-100 ng/mL)
may reduce osteoclast activity by promoting apoptosis. These findings indicate a complex, dose-
dependent regulation of bone metabolism [91].

Contemporary evidence suggests that trabecular bone is particularly vulnerable to the effects of
prolactin excess. A 2024 systematic review and meta-analysis demonstrated that patients with
prolactinomas had significantly lower lumbar spine Z-scores compared with controls, whereas
findings at the femoral neck were less consistent. This supports the concept that prolactin excess
preferentially affects trabecular rather than cortical bone. Importantly, the same analysis reported a
significantly increased fracture risk in patients with prolactinomas, with an odds ratio of 3.21
compared with controls [92].

High-resolution peripheral quantitative computed tomography (HR-pQCT) studies have
demonstrated significant microarchitectural impairment in patients withprolactinomas. Trabecular
thickness was reduced at both the radius [MD -0.01; 95% CI: -0.02 to —0.00; P = 0.0006] and tibia [MD
-0.01; 95% CI: —0.02 to —0.00; P = 0.03], while cortical thickness at the radius was also significantly
decreased [MD -0.01; 95% CI: —0.19 to —0.00; P = 0.04] compared with controls. These findings indicate
that prolactinomas are associated not only with reduced bone mass but also with impaired bone
microarchitecture [92].

Beyond conventional densitometry, emerging imaging studies suggest that dual-energy X-ray
absorptiometry (DXA) may underestimate skeletal involvement in some patients. A 2022 HR-pQCT
study demonstrated reduced trabecular and cortical thickness at both the radius and tibia in patients
with prolactinomas. Notably, some individuals with abnormal volumetric bone parameters had areal
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BMD values within the normal range, indicating that deterioration in bone quality may precede or
exceed changes detectable by DXA [93].

Long-term follow-up studies further indicate that skeletal recovery may be incomplete despite
biochemical control of hyperprolactinemia [94]. These findings are clinically relevant, as they suggest
that normalization of prolactin levels does not necessarily equate to normalization of skeletal risk.
Accordingly, the recent Pituitary Society international consensus statement recognizes bone disease
as a significant complication of prolactin-secreting pituitary adenomas and recommends careful
assessment of skeletal health as part of comprehensive patient management [95].

Overall, current evidence indicates that hyperprolactinemia is associated not only with reduced
BMD, particularly at the lumbar spine, but also with impaired bone quality and increased fracture
risk. These observations underscore the importance of timely diagnosis, effective prolactin control,
correction of gonadal dysfunction, and individualized skeletal monitoring in affected patients.

Conclusions

Although prolactin is classically defined as an anterior pituitary hormone essential for lactation,
chronic hyperprolactinemia should be regarded as a systemic endocrine-metabolic disorder. Beyond
its reproductive effects, prolactin excess is consistently associated with increased appetite and weight
gain, contributing to higher body mass index and adverse cardiometabolic profiles.

Dyslipidemia, characterized by elevated triglycerides, total cholesterol, and low-density
lipoprotein cholesterol, together with reduced high-density lipoprotein cholesterol, commonly
accompanies sustained prolactin elevation and may further increase atherogenic risk. Concurrent
disturbances in glucose homeostasis, including elevated fasting glucose, HbAlc, HOMA-IR, and
altered insulin dynamics, indicate clinically relevant insulin resistance.

Cutaneous manifestations may provide visible indicators of underlying hormonal imbalance,
while vascular effects on the intima and endothelial function may contribute to increased
cardiovascular risk. Importantly, neuropsychological and cognitive impairments may significantly
reduce quality of life, and skeletal complications, including decreased bone mineral density, further
highlight the need for early recognition and comprehensive, risk-directed management of
hyperprolactinemia.
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