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ABSTRACT

Hepatocrinology is an emerging interdisciplinary field that examines the bidirectional interactions between
the liver and the endocrine system, emphasizing how hepatic dysfunction influences hormonal regulation
and how endocrine disorders, in turn, shape liver metabolism, inflammation, and disease progression. This
review summarizes current theoretical frameworks, including hepato-endocrine axes, hepatokine signaling,
and multi-organ communication models, highlighting the liver’s role as a central endocrine hub. Key hepatic
hormones, transport proteins, and hepatokines such as fetuin- A, fibroblast growth factor 21, and selenoprotein
P are discussed in relation to metabolic disorders including metabolic dysfunction-associated steatotic liver
disease, metabolic dysfunction-associated steatohepatitis, polycystic ovary syndrome, diabetes, and advanced
chronic liver disease. The review further explores hormonal axes involving the thyroid, pancreas, adrenal
glands, parathyroids, and gonads, illustrating their complex interplay with hepatic physiology. Current
challenges, such as limited long-term studies and therapeutic controversies, are examined alongside emerging
directions involving hepatokine-targeted therapies, precision medicine, and microbiome-driven modulation.
Understanding these interconnected pathways is essential for improving diagnostic accuracy, risk stratification,
and therapeutic strategies in hepato-endocrine disorders.

Key words: hepatocrinology - theoretical frameworks — hepato-endocrine axes — hepatokine signaling —review.

Abbreviations: ACLD: advanced chronic liver disease; ANGPT: angiopoietin; CBG: corticosteroid-binding
globulin; CLD: chronic liver disease; DILI: drug-induced liver injury; ER: estrogen receptor; FGF: fibroblast
growth factor; FST: follistatin; GH: growth hormone; IGF: insulin-like growth factor; IGFBP: insulin-like
growth factor-binding protein; IL: interleukin; MASH: metabolic dysfunction-associated steatohepatitis;
MASLD: metabolic dysfunction-associated steatotic liver disease; MS: metabolic syndrome; PCOS: polycystic
ovary syndrome; PTH: parathyroid hormone; RAAS: renin-angiotensin-aldosterone system; SHBG: sex
hormone-binding globulin; TBG: thyroid-binding globulin; T2DM: type 2 diabetes.

INTRODUCTION TO
HEPATOCRINOLOGY

understanding how liver diseases can exacerbate, provoke, and
produce endocrine dysfunction, ultimately affecting patient
management and treatment outcomes.

The scope of hepatocrinology extends beyond the
observation of liver-related hormonal activity; it integrates
the roles of hepatic metabolites and proteins, establishing
a complex framework for understanding the many-sided
relationships between liver health and endocrine regulation.

Definition and Scope of

Hepatocrinology

Hepatocrinology is an
emerging yet pivotal field
of study that examines the
intricate interplay between
liver function and endocrine
disorders, illustrating the
pathophysiological mechanisms
underlying various endocrine
syndromes associated with
hepatic dysfunction. This
evolving discipline is critical for

Historical Context and Evolution of the Field

Hepatocrinology, introduced in 2021 by Kalra et al.
[1], defines a complex bidirectional relationship between
hepatic physiology and endocrine function, liver disease
and endocrine dysfunction, hepatotropic medications and

endocrine function, and endocrine medications and liver
health.
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Advances in this field have expended our understanding
of liver physiology and its hormonal outputs. Theoretical
frameworks within hepatocrinology provide essential models
for exploring these relationships, enabling the conception of
comparative analyses that enhance the underlying biological
processes. Recent advancements have uncovered novel
insights into hepatic hormone functions and technological
innovations that promise to transform our approaches to
diagnosis and treatment. However, the field has its challenges
and controversies, as unresolved questions and debates
regarding therapeutic strategies persist. This literature review
aims to synthesize the current knowledge in hepatocrinology,
highlighting key findings and their implications for future
research endeavors, and to underline the necessity of a
multidisciplinary approach to address the complexities of
hepatocrinology and its associated disorders [2].

THEORETICAL FRAMEWORKS IN
HEPATOCRINOLOGY

Hepatocrinological frameworks emphasize inter-organ
communication mediated by hepatokines, metabolites (bile
acids, ketone bodies), and neural pathways. Disruption of
these networks contributes to insulin resistance and metabolic
syndrome.

Hepato-Endocrine Axis

This classic perspective treats the liver and endocrine system
as mutually influential; for example, multiple dysfunctions in
endocrine organs can cause impairment of liver function, while
chronic liver diseases may trigger endocrine disorders [3].

Hepatokine/Secretome-centered Model

The liver is a secretory organ that releases hepatokines,
liver-derived proteins, metabolites, and non-coding RNAs,
which act on distant tissues. Key hepatokines play important
roles in regulating insulin sensitivity, lipid metabolism, and
inflammation. These factors are dynamically regulated by
nutritional and hormonal cues, their secretion can occur via
classical secretory pathways or extracellular vesicles, such as
exosomes [4].

Organ-Communication System

This model emphasizes network-level interactions, wherein
the liver interacts with other metabolic organs (pancreas,
adipose tissue, and brain) through hepatokines, metabolites
(ketone bodies and bile acids), and neural pathways [5].

Pathophysiological Framework

In this view, specific liver diseases, like metabolic
dysfunction-associated steatotic liver disease (MASLD),
metabolic dysfunction-associated steatohepatitis (MASH),
cirrhosis are not just pathological endpoints but contexts that
reshape endocrine signaling. For example, MASLD alters the
profile of hepatokine secretion, contributing to systemic insulin
resistance and metabolic syndrome (MS) [6].

Regulatory Feedback-Loop
A more recent view identifies feedback loops between the
liver and the endocrine organs. For instance, the liver regulates

pancreatic a-cell mass and glucagon secretion via amino acid
signaling; hormones such as insulin-like growth factor (IGF) 1,
produced by the liver in response to growth hormones, further
modulate systemic growth and metabolism [7].

HORMONAL REGULATION IN
HEPATOCRINOLOGY

The liver functions as an endocrine gland through synthesis
of hormones such as IGF1 and IGF2, angiotensinogen,
thrombopoietin, hepcidin, and 25(OH)D, secretion of
hepatokines, and secretes hormone-binding proteins, such
as thyroid-binding globulin (TBG), sex hormone-binding
globulin (SHBG), corticosteroid-binding globulin (CBG),
insulin-like growth factor-binding proteins (IGFBPs) and
vitamin D-binding proteins.

Roles and Mechanisms of Liver-Derived Hormone
Insulin-like growth factors 1 and IGF-2 are primarily
synthesized in the liver and play central roles in cell
proliferation, differentiation, and growth through endocrine
and local autocrine/paracrine mechanisms [8]. Insulin-like
growth factor 1 is produced in response to growth hormone
and is essential for metabolic homeostasis, cellular turnover,
and somatic growth, exerting anabolic effects in adults and
mediating growth and development in children. Insulin-like
growth factors 2 is predominantly expressed during fetal life
and, after birth, remains active in the liver and select epithelial
tissues, where it contributes to growth regulation [9, 10].
Various liver diseases can disrupt the secretion of hepatic
enzymes, hormones, and proteins, which in turn may
contribute to impairment of brain function (Fig. 1).
Angiotensinogen is an a-globulin produced in multiple
tissues, particularly in the liver. This protein is a key component
of the renin-angiotensin-aldosterone system (RAAS).

Fig. 1. Brain impairment in hepatic disorders. NAFLD: non-alcoholic
liver disease; NASH: non-alcoholic steatohepatitis; HE: hepatic
encephalopathy; AHCD: acquired hepatocerebral degeneration.
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Angiotensinogen is broken down in the juxtaglomerular
apparatus to produce angiotensin I, which is then transformed
into angiotensin II by the angiotensin-converting enzyme.
Angiotensin II serves a crucial role in controlling blood
pressure and maintaining electrolyte balance [11-13].

The liver is the primary producer of thrombopoietin, a
hematological cytokine that is essential for controlling platelet
formation. It increases the proliferation and maturation of
megakaryocyte precursors in the bone marrow, ultimately
limiting the number of circulating platelets and contributing
to appropriate hemostasis [14].

Hepcidin is a peptide hormone generated by hepatocytes
and is the major regulator of systemic iron homeostasis. It
modulates plasma iron levels by decreasing intestinal iron
absorption and blocking iron release from macrophages and
from hepatocytes, hepcidin helps maintain the balance of iron
stores and prevents both iron deficiency and overload [15].

Hormone Transport Proteins

The liver secretes hormone transport proteins, through
which it modulates endocrine function. Several examples of
these proteins and their respective roles are outlined below.

Thyroid hormone-binding proteins include TBG,
albumin, and prealbumin. TBG transports over 99% of
circulating thyroid hormones, ensuring the maintenance of
thyroid hormone concentrations and their accessibility in
tissues. Thyroid hormone binding proteins uphold endocrine
homeostasis and regulation of metabolic functions in which
are involved [16].

Adrenal hormone-binding proteins. Corticosteroid-
binding globulin (CBG), synthesized in the liver, is the main
carrier of glucocorticoids in the circulation, regulating their
bioavailability. About 80-90% of glucocorticoids bind to CBG,
15-20% to albumin, and roughly 5% remain free. CBG levels
are often decreased in liver disease [17].

Sex hormone-binding globulin primarily secreted by
hepatocytes, transports gonadal steroids such as estrogen
and testosterone, regulating their circulating levels. SHBG
serves as an early biomarker for PCOS and can guide
therapeutic strategies. Levels decrease in cardiovascular disease,
inflammation, type 2 diabetes (T2DM), and liver steatosis, but
increase with weight loss [18-20].

Insulin-like growth factor-binding proteins. There are six
IGFBPs that regulate cellular processes such as proliferation,
migration, and angiogenesis through both IGF-dependent
and IGF-independent mechanisms, including interactions
with non-IGF proteins and transcriptional modulation [18].

Hepatokines

The liver functions as an active endocrine organ,
communicating with muscles, adipose tissue, pancreas, and
brain via hepatokines, bioactive proteins with signaling roles.
Among the most studied are fetuin A, fetuin B, fibroblast
growth factor (FGF) 21, selenoproteins, angiopoietins
(ANGPTs), and follistatin (FST).

Fetuin A is elevated in obesity, hepatic steatosis, insulin
resistance, T2DM, inflammation, and cardiovascular disease [19].
Fetuin B correlates with hepatic steatosis, glucose intolerance, and
T2DM by mediating hepatic glucose synthesis [20].
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Fibroblast growth factor 21 regulates carbohydrate and
lipid metabolism, with expression increasing in NASH, insulin
resistance, fasting, and exercise [21].

Selenoproteins are linked to insulin resistance and
hepatic steatosis, supporting redox balance, thyroid hormone
metabolism, and immune regulation [22].

Angiopoietin 2 modulates angiogenesis, vascular
remodeling, and inflammation, typically promoting vascular
instability compared with the stabilizing ANGPT1 [23-25].
Follistatin regulates cell growth, inflammation, reproductive
function, and muscle development, expressed in multiple
tissues and modulating growth factor activity to maintain
physiological balance [26, 27].

HEPATIC DISORDERS AND THEIR
IMPACT ON ENDOCRINE FUNCTIONS

Common Hepatic Disorders

Chronic liver disease (CLD) arises from diverse causes,
including viral infections, toxins, autoimmunity, metabolic
disorders, and genetic abnormalities, with endocrine
dysfunction often exacerbating metabolic, inflammatory, and
fibrotic processes [28].

Metabolic dysfunction-associated steatotic liver disease
is marked by hepatocellular lipid accumulation without
significant fibrosis but can progress to MASH, fibrosis,
cirrhosis, and hepatocellular carcinoma [29, 30]. MASLD is
frequently asymptomatic and detected incidentally through
routine testing. The liver is the main source of circulating
IGF-1, and reduced IGF-1 levels - common in MASLD, hepatic
steatosis, fibrosis, and growth hormone (GH) deficiency-
reflect impaired hepatic synthesis and contribute to disease
pathogenesis via the GH-IGF1 axis, modulated by liver-
produced IGFBPs [30-33].

Similarly, decreased SHBG increases androgen bioavailability,
promoting hepatic steatosis, systemic inflammation, and
progression of liver dysfunction, particularly in PCOS patients
[34, 35].

In MASH, disrupted hepatokine signaling drives progression
from steatosis to inflammation and fibrosis. This process
overlaps with metabolic syndrome, involving obesity, insulin
resistance, hypertension, and glucose dysregulation [36].

Fetuin-A, a key hepatokine, rises in response to free fatty
acids and glucose, promoting insulin resistance by inhibiting
insulin receptors and activating inflammatory pathways via
Toll-like receptor 4 (TLR-4). Other hepatokines show similar
contributions to MASLD pathophysiology. For example,
ANGPT 3 suppresses lipoprotein lipases, leading to abnormal
lipid levels and worsening insulin resistance. This contributes
to hypertriglyceridemia and accelerates hepatic steatosis.
FGF21, usually increased in this condition, helps regulate
glucose and lipid metabolism, acting like a stress-response
hormone; however, its effects become less effective when the
liver is insulin-resistant [37] (Fig 2.).

In MASLD, interleukin (IL)-1-mediated inflammation
promotes hepatic steatosis and fibrosis and can transiently
suppress fetuin-A production by interfering with its
transcription. However, in chronic metabolic conditions,
persistent elevated fatty acids override this effect, leading
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Fig. 2. The liver action as an endocrine organ. ANGPT4: angiopoietin-like protein
4; FGF21: fibroblast growth factor 21; DPP4: dipeptidyl peptidase-4; HFREP1:
hepatocyte-derived fibrinogen-related protein 1; RBP4: retinol-binding protein 4;
SeP: selenoprotein P; TSK: Tsukushi,a hormone-like protein; LECT2: leukocyte
cell-derived chemotaxin 2; PEDF2: pigment epithelium-derived factor; SHBG:

sex hormone-binding globulin.

to increased fetuin-A levels. These processes contribute
to MASLD/MASH progression and may ultimately drive
advanced chronic liver disease (ACLD) [38].

HORMON-METABOLIC CROSSTALK
BETWEEN LIVER AND ENDOCRINE
ORGANS

The Role of the Thyroid Gland

The liver plays a central role in thyroid hormone (TH)
metabolism, which regulates hepatocyte growth, carbohydrate,
lipid, and protein metabolism. Thyroid dysfunction can
significantly impact liver function tests by disrupting these
pathways [38].

Hypothyroidism contributes to MASLD by impairing
lipid clearance, altering adipocytokine levels, and promoting
hepatic inflammation and fibrosis [39]. Levothyroxine therapy
improves hepatic lipid metabolism in overt hypothyroidism,
and THRp-selective agonists offer targeted treatment for
metabolic liver disease [40, 41]. Hyperthyroidism can cause
hepatocellular or cholestatic injury due to increased metabolic
demand and hypoxic stress, leading to oxidative damage and,
rarely, acute liver failure [42, 43]. Thyroid dysfunction may
also impair bile flow, increasing the risk of biliary stones and
complicating the diagnosis of ACLD [44].

Cholestatic injury in thyrotoxicosis may be exacerbated
by cardiac impairment and can resolve with restoration of
euthyroid status via antithyroid therapy or radioiodine ablation
[42, 45, 46].

Drug-induced liver injury (DILI), particularly from
antithyroid medications, is another potential contributor,
with I-131 considered safer in patients with pre-existing liver
disease [47-49].

Parathyroid Glands, Bone Health, and Liver Problems

While the liver-parathyroid axis is not completely
understood, it mainly deals with the regulation of calcium
and phosphate metabolism, which is frequently disrupted
in CLD. Parathyroid hormone (PTH), may become
dysregulated in liver dysfunction, leading to secondary
hyperparathyroidism and hepatic osteodystrophy. In cases
of cirrhosis, the liver’s reduced production of IGF-1 is linked
to impaired bone mineralization and a heightened risk of
developing osteoporosis, primarily due to disrupted bone
remodeling, which is characterized by decreased osteoblast
activity and extended osteoclast lifespan. Elevated PTH
levels have also been linked to MASLD and may serve as
a biomarker for the disease. Although a direct connection
with MASH was not statistically significant, the data suggests
a possible pathogenic role. Additionally, hypercalcemia
resulting from primary hyperparathyroidism can cause
hepatic calcifications and gallstones, further impairing the
liver function. These findings highlight the importance of
monitoring PTH, calcium, and IGF-1 levels in patients with
CLD to maintain bone health and prevent liver complications

(Fig 3.)

The Pancreas-Liver Axis: Hormonal Interactions in

Glucose and Lipid Metabolism

The pancreas and liver work closely together through
the pancreas-liver axis to maintain proper glucose and lipid
metabolism. The pancreas releases insulin from p-cells and
glucagon from a-cells, these hormones act in opposite ways
in the liver. Insulin supports glucose uptake, glycogen storage,
and fat creation, while glucagon triggers the breakdown of
glycogen, the production of new glucose, and the burning of
fatty free acids (FFA) [50, 51].
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Fig. 3. Hormon-metabolic implications between liver and key organs. AND: autonomic
nervous system. SCFA: short chain fatty acid; BA: bile acid.

Hepatic insulin resistance arises when the liver’s response
to insulin diminishes, leading to increased gluconeogenesis
and glycogenolysis. This condition is often caused by obesity,
chronic inflammation, and the buildup of FFA. When this
function is compromised, these processes are disrupted, and
alternative pathways may be engaged, albeit less effectively [52].

Peripheral insulin resistance impacts skeletal muscle,
adipose tissue, and other organs, leading to decreased glucose
uptake and utilization. Unlike hepatic insulin resistance,
peripheral insulin resistance hampers systemic glucose
disposal, contributing to hyperglycemia, especially in patients
with T2DM. Key contributors to this resistance include obesity,
sedentary lifestyle, and chronic inflammation driven by
reactive metabolites, cytokines, and adipokines. These factors
interfere with insulin receptor signaling and downstream
effectors across various organs, including muscle, heart, kidney,
and pancreas [53-55] (Fig 3.).

Lifestyle changes remain the primary treatment. Weight
loss, diet and exercise enhance insulin sensitivity and liver
histology in MASLD patients. Among pharmacological
treatments, pioglitazone has the most substantial evidence for
improving steatosis, inflammation, and potentially fibrosis;
however, its use is limited in decompensated cirrhosis.
Glucagon-like peptide-1 (GLP-1) receptor agonists aid in
weight loss and MASH resolution, with semaglutide showing
significant efficacy in improving histology without worsening
the fibrosis. Sodium-glucose transport protein 2 (SGLT2)
inhibitors may also reduce liver fat and improve metabolic
parameters, although the histological benefits remain
uncertain. Meanwhile, metformin and dipeptidyl peptidase-4
(DPP4) inhibitors have not shown histological improvements,
although metformin may offer some protection against
hepatocellular carcinoma [56].

Hyperglucagonemia, often observed in T2DM,
contributes to lipid dysregulation and MASLD
progression. Chronic glucagon elevation promotes ongoing
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gluconeogenesis and amino acid breakdown, increasing
the levels of substrates such as glycerol, acetyl-CoA, and
FFA. These excess substrates are redirected towards de
novo lipogenesis, contributing to the buildup of hepatic
triglycerides. Glucagon also suppresses FST, impairing
lipid metabolism regulation and promoting steatosis.
Additionally, glucagon signaling affects key genes, such as
PNPLA3, which is linked to impaired triglyceride hydrolysis
and MASLD susceptibility [57, 58]. Excessive glucagon also
disrupts mitochondrial function by influencing energy-
regulating factors. This shift encourages fat buildup and
triggers inflammation, contributing to the progression from
MASLD to MASH [59].

Chronic Low-grade Inflammation

Interleukin-1 promotes insulin resistance and liver
dysfunction in obesity, metabolic syndrome, T2DM, and
MASH by driving chronic innate immune activation. In
hypertrophic adipose tissue, IL-1-mediated inflammation
recruits proinflammatory macrophages, disrupts insulin
signaling, and enhances lipolysis, increasing circulating
FFAs that accumulate in liver and muscle. Interleukin-1 also
impairs pancreatic p-cell function, reducing insulin secretion.
Together, IL-1 signaling and altered hepatokines contribute
to MASLD progression and represent potential therapeutic
targets [60-62].

The Crosstalk Between the Adrenal Glands and Liver

Adrenal hormones, particularly cortisol and aldosterone,
regulate metabolism and liver function. Cortisol supports
glucose homeostasis and the oxidative stress response by
stimulating hepatic gluconeogenesis. Chronically elevated
cortisol, as in Cushing’s syndrome, induces hyperglycemia,
insulin resistance, and MASLD, with up to 20% of patients
developing hepatic steatosis that can progress to cirrhosis
(63, 64].
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Aldosterone plays a crucial role in regulating blood
pressure and maintaining electrolyte balance and the
progression of cirrhosis. Secondary hyperaldosteronism
develops in liver dysfunction; the mechanism can be
summarized as a reduced effective arterial blood volume due to
splanchnic vasodilation and portal hypertension that activates
the RAAS, resulting in aldosterone hypersecretion, stimulating
sodium retention, which leads to water retention, ascites, and
portal hypertension [65, 66].

Furthermore, this hormone increases inflammation
by promoting oxidative stress and fibrosis through
mineralocorticoid receptor activation in non-epithelial tissues.
In cirrhosis, it worsens liver fibrosis by activating hepatic
stellate cells and increasing extracellular matrix production.
Elevated aldosterone also impairs insulin signaling, reducing
glucose uptake and contributing to insulin resistance [67].

Consequently, therapeutic interventions, including
mineralocorticoid receptor antagonists, are useful in treating
complications associated with cirrhosis. ACLD contributes to
the development of adrenal insufficiency, while dysfunction of
the adrenal glands can subsequently aggravate hepatic injury.
Furthermore, adrenal dysfunction influences hepatic drug
metabolism, which may lead to [68, 69].

In ACLD, the “hepato-adrenal syndrome,” is a common
complication arising from disrupted hypothalamic-pituitary-
adrenal axis regulation, decreased hepatic clearance of
hormones, reduced cholesterol synthesis, and increased
systemic inflammation. Hepatocyte dysfunction lowers
cholesterol availability essential for cortisol production,
inhibited by inflammatory cytokines [70]. Additionally,
decreased CBG and albumin levels limit total serum cortisol,
making traditional tests unreliable, while salivary cortisol
serves as a useful non-invasive marker [71].

The Impact of Sex Hormones on Liver Function and

Disease Progression

Sex hormones, such as testosterone and estrogens, have a
major influence on liver functions and metabolic processes.
In liver disfunction, this balance can be lopsided, causing
multiple effects [72]. Estrogens function by upregulating
HDL and downregulating LDL levels offering cardiovascular
protection in young women. These effects are managed through
signaling pathways that involve estrogen receptors (ER) aand
B. These receptors control the transcription of genes related
to lipogenesis, fatty acid oxidation and cholesterol transport.
Specifically, ERa signaling offers protection against hepatic
steatosis and fibrosis by activating pathways that decrease
oxidative stress and inhibit pro-inflammatory cytokines like
tumor necrosis factor (TNF)-a and IL-6 [73, 74].

Prolonged exposure to estrogens heightens the likelihood of
benign hepatic neoplasms (hepatic adenomas, hemangiomas,
and focal nodular hyperplasia). When estrogen signaling is
reduced or disrupted, the liver becomes more vulnerable to
fat accumulation, inflammation, and fibrosis. Animal studies
lacking ERa reinforce this, showing increased hepatic steatosis,
insulin resistance, and fibrosis [74, 75].

Testosterone supports protein synthesis and mitochondrial
function; therefore, testosterone deficiency exacerbates
metabolic dysfunction, including muscle wasting, reduced

glucose uptake, and dysregulated lipid metabolism and
accelerates liver disease progression. In these pathologies, low
levels of testosterone and free testosterone have been associated
with higher disease severity, including higher rates of hepatic
encephalopathy, ascites, and overall higher mortality rates
(76, 77].

Moreover, the enzymatic activity of aromatase within the
cirrhotic liver and adipose tissue enhances the transformation
of testosterone into estradiol, thereby exacerbating
hyperestrogenism [78]. This reduction in testosterone levels
is attributable to compromised hepatic production of SHBG,
which consequently elevates the bioavailability of estrogens
while diminishing circulating testosterone. Diminished
testosterone concentrations further exacerbate insulin
resistance by hindering glucose absorption in skeletal muscle
and lipid accumulation in adipose tissue [79].

HEPATIC DYSFUNCTION AND
HORMONAL IMBALANCE

Growth hormone is produced by the pituitary gland and
stimulates hepatic production of IGF-1. Growth hormone
and IGF-1 levels are reduced to approximative 25% of the
normal circulating levels in obesity. Growth hormone also
acts as an anti-inflammatory cytokine, with additional
immunomodulatory properties that may be beneficial
to patients with MASLD and MASH. Low-dose GH
administration with augmentation to the upper normal range
in otherwise healthy adults with obesity and MASLD improves
hepatic steatosis, hepatocellular damage and increase muscle
mass [80, 81].

Thyroid hormones have long been known to improve
metabolic health and substantially lower LDL cholesterol,
but early liver-targeted THR agonists were limited by side
effects. Growing evidence links reduced thyroid hormones
activity both systemic and within the MASLD. Hypothyroidism
and higher TSH levels are associated with increased MASLD
risk. Liver tissue from MASLD patients shows reduced
deiodinase 1, indicating impaired T4-to-T3 activation. Gene
expression studies and animal models further support a state
of intrahepatic hypothyroidism in MASLD, and thyroid
hormones or thyroid hormones analog treatment reduces liver
fat in rodents [82].

In cultured HepG2-THRp cells, thyroid hormones
treatment increased mitochondrial respiration and fatty
acid oxidation, as well as decreased lipopolysaccharides,
inflammation and fibrosis. In mice with MASH, harmful
lipid species accumulated, autophagy and lysosomal function
were reduced, and mitochondrial biogenesis was impaired.
Thyroid hormones treatment reversed these effects by lowering
lipid levels, restoring autophagic and lysosomal activity, and
improving mitochondrial biogenesis [83].

Steroid Hormone Regulation by the Liver

Glucocorticoids regulate stress responses, metabolism, and
immunity. Their production depends heavily on liver-derived
cholesterol. Excess glucocorticoids can worsen MASLD, while
ACLD often causes adrenal insufficiency due to impaired
cholesterol availability and inflammatory stress sometimes
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termed “hepatoadrenal syndrome.” Overall, glucocorticoid
imbalance and liver dysfunction influence each other
bidirectionally [84].

Androgens influence glucose, lipid, and cholesterol
metabolism. Low testosterone is associated with MASLD,
MS, and altered lipid profiles. Androgen signaling also affects
liver cancer risk; excessive androgen activity can promote
hepatocellular carcinoma, and androgen receptor pathways
are considered therapeutic targets [85]. The administration
of synthetic anabolic steroids, particularly those that are
17a-alkylated, has been associated with hepatotoxicity,
primarily through the disruption of bile flow, leading to
conditions such as cholestasis, peliosis hepatis, and hepatic
adenomas. These anabolic agents modify hepatocellular
functionality, resulting in elevated hepatic enzyme levels and
increased oxidative stress, which can further aggravate hepatic
injury [86, 87].

CHALLENGIES AND CONTROVERSITIES

Therapeutic Approaches

Therapeutic strategies in hepatocrinology remain
controversial due to the pleiotropic nature of hepatokine
signaling. While agents such as fibroblast growth factor 21
(FGF21) analogs and GLP-1 receptor agonists demonstrate
promising metabolic and hepatoprotective effects, concerns
persist regarding durability of response, off-target actions,
and inter-individual [88, 89]. Although Activin E or ANGPTL
inhibitors show promise in correcting dysregulated lipid
flux, concerns persist regarding potential disruption of
inter-organ signaling pathways [90, 91]. Modulation of
stress-responsive hepatokines, particularly those governed
by ER-stress pathways, remains uncertain, as it is unclear
whether cellular stress adaptation should be pharmacologically
augmented or suppressed [92]. In the last 10 years, many new
endocrine functions of the liver have been discovered [93, 94].
These studies have further insight into cirrhosis-associated
endocrinopathies, such as hypogonadism, osteoporosis, IGF-
1 deficiency, vitamin D deficiency, alterations in glucose and
lipid homeostasis, and adrenal insufficiency. Several novel
endocrine functions of the liver have also been unraveled,
elucidating the liver’s key negative feedback regulatory role
in the pancreatic a cell-liver axis, which regulates pancreatic
a cell mass, glucagon secretion, and circulating amino acid
levels. Betatrophin and other hepatokines, such as fetuin-A and
FGF21, have also been discovered to play important endocrine
roles in modulating insulin sensitivity, lipid metabolism, and
body weight. It is expected that more endocrine functions of
the liver will be revealed in the near future [95]. The integration
of microbiome-based approaches, such as bile acid modulation
or postbiotic therapy, exemplifies another debated frontier, as
emerging data support their influence on hepatokine secretion,
yet questions remain about reproducibility, safety, and patient-
specific microbial signatures [93].

Implications for Future Research

Future directions in hepatocrinology:

o Central action of hepatokines: specific hepatokines
exert direct effects on the central nervous system, influencing
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the regulation of appetite, energy expenditure, and overall
metabolism [94] (Fig 4.);

o Stress-responsive hepatokine regulation: understanding
how stress (oxidative, ER, inflammatory) shapes the hepatokine
secretome could reveal how different liver disease patterns and
their progression is modulated [95];

Fig. 4. Liver-brain axis. BA: bile acids; SCFAs: short-chain fatty acids;
LEAP?2: liver-expressed antimicrobial peptide 2; LCN2: lipocalin 2;
IGF1: insulin-like growth factor 1; FGF21: fibroblast growth factor
21; APOE: apolipoprotein E; GDF15: growth differentiation factor;
ANS: autonomic nervous system.

o Inter-organ feedback axis: the Activin E-ALK7 loop
demonstrates a key protective feedback system; the liver
perceives metabolic stress signals (FFAs) and uses this loop for
counter-regulation. Similar feedback mechanisms likely exist
for other hepatokines, and identifying these pathways could
be highly valuable [90];

» Hepatokine-based treatments: FGF21 is the major protein
targeted, however newer hepatokines like Activin E offers
alternative strategies. Activin E stimulates adipose lipolysis,
targeting ALKY7 receptors, offering a novel metabolic axis for
therapy [96]

o Safety and regulation: hepatokine-based therapies will
need to be under strict evaluation of long-term effects, since
these proteins can have pleiotropic roles [89].

CONCLUSIONS

The liver and endocrine system are closely interconnected,
with dysfunction in one frequently influencing the other.
Chronic liver diseases, including ACLD and MASLD, impair
hormone metabolism, clearance, and feedback regulation,
leading to endocrine disturbances such as thyroid dysfunction,
glucose dysregulation, adrenal insufficiency, and reproductive
disorders. These abnormalities may further aggravate liver
injury and complicate clinical management. Recognizing this
bidirectional relationship is essential for accurate diagnosis
and optimal care. Routine hormonal assessment should
be considered in patients with chronic liver disease, while
liver function evaluation remains important in individuals
with endocrine disorders. Future research should focus on
integrated, individualized therapeutic strategies targeting both
hepatic and endocrine dysfunction.
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