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Abstract: Uric acid (UA) is the end product of purine metabolism in the human, and the imbalance between production and excretion
results in the disturbance of serum uric acid (SUA). There is evidence suggesting that pituitary-target gland hormones can affect UA
metabolism through regulating the activity of xanthine oxidase and UA transporters. Related endocrine diseases including thyroid
dysfunction, polycystic ovary syndrome, acromegaly and Cushing’s syndrome are often accompanied by elevated UA levels. In
addition to the direct influence of abnormal hormones, obesity and insulin resistant play a pivotal role. Diabetes insipidus and the
syndrome of inappropriate antidiuretic hormone secretion also present with abnormal SUA levels due to the action of antidiuretic
hormone. However, certain evidence within the population is disputed. This review summarized the effects of pituitary-target gland
hormones on UA metabolism, and preliminarily described the related mechanisms, offering a theoretical foundation for assessing SUA
in endocrine disorders as well as guiding its management.
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Introduction

Uric acid (UA) is the end product of purine metabolism in the human. Hypoxanthine and xanthine finally form UA under
the catalysis of xanthine oxidase (XO). The endogenous production of UA mainly derives from the liver, and small
amounts can also be produced in other parts such as the intestine, muscles, kidneys, and vascular endothelium. About
two-thirds of UA is excreted by the kidney and the remaining one-third is excreted by the intestines or absorbed by
intestinal bacteria.! The metabolic process of UA in the kidney includes four steps: filtration, reabsorption, secretion, and
post-secretion reabsorption. Finally, about 10% of UA filtered by the glomerulus discharges from the body. This depends
on the action of UA transporters (Table 1).?

The production and excretion of UA are physiologically maintained in a dynamic equilibrium. Hyperuricemia occurs when
there is an increase in UA production or a decrease in its excretion, while conversely leading to hypouricemia. The presence of
hyperuricemia is recognized to elevate the susceptibility to gout and exhibit a close correlation with hypertension, diabetes,
metabolic syndrome, renal impairment and cardiovascular diseases.” Recently, hypouricemia is also demonstrated to be
associated with an elevated risk of acute and chronic kidney injury, urolithiasis, as well as certain neurodegenerative disorders.*

Endocrine disorders frequently exhibit abnormal UA metabolism. Relevant investigations have revealed that various
pituitary-targeted hormones can modulate the activities of XO and UA transporter, thereby governing the synthesis and
excretion of UA. Besides, the interaction between insulin resistance (IR) and hyperuricemia has been well documented.”*
Given the crucial role of the pituitary-target gland axis in metabolism, the dysfunction within this axis may contribute to
IR and subsequent complications related to metabolism. It is reasonable to speculate a potential correlation between
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Table | The Location and Function of UA Transporters in Kidney

UA Location in Kidney Function
Transporter
URATI Apical membrane The urate/anion exchanger mediating urate reabsorption coupled with SMCTI, SMCT2
GLUT9 GLUT9a: basolateral The sole transporter that transports reabsorbed urate from the proximal tubular epithelium to
membrane the blood
GLUT9b: apical membrane
ABCG2 Apical membrane A high-capacity urate secretion transporter
ABCC4 Apical membrane Mediating urate efflux in an ATP-dependent manner
OAT4 Apical membrane Urate/anion exchanger with a lower affinity for urate than URATI
OATI0
NPT Apical membrane Mediating tubular urate secretion in a voltage-driven or Cl -dependent manner
NPT4
OATI Basolateral membrane The urate/anion (such as a-KG) transporter that transports urate from blood into proximal
OAT3 tubular cells
OAT2 Basolateral membrane The low-affinity urate transporter that transports urate from blood into proximal tubular cells

Notes: Data from Dalbeth et al.2

Abbreviations: UA, uric acid; URATI, urate transporter |; GLUT9, glucose transporter 9; ABCG2, ATP-binding cassette super-family G member 2; ABCC4, ATP-binding
cassette sub-family C member 4; OAT, organic anion transporter; NPT, sodium/phosphate cotransporter; SMCT, sodium-coupled monocarboxylate transporter; a-KG, a-
ketoglutarate.

pituitary-target gland hormones and UA metabolism. Our aim was to summarize population data and initially elucidate
the mechanisms to enhance endocrinologists’ comprehension of this association.

Pituitary-Thyroid Axis

Several studies have demonstrated a higher incidence of hyperuricemia in patients with thyroid dysfunction, including
those with subclinical thyroid dysfunction. On the basis of the high prevalence, more studies have attempted to explore
the relationship between thyroid dysfunction and UA metabolism.

Hypothyroidism
Based on a limited number of cases, the prevalence of hyperuricemia in patients with hypothyroidism was 33.3%.’
Vandana et al demonstrated a positive correlation between thyroid-stimulating hormone (TSH) and UA, while free
thyroxine (FT4) showed a negative correlation with UA levels.® Similarly, in the Chinese population, there remained
a positive association between TSH and UA levels.’ For individuals with subclinical hypothyroidism, the TH sensitivity
index calculated using FT4 and TSH exhibited a statistically significant relationship with UA levels, suggesting that
impaired TH sensitivity contributes to the development of hyperuricemia.'®

Regarding the underlying mechanism, it is generally accepted that the decrease of renal UA excretion secondary to
decreased renal blood flow (RBF) and glomerular filtration rate (GFR) is the main cause (Figure 1). In terms of renal
function, decreased TH impairs the activities of tubular ion transporters such as Na'-K*-2CI~ cotransporters, Na"-H"
antiporter and Na'-K'-ATPase. Consequently, there is an increase in the concentrations of Na" and CI™ in distal renal
tubules, leading to enhanced tubule feedback and subsequent reductions in RBF and GFR.'! Additionally, decreased TH
directly affects the synthesis and secretion of the renin-angiotensin-aldosterone system (RAAS), thereby diminishing self-
regulation of renal perfusion.'? Furthermore, reduced TH levels exacerbate renal vasoconstriction through the indirect effects
mediated by paracrine or endocrine factors like insulin-like growth factor 1 (IGF-1) and vascular endothelial cell growth
factor (VEGF)."? It is worth noting that the binding of TH to nuclear receptors affects the development of renal structures.
Hypothyroidism during development may affect GFR due to the reduction of renal capillaries and glomerular surface area.'*
In terms of cardiac function, TH predominantly binds to nuclear TRa, exerting direct influence on cardiomyocyte activity or
regulating the transcription rate of the f1 adrenoceptor gene. This leads to enhanced cardiac output through positive inotropic
and chronotropic effects.'” The reduction of TH, accompanied by a decrease in cardiac output, induces a hypodynamic state
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Figure | Mechanism of hypothyroidism and hyperthyroidism affecting uric acid metabolism. TH can influence RBF and GFR by affecting kidney structure and function and
cardiac output. With hypothyroidism, RBF and GFR decrease, resulting in reduced UA excretion and hyperuricemia occurs. On the contrary, hyperthyroidism increases RBF
and GFR, resulting in increased UA excretion. However, excessive TH can promote XO activity and increase UA production, which exceeds the excretion of UA, causing
hyperuricemia.

Abbreviations: UA, uric acid; XO, xanthine oxidase; RBF, renal blood flow; GFR, glomerular filtration rate. RAAS, renin-angiotensin-aldosterone system; IGF-1, insulin-like
growth factor |; VEGF, vascular endothelial cell growth factor.

within the circulatory system and diminishes renal perfusion. Following TH replacement therapy, there is an increase
observed in both RBF and GFR, suggesting that its impact on kidney function is partially reversible.'®

Hypothyroidism is also considered a risk factor for IR."” Replacement therapy with levothyroxine sodium for 2
months in patients with subclinical hypothyroidism can improve homeostatic model assessment of insulin resistance
(HOMA-IR) following with decrease in UA levels.'® This phenomenon suggests that thyroid hormones may lower UA
levels by improving IR (Figure 2).

Hyperthyroidism

In 1995, Akira et al reported a significant increase in UA levels among patients with hyperthyroidism.'® Furthermore, the
concentration of UA appeared to be closely correlated with FT3 and FT4 levels.*®*' However, no significant association
between subclinical hyperthyroidism and elevated levels of UA or hyperuricemia was observed in the patient cohort.*?
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Figure 2 Obesity and IR as an essential factor in endocrine diseases with hyperuricemia. Various endocrine disorders, such as thyroid dysfunction, acromegaly, polycystic
ovary syndrome and Cushing’s syndrome are frequently associated with obesity and insulin resistance (IR). IR can lead to hyperuricemia by directly affecting urate transport,
stimulating ion exchange in the renal tubule and increasing lipolysis and B-oxidation. Conversely, hyperuricemia may exacerbate IR through inflammation, endothelial
dysfunction and oxidative stress.

Abbreviation: IR, insulin resistant.
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In contrast to hypothyroidism, hyperthyroidism alleviates systemic vascular resistance by increasing heart rate,
cardiac output, as well as NO production. Furthermore, activation of the RAAS and reduced resistance of glomerular
afferent arterioles contribute to enhanced RBF and GFR.'® At the same time, purine nucleotide metabolism in muscle is
enhanced. Due to a poor supplement of ATP, type I fibers could be converted to type II fibers in skeletal muscles, so as to
obtain acceleration of AMP deaminase activity.?® In the hyperthyroid state, increased XO activity also facilitates the
production of UA.** The investigator observed elevated UA in HepG2, Hepl-6 cell and mouse liver treated by T3,
further making clear that T3 regulates nucleotide metabolizing enzyme partially through Pre2 expression mediated by
TR-B.>> The hypermetabolic state associated with hyperthyroidism leads to an increased production of UA, surpassing its
clearance capacity and resulting in the development of hyperuricemia (Figure 1).

Currently, the most direct evidence regarding the impact of TH on UA metabolism lies in its activation of the nuclear
receptor THRP, which subsequently induces the expression of postsynaptic density 95/disk-large/Z0O-1 (PDZ) domain-
containing protein 1 (PDZK1). PDZKI1 interacts with solute carrier and ATP binding-cassette transporters, thereby
regulating their function to facilitate urate processing (Figure 3).%° With the discovery of TSH receptor expression on the
kidney, the mechanism of TSH affecting UA metabolism remains to be explored.*’

Treatment of Hyperuricemia in Patients with Thyroid Dysfunction
Mild elevation of UA in thyroid dysfunction does not require treatment. A decrease of UA levels was observed after

taking TH replacement therapy in hypothyroidism patients and methimazole treatment in hyperthyroidism patients.'®'?
Endogenous Hypoxanthine, Exogenous
purines . xanthine : purines
|
X0 (TH, GC, BED
UA
%J ’%
Intestinal tract Blood Renal tubule
Urate :sg — (ADH)
ks Na* — >
(TH) < Q@aBcGagp— "= ke —F — —@ieciip—>  (ADH, TH, IGF-1, ED
< = aKG
- p e s “Gj;(?; E —@rsccah—  (IGF-1)
M 2 ERGACES
p_ = Anion-
B i Anion? — = (E, GC, TH)
Urate— ? — <—( gy L Urate .
< 6Lt —
uee il " G T

<~ GLUT9 D— (ADH, T, GH, E, IGF-1)

Figure 3 The effect of pituitary-target gland hormones on XO and UA transporters. Various endocrine hormones affect UA production and excretion. TH regulates the
function of UA transporters such as ABCG2, SMCT, URATI, OAT. It also could induce XO activity. E inhibits URATI, GLUT9 and XO. About ABCG2, its function is
uncertain. P inhibits SMCT I, while T promotes it. Besides, T inhibits GLUT9. GC could enhance XO activity and down-regulate URAT |. ADH is likely to promote ABCG2
and NPT, while inhibit GLUT9. GH down-regulates GLUT9 expression. In addition, IGF-1 stimulates GLUT9, OAT I, OAT3, ABCG2 and ABCC. Green font represents
promotion; Red font represents inhibition; *Represents uncertainty.

Abbreviations: UA, uric acid; XO, xanthine oxidase; URAT, urate transporter |; GLUT9, glucose transporter 9; ABCG2, ATP-binding cassette super-family G member 2; ABCC4,
ATP-binding cassette sub-family C member 4; OAT, organic anion transporter; NPT, sodium/phosphate cotransporter; SMCT, sodium-coupled monocarboxylate transporter; a-KG, o-
ketoglutarate; TH, thyroid hormone; E, estrogen; P, progesterone; T, testosterone; GC, glucocorticoids; GH, growth hormone; IGF-1, insulin-like growth factor |I.
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In cases of severe hyperuricemia, prescription of urate-lowering drugs may be necessary. In the clinical setting, a limited
number of individuals have reported elevated TSH levels following treatment with febuxostat and allopurinol, therefore
caution is advised when administering these medications to patients with hypothyroidism.?*~° However, it has been
reported that allopurinol exhibits a protective effect against hyperthyroidism by reducing oxidative stress in a rat model.*°

Pituitary-Gonadal Axis

Generally speaking, males have higher SUA levels compared to females, so the epidemiological definition of hyperur-
icemia is different. The upper limit of SUA is 420umol/L (7mg/dl) in males and 360 umol/L (6mg/dl) in females. This
gender disparity begins to manifest during adolescence.’' And postmenopausal women are at high risk for hyperurice-
mia. These findings support that sex hormones may have an impact on UA metabolism.

Follicle-Stimulating Hormone (FSH) and Luteinizing Hormone (LH)

The available data on FSH, LH and UA is limited. Previous studies revealed that people with gout had lower levels of
FSH and LH.*>? In men with type 2 diabetes (T2DM), elevated UA was associated with decreased LH and FSH.> In
contrast, FSH and LH were positively correlated with UA in premenopausal and postmenopausal women with T2DM,
respectively.>**> Unfortunately, these studies were cross-sectional and could not establish a causal relationship between
FSH, LH and UA. Different conclusions may be relevant to types of populations.

In a study investigating the correlation between SUA and erectile dysfunction, the previously observed negative
correlation between FSH, LH and UA lost statistical significance after adjusting for age,>® suggesting that their
relationship was not independent. With increasing research on downstream hormones, the argument that FSH and LH
affect UA levels through target gland hormones has been more widely accepted.

Estrogen (E) and Progesterone (P)

The prevalence of hyperuricemia in women increases with age, which changes sharply from the age of 50 and peaks at the age
of 70.*7 Studies found that elevated SUA was associated with menopause, both naturally and surgically.*®>° A sharp decline in
E after menopause, accompanied by an increase in UA, suggests a potential protective effect of E against hyperuricemia.
According to the criteria of the Stages of Reproductive Aging Workshop, the menopause process can be categorized into pre-
menopause, early- and late-menopausal transition, and post-menopause. In a subgroup analysis involving perimenopausal
middle-aged women, the prevalence of hyperuricemia continued to increase as menopause progressed, with a significant
increase beginning in the late-menopausal transition.*® This coincided with a rapid decline in estradiol (E2) levels.*" For
premenopausal women, UA also varied throughout the menstrual cycle. It was highest during the follicular phase, decreased
around ovulation, and further decreased during the luteal phase, which was correlated with elevated levels of E and P.>*

Other studies focused on the impact of E hormonal therapy on SUA. Notably, both E therapy and E-P therapy demonstrated
significant reductions in UA among postmenopausal women.** Additionally, transgender men undergoing E treatment also
exhibited decreased UA levels.* Jae H et al studied the effect of different types of hormone therapy on SUA in postmenopausal
women. Instead of E and tibolone, the administration of E-P reduced UA levels, suggesting that P rather than E was responsible
for lowering SUA.** Despite the controversy, these provides novel perspectives for the management of hyperuricemia in
postmenopausal women.

Studies over the past decades have demonstrated that E and P influence the urate transport system within the kidney.
Analysis of kidney samples obtained from ovariectomized mice with E replacement revealed that E inhibited protein
levels of URAT1, GLUTY, and ABCG2, while P inhibited SMCT]1 protein levels.*® In HK?2 cells, it was observed that E2
bound to estrogen-binding receptor B and down-regulated GLUT9 through the PTEN/PI3K/AKT signaling pathway,
which may be related to autophagy.*® Conflicting findings were reported for ABCG2 as some researchers identified an
estrogen response element in the upstream promoter region of the ABCG2 gene. E therapy was found to increase mRNA
levels of ABCG2 (Figure 3).*

In addition, E maintained lipid homeostasis via liver ERo,*® thereby attenuating the pentose phosphate pathway that
supplies essential NADPH for purine synthesis and metabolism. In anoxic mouse models, E played an antioxidant role by
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modulating oxygen-induced XO activity at the post-transcriptional level through a non-receptor dependent mechanism.*’
These alterations inevitably influenced UA production.

Androgen

Researches on androgen and UA are even more contradictory. It was previously thought that gender differences in UA
were influenced by the protective effect of E against hyperuricemia. However, analysis of data from a large representative
cohort revealed that gender disparities in SUA emerged during adolescence due to higher T levels rather than E2.%°
A positive association between T and UA was also observed in both young healthy women and postmenopausal women
with T2DM.*>*! Others put forward different opinions. According to data from the National Health and Nutrition
Examination Survey, UA levels in American adult males showed an inverse association with T.>> In a 10-year
prospective study, low T levels in men were linked to an increased risk of development hyperuricemia.>

In the study of hormone deficiency and exogenous hormone therapy, controversy remains. Prostate cancer patients
who underwent androgen deprivation therapy exhibited significantly reduced levels of UA.>* In patients with female-to-
male gender identity disorder undergoing T replacement therapy, elevated UA levels have been observed in a dose-
dependent manner.”> Another prospective cohort study involving men with late-onset hypogonadism found that UA
levels decreased in patients treated with combined T and atorvastatin compared to those treated with atorvastatin alone. It
seems to be a consequence of improvement in insulin sensitivity.”®

On the one hand, the elevation of UA induced by T replacement therapy can be partially attributed to the increase in
muscle mass, which is considered to be the primary source of purines. In order to obtain more energy, increased muscle
mass stimulates ATP consumption, leading to the release of purine intermediates within the muscle and elevated SUA.>
T also enhances UA levels by stimulating liver metabolism of purine nucleotides.”” In animal models, it has been shown
to upregulate mRNA and protein expression of SMCT1, thereby affecting renal UA reabsorption system; however, it
simultaneously downregulates mRNA and protein levels of GLUT9 (Figure 3).”*

On the other hand, decreased T levels reduce protein and nucleic acid synthesis, while promoting endogenous purine
production, which provides the raw material for UA production.>® Besides, diminished T levels contribute to IR through
influencing body components such as visceral adipose tissue and muscle tissue, consequently impairing renal excretion of
UA.” It should be noted that excessive T also can impair insulin sensitivity. It is very well represented in polycystic ovary
syndrome (PCOS).

Pcos
PCOS is not only a disorder of the reproductive system, but also a metabolic disorder. In PCOS patients, there is an
elevation in UA levels and an increased prevalence of hyperuricemia, which is nearly three times higher than that
observed in women without PCOS.**¢! The multi-platform metabolomics analysis of serum samples from PCOS patients
revealed that purine metabolism was disturbed in PCOS, with UA emerging as a crucial indicator for identifying PCOS.
In this study, PCOS patients were classified into four subtypes based on different phenotypes. Only individuals with
hyperandrogenemia, anovulation, and polycystic ovaries exhibited higher levels of UA compared to the control group,
suggesting a correlation between UA alterations and the severity of clinical symptoms.®®

The elevation of UA in patients with PCOS is attributed to multiple factors; nevertheless, several clinical studies have
endeavored to investigate these factors. A comprehensive single-center study involving 1183 patients with PCOS and
10,772 control subjects without PCOS demonstrated a robust correlation between elevated levels of T and increased UA
as well as the prevalence of hyperuricemia.®® Another study performed UA tests on 40 patients with PCOS and 40 non-
hyperandrogenemia women with matched weight and obesity index levels, finding no statistically significant differences
of UA between the two groups. Notably, 24 weeks of treatment with Diane35, an antiandrogen contraceptive, improved
androgen while reducing UA levels in these patients with PCOS.®* In addition, other studies observed a positive
association between hyperuricemia and visceral adipose tissue mass or neck circumference in patients with PCOS®!¢3
Indeed, hyperandrogenemia and obesity are characteristic features in PCOS, which are closely associated with IR. These
factors mutually reinforce each other, contributing to a metabolic vicious cycle. IR is widely acknowledged as a pivotal

666 https: Diabetes, Metabolic Syndrome and Obesity 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Li et al

mediator of obesity and hyperuricemia,®® highlighting the significance of enhancing IR in ameliorating UA levels in
PCOS (Figure 2).

Healthy lifestyle and weight management are the basis of PCOS treatment. But due to the diverse and complex
clinical manifestations within the PCOS population, weight loss alone is insufficient. Metformin is commonly prescribed
to to improve IR of PCOS. Theoretically, it can partly counteract the effects of IR and hyperandrogenemia, so that UA
levels decrease. However, its clinical efficacy appears to be less significant.®* In both in vivo and vitro, metformin
induced the expression and activation of AMPK as well as leptin to enhance adipose tissue function, resulting in
a significant reduction of UA-induced FFA elevation and improvement of IR.®” Therefore, it is also beneficial for the
treatment of metabolic disorders related to hyperuricemia. Furthermore, various anti-diabetic drugs such as GLP-1
receptor agonists and SGLT-2 inhibitors have demonstrated positive effects on metabolism improvement and reduction of
androgen levels in PCOS. Surprisingly, they have been found to lower UA levels to varying degrees according to a Meta-
analysis.® Larger sample sizes and longer follow-up studies are needed, but at least they provide recommendations for
the treatment of PCOS with hyperuricemia.

Pituitary-Adrenal Axis
Adrenocorticotropic Hormone (ACTH)

As early as the mid-19th century, it was discovered that the injection of ACTH in rabbits increased the excretion of UA.®’
But it was not certain that the function was direct. This question was answered through a study conducted on a patient
with isolated ACTH deficiency. In rapid ACTH tests, no significant changes were observed in plasma cortisol and UA
levels. Conversely, in continuous ACTH loading test, ruling out the interference of other hormones, there was a decrease

1.70

in plasma concentration of UA accompanied by an increase in cortisol.”” The conclusion can be drawn that the impact of

ACTH on UA levels is mediated by downstream hormones.

Glucocorticoid (GC)

Recently, GC has been proven to have ability in regulating UA homeostasis via GR signaling pathway in animal models.
Specifically, upon GR activation in the cremaster muscle of rats and bovine renal epithelial cells, there is an induction of
XO expression.”"”* In the kidney, GR activation down-regulates mRNA and protein levels of URAT1 through the
involvement of nuclear factor-kappa B and activated protein 1, enhancing UA excretion (Figure 3). Consequently, the
SUA levels are reduced.” Changes in SUA actually reflect the net role of GC in UA production and excretion. It should
be noted that most mammals possess the enzyme uricase, which further converts UA into allantoin. Because of the loss of
uricase activity during human evolution, UA remains as the end product of purine metabolism in humans. Additionally,
variations in UA transporters between humans and other animals may contribute to inconsistent changes in SUA levels,
highlighting the need for further population-based studies.

Currently, GC is widely used in the treatment of diseases. The well-recognized adverse reactions associated with GC
therapy include hyperglycemia, hypertension, osteoporosis, and others. It is necessary to regularly monitor related indicators
to avoid complications during long-term use of GC in clinical practice. But UA levels are seldom monitored in this context.
A study demonstrated that high doses of methylprednisolone increased UA levels in multiple sclerosis patients.”* Because of
its potent anti-inflammatory effects, GC is frequently employed during the acute phase of gout when NASIDs or colchicine
can not be tolerated. In cases where gout is localized to a single joint, intra-articular hormone injections may be preferable to
systemic hormone administration to avoid its adverse effects.”

Cushing’s Syndrome (CS)

Relevant literature on the association between CS and SUA levels remains limited. In a small-scale study, it was observed
that 33% of patients diagnosed with CS exhibited elevated SUA levels, indicating an underlying disorder in UA
metabolism.”® Among patients with ACTH-dependent and ACTH-independent CS, the former had higher ACTH level,
while the latter had lower or even undetectable ACTH level, but no significant disparity in UA was found.”” Furthermore,
individuals with CS are more susceptible to kidney stones due to chronically elevated urinary excretion of UA;”®
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nevertheless, this effect seems to be offset by the abnormal metabolism associated with the disease. Because in
populations with cortisol-secreting adrenal tumors, non-secretory adrenal incident-tumors, and healthy controls matched
for BMI, no significant differences in SUA levels were observed.”” This suggests that BMI may serve as an underlying
determinant. Due to variations in body sensitivity to GC, CS usually presents with abdominal obesity. Moreover, chronic
GC exposure also impairs insulin receptor signaling, leading to IR and perturbing of glucose metabolism. This

information provides an explanation for hyperuricemia associated with CS (Figure 2).

Pituitary-Hepatic Axis

Growth Hormone (GH) and IGF-1

Both GH and IGF-1 have the potential to enhance GFR, subsequently influencing UA excretion. It is primarily IGF-1 that
is believed to be responsible for this effect. Although GFR increased after exogenous GH application, there was a delay
in the time compared to the immediate increase after IGF-1 application in animals and humans.*® And GFR was
normalized after treatment with recombinant human insulin growth factor (rhIGF-1) for Laron syndrome, a disease
characterized by defective GH due to mutations in GHR-related genes.®' In non-diabetic adult subjects, a significant
correlation was observed between low circulating IGF-1 and the presence of hyperuricemia. However, this association
lost its significance upon adjustment for eGFR, thereby confirming the initial hypothesis.®*

Endogenous GH secretion is not stable, and daily determination may impact the accuracy of the results. But a clinical
assessment of the relationship between GH and UA can be made based on long-term administration of exogenous GH.
A study demonstrated that treatment with rhGH in children with GHD resulted in a significant increase in IGF-1 and UA
levels after 6 months, compared to both the 3-month treatment period and the pre-treatment baseline.*> thGH was also
the most commonly utilized treatment for short stature associated with bone and cartilage disorders. Upon investigating
the factors influencing its efficacy, researchers observed a statistically significant elevation in UA levels within the
effective group compared to the ineffective group, thereby establishing UA as an influential factor affecting treatment
outcomes.® However, the levels of UA remain within the normal range, thus there is insufficient evidence to support the
necessity of monitoring UA levels during GH treatment.

Few studies have explored the molecular mechanism of GH and IGF-1 underlying the impact of UA metabolism. In mouse
livers and kidneys, it was previously suggested that pulsed GH down-regulated GLUT9 expression through the JAK2/STATSb
pathway.®> However, differences in the function and localization of GLUT9 in mouse and human livers must be taken into
account.®® With respect to IGF-1, a recent study proposed that it stimulates UA transport mediated by GLUT9, OAT1, OAT3,
ABCG2, and ABCC4 via Akt and ERK pathways while inhibiting insulin’s effect on GLUT9a (Figure 3).*’

Acromegaly

In a retrospective study, 76 patients with pituitary growth hormone tumor were included, of which 8 (10.5%) were
diagnosed with hyperuricemia. The present study identified a positive correlation between SUA and HOMA-IR,
indicating that the elevation of SUA was associated with IR resulting from increased GH levels (Figure 2).%

In the physiological situation, the effects of the GH and IGF-1 on IR counteract each other. Acromegaly is
characterized by IR in the liver and peripheral tissues, highlighting the dominant role of GH in glucose metabolism.
Due to a certain degree of resistance at the IGF receptor level, elevated levels of IGF-1 are unable to prevent or
effectively regulate this process.®*® Consequently, under conditions of GH-induced IR and hyperinsulinemia, the impact of
IGF-1 on UA excretion appears to be minimal.

Targets of acromegaly treatment are to normalize GH and IGF-I. Transsphenoidal surgery remains the preferred
treatment for the majority patients with acromegaly. Somatostatin receptor ligands such as octreotide and lanreotide have
been proven to maintain normal IGF-1 levels and shrink tumors. Compared to other medical therapy, pegvisomant is the
most likely to improve glucose tolerance and insulin sensitivity,”® making it a favorable choice for acromegaly patients

with hyperuricemia. Regrettably, the potential positive effects of this therapy have not received sufficient attention.
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Antidiuretic Hormone (ADH)

Clinically, the role of ADH in water and salt metabolism has been well known. However, the effect on UA metabolism

has not received widespread attention. At the end of the last century, G.Decaux et al induced hyponatremia in healthy
individuals with 1-desamino-8-D-arginine vasopressin (dIDAVP), a selective V2 receptor agonist, which resulted in no
significant increase in UA excretion. In a patient diagnosed with central diabetes insipidus (DI), the administration of
a potent V1 receptor agonist (triglycyl-lysine vasopressin) produced a rapid increase of urate clearance.”’ It is V1
receptor, rather than the V2 receptor, plays a key role in the regulation of UA excretion. Taniguchi et al confirmed
through rat experiments that Vla receptor stimulation down-regulated GLUT9 and up-regulated ABCG2 and NPT,
further clarifying the underlying mechanism (Figure 3).”

Siadh

It was estimated that 70% of SIADH was associated with hypouricemia.”® Increased renal clearance is the primary cause.*
Interestingly, despite persistent inappropriate secretion of ADH, water restriction normalized UA clearance, indicating a potential
link with an effective expansion of vascular volume.”* Attempts to demonstrate this phenomenon in healthy individuals with acute
or chronic vascular volume dilation revealed that while there was an increase in UA clearance, it was not as pronounced as
observed in patients with SIADH. Further investigation explained that chronic hyponatremia appeared to independently enhance
UA clearance.” Urate reabsorption in the proximal tubule was indirectly coupled to sodium reabsorption in several ways.’® In
case of chronic hyponatremia, renal tubular epithelial cells adapted to a hypotonic state by reducing intracellular solutes (including
various anions), which consequently led to a decrease in urate and anion exchange.”” In SIADH patients, pyrazinamide and
sulfinpyrazone were administered to specifically inhibit the secretion and post-secretion reabsorption of UA in renal tubules,
respectively. The results confirmed that the increase of UA clearance in SIADH patients resulted from a reduction in post-
secretion reabsorption.”’

Restricting fluid intake is the most economical and safe method for the treatment of mild SIADH. ADH receptor antagonists
are considered to be promising therapy due to their ability to counteract ADH effects. Tolvaptan, an oral selective V2 receptor
antagonist, is particularly suitable for SIADH patients with severely hyponatremia. In autosomal dominant polycystic kidney
disease, tolvaptan has been reported to reduce the renal clearance of UA, which was linked to increased proximal reabsorption of
sodium.”® But attention should also be paid to the risk of hyperuricemia with long-term application of tolvaptan.

Diabetes Insipidus (DlI)

In contrast to SIADH, CDI usually typically manifests with reduced UA clearance and hyperuricemia. According to
a retrospective analysis, the prevalence of hyperuricemia was 46%.°° This characteristic can serve as a differentiating
factor between CDI and primary polydipsia, as the latter often exhibits decreased UA levels due to volume expansion.'®
It is generally accepted that increased urine flow simultaneously carries more solute out. However, in a rat model of lithium-
induced DI, despite a more than 3-fold increase in urine flow compared to controls, UA clearance was similar.'°! Therefore, the
relationship between UA clearance and urine flow is weak. The hyperuricemia in such patients could be attributed to volume
contraction resulting from the discharge of large amounts of hypotonic urine and the absence of V1 receptor stimulation.'®
Desmopressin, a specific V2 receptor agonist, plays a pivotal role in the treatment of CDI. However, despite normal blood
volume, treatment with dDAVP did not restore UA clearance and hyperuricemia in patients with CDL'* Zhang et al reported
a case of an adolescent patient with CDI complicated by hyperuricemia. Due to lack of timely UA lowering treatment,
complications such as renal insufficiency, gouty stone, and joint deformity occurred, which seriously affected the quality of
life. In light of these findings, the authors propose considering terlipressin therapy as a potential intervention if deemed

necessary. 102

Conclusion

Available data suggests that various pituitary-target hormones can influence the levels of SUA by modulating purine
metabolism and the activity of UA transporters. In diseases associated with metabolic disorders, such as obesity and IR,
individuals are more likely to exhibit elevated levels of SUA and hyperuricemia. Considering the potential systemic harm
associated with UA disorders, it is crucial to monitor and manage abnormal UA levels in these populations. However,

Diabetes, Metabolic Syndrome and Obesity 2024:17 htps: 669

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li et al Dove

due to the limited or even conflicting studies on uric acid metabolism in certain diseases, conducting prospective studies
with larger sample sizes within specific populations is imperative for accurately elucidating this relationship.
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