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ABSTRACT
Previous studies showed a diurnal rhythm of uric acid. The mean serum uric acid value between 0800-0900 hours was
higher than that observed between 1700-1800 hours. Oxidative stress is traditionally characterized as by imbalance among
oxidant and antioxidant factors, occurs commonly in Mets. Antioxidant’s system including enzymes like superoxide
dismutase, catalase, glutathione peroxidase, glutathione reductase and non-enzymatic substrates like ferritin, transferrin,
and uric acid controls oxidative stress. Uric acid is an inactive metabolic result of purine catabolism, has been as of late
implicated in various long term illness states, including arterial blood pressure, metabolic condition, diabetes, non-alcoholic
fatty liver disorders, and chronic renal disorders. Raised uric acid may end up being one of the more significant remediable
problematic factors for metabolic and cardiovascular disorders. A negative correlation is found between the levels of
endogenous melatonin and UA. A positive correlation is found between the levels of cortisol and UA. Mets are characterized
by hyperactivity of the HPA axis, which leads to “functional hypercortisolism.”. Uric acid level is linearly correlated with FT3
and FT4, but not with TSH. In conclusion, catabolic hormones have positive correlation with serum uric acid while
hormones which decrease basal metabolism have negative correlation with serum uric acid levels.
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INTRODUCTION

Previous studies showed that all subjects showed a
diurnal rhythm. The mean serum urate value between
0800-0900 hours was higher than that observed between
1700-1800 hours. When studying the temporal relation
for the medical importance, or when attempting to
interpret the serum urate concentration, it is important to
consider the diurnal rhythms of this analyte. It was also
found that diurnal variation of uric acid is related with
certain hormones like melatonin, cortisol and thyroid
hormones.

Uric acid and its metabolic relations

Oxidative stress is traditionally characterized as an
occasion coming about because of the intensity of
imbalance among oxidant and antioxidant factors, created
in a setting of oxidation reducing factors [1,2]. Since the
age and the activity of these substances rely upon this
oxidation-decreasing system, researchers presently utilize
the expression "imbalance of oxidation reduction system"
to present the oxidative stress [3,4]. Commonly known as
free radicals, oxidants include receptive oxygen and
nitrogen species, which play role in the oxidation of lipids

(lipoxidation) and glucose (glycation), substances found in
overabundance in adiposity. Excessive food consumption
expands the measure of energy and supplements of blood
[5]. Products of lipoxidation incorporate malondialdehyde,
glyoxal, acrolein, 4-hydroxy-nonenal (HNE), while the
products created from glycation incorporate glyoxal and
methyl glyoxal. These substances attach to the amino
groups of amino acids, bringing about glycation final
products and progressed lipoxidation end products, which
are profoundly responsive and partake in the
advancement of different segments of MetS [6].
Antioxidant’s system including enzymes like superoxide
dismutase, catalase, glutathione peroxidase, glutathione
reductase and non-enzymatic substrates like as ferritin,
transferrin, bilirubin, ceruloplasmin, carrier of albumin
low molecular weight, like uric acid and lipoic acid
controls oxidative stress [7]. Antioxidants obtained from
fruits and vegetables, like vitamin C, flavonoids, vitamin E
and carotenoids, are included [8].
Antioxidants can trap free radicals produced by
metabolism of cellular products or exogenous sources
through the reduction by hydrogen ions of these particles,
breaking the continuous reactions, which ceases action on
lipids, amino acids in proteins, bonds of the
polyunsaturated fats, and DNA bases, preventing lesion
formation and loss of cell integrity [9]. Another function of
antioxidants is the defense system, which acts in the DNA
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repair brought about by free radicals, a cycle identified
with the expulsion of the damaged DNA molecule and
repair of damaged cell membranes [10].
Uric acid, once seen as an inactive metabolic final result
of purine catabolism, has been as of late implicated in
various long term illness states, including arterial blood
pressure, metabolic condition, diabetes, non-alcoholic
fatty liver disorders, and chronic renal disorders. A few
trial and clinical research uphold a function for uric acid
as a contributory causal factor in these disorders. We
have sufficient evidence to suggest association of uric
acid to various metabolic associates. Raised uric acid may
end up being one of the more significant remediable
problematic factors for metabolic and cardiovascular
disorders [11].

Relationship between uric acid and melatonin

A negative correlation was found between the levels of
endogenous melatonin and UA. Studies have linked
elevated UA with endothelial dysfunction and a reduction
in nitric oxide levels is a primary determinant of blood
vessel tone and thrombogenicity. Khosla et al.
demonstrated that UA impairs nitric oxide generation in
cultured endothelial cells, inhibits both basal and
vascular endothelial growth factor (VEGF)-induced nitric
oxide production in bovine aortic endothelial cells, and
reduce circulating nitrites in male Sprague-Dawley rats.
Gersch et al. showed that UA reacts directly with nitric
oxide in a rapid irreversible reaction resulting in the
formation of 6-aminouracil and depletion of nitric oxide.
In pulmonary arterial endothelial cells uric acid-induced
arginase activation reduces nitric oxide production
[12-14].
Melatonin, or N-acetyl-5-methoxytryptamine, is an indole
mainly produced in the pineal gland during the night. The
amount of melatonin and its main urinary metabolite, 6-
sulphatoxymelatonin decreases with the advancing age
[15,16]. In humans, melatonin production not only
diminishes with age, but it is also significantly lower in
many age-related diseases such as cardiovascular disease
[17,18].
Studies demonstrated that the rhythmicity of melatonin
has an important role in a variety of cardiovascular
pathophysiology including anti-inflammatory and
antioxidant functions. Melatonin stimulates both the
gene expression for antioxidative enzymes, such as
superoxide dismutase, glutathione peroxidase as well as
the levels of glutathione and to increase their activity
[19]. Furthermore, melatonin and its metabolites
scavenger free radicals such as hydroxyl radicals,
superoxide radicals, and hydrogen peroxide which are
continuously produced in cells by oxidative
phosphorylation in mitochondria and by fatty acid
oxidation in peroxisomes and thus terminate the
initiation and propagation of lipid peroxidation [20].
High affinity G protein-coupled membrane receptors
known as MT1 and MT2 and nuclear receptors called
RZR/ROR are responsible for melatonin’s effects on cells
[21-23]. The relationship between endogenous

melatonin and UA levels may be responsible for the
pathogenesis of future coronary artery disease. Some
studies demonstrated elevated UA and a reduced nitric
oxide level [12-14]. Also, elevated UA and reduced
melatonin levels may be a reflection as in previous
studies. Masue et al. studied the association between the
endogenous melatonin level and various established
blood biomarkers of risk of cardiovascular disease such
as plasma lipids, homocysteine, UA, and high-sensitivity
C-reactive protein in 181 Japanese women. They found
the urinary 6-sulfatoxymelatonin level was inversely
associated with established independent risk factors for
cardiovascular disease, including UA, as in our study, and
high sensitivity C-reactive protein. If our evidence was
extrapolated into clinical situations, the use of exogenous
melatonin as a prophylactic agent for cardiovascular
disease may offer benefits to decreasing the blood level
of UA in men [24]. So, we found that melatonin reduces
oxidative stress by stimulating various antioxidant
production as well decreasing free radicals production.
In conclusion a significant negative correlation between
the levels of endogenous melatonin and UA in healthy
young males.

Relationship between uric acid & cortisol

Chronically activated HPA axis was associated with
decreased diurnal variability of cortisol levels [25]. It was
also proposed that central fat distribution is related to
greater psychological vulnerability to stress and greater
cortisol reactivity [26]. Animal studies showed a dose-
dependent increase in visceral fat during chronic stress
[27,28]. In vitro, cortisol appears to increase lipoprotein
lipase levels (a fat-storing enzyme) in adipose tissue and
particularly in visceral fat [29]. Furthermore, genetics
may play a role in the relationship between stress and
central fat. Genetics can account for up to 50% of the
variance in fat distribution [30]. There are also genetic
influences on psychological coping with stress [31]. and
on cortisol reactivity [32]. It is therefore possible that
stress reactivity and central fat are genetically linked.
MetS is a cluster of abnormalities that predispose to the
development of diabetes, atherosclerosis, and CVD,
although many patients with MetS may already have
diabetes and/or vascular disease. Therefore, it is
important to always specify whether MetS is or is not
accompanied by diabetes. Because MetS shares many
characteristics of CS, it was proposed that the
pathogenesis of MetS and central obesity involves
prolonged and excessive glucocorticoid exposure.
Emerging data suggest that patients with MetS are
characterized by hyperactivity of the HPA axis, which
leads to “functional hypercortisolism.” Stress seems to
play an important role in this interplay through an
increase in the responsiveness of the HPA axis. 11HSD1 is
a key enzyme in glucocorticoid metabolism in peripheral
tissues (particularly in the adipose tissue and liver).
11HSD1 overexpression in adipocytes is observed in
MetS and central obesity and results in increased
conversion of cortisone to cortisol and in excessive
tissue-specific glucocorticoid activity. Experimental
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studies with 11HSD1 inhibitors further support the role
of 11HSD1 in the pathogenesis of MetS
and might provide novel therapeutic approaches in
patients with MetS or obesity [33].
Elevated serum uric acid (SUA) levels are shared by MetS
and CS [34,35]. High SUA levels are regarded as a
predictor of cardiac and overall mortality in patients with
CHD or stroke [36,37]. Elevated SUA is also associated
with higher risk of stroke in patients with or without
CHD [38]. We demonstrated that statin (mainly
atorvastatin) therapy is associated with a reduction in
SUA levels along with an increase in estimated
glomerular filtration rate in CHD patients with MetS
[39,40]. This effect on renal function is perhaps due to an
amelioration of endothelial function and renal blood flow
[39]. On the other hand, patients with CS may have
higher SUA and urinary uric acid excretion than healthy
subjects. This is probably a consequence of the
hypercatabolic CS state and is independently correlated
with increased body weight [35].

Relationship between uric acid & thyroid hormones

Currently, some studies have pointed out that the
correlation between thyroid hormone and uric acid level,
but this correlation is still controversial. A recent study
suggests that thyroid hormone may regulate uric acid
levels in patients with subclinical hypothyroidism by
regulating insulin resistance [41-43]. Uric acid is mainly
produced by the liver, and it is a water-soluble
antioxidant.Uric acid has been shown to directly inhibit
the damage which is caused by free radicals and also to
protect cell membranes and DNA [44].
The uric acid level increase is believed to be an
intermediary factor in adipose tissue that regulates
endocrine disorders that promote inflammation and may
be an important factor leading to dyslipidemia and
atherosclerosis [45]. At present, it can be seen that there
are many studies on uric acid, and uric acid is also found
to be related to cardiovascular disease, kidney disease,
etc., but there are a few studies on the correlation
between uric acid and thyroid function, and also, there
are some controversies.
A recent study suggests that thyroid hormones and
thyroid stimulating hormone (TSH) are associated with
the function of each organ system but also affect the
body’s growth and development, and it was found that
the concentration
of the thyroid hormones is owing to different age and sex
[46]. Another study has found that thyroid hormones
play a central regulatory role in the cardiovascular
system and are considered a target for the treatment of
heart failure [47]. At present, it is believed that thyroid
hormone changes have a certain heritability, but most of
the genetic possibilities cannot be explained; also, an
analysis has found FT3-related genome-wide variations
and new TSH-related loci [48]. It can be seen that studies
on thyroid function have gone deep into epigenetics, but
the correlation between thyroid function and uric acid is

still controversial and cannot be better explained. It was
found that there were significant differences in the levels
of FT3, FT4, and TSH between different uric acid levels.
In the linear correlation analysis, it was confirmed that
there was a linear correlation between FT3, FT4, and TSH
and uric acid level. In further multivariate linear
regression analysis, it was found that FT3 and FT4 were
correlated with uric acid, but TSH was not [49].
In conclusion, studies show that under normal thyroid
function, there is a close relationship between different
uric acid levels and TSH, FT3, and FT4 levels. Further
analysis confirmed that the uric acid level was linearly
correlated with FT3 and FT4, but not with TSH. In
conclusion, the metabolism and production of uric acid
mainly pass through the metabolic action of xanthine
oxidase and xanthine dehydrogenase. Low oxygen,
inflammation, etc can accelerate enzyme metabolism and
cause changes in the uric acid level, thereby causing the
production of related cytokines.

DISCUSSION AND CONCLUSION

Previous studies showed a diurnal rhythm of uric acid.
The mean serum uric acid value between 0800-0900
hours was higher than that observed between 1700-1800
hours. Oxidative stress is traditionally characterized as
by imbalance among oxidant and antioxidant factors,
occurs commonly in Mets. Antioxidant’s system including
enzymes like superoxide dismutase, catalase, glutathione
peroxidase, glutathione reductase and non-enzymatic
substrates like ferritin, transferrin, and uric acid controls
oxidative stress. Uric acid is an inactive metabolic result
of purine catabolism, has been as of late implicated in
various long term illness states, including arterial blood
pressure, metabolic condition, diabetes, non-alcoholic
fatty liver disorders, and chronic renal disorders. Raised
uric acid may end up being one of the more significant
remediable problematic factors for metabolic and
cardiovascular disorders. A negative correlation is found
between the levels of endogenous melatonin and UA. A
positive correlation is found between the levels of
cortisol and UA. Mets are characterized by hyperactivity
of the HPA axis, which leads to functional
hypercortisolism. Cortisol is one of important key factors
for central obesity and Mets like features. These
conditions provide environment of increased cytokines
production like IL-1, IL-6 and TNF- alpha. So, oxidative
stress increases with higher cortisol level results in
increase level of SUA. Uric acid level is linearly correlated
with FT3 and FT4, but not with TSH. In conclusion,
catabolic hormones have positive correlation with serum
uric acid while hormones which decrease basal
metabolism have negative correlation with serum uric
acid levels. We speculate that thyroid hormones can also
change the level of cytokines produced by oxidative
stress and inflammation, and the change of thyroid
hormones can also cause the production of related
cytokines and the change of enzyme level and finally
affect the uric acid level. The reason may be that thyroid
hormones affect uric acid levels by affecting the
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conversion of purine nucleotides and excretion of uric
acid.

REFERENCES

1. Ferreira AL, Yeum KJ, Matsubara LS, et al.
Doxorubicin as an antioxidant: maintenance of
myocardial levels of lycopene under doxorubicin
treatment. Free Radic Biol Med 2007; 43:740-51.

2. Yeum KJ, Russell RM, Krinsky NI, et al. Biomarkers of
antioxidant capacity in the hydrophilic and
lipophilic compartments of human plasma. Arch
Biochem Biophys 2004; 430:97-103.

3. Grant CM. Metabolic reconfiguration is a regulated
response to oxidative stress. J Biol 2008; 7:1.

4. Poli G, Schaur RJ, Siems WG, et al. 4-hydroxynonenal:
a membrane lipid oxidation product of medicinal
interest. Med Res Rev 2008; 28:569-631.

5. Dandona P, Ghanim H, Chaudhuri A, et al.
Macronutrient intake induces oxidative and
inflammatory stress: potential relevance to
atherosclerosis and insulin resistance. Exp Mol Med
2010; 42:245-53.

6. Aldini G, Dalle-Donne I, Facino RM, et al.
Intervention strategies to inhibit protein
carbonylation by lipoxidation-derived reactive
carbonyls. Med Res Rev 2007; 27:817-68.

7. Poljsak B, Šuput D, Milisav I. Achieving the balance
between ROS and antioxidants: when to use the
synthetic antioxidants. Oxid Med Cell Longev 2013;
2013:956792.

8. Maiani G, Caston MJ, Catasta G, et al. Carotenoids:
Actual knowledge on food sources, intakes, stability
and bioavailability and their protective role in
humans. Mol Nutr Food Res 2009; 53:S194-218.

9. Sies H. Strategies of antioxidant defense. Eur J
Biochem 1993; 215:213-9.

10. Sies H. Oxidative stress: From basic research to
clinical application. Am J Med 1991; 91:31S-8S.

11. Kanbay M, Jensen T, Solak Y, et al. Uric acid in
metabolic syndrome: from an innocent bystander to
a central player. Eur J Internal Med 2016; 29:3-8.

12. Khosla UM, Zharikov S, Finch JL, et al.
Hyperuricemia induces endothelial dysfunction.
Kidney Int 2005; 67:1739–1742.

13. Gersch C, Palii SP, Kim KM, et al. Inactivation of nitric
oxide by uric acid. Nucleos Nucleot Nucl 2008;
27:967–978.

14. Zharikov S, Krotova K, Hu H, et al. Uric acid
decreases NO production and increases arginase
activity in cultured pulmonary artery endothelial
cells. Am J Physiol Cell Physiol 2008; 295:1183–
1190.

15. Reiter RJ, Craft CM, Johnson JE, et al. Age-associated
reduction in nocturnal pineal melatonin levels in
female rats. Endocrinology 1981; 109:1295–1297.

16. Sewerynek E. Melatonin and the cardiovascular
system. Neuro Endocrinol Lett 2002; 23:79–83.

17. Yaprak M, Altun A, Vardar A, et al. Decreased
nocturnal synthesis of melatonin in patients with

coronary artery disease. Int J Cardiol 2003; 89:103–
107.

18. Domínguez-Rodríguez A, Abreu-Gonzalez P, García
MJ, et al. Decreased nocturnal melatonin levels
during acute myocardial infarction. J Pineal Res
2002; 33:248–252.

19. Reiter RJ, Tan DX, Osuna C, et al. Actions of
melatonin in the reduction of oxidative stress. A
review. J Biomed Sci 2000; 7:444–458.

20. Pieri C, Marra M, Moroni F, et al. Melatonin: A
peroxyl free radical scavenger more effective than
vitamin E. Life Sci 1994; 55:271–276.

21. Reppert SM. Melatonin receptors: molecular biology
of a new family of G protein coupled receptors. J Biol
Rhythms 1997; 12:528–531.

22. Brydon L, Petit L, Delagrange P, et al. Functional
expression of MT2 (Mel1b) melatonin receptors in
human PAZ6 adipocytes. Endocrinol 2001;
142:4264–4271.

23. Paparrigopoulos T, Psarros C, Bergiannaki J, et al.
Melatonin response to clonidine administration in
depression: indication of presynaptic alpha2-
adrenoceptor dysfunction. J Affect Disord 2001;
65:307–313.

24. Masue T, Wada K, Hayashi M, et al. Associations of
urinary 6-sulfatoxymelatonin with biomarkers
related to cardiovascular disease in Japanese
women. Metabolism 2012, 61, 70–75.

25. Kyrou I, Chrousos GP, Tsigos C. Stress, visceral
obesity, and metabolic complications. Ann NY Acad
Sci 2006; 1083:77–110.

26. Holt HB, Wild SH, Postle AD, et al. Cortisol clearance
and associations with insulin sensitivity, body fat
and fatty liver in middle-aged men. Diabetologia
2007; 50:1024–1032.

27. Rebuffe´-Scrive M, Walsh UA, McEwen B, et al. Effect
of chronic stress and exogenous glucocorticoids on
regional fat distribution and metabolism. Physiol
Behav 1992; 52:583–590.

28. Jayo JM, Shively CA, Kaplan JR, et al. Effects of
exercise and stress on body fat distribution in male
cynomolgus monkeys. Int J Obes Relat Metab Disord
1993; 17:597–604.

29. Rebuffe-Scrive M. Neuroendocrine regulation of
adipose tissue: molecular and hormonal
mechanisms. Int J Obes 1991; 15:83–86

30. Sellers TA, Drinkard C, Rich SS, et al. Familial
aggregation and heritability of waist-to-hip ratio in
adultwomen: The Iowa Women’s Health Study. Int J
Obes Relat Metab Disord 1991; 18:607–613.

31. Busjahn A, FaulhaberHD, Freier K, et al. Genetic and
environmental influences on coping styles: a twin
study. Psychosom Med 1991; 61:469–475.

32. Kirschbaum C, Wu S, Faig HG, et al. Heritability of
cortisol responses to human corticotropin-releasing
hormone, ergometry, and psychological stress in
humans. J Clin Endocrinol Metab 1992; 75:1526–
1530.

Shivam Verma, et al. J Res Med Dent Sci, 2021, 9 (8):267-271

Journal of Research in Medical and Dental Science | Vol. 9 | Issue 8 | Aug-21 270



33. Panagiotis Anagnostis, Vasilios G Athyros,
Konstantinos Tziomalos, et al. The pathogenetic role
of cortisol in the metabolic syndrome: A hypothesis.
J Clin Endocrinol Metab 2009; 94:2692–2701.

34. Tsouli SG, Liberopoulos EN, Mikhailidis DP, et al.
Elevated serum uric acid levels in metabolic
syndrome: an active component or an innocent
bystander? Metabolism 2006; 55:1293–1301.

35. Faggiano A, Pivonello R, Melis D, et al.
Nephrolithiasis in Cushing’s disease: prevalence,
etiopathogenesis, and modification after disease
cure. J Clin Endocrinol Metab 2003; 88:2076–2080.

36. Bickel C, Rupprecht HJ, Blankenberg S, et al. Serum
uric acid as an independent predictor of mortality in
patients with angiographically proven coronary
artery disease. Am J Cardiol 2003; 89:12–17.

37. Karagiannis A, Mikhailidis DP, Tziomalos K, et al.
Serum uric acid as an independent predictor of early
death after acute stroke. Circ J 2007; 71:1120–1127.

38. Milionis HJ, Kalantzi KJ, Goudevenos JA, et al. Serum
uric acid levels and risk for acute ischaemic non-
embolic stroke in elderly subjects. J Intern Med
2005; 258:435–441.

39. Athyros VG, Mikhailidis DP, Liberopoulos EN, et al.
Effect of statin treatment on renal function and
serum uric acid levels and their relation to vascular
events in patients with coronary heart disease and
metabolic syndrome: a subgroup analysis of the
GREek Atorvastatin and Coronary heart disease
Evaluation (GREACE) Study. Nephrol Dial Transplant
2007; 22:118–127.

40. Athyros VG, Elisaf M, Papageorgiou AA, et al. Effect
of statins versus untreated dyslipidemia on serum
uric acid levels in patients with coronary heart
disease: a subgroup analysis of the greek
atorvastatin and coronary-heart-disease evaluation
(GREACE) study. Am J Kidney Dis 2003; 43:589–599.

41. Desideri G, Bocale R, D’Amore AM, et al. Thyroid
hormones modulate uric acid metabolism in

patients with recent onset subclinical
hypothyroidism by improving insulin sensitivity.
Internal Emergency Med 2020; 15:67-71.

42. Zhang J, Meng Z, Zhang Q, et al. Gender impact on
the correlations between subclinical thyroid
dysfunction and hyperuricemia in Chinese. Clin
Rheumatol 2016; 35:143-9.

43. Becker BF. Towards the physiological function of
uric acid. Free Radical Biol Med 1993; 14:615-31.

44. Spitsin SV, Scott GS, Kean RB, Mikheeva T, Hooper
DC. Protection of myelin basic protein immunized
mice from free-radical mediated inflammatory cell
invasion of the central nervous system by the
natural peroxynitrite scavenger uric acid.
Neuroscience letters. 2000 Oct 6;292(2):137-41.

45. Ali N, Rahman S, Islam S, et al. The relationship
between serum uric acid and lipid profile in
Bangladeshi adults. BMC Cardiovascular Disorders
2019; 19:1-7.

46. Gunapalasingham G, Frithioff-Bøjsøe C, Lund MA, et
al.. Reference values for fasting serum
concentrations of thyroid-stimulating hormone and
thyroid hormones in healthy Danish/North-
European white children and adolescents.
Scandinavian J Clin Laboratory Investigation 2019;
79:129-35.

47. Vale C, Neves JS, von Hafe M, et al. The role of thyroid
hormones in heart failure. Cardiovascular Drugs
Therapy 2019; 33:179-88.

48. Popovic M, Matana A, Torlak V, et al. Genome-wide
meta-analysis identifies novel loci associated with
free triiodothyronine and thyroid-stimulating
hormone. J Endocrinol Investigation 2019;
42:1171-80.

49. Chao G, Zhu Y, Fang L. Retrospective analysis of the
correlation between uric acid and thyroid hormone
in people with normal thyroid function. J Diabetes
Res 2019; 2019.

 

Shivam Verma, et al. J Res Med Dent Sci, 2021, 9 (8):267-271

Journal of Research in Medical and Dental Science | Vol. 9 | Issue 8 | Aug-21 271


	Contents
	Diurnal Variation of Uric Acid and its Correlation with Certain Hormones: A Physiological Review
	ABSTRACT
	Key words:
	HOW TO CITE THIS ARTICLE:
	CorrDtls
	INTRODUCTION
	Uric acid and its metabolic relations
	Relationship between uric acid and melatonin
	Relationship between uric acid & cortisol
	Relationship between uric acid & thyroid hormones

	DISCUSSION AND CONCLUSION
	REFERENCES


