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ABSTRACT

OBJECTIVES: Uric acid (UA) has a role in pathogenesis of several metabolic abnormalities including insulin
resistance (IR) and their related disorders. The aim of this report is to review the available evidences that reveal
the association between UA, IR and related disorders via both noninsulin and insulin-based IR indices.
METHODS: The published literature was surveyed using Google Scholar and PubMed entering the terms Obesity,
UA, IR, Metabolic Syndrome (MetS), Gestational Diabetes (GDM), Polycystic Ovarian Syndrome (PCOS).
RESULTS: UA had substantial positive relationships with IR, as well as obesity, MetS, DM, GDM, and PCOS.
Evidently UA with a role in oxidative stress, endothelial dysfunction and induction of inflammation may cause IR
in totality, the major factor in development of MetS and related diseases. Homeostatic Model Assessment of
Insulin Resistance (HOMA-IR), insulin based IR index, correlated positively with UA. Moreover, specifically
triglyceride to high density lipoprotein cholesterol ratio (TG/HDL-C), visceral adiposity index (VAI), lipid
accumulation product (LAP), triglyceride to fasting glucose (TyG) index are noninsulin-based IR indices of
positive correlations with UA. MetS score for IR (MetS-IR), a non-insulin based IR index, had significantly
proportional correlations with MetS components as well as UA level. UA to HDL-cholesterol ratio (UHR) was a
pronounced statistical predictor of MetS and diabetes control. UA positively associated with hyperinsulinemia and
IR in prediabetes.
CONCLUSION: Succinctly UA can be an emerging biochemistry marker of predictive role in IR, MetS and
related anomalies. More hyperuricemia related studies are warranted to be oriented from being correlational to
mechanistic.
Keywords: Uric acid, insulin resistance, nascent Metabolic Syndrome, Gestational Diabetes, Polycystic Ovarian
Syndrome (PCOS).

INTRODUCTION

Uric acid (UA) is an end product of metabolic
catabolism of purine nucleotides (adenine and guanine)
and the apprehensive causative agent of severe, acute and
chronic inflammatory arthritis, gout. It has the role of
antioxidant in liver, vascular endothelial cells and in the

nasal sectretions'. UA has a relationship with several
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diseases and conditions such as diabetes mellitus (DM),
nascent metabolic syndrome (MetS), polycystic ovarian
syndrome (PCOS), and obesity through different
pathological mechanisms. Many studies were conducted to
verify these correlations.

Pathophysiological Mechanisms of UA

UA has different roles in inflammation and coronary
endothelial dysfunction. Inflammatory markers such as
(hsCRP)  and

neutrophil count as well as increased homeostatic model

high-sensitivity-C-reactive ~ protein
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assessment of insulin resistance (HOMA-IR) and so the
risk of T2DM positively correlated with high serum UA
level.?* Several pathological mechanisms were proposed
for the role of UA in different diseases and conditions.
Predominantly UA may induce inflammation through
other several pathways including its pivotal role in Toll-
like receptors (TLR)/NOD like receptor P3 (NLRP3)
dependent activation and release of IL-1B and IL-18.2°
First of all, UA irreversibly inhibits the production of nitric
oxide (NO) leading to oxidative stress and endothelial
dysfunction in different body tissues. This inhibition may
lower insulin sensitivity and increase insulin level in
skeletal muscles. It may induce proinflammatory markers
in adipose tissues; this mechanism may increase the risk of
hypertension, insulin resistance (IR) and MetS.> UA may
change the lining of vascular system, exposing it to
thrombosis and inflammation and so may increase the risk
of cardiovascular diseases (CVD) such as DM and
hypertension (HTN).* High level of UA may increase the
production of reactive oxygen species (ROS) which may
result in inflammation via augmenting the expression of
inflammatory markers and in low insulin secretion and
sensitivity.’. Another supposed mechanism of UA is
increasing the activity of platelets and therefore
thrombotic risk of many conditions such as arrhythmia,
heart failure (HF), DM, MetS, and chronic kidney disease
(CKD).® Markedly asymptomatic hyperuricemia was more
likely a consequence of body mass index (BMI) in
metabolically unhealthy obesity, unlike metabolically
healthy obesity and metabolically unhealthy and healthy
non-obesity.” In displaying effectively the role of gut
microbiota diversity and abundance in hyperuricemia; the
antibiotic-fed high-purine-induced hyperuricemia rats had
significantly lower UA content compared to the
hyperuricemia-only rats, and gut microbiota (fecal
microbiota transplant; FMT) from hyperuricemia rats
increased UA content of recipient rats. The genera
Vallitalea, Christensenella and Insolitispirillum may

associate with hyperuricemia.”® Further ~Abnormal
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metabolism of gut microbiota reveals the possible
molecular mechanism of nephropathy induced by
hyperuricemia.” In addition; as IR can be linkage between
hyperuricemia of gouty arthritis and dyslipidemia.’* UA
has a positive correlation with cholesterol production, and
so on the risk of MetS; it modifies the homeostasis of
cholesterol by increasing its endogenous synthesis. It is
proportionally correlated with surrogate markers of
cholesterol synthesis represented by ratio of lathosterol to
total cholesterol and the ratio of lathosterol to compesterol
index which represents the ratio of biosynthesis to
intestinal absorption of cholesterol. In addition, it was
found that UA has a positive correlation with
triacylglycerol (TAG), low density lipoprotein-cholesterol
(LDL-C), and negative correlation with high density
lipoprotein-cholesterol (HDL-C).%

UA correlations with Metabolic Abnormalities

UA and noninsulin based- as well as insulin-based
Insulin Resistance (IR)

Insulin Resistance (IR) is a characteristic of several
clinical conditions such as obesity, DM, and
cardiovascular diseases. The major mechanism of IR is the
low grade systemic inflammation. Inherent immunity and
infection are supposed mechanisms of IR pathogenesis.’
Several studies reported a correlation between UA and IR.
A study which was conducted on non-diabetic patients
showed that UA level was positively associated with IR
using TyG index as a measure of IR.'® High UA was
correlated positively for HOMA-IR as a measure of IR in

I TR is associated with

females but not in males.
autoimmune diseases such as rheumatoid arthritis (RA)
and systemic lupus erythematosus (SLE). IR was
measured in these patients by using TyG index, and it was
found to be correlated positively with high UA level.'?
Another study conducted on patients with different levels
of glucose tolerance to measure IR.

Four surrogate markers were used in the study and
showed positive correlation with UA level. These markers

include triglyceride to high density lipoprotein cholesterol
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ratio (TG/HDL-C), visceral adiposity index (VAI), LAP,
triglyceride to fasting glucose (TyG) index.'* Opposite results
were found in a cross sectional study which was conducted
on non-diabetics with different levels of BMI. UA was found
to be increased with increasing BMI. HOMA-IR as a marker
of IR was found to be higher in overweight and obese, but no
significant association was found between UA and IR. It is
ambiguous weather high UA level is a result or a cause of IR,
so UA cannot be used as alternative marker of IR.!%
Conversely BMI, hyperinsulinemia, and insulin resistance
(HOMA-IS) were independent risk factors of hyperuricemia
in obese subjects. 14°

UA and nascent Metabolic Syndrome (MetS)

MetS is a cluster of interrelated metabolic risk factors that
increase the risk of cardiovascular morbidity and mortality.'>
It occurs simultaneously in the same individual, and results
from systemic alterations in several organs and tissues; it
includes abdominal obesity, dyslipidemia, hypertension, and
hyperglycemia.!®!” Many surrogate markers are used to
predict MetS by measuring insulin resistance (IR). In a cross
sectional study, triglyceride-waist circumference (TG-WC)
and lipid accumulation product (LAP) were the most potent
markers of IR that predict MetS.'"® Another cross sectional
study reported that triglyceride-glucose index (TyG index) as
a measure of IR is the most powerful marker for diagnosing
of MetS compared to other IR indices such as fasting glucose,
triglycerides, and HOMA-IR." MetS score for IR (MetS-IR)
is an indirect measure of non-insulin based IR which
correlates fasting glucose with fasting triglycerides, BMI, and
HDL-C. It has positive correlations with MetS components
and it may be used to predict T2DM.?° The same index was
found in another study to have a positive relationship with
hypertension as a component of MetS in patients who have
normal BMI2' Most significantly the TG/HDLc, TyG, and
METS-IR all had positive correlations with UA level in
subjects without self- reported use of antihyperuricemic
agents, hypoglycemic agents, or lipid-lowering drugs.?2 UA
has correlations with MetS and its criteria. A cross sectional

study which was the first study conducted on American

children and adolescents to identify the prevalence rate of
MetS at different concentrations of UA. The study showed
increased prevalence of MetS with increased serum
concentration of UA.? Higher UA level was reported in
obese children compared to controls, the same study showed
a correlation between UA concentration and MetS criteria.*
In Liu et al. study (2010), the risk of MetS and its criteria
increased with high serum concentration of UA in both men
and women. The same study reported a significant positive
correlation between central obesity and high UA in women
but not statistically significant correlation in men.? In the
study by Zhu et al. (2017), high serum level of UA associated
with metabolic abnormalities such as high blood pressure,
blood sugar, and lipid profile, as well as BMI.2® Another cross
sectional study was conducted on obese and non-obese
diabetic inpatients. A positive association was found between
high serum UA and obesity markers such as BMI and waist
to hip ratio (WHR) in diabetic patients.?’ In a retrospective
study that used for the first time UA to HDL-cholesterol ratio
(UHR) as a predictor of MetS and diabetes control, UHR was
found to be lower in well controlled diabetes compared to
poorly controlled ones, as well as it was lower in diabetic
patients without MetS compared to diabetic with MetS.2® UA
levels significantly correlated with 2-hour insulin levels and
HOMA-IR scores in the prediabetes of impaired glucose
regulation group.?®® Obviously, that increasing the number of
MetS components is associated with increasing level of UA.
Pronouncedly favipiravir, as a proposed COVID19 treatment,
can adversely increase serum UA in MetS patients. This can
be exacerbated by combination therapy as MetS can be a risk
factor of COVID19 progression and prognosis. >°

UA and Diabetes mellitus

DM has become a prevalent problem around the world.
Many factors and mechanisms may involve in the
development of DM. IR is a main pathological mechanism
which contributes in the incidence of DM as well as other
metabolic disorders.>’ The relation between UA and DM has
become a hot topic of research, but controversy still exists.
Some studies showed that high level of UA increase the risk
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of development of DM. The study which was conducted on
diabetic, non-diabetic, and prediabetic patients reported that
patients who had impaired glucose tolerance (IGT) and DM
had greater level of UA compared to normoglycemic ones.>!
In a cross sectional observational study conducted on diabetic
and non-diabetic persons, higher serum UA concentration
was noticed among diabetic and prediabetic compared to
controls.’? Another large cohort study was conducted on
normoglycemic and prediabetic patients aged over 45 years.
The study showed a positive association between UA level
and the incidence of prediabetes (preDM) in normoglycemic
ones, but no significant increase in incidence of DM among
preDM patients. This may be due to the correlation of UA to
the early phase mechanisms of DM.*

In a population based study, healthy persons were
followed up for development of DM. The persons who had
high serum UA were at more risk of development of DM.3*
several studies were conducted to correlate UA level with
blood glucose level and HbAlc, as in Deb et al. study
(2019) which was conducted on healthy persons and
diabetic patients who had different level of blood glucose
and HbAlc. The study demonstrated higher level of UA
among diabetic participants compared to controls. In
addition, the study reported that increasing level of blood
glucose and HbAlc was associated with increasing level
of UA.% Similar findings were found in a Saudi study, in
which diabetic patients had higher level of UA compared
to healthy ones, and HbA1c¢ positively but not significantly
correlated with UA level in diabetic patients.® Inverse
findings were found in a cross sectional study conducted
on US adults. A negative correlation between UA level and
DM was reported. The proposed mechanism for this
finding is the inhibition of UA reabsorption by high blood
glucose level.’” UA had been found to increase the risk of
complications associated with DM such as albuminuria
and renal damage. 383
of gout (mainly Bacteroides caccae and Bacteroides
xylanisolvens) are enriched, thus are more similar to those

Interestingly intestinal microbiota

of T2D than to liver cirrhosis. This may be related to
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disorders of purine degradation and butyric acid
biosynthesis in gout patients. 3*® Substantially T2D
patients infected with SARS-CoV-2 had decreased levels
of BMI, lymphocytes, UA, and albumin, and increased
CRP levels.* Evidently COVID-19 patients had UA and
UA/Creatinine values lower than normal at admission.
Male COVID-19 patients with low UA levels had a
significantly higher risk of developing severe symptoms
than those with high UA levels. During the aggravation
course of the disease, the level of UA gradually decreased
until discharge. At follow-up exam, the level of UA is
similar to the levels at admission.>*

In terms of gestational diabetes mellitus (GDM),
several studies demonstrated a positive correlation
between high UA level in first trimester and the risk of
developing GDM as in Laughon et al. study (2009).%
Similar findings were found in El-Gharib et al. study
(2013).4" A case control study on pregnant women with
and without GDM reported higher UA level among GDM
women compared to controls.*? In a retrospective study on
registered births, the level of UA in the first period of
pregnancy positively correlated with GDM.* In another
study, 300 first trimester pregnant women were screened
for serum UA, and followed till term. The study reported
amazing correlation between UA level in the first trimester
and the incidence of GDM.*** Substantially UA in patients
of pregnancy hyperglycemia was much higher than those
of healthy pregnant women. In the third trimester, COVID-
19 infection in pregnant patients raised high risks of
ketonuria, hypercoagulable state, and hyperfibrinolysis,
which may lead to severe complications. COVID-19
increased the inflammatory responses of placenta, and
fetuses and neonates had potential organ dysregulation and
coagulation disorders. There was a potential intrauterine
transmission while pregnant women had high titer of
SARS-CoV-2, but it is necessary to detect SARS-CoV-2
in the blood cord, placenta, and amniotic fluid to further
confirm intrauterine infection of fetuses.*

UA and Obesity
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Obesity is strongly correlated with IR; which may play
a role in pathogenesis of obesity complications. Obesity
may cause impairment and dysfunction of insulin sensitive
tissues.* Obesity strongly associated with UA level. A
cross sectional study was conducted on Thai adolescents’
boys and girls showed high UA level in obese boys
compared to those who had normal weight.*® Similar
findings were reported between UA level and obesity in
Japanese children.*” Another cross sectional study on
obese and non-obese Bangladeshi adults showed
significant positive correlation between UA level, obesity
and its markers such as body mass index (BMI), waist
circumference (WC), and hip circumference (HC). Higher
UA level among overweight and obesity group compared
to underweight group.*® In a cohort study, it is found that
UA had a correlation with all-cause mortality rate, but no
significant correlation with cardiovascular mortality rate in
obese adults.*” On the contrary, the first study on obesity
and its correlation with UA reported positive but weak
relationship between high UA and obesity due to co
presence of other factors affecting the obesity.’%
Importantly in the general population, gout is associated
with many risk factors for poor COVID-19 outcomes; it is
more common in men than in women, it occurs more often
in older individuals, and it is strongly associated with
overweight and obesity, CVD, T2D, and chronic kidney
disease. Thus even when gout patients are not prescribed
immunosuppressants, their comorbidities mean that they
have among the highest risk of poor COVID-19-related
outcomes of all patients with rheumatic diseases.>"

UA and Poly Cystic Ovarian Syndrome (PCOS)

PCOS is an endocrinologic disease occurs in
premenopausal women. Several studies have reported that
patients with PCOS may suffer from deterioration of insulin
secretion which may progress into other diseases such as

DM.>! Reproductive hormones play a role in hyperuricemia

in females with PCOS. A retrospective cross sectional study
was conducted on women with PCOS showed higher
concentration of serum UA in those women compared to
women without PCOS.5 Another study showed a significant
higher UA level in women with PCOS, this may be due to
increased metabolism of UA by androgens which are present
in high concentration in PCOS.>* The same findings were
found in Swetha et al. study (2013).* On the other hand,
conflicting results were found in Leustean et al. study (2015).
The study reported non-significant difference in serum UA
concentration between PCOS and non PCOS groups; this
may be due to small sample size. The same study
demonstrated a positive relationship between sera UA, BMI,
and WC as markers of obesity.™® Mechanistically the
testosterone level was positively associated with the
prevalence of hyperuricemia in females with PCOS. 5
Visceral adiposity index (VAI) was independently associated
with hyperuricemia in PCOS patients. 3 Principally FMT
were promising subordinate therapy option in altered

> Besides urease

microbiota-relevant hyperuricemia.
inhibitors are nominated treatment option in hyperuricemia
induced nephropathy.”® Of importance, diversity and
abundance of gout treatment options are widely elaborated
and discussed in light of COVID19 infection 5%,

Conclusion

UA has several correlations with different conditions and
diseases. Positive association was found between UA and
each of IR, DM, GDM, MetS, obesity, and PCOS. UA can be
used to predict the incidence of these diseased conditions, but
further causality longitudinal investigations are required to
confirm that.
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Abbreviation Table

BMI Body mass index

CKD Chronic Kidney Disease

CRP C-reactive protein

DM Diabetes mellitus

GDM Gestational diabetes mellitus

HC Hip circumference

HDL-C High density lipoprotein-cholesterol

HF Heart failure

HOMA-IR | Homeostatic Model Assessment of Insulin Resistance

hs-CRP High-sensitivity C-reactive protein

HTN Hypertension

IGT Impaired glucose tolerance

IR Insulin resistance

LAP lipid accumulation product

LDL-C Low density lipoprotein-cholesterol

MetS Metabolic syndrome

NO Nitric Oxide

PCOS Poly cystic ovarian syndrome

preDM Prediabetes

RA Rheumatoid arthritis

SLE Systemic lupus erythematosus

TAG Triacylglycerol

TG/HDL-C | Triglyceride to high density lipoprotein cholesterol ratio

TyG-WC Triglyceride-glucose index*waist circumference

UA Uric acid

UHR Uric acid to HDL-cholesterol ratio

VAI Visceral adiposity index

WC Waist circumference

WHR Waist to hip ratio

REFERENCES M., D’Addato S. and Borghi C. Serum uric acid predicts

El Ridi R. and Tallima H. Physiological functions and
pathogenic potential of uric  acid: A review. Journal of
advanced research. 2017; 8 :487-93.

(a)Prasad M., Matteson E.L., Herrmann J., Gulati R., Rihal
C.S., Lerman L.O. and Lerman A. Uric acid is associated
with inflammation, coronary microvascular dysfunction, and
adverse outcomes in postmenopausal women. Hypertension.
2017; 69:236-42; (b) Wu M., Huang X., Yan D., Pan H., Li
F., Ren M., Zhang J. and Xu M. Interactions among
endotoxin, uric acid, and lactate in relation to the risk of type
2 diabetes: A population[Jbased study. Journal of Diabetes.
2020; 8(5): 487-493.

3 Cicero A.F., Fogacci F., Giovannini M., Grandi E., Rosticci

- 260 -

incident metabolic syndrome in the elderly in an analysis of
the Brisighella Heart Study. Scientific Reports. 2018; 8:1-6.
Chang C.C., Wu C.H., Liu L K., Chou R.H., Kuo C.S., Huang
P.H., Chen L.K, and Lin S.J. Association between serum uric
acid and cardiovascular risk in nonhypertensive and
nondiabetic individuals: The Taiwan I-Lan Longitudinal
Aging Study. Scientific Reports. 2018; 8:1-6.

Xiong Q., Liu J. and Xu Y. Effects of uric acid on diabetes
mellitus and its chronic complications. International Journal
of Endocrinology. 2019; 2019.

Cicero A.F., Fogacci F. and Borghi C. Uric acid and
thrombotic risk: an emerging link. Internal and Emergency
Medicine. 2020; 15(7):1167-1168



10

11

12

Jordan Journal of Pharmaceutical Sciences, Volume 14, No. 3, 2021

(a)Yu J, Sun H, Zhu J, Wei X, Shi H, Shen B, Ren L, He Y,
Zhang R, Zhang M, Peng H. Asymptomatic Hyperuricemia and
Metabolically Unhealthy Obesity: A Cross-Sectional Analysis
in the Tianning Cohort. Diabetes Metab Syndr Obes.
2021;14:1367-1374; (b) Liu X, Lv Q, Ren H, Gao L, Zhao P,
Yang X, Yang G, Xu D, Wang G, Yang W, Wang P, Wang Z,
Xing S. The altered gut microbiota of high-purine-induced
hyperuricemia rats and its correlation with hyperuricemia.
PeerJ. 2020; 8:¢8664; (c) Pan L, Han P, Ma S, Peng R, Wang
C, Kong W, Cong L, Fu J, Zhang Z, Yu H, Wang Y, Jiang J.
Abnormal metabolism of gut microbiota reveals the possible
of nephropathy
hyperuricemia. Acta Pharm Sin B. 2020; 10(2):249-261.

(a) Emmerson B. Hyperlipidaemia in hyperuricaemia and
gout.Annals of the Rheumatic Diseases. 1998;57:509-510;
(b)Vecka M., 74k A., Tvrzicka E., DuSejovskd M., Staiikova

B. and Zeman M. Associations of Serum Uric Acid with

molecular mechanism induced by

Endogenous Cholesterol Synthesis Indices in Men with High
Cardiometabolic Risk. Metabolic Syndrome and Related
Disorders. 2020; 18:212-8.

Singh B. and Saxena A. Surrogate markers of insulin resistance:
A review. World journal of Diabetes. 2010; 1:36.

ByunJ.S., Kim J.N., Song Y.S., Roh Y .K. and Choi M.K. The
Relationship between Hyperuricemia and Triglyceride
Glucose Index: Based on 2016 Korean National Health and
Nutrition Examination Survey. Korean Journal of Family
Practice. 2019; 9:266-71.

Chen L.K., Lin M.H., Lai H.Y., Hwang S.J. and Chiou S.T.
Uric acid: a surrogate of insulin resistance in older women.
Maturitas. 2008; 59:55-61.

Contreras-Haro B., Hernandez-Gonzalez S.O., Gonzalez-
Lopez L., Espinel-Bermudez M.C., Garcia-Benavides L.,
E., M.L., Robles-

Cervantes J.A., Salazar-Paramo M., Hernandez-Corona D.M.

Perez-Guerrero Vazquez-Villegas
and Nava-Zavala A.H. Fasting triglycerides and glucose
index: a useful screening test for assessing insulin resistance
in patients diagnosed with rheumatoid arthritis and systemic
lupus erythematosus. Diabetology & Metabolic Syndrome.
2019; 11:95.

13

14

15

Fiorentino T.V., Marini M.A., Succurro E., Andreozzi F. and
Sesti G. Relationships of surrogate indexes of insulin
resistance with insulin sensitivity assessed by euglycemic
hyperinsulinemic clamp and subclinical vascular damage.
BMJ Open Diabetes Research and Care. 2019; 7.

(a)Puneeth A., Manjrekar P.A., Hegde A., Rukmini M.S.,
Rajan M.G. and Shenoy M.T. Are uric acid values surrogate
for insulin resistance in apparently healthy subjects across a
spectrum of body mass index?.International Journal of
Health & Allied Sciences. 2015; 4:141; (b) Li F, Chen S, Qiu
X, Wu J, Tan M, Wang M. Serum Uric Acid Levels and
Metabolic Indices in an Obese Population: A Cross-Sectional
Study. Diabetes Metab Syndr Obes. 2021;14:627-635
(a)Obeidat A.A., Ahmad M.N., Haddad F.H. and Azzeh F.S.
Evaluation of several anthropometric indices of obesity as
predictors of metabolic syndrome in Jordanian adults.
Nutricion Hospitalaria. 2015; 32:667-77; (b) AL-Nouaaimi,
M. Kasabrl, V. Boulatova, N. et al. Evaluation of the
correlation of oxytocin plasma levels and metabolic syndrome
biomarkers (leptin, adiponectin and resistin) in type 2 diabetes
patients in Jordan: A cross Sectional Study. Jordan Journal of
Pharmaceutical Sciences 2016; 9(2): 115-128; (¢) AbuHanoud,
A. Kasabri,V. Bulatova, N. et al. Evaluation of oxytocin,
endothelin-1 and nesfatin plasma concentrations in newly
diagnosed diabetic and non-diabetic patients with metabolic
syndrome. Jordan Journal of Pharmaceutical Sciences 2016;
9(3):163-173; (d) Naserallah, R. Kasabri, V. et al. The levels of
oxytocin and oxyntomodulin, adiposity and blood indices in
pharmacotherapy naive diabetic and non-diabetic patients with
metabolic syndrome. Jordan Journal of Pharmaceutical
Sciences 2018;11(3):105-117; (e) Al-Athami, T. Kasabri, V.
et al. Oxytocin and cholecystokinin correlates with metabolic
syndrome's atherogenecity and adiposity indices. Jordan
Journal of Pharmaceutical Sciences 2018; 11(3):181-194; (f)
Al-khafaje, Z. Kasabri, V. et al. Cross-Sectional correlates of
increasing vaspin and asymmetrical dimethylarginine plasma
levels with adiposity indices and atherogenic index of plasma
in metabolic syndrome subjects in Jordan. Jordan Journal of
Pharmaceutical Sciences 2019; 12(1):33-45; (g) Al-Neimat, O.

-261 -



16

17

18

19

20

21

22

Uric Acid Relationship...

Kasabri, V. Naffa, R. et al. Correlates of increased chemerin
but reduced oxytocin with adiposity and atherogenecity indices
syndrome patients. of
Pharmaceutical Sciences 2019; 12, (2): 125-139; (h) AlMusa,
K. Kasabri, V. Bulatova, N. et al. Evaluation of Correlation

in metabolic Jordan Journal

between plasma levels of oxytocin, FGF-21 and HGF in
diabetic and non-diabetic metabolic syndrome patients: A cross
sectional study from Jordan. Jordan Journal of Pharmaceutical
Sciences 2019; 12, (2), 69-89.

Roberts C.K., Hevener A.L. and Barnard R.J. Metabolic
syndrome and insulin resistance: underlying causes and
by
Physiology. 2013; 3:1-58.

Barazzoni R., Silva V. and Singer P. Clinical biomarkers in
metabolic syndrome. Nutrition in Clinical Practice. 2014;
29:215-21.

Okosun .S, Okosun B., Lyn R. and Airhihenbuwa C.

Surrogate indexes of insulin resistance and risk of metabolic

modification exercise training. Comprehensive

syndrome in non-Hispanic white, non-Hispanic black and
Mexican American. Diabetes & Metabolic Syndrome:
Clinical Research & Reviews. 2020; 14:3-9.

Khan S.H., Sobia F., Niazi N.K., Manzoor S.M, Fazal N. and
Ahmad F. Metabolic clustering of risk factors: evaluation of
Triglyceride-glucose index (TyG index) for evaluation of
insulin resistance. Diabetology & metabolic syndrome. 2018;
10:74.

Bello-Chavolla O.Y ., Almeda-Valdes P., Gomez-Velasco D.,
Viveros-Ruiz T., Cruz-Bautista I., Romo-Romo A., Sanchez-
Lazaro D., Meza-Oviedo D., Vargas-Vazquez A., Campos
0O.A. and del Rocio Sevilla-Gonzalez M. METS-IR, a novel
score to evaluate insulin sensitivity, is predictive of visceral
adiposity and incident type 2 diabetes. European Journal of
Endocrinology. 2018; 178:533-44.

Liu X.Z., Fan J. and Pan S.J. METS[IR, a novel simple
insulin resistance indexes, is associated with hypertension in
normal Jweight Chinese adults. The Journal of Clinical
Hypertension. 2019; 21:1075-81.

Liu X.Z., Xu X.,ZhuJ.Q. and Zhao D.B. Association between

three non-insulin-based indexes of insulin resistance and

23

24

25

26

27

28

29

30

31

-262 -

Al-Qudah SA, Kasabri V

hyperuricemia. Clinical Rheumatology. 2019; 38:3227-33.
Ford E., Li C., Cook S. and Choi H. Serum concentrations of
uric acid and the metabolic syndrome among US children and
adolescents. Circulation. 2007; 115:2526-32.

Pacifico L., Cantisani V., Anania C., Bonaiuto E., Martino F.,
Pascone R. and Chiesa C. Serum uric acid and its association
with metabolic syndrome and carotid atherosclerosis in obese
children. European Journal of Endocrinology. 2009; 160:45.
Liu P.W., Chang T.Y. and Chen J.D. Serum uric acid and
metabolic syndrome in Taiwanese adults. Metabolism. 2010;
59:802-7.

Zhu C., Cui R., Gao M., Rampersad S., You H., Sheng C.,
Yang P., Sheng H., Cheng X., Bu L. and Qu S. The
associations of serum uric acid with obesity-related

acanthosis nigricans and related metabolic indices.
International Journal of Endocrinology. 2017; 2017.

Chen M.Y., Zhao C.C,,Li T.T., Zhu Y., Yu T.P., Bao Y.Q., Li
L.X. and Jia W.P. Serum uric acid levels are associated with
obesity but not cardio-cerebrovascular events in Chinese
inpatients with type 2 diabetes. Scientific Reports. 2017; 7:1-8.
Kocak M.Z., Aktas G, Erkus E., Sincer 1., Atak B. and Duman
T. Serum uric acid to HDL-cholesterol ratio is a strong
predictor of metabolic syndrome in type 2 diabetes mellitus.
Revista da Associacdo Médica Brasileira. 2019; 65:9-15;
(a)Wu Y., He H., Yu K., Zhang M., An Z. and Huang H. The
association between serum uric acid levels and insulin
resistance and secretion in prediabetes mellitus: a cross-
sectional study. Annals of Clinical Laboratory Sciences.
2019; 49: 218-23;(b) Costa FF, Rosario WR, Ribeiro Farias
AC, de Souza RG, Duarte Gondim RS, Barroso WA.
Metabolic syndrome and COVID-19: An update on the
associated comorbidities and proposed therapies. Diabetes
Metab Syndr. 2020; 14(5):809-814. .

Tang Q., Li X., Song P. and Xu L. Optimal cut-off values for
the homeostasis model assessment of insulin resistance
(HOMA-IR) and pre-diabetes screening: Developments in
research and prospects for the future. Drug Discoveries &
Therapeutics. 2015; 9:380-5.

Ogbera A.O. and Azenabor A.O. Hyperuricaemia and the



32

33

34

35

36

37

38

39

Jordan Journal of Pharmaceutical Sciences, Volume 14, No. 3, 2021

metabolic syndrome in type 2 DM. Diabetology & Metabolic
Syndrome. 2010; 2:24.

Kumar R., Kumar J., Shankar R. and Ranjan A K. Incidence
of hyperuricemia in patients with diabetes as compared to
non-diabetic patients. International Journal of Medical and
Health Research. 2019; 5:145-8.

Van Der Schaft N., Brahimaj A., Wen K.X., Franco O.H. and
Dehghan A. The association between serum uric acid and the
incidence of prediabetes and type 2 diabetes mellitus: The
Rotterdam Study. PL0S One. 2017; 12: e0179482.

Dehghan A., Van Hoek M., Sijbrands E.J., Hofman A. and
Witteman J.C. High serum uric acid as a novel risk factor for type
2 diabetes. Diabetes care. 2008; 31:361-2.

Deb N., Kumar S. and Sagar S. Evaluation of Serum Uric
Acid Levels in Patients of Type-2 Diabetes Mellitus,
Attending in Tertiary Care Hospital at, NMCH, Patna.
Journal of Medical Science and Clinical Research. 2019;
7:168-71.

Babikr W.G, Elhussein A.B., Abdelraheem A., Magzoub A.,
Mohamed H. and Alasmary M. The Correlation of Uric Acid
Levels with Glycemic Control in Type II Diabetic Patients.
Biomedical and Pharmacology Journal. 2016; 9:1005-8.
Bandaru P. and Shankar A. Association between serum uric
acid levels and diabetes mellitus. International Journal of
Endocrinology. 2011; 2011.

Bonakdaran S., Hami M. and Shakeri M.T. Hyperuricemia
and albuminuria in patients with type 2 diabetes mellitus.
(a)Li G.X., Jiao X.H. and Cheng X.B. Correlations between
blood uric acid and the incidence and progression of type 2
diabetes nephropathy. European Reviews of Medical
Pharmacological Sciences. 2018; 22:506-11; (b) Guo, Z.,
Zhang, J., Wang, Z., Ang KY, Huang S, Hou Q, Su X, Qiao
J, Zheng Y, Wang L, Koh E, Danliang H, Xu J, Lee YK,
Zhang H. Intestinal Microbiota Distinguish Gout Patients
from Healthy Humans. Sci Rep. 2016; 6, 20602; (c) Liang JJ,
Liu J, Chen Y, Ye B, Li N, Wang X, Tang M, Shao J.
Characteristics of laboratory findings of COVID-19 patients
with comorbid diabetes mellitus. Diabetes Res Clin Pract.
2020 ;167:108351; (c)HU F, Guo Y, Lin J, Zeng Y, Wang J,

40

41

42

43

44

45

46

47

Li M, Cong L. Association of serum uric acid levels with
COVID-19 severity. Research Square. 2020; 1-11

Laughon S.K., Catov J., Provins T., Roberts J.M. and Gandley
R.E. Elevated first-trimester uric acid concentrations are
associated with the development of gestational diabetes.
American Journal of Obstetrics and Gynecology. 2009;
201:402-el.

El-Gharib M.N., Mahfouz A.E., Morad M.A. and Farahat
M.A. Prediction of gestational diabetes by measuring first
trimester maternal serum uric acid concentration. Journal of
Basic and Clinical Reproductive Sciences. 2013; 2:27-31.
Pleskacova A., Bartakova V., Chalasova K., Pacal L., Kankova
K. and Tomandl J. Uric acid and xanthine levels in pregnancy
complicated by gestational diabetes mellitus-the effect on
adverse pregnancy outcomes. International Journal of
Molecular Sciences. 2018; 19:3696.

Wolak T., Sergienko R., Wiznitzer A., Paran E. and Sheiner
E. High uric acid level during the first 20 weeks of pregnancy
is associated with higher risk for gestational diabetes mellitus
and mild preeclampsia. Hypertension in Pregnancy. 2012;
31:307-15.

(a)Singh U., Mehrotra S., Singh R., Sujata G.M. and Shukla
B. Serum uric acid: A novel risk factor for gestational diabetes
mellitus. International Journal of Medicine Research and
Review. 2015; 3:10-5; (b) Zhou J, Wang Y, Zhao J, Gu L,
Yang C, Wang J, Zhang H, Tian Y, Tuo H, Li D, Wei M, He
B. The metabolic and immunological characteristics of
pregnant women with COVID-19 and their neonates. Eur J
Clin Microbiol Infect Dis. 2021; 40(3):565-574.

Barazzoni R., Cappellari G.G., Ragni M. and Nisoli E. Insulin
resistance in obesity: an overview of fundamental alterations.
Eating and weight disorders-studies on anorexia, bulimia and
obesity. Eating & Weight Disorders. 2018; 23:149-57.
Suttikomin W., Leelahagul P., Khamvang S., Chaimongkol
C. and Chaiwut N. Obesity and serum uric acid in secondary
school-age students of srinagarindra the princess mother
school, Phayao, Thailand. Indian Journal of Public Health.
2018; 62:133.

Oyama C., Takahashi T., Oyamada M., Oyamada T., Ohno

-263 -



48

49

50

51

52

Uric Acid Relationship...

T., Miyashita M., Saito S., Komatsu K., Takashina K. and
Takada G. Serum uric acid as an obesity-related indicator in
early adolescence. The Tohoku Journal of Experimental
Medicine. 2006;209 :257-62.

Ali N., Perveen R., Rahman S., Mahmood S., Rahman S.,
Islam S., Haque T., Sumon A.H., Kathak R.R., Molla N.H.
and Islam F. Prevalence of hyperuricemia and the relationship
between serum uric acid and obesity: A study on Bangladeshi
adults. PL0oS One. 2018; 13: €0206850.

LIJ.,HuangJ.Y., LiuL.,Lo K., Sun S., Chen C.L., Zhang B.,
Feng Y.Q. and Huang Y.Q. Relationship between serum uric
acid level and all-cause and cardiovascular mortality in
population with obesity. Postgraduate Medical Journal.
2020.

(a)Duan Y., Liang W., Zhu L, Zhang T., Wang L., Nie Z., Chen
Y.,HeL.,JinY.and Yao Y. Association between serum uric acid
levels and obesity among university students (China). Nutricion
Hospitalaria. 2015; 31:2407-11; (b). Dalbeth N, Robinson P.
Patients with gout: an under-recognized group at high risk of
COVID-19 (Comment).The Lancet Rheumatology. 2021; Online
DOL:https:// doi.org/ 10.1016/ S2665-9913 (21) 00073-4

Park K.H., Kim J.Y., Ahn C.W., Song Y.D., Lim S.K. and
Lee H.C. Polycystic ovarian syndrome (PCOS) and insulin
resistance. International Journal of Gynecology & Obstetrics.
2001; 74:261-7.

MulL., PanJ., Yang L., Chen Q.,Chen Y., Teng Y., Wang P.,

53

54

55

-264 -

Al-Qudah SA, Kasabri V

Tang R., Huang X., Chen X. and Yang H. Association
between the prevalence of hyperuricemia and reproductive
hormones in polycystic ovary syndrome. Reproductive
Biology and Endocrinology. 2018; 16:1-6.

Ramzi J., Fouzia B. and Prabhachandran. Evaluation of
Biochemical Parameters in Polycystic Ovarian Syndrome.
Journal of Medical Sciences and Clinical Research. 2017; 5:
19078-83.

Swetha N., Vyshnavi R., Modagan P. and Rajagopalan B. A
correlative study of biochemical parameters in polycystic
ovarian syndrome. International Journal of Biological
Medicine Research. 2013; 4:3148-54.

(a)Leustean L.E., Dimitriu C., Fica S., Ungureanu M.C.,
Preda C., Mogos V., Ungureanu D. and Vulpoi C. Serum Uric
Acid Concentration in Overweight and Obese Women with
Polycystic Ovary Syndrome. Revista Romana de Medicina de
Laborator. 2015; 23:107-14; (b) Mu L, Pan J, Yang L, Chen
Q, Chen Y, Teng Y, Wang P, Tang R, Huang X, Chen X,
the of
hyperuricemia and reproductive hormones in polycystic
ovary syndrome. Reprod Biol Endocrinol. 2018; 16(1):104.;

Yang H. Association between prevalence

(¢) Yun C, Yan H, Hongyi Y, Danyan M, Xiying Z, Jiawen
Y, Zheng C, Xin Z, Xiaohong Y, Changqin L. Visceral
Adiposity Index was Independently Associated with
Hyperuricemia in Patients with Polycystic Ovary Syndrome.

Research Square. 2021. DOIL: 10.21203/rs.3.rs-173675/v1.



Jordan Journal of Pharmaceutical Sciences, Volume 14, No. 3, 2021

@ld clhdly B sy Ao baaiaal) il Gl g Aaglie Cpdise pa sl aan ABDle
T Lk daalia 1 (il Al

2 S culgd Tl £ lia

oY) edaldl il o L) dasls csae Laall Lpdall aglall a1
oY) ¢ glee ddaia ) daalall ¢ Al 44K 2

uadla
O] Laglie Ay 8 Loy Apad) il e dpaell 8 o) 3 0l b dliyadl aes e sl
Wlyysdll paea on BN e S A Aalial ALY dxalye sl 138 (e Ciagdl o) L L Adagiall byl
Olaad) o sadind) ye g saciaall (s daslia Cpi5e e Alall culd bl acaYls ol e dagliag
sl Gaes el Glalhias Jisl PubMed 5 Google Scholar alaaiuly 3 sl 1Y) e 3 :3d,kl)
comlaall e daDlies cJand) (oS SN Jial LoPlia ¢l s daslia
(30 ) Aadiee el I ALYl ¢ ClgusV) Aaslie o 5 Aylay Bl Slysll paan el rgiliil)
¢ Sl MeaY) (s Al gl Gaes f gl e i) GuSs Aadliay cdeall (g Sug Sl ase
o) Aalia sk (B ot Jalad) ax5 lls CplpniV) Raglia Gy B 3 ClEN) apaty Sl Jiall
e Lol Waliy) sedal stV e adimally ailaiall cpdsunl) Ao sl i 73 ALl 3 (e ly 3R
e gl el JosindsS daws ) AN geaall da ¢ paaill ang e 5 @l e sdle.dlyall aea
Laslie Qi (A Ay aliall 55Ssla ) AEEN Gsaall yine ¢ saall ASI it ¢ dgpdall diandl Sy 480K
ol ) IR (T A lie A Cpedal LSl sall iman e Alan) cillalis ) il dle Sadina y cplguutl
Aadlie ClisSe ae S JS Lpuliie DLl s o adine e Galpusil daglia yi5e (& Ally ¢ Gal )
Sle Sl gl Jy il s€ s sl G Tows CalS pclyoll laes (ggive IS SN pal)
Loy e Wali) sl (manjelal LS (g Sl (mpas 1301 () By ol lavaly Lilian 150 80Y
Sl Jile e (8 Gl ) dasliag aall Gl gus)
LaPliay Cplpud) Aaglie Cipaay gaill AL g AdleS Al Slak sl Gaes 08 o (S Al
Go el gy men Jajiy Adlaiall luhal) (e bl 4 o L cllia AL @b bl S gald)
Al ) ddaie LS

ol eSS Aalie ¢ Jeall (58 ¢ 3 Jitaill Tailia ¢ s Aaslia ¢ sl Gmes AN clalgl)

2021/5/29 il algd gty 2020/8/14 il Siad )ls

- 265 -



