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Abstract

Aims: This study aimed to determine a parameter to more easily diagnose metabolic
syndrome and predict its probability of occurrence in high-risk individuals.

Methods: In this cross-sectional study, data related to the study population in the
Kerman Coronary Artery Disease Risk Factor Study (KERCADRS) were examined.
Subjects were divided into two groups with and without metabolic syndrome, and the
relevant factors such as the ratios of uric acid to high-density lipoprotein (HDL) (UHR)
in these two groups were compared, and the best cut-off point was determined.
Results: Data related to 817 people including 96 people with metabolic syndrome
and 721 people without metabolic syndrome were analysed. The mean UHR was sig-
nificantly higher in patients with metabolic syndrome (14.76 + 6.33%) compared with
those without metabolic syndrome (10.0 + 3.10%) (p < .001). People with high UHR
are 2.9 times more at risk of metabolic syndrome and the best cut-off point was 9.50%
with 86% sensitivity and 55% specificity.

Conclusions: According to our study, UHR is also helpful in diagnosing metabolic syn-

drome and can also be used to screen people at risk for metabolic syndrome.
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1 | BACKGROUND AND OBJECTIVES

others. Some of these influencing factors include dyslipidaemia, cen-
tral or visceral obesity and insulin resistance.>*

Metabolic syndrome refers to the existence of a set of risk factors Recent epidemiological studies have shown that the risk factors

for cardiovascular disease.’ People with metabolic syndrome are at of metabolic syndrome cannot justify all cardiovascular events.* In

a higher risk of developing cardiovascular disease and diabetes than recent studies, in addition to these factors, other factors such as
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inflammatory markers, microalbuminuria and hyperuricaemia have
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been suggested to justify these events. Some of these studies have
suggested that insulin resistance is the underlying cause of meta-
bolic syndrome. Increased insulin secretion may increase blood uric
acid levels due to its role in reducing renal excretion of uric acid and
sodium, thereby affecting cardiovascular events.>” Studies have also
shown that high serum uric acid levels increase the incidence and
mortality of cardiovascular disease compared to normal levels.®®

Uric acid is a product of purine catabolism that causes insulin
resistance and increasing atherosclerosis by reducing the produc-
tion of nitric oxide, the proliferation of vascular smooth muscle and
endothelial dysfunction.* According to a study by Duman et al.’,
serum uric acid levels in patients with poor control diabetes are sig-
nificantly higher than in patients with well-controlled diabetes and
there is a strong significant correlation between serum uric acid lev-
els and HbA1c. In addition, elevated uric acid levels may indicate a
cellular level of damage and serve as a prognostic marker in patients
with pre-diabetes and type 2 diabetes.’® Therefore, serum uric acid
level can be considered as a prognostic parameter in patients with
metabolic syndrome.

Recent studies also show a higher prevalence of metabolic syn-
drome in people with hyperuricaemia.’*™® Hyperuricaemia is a lab-
oratory disorder that is more common in children, but because the
diagnostic value of uric acid alone is low, paediatricians often do
not examine its serum level.* The results of some studies indicate a
strong relationship between uric acid levels and metabolic syndrome
in adults and children and have suggested various mechanisms to
justify this relationship.**1®

The ratio of uric acid to HDL is a marker that increases in inflam-
matory conditions.’® In Kocak et al.’s (2019)* study, the use of UHR
as an effective tool to diagnose metabolic syndrome in patients with
type 2 diabetes has been proposed. UHR also used as a marker that
is significantly associated with FPG and HbA1c levels to assess the
control of type 2 diabetes in men,'® hepatic steatosis,'? Hashimoto's
thyroiditis'® and non-alcoholic fatty liver disease.°

Since the prevalence of hyperuricaemia and metabolic syndrome
is increasing in many countries and due to the complications of met-
abolic syndrome, its early diagnosis is very important. Since the
studies on the relationship between uric acid and the diagnosis of
metabolic syndrome are insufficient, we perform this study to de-
termine a parameter for easier diagnosis of metabolic syndrome and
its screening, so we investigated the relationship between the ratio

of uric acid to HDL and metabolic syndrome.

2 | METHODS

2.1 | Population and study design

The target population in this cross-sectional study, which was con-
ducted to determine the relationship between serum uric acid levels
and the ratio of serum uric acid to HDL (UHR) levels with metabolic
syndrome, is the same study in the Kerman Coronary Artery Disease

Risk Factor Study (KERCADRS). This study was performed on the
urban population of Kerman (the largest city in south-eastern Iran
with a population of about 720,000 people). The protocol for con-
ducting this study has been reviewed and approved by the ethics
committee (Ethics Code 88-110KA).?

People with diabetes or taking certain medications such as anti-
convulsants and corticosteroids were excluded from the study.

The height of the subjects was measured with a meter having
the least count of 0.1 cm in the standing position without shoes and
when the shoulders were in the normal resting position. Weight was
measured with a shoeless dress with a 707 seca scale accurate to
100 g. The device can measure 0.1-150 kg. Patients’ waist at the
umbilical level was measured with a tape while wearing minimal
clothing.

Blood pressure with a standard manometer (Model RISHTER,
Germany), fasting sugar (KIMIA Kit, Code 890410, Iran), triglycer-
ide (KIMIA Kit, Code 890201, Iran), total cholesterol (KIMIA Kit,
Code 890303, Iran) and HDL (HDL - PARS Kit, Code 89022, Iran)
were measured, and LDL was measured with Frieldwald formula
[LDL = Total cholesterol - (HDL + TG/5)].

Blood pressure measurements were performed for patients after
sitting for at least 10 min. If abnormal blood pressure was detected,
it was measured again at least 30 min after the initial measurement.

Serum uric acid levels were measured by the colorimetric
method. After collecting data, the subjects were divided into two
groups with metabolic syndrome and the group without metabolic
syndrome.

In this study, metabolic syndrome was defined based on ATP-II|
criteria as having three or more of the following criteria:

Abdominal obesity greater than 88 cm for women and 102 cm
for men, blood pressure greater than 130/85 mmHg or taking anti-
hypertensive drugs, HDL < 40 mg/dl, triglycerides (TG) 2150 mg/dlI,
FBS = 100 mg/dl.!

2.2 | Statistical analysis

Data analysis in the present study was performed using STATA soft-
ware (version 14.0, Stata Corp, College Station, TX, USA). Qualitative
data were reported as numbers and percentages. Considering the
large sample size, the distribution of all variables in our study was
normal and quantitative data were reported as averages and stand-
ard deviations. Comparison between qualitative data between the
two groups was done using chi-squared test and comparison be-
tween quantitative variables between the two groups was done
using independent t-test. Univariate and multivariate regression
analyses were performed to identify the predictors of metabolic
syndrome in patients.

ROC analysis was performed using STATA software (version
14.0, Stata Corp) to determine the sensitivity and specificity
of the main variables in predicting metabolic syndrome in pa-
tients. The p values lower than .05 were considered statistically
significant.
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3 | RESULTS

In this study, data related to 817 people, including 96 people with
metabolic syndrome and 721 people without metabolic syndrome,
were analysed. The basic characteristics of the two groups with and
without metabolic syndrome are shown in Table 1. The results of
the analysis showed that in the group with metabolic syndrome, 43
(44.79%) were male and 53 (55.21%) were women; in the group with-
out metabolic syndrome, 325 (45.08%) were male and 396 (54.92%)
were female, but there was no significant difference between the
two groups in terms of gender (p = .95).

Accordingly, the mean age in the group with metabolic syndrome
was 53.29 + 11.57 years and in the group without metabolic syn-
drome was 46.12 + 14.97 years which there was a significant differ-
ence between the two groups (p < .001).

Similarly, there was a significant difference between the two
groups in terms of BMI, total cholesterol, LDL, HDL, triglyceride,
fasting sugar, systolic and diastolic blood pressure and waist circum-
ference (p <.001). The mean uric acid level in people with metabolic
syndrome and without metabolic syndrome was 5.52 + 1.44 and
4.66 + 1.18 mg/dl respectively (p < .001). The mean ratio of uric
acid to HDL in people with metabolic syndrome and without met-
abolic syndrome was 14.76 + 6.33 and 10.0 + 3.10% respectively
(p < .001). There was a significant difference in these parameters
between the two groups.

Univariate analysis was performed to calculate the odds ratio of
metabolic syndrome if the level of any of the above parameters is
not normal without considering other parameters. The results of uni-
variate analysis are shown in Table 2; accordingly, patients with low
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HDL (<40 mg/dl), high triglycerides (2110 mg/dl), fasting blood sugar
above normal (2100 mg/dl), high systolic (2130 mmHg) and diastolic
blood pressure (285 mmHg), high waist circumference, hyperuricae-
mia and high ratio of uric acid to HDL had a significantly higher risk
of developing metabolic syndrome.

To evaluate the predictability of the above variables, multivar-
iate logistic regression analysis was performed by the Backward
Elimination method; the results of this analysis showed that uric acid
alone is not a predictor of metabolic syndrome, so it was excluded
from the final model. According to this analysis, in interaction with
other variables, people with low HDL were 2.98 times and people
with high uric acid to HDL ratio were 1.84 times more at risk of met-
abolic syndrome. The results related to the multivariate logistic re-
gression analysis are given in Table 3.

ROC analysis was performed to determine the sensitivity and
specificity of uric acid to HDL and set a cut-off point for the diag-
nosis of metabolic syndrome. The best cut-off point for this ratio
was 9.50% with 86% sensitivity and 55% specificity (AUC = 0.71)
(Figure 1).

4 | DISCUSSION

According to previous studies, serum uric acid levels are generally
higher in men than women, but after 50 years of age, uric acid levels
also increase in women.?? In the present study, the prevalence of
metabolic syndrome was similar in both genders. In another study,
no statistically significant association was found between gender
and metabolic syndrome, which confirms the results of our study.?®

TABLE 1 Comparison of demographic findings baseline and characteristics of individuals in the two groups with and without metabolic

syndrome
With metabolic syndrome
Gender
Male (n (%)) 43 (44.79)
Female (n (%)) 53 (55.21)

Mean + Standard deviation

53.29 + 11.57
30.75 + 4.07
206.27 + 51.01

Age (years)
BMI (kg/m?)
Total cholesterol (mg/dl)

LDL (mg/dl) 115.85 + 42.49
HDL (mg/dl) 39.92 + 8.93
Triglyceride 261.68 + 111.34
FBS (mg/dl) 91.08 +12.51
Systolic BP (mmHg) 132.96 + 19.51
Diastolic BP (mmHg) 89.06 + 11.69
Waist Circumference (cm) 95.63 + 8.16
Uric Acid (mg/dl) 5.52+1.44
Uric acid/HDL ratio (%) 14.76 + 6.33

Without metabolic syndrome (Jlalue

325 (45.08) .95
396 (54.92)

46.12 + 14.97 <.001

26.22 +4.58 <.001

184.65 + 37.36 <.001

108.65 + 32.12 <.001

49.50 + 10.45 <.001

133.87 + 74.57 <.001

83.48 + 11.42 <.001

113.70 + 16.82 <.001

77.71 + 10.50 <.001

82.83 + 10.86 <.001

4.66 +1.18 <.001

10.0 + 3.10 <.001

Abbreviations: BMI, Body mass index; BP, Blood pressure; FBS, Fasting blood sugar; HDL, High-density lipoprotein; LDL, Low-density lipoprotein.
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TABLE 2 Univariate regression analysis of variables according to 84
their association with metabolic syndrome T
Metabolic syndrome ©
Variable OR (95% Cl) p-Value =y
HDL (mg/dl) 4.38(2.21-8.70) <.001 E
=
Triglyceride (mg/dl) 11.11 (6.97-17.72) <.001 § § 1
[0}
FBS (mg/dl) 2.25(1.27-3.98) <.001 @
Systolic BP (mmHg) 8.44 (5.33-13.37) <.001 9 |
Diastolic BP (mmHg) 11.04 (6.73-1.12) <001 °
Waist circumference (cm) 12.72 (7.90-20.48) <.001
o
Uric acid (mg/dl) 1.48 (1.16-1.89) <.001 31 ! ! ; ;
o . 0.00 0.25 0.50 0.75 1.00
Uric acid/HDL ratio (%) 2.90(2.12-3.97) <.001 1 - Specificity
Area under ROC curve = 0.7133
Abbreviations: BP, Blood pressure; FBS, Fasting blood sugar; HDL,
High-density lipoprotein. °
O_ -
TABLE 3 Independent associations with metabolic syndrome ©
[N
using multivariate regression analysis 20
ko)
Metabolic syndrome g’o
Variable OR (95% Cl) p-Value 27
]
HDL (mg/dl) 2.89 (1.20-6.94) .01 %
Triglyceride (mg/dl) 10.92 (5.71-20.88) <.001 @ § 9
Systolic BP (mmHg) 2.42(1.24-4.71) <.001
Diastolic BP (mmHg) 12.66 (5.85-27.38) <.001 8.
o
Waist Circumference (cm) 12.72 (7.90-20.48) <.001 0.60 0.‘25 O.‘50 0.‘75 1.60
Probability cutoff
Uric Acid/HDL ratio (%) 1.84 (1.27-2.66) .001

Abbreviations: BP, Blood pressure; HDL, High-density lipoprotein.

The relationship between metabolic syndrome and serum uric
acid levels has been well demonstrated in the literature. According
to various studies, a higher prevalence of metabolic syndrome has
been shown in people with hyperuricaemia.“’13 A significant asso-
ciation between higher serum uric acid levels and the prevalence of
metabolic syndrome showed in previous studies.?

In Iran, uric acid is higher in adults with metabolic syndrome, and
it seems hyperuricaemia is involved in the prevalence of metabolic
syndrome.?>?” In our study, metabolic syndrome was associated
with hyperuricaemia. Another study by Lin et al.?8 showed that with
an abnormal increase in the values of other criteria of metabolic syn-
drome, the mean serum uric acid level increases. Another study in
Japan showed an increased risk of metabolic syndrome following
hyperuricaemia.?’ Some studies also showed that this relationship
is stronger in children and adolescents than in the elderly.*>%%3! The
Sui et al.’s%2 study showed a relationship between uric acid and met-
abolic syndrome in both genders.

Elevated serum uric acid levels have often been linked to car-
diovascular risk factors such as hypertriglyceridemia, hypertension,
obesity and hyperglycaemia, which, if found together in one person,
is called metabolic syndrome.3334 The mechanism of association be-
tween serum uric acid levels and metabolic syndrome is not well un-

derstood, but it appears that when uric acid enters cells through some

—=&— Sensitivity —o— Specificity‘

FIGURE 1 Receiver operating characteristic (ROC) curve of the
sensitivity and specificity of uric acid to HDL ratio in the diagnosis
of metabolic syndrome

organic anion carriers, it causes an oxidative process in the vascular
smooth muscle, endothelial, fat, islet, renal tubular and liver cells, and
therefore, increased serum uric acid increases the risk of metabolic
syndrome.®® In another study, uric acid was identified as a predictor of
metabolic syndrome in older women with newly diagnosed metabolic
syndrome.36 In our study, it was also shown that without considering
other components, uric acid with an odds ratio of 1.48 is associated
with metabolic syndrome, but interaction with other components
alone is not a good predictor parameter for this syndrome.

Serum levels of uric acid and other metabolic syndrome fac-
tors have been evaluated in various studies. In the present study, it
was shown that the risk of metabolic syndrome in people with high
serum triglyceride levels is 11.11 times higher. In the study of Conen

etal.®®

, a close relationship was found between serum triglycerides
and serum uric acid levels that can confirm our results.

According to the present study, people with low HDL are more
than four times more likely to develop metabolic syndrome than
people with normal HDL. And people with a high ratio of uric acid

to HDL are 2.9 times more likely to have metabolic syndrome. In
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the study of Ozalp Kizilay et al.¥’, the presence of hyperuricae-
mia and low HDL is associated with the presence of metabolic
syndrome.

In the study of Mansiroglu et al.%8 uric acid and UHR levels were
significantly higher in patients with coronary artery fistula than in
controls. However, in their study, the relationship between the pres-
ence of metabolic syndrome with UHR levels and coronary artery
fistula was not evaluated.

In a retrospective study by Kocak et al., more than 10.6% of
UHR had a sensitivity of 83% and specificity of 71% for the predic-
tion of metabolic syndrome in 100 patients with type 2 diabetes.”
Although our study was performed on non-diabetic patients, its re-
sults indicated an appropriate sensitivity and specificity for UHR in
the diagnosis of patients with metabolic syndrome.

According to our study in non-diabetics, this ratio is associated
with metabolic syndrome, but the chance of developing it is lower
than other components, so it is expected due to the higher preva-
lence of hyperuricaemia and low HDL in diabetics compared to non-
diabetic individuals. The ratio of uric acid to HDL in diabetics has
a stronger relationship with metabolic syndrome. Considering that
the prevalence of diabetes and metabolic syndrome in our country
and many countries is increasing and a lot of annual costs and man-
power to address complications are caused by them and many of
these complications, unfortunately, have detrimental effects on the
quality of personal and social life of patients, so study and try to
find a parameter that can help in early screening of people at risk
is very important. It is hoped that by conducting further studies in
these two groups, this component may be introduced as one of the
predictors of future metabolic syndrome.

One of the limitations of this study was its sample size, although
it was sufficient, studies with a larger sample size could help to more
accurately determine the association between UHR and metabolic
syndrome and to identify other factors for early detection of meta-
bolic syndrome. Non-diabetic patients enrolled in the study, and this
is one of the strengths of our study. We suggest that further studies
be performed on the general population as well as individuals with
and without any of the metabolic syndrome factors (e.g., diabetes in

our study) that can affect the serum levels of uric acid.

5 | CONCLUSION

According to our study, there is an association between higher UHR
levels and metabolic syndrome, and UHR is helpful in diagnosing
metabolic syndrome and can also be used to screen people at risk for
metabolic syndrome. However, more studies in larger populations,
especially with more attention to people with diabetes, can provide
stronger scientific evidence.

ACKNOWLEDGEMENTS

The authors would like to profoundly thank the participants of the
study and colleagues in the Kerman University of Medical Sciences
who helped us recruit, interview and examine the study participants.

Endocrinology, Diabetes 50f6
& Metabolism_____-WILEY

CONFLICT OF INTEREST

None.

AUTHOR CONTRIBUTION

Farzaneh Yazdi: Conceptualization (lead); Investigation (equal);
Writing-review & editing (equal). Mohammad Hassan Baghaei:
Conceptualization (equal); Investigation (equal); Writing-original
draft (equal); Writing-review & editing (equal). Amir Baniasad:
Investigation (equal); Writing-original draft (lead); Writing-review
& editing (equal). Ahmad Naghibzadeh-Tahami: Formal analy-
sis (lead); Writing-review & editing (equal). Hamid Najafipour:
Conceptualization (equal); Investigation (equal); Writing-review &
editing (equal). Mohammad Hossein Gozashti: Conceptualization
(lead); Investigation (equal); Writing-review & editing (lead).

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from
the corresponding author upon reasonable request.

ORCID

Amir Baniasad "= https://orcid.org/0000-0002-4609-9726

Mohammad Hossein Gozashti ' https://orcid.

org/0000-0002-2131-3423

REFERENCES

1. Zhang ML, Gao YX, Wang X, Chang H, Huang GW. Serum uric
acid and appropriate cutoff value for prediction of meta-
bolic syndrome among Chinese adults. J Clin Biochem Nutr.
2013;52(1):38-42.

2. Liu PW, Chang TY, Chen JD. Serum uric acid and metabolic syn-
drome in Taiwanese adults. Metabolism. 2010;59(6):802-807.

3. Meigs JB, Mittleman MA, Nathan DM, et al. Hyperinsulinemia, hy-
perglycemia, and impaired hemostasis: the Framingham Offspring
Study. JAMA. 2000;283(2):221-228.

4. Meshkani R, Zargari M, Larijani B. The relationship between uric
acid and metabolic syndrome in normal glucose tolerance and nor-
mal fasting glucose subjects. Acta Diabetol. 2011;48(1):79-88.

5. Fu CC, Wu DA, Wang JH, Yang WC, Tseng CH. Association of C-
reactive protein and hyperuricemia with diabetic nephropathy in
Chinese type 2 diabetic patients. Acta Diabetol. 2009;46(2):127-134.

6. Borghi C, Cicero AFG. Serum uric acid and acute coronary syn-
drome: Is there a role for functional markers of residual cardiovas-
cular risk? Int J Cardiol. 2018;250:62-63.

7. Cicero AF, Rosticci M, Bove M, et al. Serum uric acid change and
modification of blood pressure and fasting plasma glucose in an
overall healthy population sample: data from the Brisighella heart
study. Ann Med. 2017;49(4):275-282.

8. Cicero AF, Rosticci M, Fogacci F, Grandi E, D'Addato S, Borghi C.
High serum uric acid is associated to poorly controlled blood pres-
sure and higher arterial stiffness in hypertensive subjects. Eur J Int
Med. 2017;37:38-42.

9. Duman TT, Kocak MZ, Atak BM, Erkus E. Serum Uric acid is cor-
related with HbA1c levels in type 2 diabetes mellitus. Exp Biomed
Res. 2018;1(1):6-9

10. Atak BM, Duman TT, Kocak MZ, Savli H. Serum uric acid level is
associated with type 2 diabetes mellitus and diabetic regulation.
Exp Biomed Res. 2018;1(4):135-139.

11. DeBoer MD, Dong L, Gurka MJ. Racial/ethnic and sex differences
in the relationship between uric acid and metabolic syndrome in


https://orcid.org/0000-0002-4609-9726
https://orcid.org/0000-0002-4609-9726
https://orcid.org/0000-0002-2131-3423
https://orcid.org/0000-0002-2131-3423
https://orcid.org/0000-0002-2131-3423

60of6 W

12.
13.
14.
15.
16.

17.
18.
19.
20.
21.

22.
23.

24.
25.

26.

Endocrinology, Diabetes

YAZDI eT AL.

ILEY-& Metabolism I

adolescents: an analysis of National Health and Nutrition Survey
1999-2006. Metabolism. 2012;61(4):554-561.

Hongo M, Hidaka H, Sakaguchi S, et al. Association between serum
uric acid levels and cardiometabolic risk factors among Japanese
junior high school students. Circ J. 2010;74(8):1570-1577.

Tang L, Kubota M, Nagai A, Mamemoto K, Tokuda M. Hyperuricemia
in obese children and adolescents: the relationship with metabolic
syndrome. Pediatr Rep. 2010;2(1):e12.

Civantos Modino S, Guijarro de Armas MG, Monereo Mejias S,
et al. Hyperuricemia and metabolic syndrome in children with over-
weight and obesity. Endocrinologia Y Nutricién. 2012;59(9):533-538.
Ford ES, Li C, Cook S, Choi HK. Serum concentrations of uric acid
and the metabolic syndrome among US children and adolescents.
Circulation. 2007;115(19):2526-2532.

Kurtkulagi O, Tel BMA, Kahveci G, et al. Hashimoto’s thyroid-
itis is associated with elevated serum uric acid to High Density
Lipoprotein-Cholesterol ratio. Rom J Int Med. 2021.

Kocak MZ, Aktas G, Erkus E, Sincer |, Atak B, Duman T. Serum
uric acid to HDL-cholesterol ratio is a strong predictor of met-
abolic syndrome in type 2 diabetes mellitus. Rev Assoc Med Bras.
2019;65(1):9-15.

Aktas G, Kocak MZ, Bilgin S, Atak BM, Duman TT, Kurtkulagi
O. Uric acid to HDL cholesterol ratio is a strong predictor of di-
abetic control in men with type 2 diabetes mellitus. Aging Male.
2020;23(5):1098-1102.

Kosekli MA, Kurtkulagii O, Kahveci G, et al. The association be-
tween serum uric acid to high density lipoprotein-cholesterol ratio
and non-alcoholic fatty liver disease: the abund study. Revista Da
Associacdo Médica Brasileira. 2021;67(4):549-554.

Zhang YN, Wang QQ, Chen YS, Shen C, Xu CF. Association be-
tween serum uric acid to HDL-cholesterol ratio and nonalco-
holic fatty liver disease in lean Chinese adults. Int J Endocrinol.
2020;2020:5953461.

Najafipour H, Mirzazadeh A, Haghdoost A, et al. Coronary artery
disease risk factors in an urban and peri-urban setting, Kerman,
Southeastern Iran (KERCADR Study): Methodology and Preliminary
Report. Iranian J Public Health. 2012;41(9):86-92.

Culleton BF, Larson MG, Kannel WB, Levy D. Serum uric acid and
risk for cardiovascular disease and death: the Framingham Heart
Study. Ann Int Med. 1999;131(1):7-13.

Ali N, Miah R, Hasan M, et al. Association between serum uric acid
and metabolic syndrome: a cross-sectional study in Bangladeshi
adults. Sci Rep. 2020;10(1):7841.

Choi HK, Ford ES. Prevalence of the metabolic syndrome in individ-
uals with hyperuricemia. Am J Med. 2007;120(5):442-447.

Borghi C, Cicero AFG. Serum uric acid and cardiometabolic disease.
Hypertension. 2017;69(6):1011-1013.

Safiri S, Qorbani M, Heshmat R, et al. Association of serum uric
acid with cardiometabolic risk factors and metabolic syndrome
in Iranian adolescents: the CASPIAN-III Study. Iran J Kidney Dis.
2016;10(3):126-134.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Nejatinamini S, Ataie-Jafari A, Qorbani M, et al. Association be-
tween serum uric acid level and metabolic syndrome components.
J Diabetes Metab Disord. 2015;14:70.

Lin SD, Tsai DH, Hsu SR. Association between serum uric acid level
and components of the metabolic syndrome. J Chin Med Assoc.
2006;69(11):512-516.

Sumiyoshi H, Ohyama Y, Imai K, Kurabayashi M, Saito Y, Nakamura
T. Association of uric acid with incident metabolic syndrome in a
Japanese General Population. Int Heart J. 2019;60(4):830-835.
Chen JH, Hsieh CH, Liu JS, et al. The power of serum uric acid in
predicting metabolic syndrome diminishes with age in an elderly
Chinese population. J Nutr Health Aging. 2016;20(9):912-917.
Wang HJ, Shi LZ, Liu CF, Liu SM, Shi ST. Association between
uric acid and metabolic syndrome in elderly women. Open Med.
2018;13:172-177.

Sui X, Church TS, Meriwether RA, Lobelo F, Blair SN. Uric acid
and the development of metabolic syndrome in women and men.
Metabolism. 2008;57(6):845-852.

Conen D, Wietlisbach V, Bovet P, et al. Prevalence of hyperuricemia
and relation of serum uric acid with cardiovascular risk factors in a
developing country. BMC Public Health. 2004;4:9.

Gotembiewska E, Ciechanowski K, Safranow K, Kedzierska K,
Kabat-Koperska J. Renal handling of uric acid in patients with
type 1 diabetes in relation to glycemic control. Arch Med Res.
2005;36(1):32-35.

Yu MA, Sanchez-Lozada LG, Johnson RJ, Kang DH. Oxidative stress
with an activation of the renin-angiotensin system in human vas-
cular endothelial cells as a novel mechanism of uric acid-induced
endothelial dysfunction. J Hypertens. 2010;28(6):1234-1242.
Cicero AFG, Fogacci F, Giovannini M, et al. Serum uric acid predicts
incident metabolic syndrome in the elderly in an analysis of the
Brisighella Heart Study. Sci Rep. 2018;8(1):11529.

Ozalp Kizilay D, Sen S, Ersoy B. Associations between serum uric
acid concentrations and cardiometabolic risk and renal injury
in obese and overweight children. J Clin Res Pediatr Endocrinol.
2019;11(3):262-269.

Kurtar Mansiroglu A, Cekici Y, Sincer |, Gunes Y. Serum uric acid
and uric acid to HDL-cholesterol ratio in coronary artery fistulas.
Ann Med Res. 2021;26(12):2771-2775.

How to cite this article: Yazdi F, Baghaei MH, Baniasad A,
Naghibzadeh-Tahami A, Najafipour H, Gozashti MH.
Investigating the relationship between serum uric acid to
high-density lipoprotein ratio and metabolic syndrome.
Endocrinol Diab Metab. 2022;5:e00311. https://doi.
org/10.1002/edm2.311



https://doi.org/10.1002/edm2.311
https://doi.org/10.1002/edm2.311

