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 � INTRODUCTION

The burden of chronic kidney disease (CKD) is increasing, with 
prevalence ranging from 5 to 13% among countries.1 Worldwide, there 
are more than 750 million people with CKD2  and, between 2016 and 
2040, the CKD prevalence is expected to jump to 5th place in the 
ranking of the main causes of early death.3 In 2017, Chronic Kidney 
Disease (CKD) was responsible for the 12th highest number of fatali-
ties worldwide, accounting for 1.2 million deaths4. In Brazil, the preva-
lence of CKD is estimated to range from 3 to 6 million cases5. Further-
more, in 2016, CKD held the rank of 9th among the leading causes of 
mortality in the country. 

In addition to the impact on health, CKD has economic and social 
repercussions.7 Between 2013 and 2015, about 2% of hospitalizations 
and 3% of the expenditures of the Unified Health System (UHS) were 
due to CKD with a growth of approximately 12% in complementary 
tests and 11% in expenditures on disease identification and 

management.8 Dialysis establishments in the country increased by 
about 38% between 2002 and 2017, in line with the 159.4% increase 
in the number of patients.9 Furthermore, socioeconomic disparities 
contribute to the high rate of CKD in less favored populations.2,10

Diabetic nephropathy and hypertensive nephrosclerosis are the 
main causes of CKD in developed and developing countries.11,12 Arte-
rial hypertension (AH) is found in up to 9 in every 10 CKD patients13  
and diabetic nephropathy in up to half of the higher stages only in the 
USA.14 The increase in serum uric acid (UA) is considered a risk factor 
for the development of AH, diabetes mellitus (DM), dyslipidemia, obe-
sity and cardiovascular events15  and has a high prevalence in CKD.16,17

The risk of CKD accelerates with UA levels above 6-7 mg/dL in 
women and 7-8 mg/dL in men.18 However, there is still no verdict on 
whether UA is a predictor of the incidence of CKD or a biomarker of 
its progression.19 Even so, it is relevant to monitor and control the 
level of UA in order to delay the functional decline of the kidneys,20 

 � ABSTRACT

Introduction: Chronic kidney disease is a worldwide health problem. Uric acid seems to have a relationship with chronic kidney 
disease, but its role is still controversial. The aim of the present study was to estimate the prevalence of chronic kidney disease in 
hypertensive and/or diabetic patients in a Basic Family Health Unit and to evaluate the association of uric acid levels with chronic 
kidney disease. 

Methods: A cross-sectional study was conducted with 182 adults with arterial hypertension and/or diabetes mellitus followed-up in a Basic 
Family Health Unit between 2019 and 2020. Demographic, clinical, behavioural and biochemical data were collected through the review of 
medical records. The exposure of interest was the uric acid and the outcome was chronic kidney disease. For the association of uric acid and 
chronic kidney disease, univariate and multivariate logistic regression analysis were performed. 

Results: The prevalence of chronic kidney disease in the sample was 17% (95% CI = 12.1–23.3). After adjustment analysis for age, sex, 
arterial hypertension, diabetes mellitus, cardiovascular diseases, dyslipidemia, smoking, alcohol consumption, antihypertensive and lipid-
lowering drugs, there was a positive association (ORa = 1.65 (95%CI = 1.11–2.45), p = 0.013)  between uric acid and chronic kidney disease. 

Conclusion: The increase in uric acid in 1 mg/dL was associated with a 1.6 times higher chance of chronic kidney disease in hypertensive 
and/or diabetic population.

Keywords: Diabetes Mellitus; Hypertension; Primary Health Care; Renal Insufficiency, Chronic; Uric Acid 

© Author(s) (or their employer(s)) and Portuguese Journal of Nephrology & Hypertension 2023. Re-use permitted under CC BY 4.0.  
(https://creativecommons.org/licenses/by/4.0/).

Received: 2023/03/06 • Accepted: 2023/09/19 • Published Online: 2023/10/09 • Published: 2023/12/11 • http://doi.org/10.32932/pjnh.2023.11.263

https://orcid.org/0000-0001-8264-5440
https://orcid.org/0000-0001-9059-4399
https://creativecommons.org/licenses/by/4.0/


Port J Nephrol Hypert 2023; 37(4): 196-200    197

Chronic Kidney Disease and Serum Uric Acid Level in Hypertensive and/or Diabetic Patients

especially in patients at high risk,21 because high levels of UA may 
represent an opportunity for preventive intervention in both inci-
dence22  and progression of CKD.23

In this context, the aim of this study was to identify the prevalence 
of CKD and its association with serum UA levels in hypertensive and/
or diabetic patients registered in a Basic Family Health Unit (BFHU).

 � MATERIAL AND METHODS

  � Study design and population

This is a cross-sectional study conducted with hypertensive and/
or diabetic users registered in a BFHU, between 2019 and 2020.

The sample was defined considering the survey of the reference 
population with AH and DM (n = 647), prevalence of 15.4% of the 
phenomenon studied,24 margin of sampling error of 5% and confidence 
level of 95%. The sample calculation was performed through the 
GPower 3.1 program and resulted in a minimum sample size of 154 
individuals, adults (age ≥ 18 years), hypertensive and/or diabetic who 
were selected by convenience during outpatient consultations. Chil-
dren, pregnant women, patients with a history of alcohol or drug 
abuse, users with absent or incomplete data or no diagnostic confir-
mation were excluded. At the end, 182 individuals had available data 
and participated in the present study. 	

  � Variables and data collection

The review of the medical records allowed obtaining clinical param-
eters (presence of AH, DM, cardiovascular diseases (CVD), dyslipidemia, 
diuretic, angiotensin receptor blocker (ARB), angiotensin-converter 
enzyme inhibitor (ACEI), beta-blocker, calcium channel blocker (CCB) 
and lipid-lowering), behavioral variables (smoking, alcohol consump-
tion) and laboratory data (fasting glycemia, total cholesterol, high 
density lipoprotein cholesterol (HDL-c), low density lipoprotein cho-
lesterol (LDL-c), triglycerides, serum creatinine, and serum UA).

Moreover, the global risk score (GRS) was calculated, which is 
used to estimate the probability of developing coronary, cerebrovas-
cular, peripheral vasculopathy or heart failure in the next 10 years. 
Stratified at low risk (if GRS < 5%), intermediate risk (if GRS between 
5% and 20% for men, between 5% and 10% for women, diabetic 
patients without risk stratifications or subclinical atherosclerosis dis-
ease), high risk (if GRS > 20% in men, GRS > 10% in women, presence 
of subclinical atherosclerosis or risk aggravating diseases) and very 
high risk (if important atherosclerotic disease with or without clinical 
repercussion).25

AU was the main exposure and its values ​​were measured in mil-
ligrams per deciliter (mg/dL). CKD was the main outcome of this study 
and was defined as a kidney alteration for more than 3 months mani-
fested as glomerular filtration rate (GFR) below 60 mL/min/1.73 m2. 
GFR was estimated using the CKD-EPI formula and classified, in mL/
min/1.73m2, in stages G1 (GFR ≥ 90), G2 (GFR 60–89), G3a (GFR 45–59), 
G3b (GFR 30–44), G4 (GFR 15–29) and G5 (GFR < 15).26 

  � Statistical analysis

The qualitative variables were described as absolute and relative 
frequencies and quantitative variables through measures of central 
tendency (mean) and variability (standard deviation). The association 
between CKD, UA and explanatory variables was based on the univari-
ate and multivariate logistic regression model. Thus, in addition to 
the crude model, in model 1, an adjustment was made for age and 
gender. In model 2, additional adjustment was proposed for the main 
risk factors of CKD, i.e., AH, DM, CVD, dyslipidemia and lifestyle (smok-
ing and alcohol consumption). In model 3, adjustment was added for 
laboratory variables (fasting glycemia, total cholesterol, HDL-c, LDL-c, 
triglycerides). Finally, model 4 was adjusted for the use of medications 
(thiazide diuretic, ABR, ACEI, beta-blocker, CCB and lipid-lowering).

 � RESULTS

  � Sample characteristics

The sample of 182 individuals was composed mostly of elderly 
people (63.82 ± 11.87 years), female (61%), non-black (76.4%), hyper-
tensive (94.5%), non-diabetic (59.9%), with dyslipidemia (67%), non-
smokers (89.6%) or alcohol-consumers (94.5%) and with high cardio-
vascular risk (70.3%). The mean GFR was 79.88 ± 20.18 mL/min/1.73 
m² and UA was 4.88 ± 1.83 mg/dL.

In general, the prevalence of CKD was 17% (95% CI = 12.1 – 23.3), 
affecting elderly people (71 ± 10 years), female (± 61.2%). In the strati-
fication of global cardiovascular risk, the majority (26 patients) was 
classified as high risk and over 20% of patients with very high cardio-
vascular risk had CKD. In the CKD group, the mean plasma UA level 
was 5.7 ± 1.7 mg/dL (on average, 1 mg/dL higher compared to patients 
without CKD), serum creatinine of 1.28 ± 0.27 mg/dL and GFR of 49.91 
± 8.10 mL/min/1.73 m². There was a statistically significant difference 
for age, loop diuretic, creatinine, GFR and UA between the group with 
and without CKD (Table 1).

Table 2 shows that, in the univariate analysis, serum UA was posi-
tively associated with CKD (OR = 1.34 [95% CI = 1.09–1.64], p = 0.006). 
After adjustment for the confounding variables, the association was 
maintained (ORa = 1.65 [95% CI = 1.11–2.45], p = 0.013). The increase 
of 1 mg/dL in UA increases the chance of the individual to have CKD 
by 1.65 times.

 � DISCUSSION

The prevalence of CKD in the studied population was 17% (95% CI 
= 12.1 - 23.3). The estimate of the prevalence of CKD in Brazil is impre-
cise, varying in different studies according to the population and 
methods of diagnosis of the disease.5 One study with the general 
population, which considered GFR <60 mL/min/1.73 m2 and/or albu-
min-creatinine ratio ≥ 30 mg/g, in a single measurement, found a 
value of 8.9,27 close to the overall prevalence of 9.1%.4 In the elderly 
(≥ 60 years), the prevalence of CKD based on data from the National 
Health Survey (NHS) was 21.4%, which corresponded to approximately 
three times the prevalence in adults.28
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The prevalence found in our study was similar to the prevalence 
of 17.3% found in another cross-sectional study in 243 patients with 
AH and DM from a medium-sized city in Minas Gerais.29 In primary 

health care (PHC), Dutra et al30 (2014) reached a prevalence of 13.63% 
of CKD (GFR < 60 mL/min/1.73 m2 from only one serum creatinine 
evaluation) in 8223 elderly, similarly to the prevalence of 15.4% found 

Table 2

Uni and multivariate analyses between serum UA and CKD. 

Serum UA OR 95%CI p-value
Crude 1.336  1.088–1.640 0.006
Model 1a 1.509  1.193–1.907 0.001
Model 2b 1.477  1.160–1.880 0.002
Model 3c 1.526  1.080–2.156 0.017
Model 4d 1.651  1.113–2.451 0.013

CKD – chronic kidney disease; UA – uric acid; OR – odds ratio; 95%CI – confidence interval
a Model 1 – adjusted for age and sex
b Model 2 – adjusted for model 1 + systemic arterial hypertension, diabetes mellitus, cardiovascular diseases, dyslipidemia, smoking, alcohol-consumption.
c Model 3 – adjusted for model 2 + fasting glycemia, total cholesterol, HDL-c, LDL-c, triglycerides.
d Model 4 – adjusted for model 3 + thiazide diuretic, angiotensin-receiver blocker, angiotensin-converting enzyme inhibitor, calcium channel blocker, beta-blocker, lipid lowering.

Table 1

Demographic, clinical behavioral and biochemical variables of the participants. 

Characteristics Total
CKD

p-valueNo
(n = 151)

Yes
(n = 31)

Age 63.8 ± 11,9 62 ± 12 71 ± 10 <0.001
Female sex 111 (61.0) 92 (82.9) 19 (17.1) 0.970
Non-black race/color 139 (76.4) 114 (82.0) 25 (18.0) 0.539
Arterial hypertension 172 (94.5) 142 (82.6) 30 (17.4) 0.543
Diabetes mellitus 73 (40.1) 58 (79.5) 15 (20.5) 0.302
Cardiovascular disease 19 (10.4) 14 (73.7) 5 (26.3) 0.255
Dyslipidemia 122 (67.0) 101 (82.8) 21 (17.2) 0.927
Use of medications:
 ARB
 ACEI
 CCB
 β-blocker
 Thiazide diuretic
 Loop diuretic
 Potassium-sparing diuretic
 Lipid lowering

121(66.5)
27 (14.8)
40 (22.0)
46 (25.3)

100 (54.9)
17 (9.3)
14 (7.7)

62 (34.1)

96 (79.3)
23 (85.2)
33 (82.5)
36 (78.3)
84 (84.0)
11 (64.7)
10 (71.4)
47 (75.8)

25 (20.7)
4 (14.8)
7 (17.5)

10 (21.7)
16 (16.0)
6 (35.3)
4 (28.6)

15 (24.2)

0.067
0.740
0.929
0.326
0.682
0.035
0.232
0.065

Global cardiovascular risk:
 Low
 Average
 High
 Very high

7 (3.8)
38 (20.9)

128 (70.3)
9 (4.9)

7 (100.0)
35 (92.1)

102 (79.7)
7 (77.8)

0 (0.0)
3 (7.9)

26 (20.3)
2 (22.2)

0.185

Smoking 19 (10.4) 17 (89.5) 2 (10.5) 0.425
Alcohol consumption 10 (5.5) 9 (90.0) 1 (10.0) 0.543
Fasting glycemia (mg/dL) 113.5 ± 54.9 115.4 ± 58.9 104.0 ± 25.2 0.096
Total cholesterol (mg/dL) 189.2 ± 46.3 188.0 ± 47.0 195.3 ± 42.9 0.423
HDL-c (mg/dL) 47.2 ± 13.1 47.9 ± 13.3 43.8 ± 11.7 0.128
LDL-c (mg/dL) 113.1 ± 34.0 112.5 ± 32.5 116.5 ± 42.0 0.607
Triglycerides (mg/dL) 167.1 ± 101.2 162.2 ± 103.0 191.2 ± 89.6 0.153
Creatinine (mg/dL) 0.9 ± 0.2 0.8 ± 0.1 1.28 ± 0.3 <0.001
GFR (mL/min/1.73 m²) 79.9 ± 20.2 86.0 ± 16.0 49.9 ± 8.1 <0.001
UA (mg/dL) 4.9 ± 1.8 4.7 ± 1.8 5.7 ± 1.7 0.004

Values expressed as a percentage N (%) or mean ± standard deviation. N – absolute number; n – total cases; CKD – chronic kidney disease; ARB – angiotensin receptor blocker; ACEI – angiotensin-converting 
enzyme inhibitor; CCB – calcium channel blocker; HDL-c – high density lipoprotein cholesterol; LDL-c – low density lipoprotein cholesterol; GFR – glomerular filtration rate; UA – uric acid.

Danilo Lemes Naves Gonçalves, Luciana Saraiva da Silva
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by Comini et al24 (2020) in hypertensive and diabetic patients also at 
the PHC level. It is important to highlight that the higher prevalence 
value found in our study is justified by the fact that we worked with 
a sample of patients with AH and/or DM, in the age group predomi-
nantly over 60 years, consisting of the main risk factors for CKD.

It is worth mentioning that AH31 and DM32 are considered as the 
main causes of CKD. AH was present in 30 of the 31 CKD patients evalu-
ated. Hypertensive nephropathy involves loss of nephrons, endothelial 
injury with remodeling of the arteries, sympathetic hyperactivity and 
the renal angiotensin-aldosterone system (RAAS) with hydrosaline reten-
tion, increasing peripheral vascular resistance and, consequently, sys-
temic blood pressure. In turn, AH leads to the remodeling of the afferent 
arteriole with loss of its regulatory capacity resulting in glomerular 
overload, nephrosclerosis and functional loss of the kidney.13	

In this research, about 1 in 2 CKD patients was diabetic. In diabetic 
nephropathy, chronic hyperglycemia and forms of advanced glycation 
final products, stimulate growth factors, release of reactive oxygen 
species and pro-inflammatory substances.14 Consequently, a process 
of glomerular hyperfiltration increases in conjunction with parenchy-
mal lesion (mesangial extracellular matrix deposition with diffuse or 
nodular expansion, thickening of the glomerular basal membrane, 
tubular atrophy and hyaline arteriolosclerosis), albuminuria and AH 
with interstitial fibrosis and glomerulosclerosis.14

Regarding the association of UA with CKD, we found that the 
increase of 1 mg/dL of UA increases by 65% the chance of the indi-
vidual presenting CKD. In fact, UA is an organic molecule of mostly 
urinary excretion related to the function of the kidneys. It is freely 
filtered in the glomeruli, reabsorbed and secreted in the proximal 
convoluted tubule and only 10% of the filtered UA is finally excreted 
by the kidneys.33 Numerous studies have collectively built a body of 
evidence that, while not yet fully robust, challenges the notion of UA 
as a mere epiphenomenon of glomerular dysfunction.35,36 

In this context, epidemiological and intervention studies suggest the 
high serum levels of UA as a cause of both the development of CKD and 
its clinical progression.37 With current knowledge it is believed that UA 
induces oxidative stress and endothelial dysfunction. Moreover, it acts 
as an alarm signal, engaging in intricate interactions with the innate 
immune system through cytosolic receptor recognition, initiation of cas-
cading intracellular signals, and the release of pro-inflammatory cytokines. 
This process influences the adaptive response and vice versa, culminating 
in sterile inflammation. This chronic inflammation holds the potential to 
develop into parenchymal fibrosis and tubulointerstitial atrophy, offering 
an explanatory framework for the onset of CKD.19,38-41

Our study has strengths to highlight. First, the high prevalence 
finding emphasizes the importance of including CKD in health plan-
ning, action and management in the context of PHC. Moreover, it 
describes a demographic, clinical, behavioral and biochemical profile 
of the population with CKD by expanding knowledge about its deter-
minants and health conditions, that are relevant to guide disease 
prevention, promotion and rehabilitation activities in health. Second, 
a positive association between UA and CKD strengthens the existence 
of a possible interaction in CKD development and progression, 
demanding future research. Finally, the serum UA is a low-cost, 

wide-availability, minimally invasive, reproducible and comparable 
test over time. Confirming its potential as a predictor of CKD, it could 
result in its integration into routine screening tests for target organ 
injuries in hypertensive and/or diabetic patients. This would enable 
early diagnostic and therapeutic interventions, effectively reducing 
morbidity, mortality, healthcare expenses associated with hospitaliza-
tions and replacement therapies, and ultimately enhancing the prog-
nosis and quality of life for affected individuals.

On the other hand, the present study also has some limitations. 
Firstly, it is a cross-sectional study, thus we cannot infer the causality 
from these results, but formulate hypotheses that should be con-
firmed on longitudinal, controlled and randomized studies. Secondly, 
the standardization of albuminuria measurement in the 24-hour 
urine test posed challenges due to technical difficulties in individual 
collection of the examination and variations in analysis methods 
used by laboratories within the municipality’s Health Care Network. 
As a result, we excluded this parameter from our investigations. 
Considering that the presence of albuminuria in a 24-hour sample 
is one of the criteria for the diagnosis of CKD,26  the prevalence of 
CKD may have been underestimated. Third, there was no adjustment 
for the use of hypouricemic drugs as a confounding variable, which 
may have underestimated plasma levels of UA in patients with 
hyperuricemia.

 � CONCLUSION

Our study revealed a CKD prevalence of 17% among elderly par-
ticipants, with important risk factors as hypertension and diabetes. 
Notably, each 1 mg/dL increase in UA corresponded to a 65% higher 
likelihood of an individual having CKD. Further studies are crucial to 
confirm the association, and define the role of UA in the pathophysiol-
ogy of CKD. If proven, UA can be an accessible and useful tool in the 
prevention and management of CKD in PHC.

References
	 1.	 de Nicola L, Minutolo R. Worldwide growing epidemic of CKD: fact or fiction? Kidney Int. 

2016;90:482-4. doi: 10.1016/j.kint.2016.05.001. 
	 2.	 Crews DC, Bello AK, Saadi G. 2019 World Kidney Day Editorial - burden, access, and disparities in 

kidney disease. Bras J Nefrol. 2019;41:1-9. doi: 10.1590/2175-8239-JBN-2018-0224. 
	 3.	 Foreman KJ, Marquez N, Dolgert A, Fukutaki K, Fullman N, McGaughey M, et al. Forecasting life 

expectancy, years of life lost, and all-cause and cause-specific mortality for 250 causes of death: 
reference and alternative scenarios for 2016–40 for 195 countries and territories. Lancet. 
2018;392:2052-90. doi: 10.1016/S0140-6736(18)31694-5. 

	 4.	 Bikbov B, Purcell CA, Levey AS, Smith M, Abdoli A, Abebe M, et al. Global, regional, and national 
burden of chronic kidney disease, 1990–2017: a systematic analysis for the Global Burden of 
Disease Study 2017. Lancet. 2020;395:709-33. doi: 10.1016/S0140-6736(20)30045-3.  

	 5.	 Marinho AWGB, Penha A da P, Silva MT, Galvão TF. Prevalência de doença renal crônica em 
adultos no Brasil: revisão sistemática da literatura. Cad Saude Colet. 2017;25:379-88. doi: 
10.1590/1414-462X201700030134

	 6.	 Ministério da Saúde. Vigitel Brasil 2017 vigilância de fatores de risco e proteção para doenças 
crônicas por inquérito telefônico estimativas sobre frequência e distribuição sócio-demográfica 
de fatores de risco e proteção para doenças crônicas nas capitais dos 26 estados brasileiros e no 
distrito federal em 2017 [Internet]. 2018. [accessed Jan 2022] Available from: http://bvsms.saude.
gov.br/bvs/publicacoes/vigitel_brasil_2017_vigilancia_fatores_

	 7.	 Silva Junior GB da, Oliveira JGR de, Oliveira MR de, Vieira LJ de S, Dias ER. Global costs attributed 
to chronic kidney disease: a systematic review. Rev Assoc Med Bras. 2018;64:1108-16. doi: 
10.1590/1806-9282.64.12.1108.  

	 8.	 Alcalde PR, Kirsztajn GM. Expenses of the Brazilian Public Healthcare System with chronic kidney 
disease. J Bras Nefrol. 2018;40:122-9. doi: 10.1590/2175-8239-JBN-3918. 

	 9.	 Thomé FS, Sesso RC, Lopes AA, Lugon JR, Martins CT. Brazilian chronic dialysis survey 2017. J Bras 
Nefrol. 2019;41:208-14. doi: 10.1590/2175-8239-JBN-2018-0178.



200    Port J Nephrol Hypert 2023; 37(4): 196-200

	10.	 So BH, Methven S, Hair MD, Jardine AG, MacGregor MS. Socio-economic status influences 
chronic kidney disease prevalence in primary care: a community-based cross-sectional analysis. 
Nephrol Dial Transplant. 2015;30:1010-7. doi: 10.1093/ndt/gfu408.  

	11.	 Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B, et al. Chronic kidney disease: global 
dimension and perspectives. Lancet. 2013;382:260-72. doi: 10.1016/S0140-6736(13)60687-X. 
Erratum in: Lancet. 2013;382:208 

	12.	 Ghaderian SB, Beladi-Mousavi SS. The role of diabetes mellitus and hypertension in chronic kidney 
disease. J Renal Inj Prev. 2014;3:109-10. doi: 10.12861/jrip.2014.31. 

	13.	 Ku E, Lee BJ, Wei J, Weir MR. Hypertension in CKD: Core Curriculum 2019. Am J Kidney Dis. 
2019;74:120-31. doi: 10.1053/j.ajkd.2018.12.044.

	14.	 Umanath K, Lewis JB. Update on Diabetic Nephropathy: Core Curriculum 2018.  Am J Kidney Dis. 
2018;71:884-95. doi: 10.1053/j.ajkd.2017.10.026. 

	15.	 Joosten LAB, Crişan TO, Bjornstad P, Johnson RJ. Asymptomatic hyperuricaemia: a silent activator of 
the innate immune system. Nat Rev Rheumatol. 2020;16:75-86. doi: 10.1038/s41584-019-0334-3. 

	16.	 Kawashima M, Wada K, Ohta H, Terawaki H, Aizawa Y. Association between asymptomatic hyper-
uricemia and new-onset chronic kidney disease in Japanese male workers: a long-term retrospec-
tive cohort study. BMC Nephrol. 2011;12:31. doi: 10.1186/1471-2369-12-31. 

	17.	 Fan S, Zhang P, Wang AY, Wang X, Wang L, Li G, et al. Hyperuricemia and its related histopatho-
logical features on renal biopsy. BMC Nephrol. 2019;20:95. doi: 10.1186/s12882-019-1275-4.

	18.	 Obermayr RP, Temml C, Gutjahr G, Knechtelsdorfer M, Oberbauer R, Klauser-Braun R. Elevated 
uric acid increases the risk for kidney disease. J Am Soc Nephrol. 2008;19:2407-13. doi: 10.1681/
ASN.2008010080.  

	19.	 Braga TT, Foresto-Neto O, Camara NO. The role of uric acid in inflammasome-mediated kidney 
injury. Curr Opin Nephrol Hypertens. 2020;29:423-31. doi: 10.1097/MNH.0000000000000619.  

	20.	 Ye M, Hu K, Jin J, Wu D, Hu P, He Q. The association between time-mean serum uric acid levels 
and the incidence of chronic kidney disease in the general population: a retrospective study. BMC 
Nephrol. 2018;19:190. doi: 10.1186/s12882-018-0982-6.  

	21.	 Zhang L, Wang F, Wang X, Liu L, Wang H. The association between plasma uric acid and renal 
function decline in a Chinese population-based cohort. Nephrol Dial Transplant. 2012;27:1836-9. 
doi: 10.1093/ndt/gfr597.

	22.	 Cao X, Wu L, Chen Z. The association between elevated serum uric acid level and an increased 
risk of renal function decline in a health checkup cohort in China.  Int Urol Nephrol. 2018;50:517-
25. doi: 10.1007/s11255-017-1732-6. 

	23.	 Mwasongwe SE, Fülöp T, Katz R, Musani SK, Sims M, Correa A, et al. Relation of uric acid level to 
rapid kidney function decline and development of kidney disease: The Jackson Heart Study.  J Clin 
Hypertens. 2018;20:775-83. doi: 10.1111/jch.13239. 

	24.	 Comini L de O, Oliveira LC, Borges LD, Dias HH, Batistelli CRS, Ferreira E de S, et al. Prevalence of 
chronic kidney disease in Brazilians with arterial hypertension and/or diabetes mellitus. J Clin 
Hypertens. 2020;22:1666-73. doi: 10.1111/jch.13980.

	25.	 Précoma DB, Oliveira GM de, Simão AF, Dutra OP, Coelho-Filho OR, Izar MC de O, et al. Updated 
Cardiovascular Prevention Guideline of the Brazilian Society of Cardiology - 2019. Arq Bras Car-
diol. 2019;113:787-891. doi: 10.5935/abc.20190204. Erratum in: Arq Bras Cardiol. 2021;116:855. 

	26.	 Kidney Disease Improving Global Outcomes. KDIGO 2012 Clinical Practice Guideline for the 
Evaluation and Management of Chronic Kidney Disease. Kidney International Supplements. Kidney 
Int Suppl. 2013;3. 

	27.	 Barreto SM, Ladeira RM, Duncan BB, Schmidt MI, Lopes AA, Benseñor IM, et al. Chronic kidney 
disease among adult participants of the ELSA-Brasil cohort: association with race and socioeco-
nomic position. J Epidemiol Community Health. 2016;70:380-9. doi: 10.1136/jech-2015-205834. 

	28.	 Malta DC, Machado ÍE, Pereira CA, Figueiredo AW, Aguiar LK de, Almeida W da S de, et al. Aval-
iação da função renal na população adulta brasileira, segundo critérios laboratoriais da Pesquisa 
Nacional de Saúde. Rev Bras Epidemio. 2019;22:suppl2. 

	29.	 Alves LF, Abreu TT de, Neves NC, Morais FA de, Rosiany IL, Oliveira Júnior WV de, et al. Prevalence 
of chronic kidney disease in a city of southeast Brazil. J Bras Nefrol. 2017;39:126-34. doi: 
10.5935/0101-2800.20170030. 

	30.	 Dutra MC, Uliano EJM, Machado DFG de P, Martins T, Schuelter-Trevisol F, Trevisol DJ. Assessment 
of kidney function in the elderly: a population-based study. J Brasil Nefrol. 2014;36:297-303. doi: 
10.5935/0101-2800.20140043.

	31.	 Alqudsi M, Hiremath S, Velez JC. Review – current opinion in cardiology hypertension in chronic 
kidney disease. Curr Opin Cardiol. 2020;35:360-7. doi: 10.1097/HCO.0000000000000758. 

	32.	 Jitraknatee J, Ruengorn C, Nochaiwong S. Prevalence and Risk Factors of Chronic Kidney Disease 
among Type 2 Diabetes Patients: A Cross-Sectional Study in Primary Care Practice. Sci Rep. 
2020;10:6205. doi: 10.1038/s41598-020-63443-4. 

	33.	 Johnson RJ, Bakris GL, Borghi C, Chonchol MB, Feldman D, Lanaspa MA, et al. Hyperuricemia, 
Acute and Chronic Kidney Disease, Hypertension, and Cardiovascular Disease: Report of a Scien-
tific Workshop Organized by the National Kidney Foundation. Am J Kidney Dis. 2018;71:851-65. 
doi: 10.1053/j.ajkd.2017.12.009.  

	34.	 Barata R, Cardoso F, Pereira T. Hyperuricemia in Chronic Kidney Disease: a role yet to be explained. 
Port J Nephrol Hypert. 2020;34: 30-5. 

	35.	 Bonino B, Leoncini G, Russo E, Pontremoli R, Viazzi F. Uric acid in CKD: has the jury come to the 
verdict? J Nephrol. 2020;33:715-24. doi: 10.1007/s40620-020-00702-7.  

	36.	 Ponticelli C, Podestà MA, Moroni G. Hyperuricemia as a trigger of immune response in hyperten-
sion and chronic kidney disease. Kidney Int. 2020;98:1149-59. doi: 10.1016/j.kint.2020.05.056.  

	37.	 Kang DH. Hyperuricemia: A non-traditional risk factor for development and progression of 
chronic kidney disease? Kidney Res Clin Pract. 2012;31:129-31. doi: 10.1016/j.krcp.2012.08.001. E

	38.	 Finn WF. Kidney disease and gout: the role of the innate immune system. Open Urol Nephrol J. 
2016;9:12-21.

	39.	 Gyurászová M, Gurecká R, Bábíčková J, Tóthová Ľ. Oxidative stress in the pathophysiology of 
kidney disease: implications for noninvasive monitoring and identification of biomarkers. Oxid 
Med Cell Longev. 2020;2020:5478708. doi: 10.1155/2020/5478708.

	40.	 Jing P, Shi M, Ma L, Fu P. Mechanistic insights of soluble uric acid-related kidney disease. Curr Med 
Chem. 2020;27:5056–66. doi: 10.2174/0929867326666181211094421.

	41.	 Jung SW, Kim SM, Kim YG, Lee SH, Moon JY. Uric acid and inflammation in kidney disease. Am J 
Physiol Renal Physiol. 2020;318:F1327-40. doi: 10.1152/ajprenal.00272.2019. 

  � Ethical Disclosures 

Conflicts of Interest: The authors have no conflicts of interest to declare.
Financing Support: This work has not received any contribution, grant or 
scholarship
Confidentiality of Data: The authors declare that they have followed the 
protocols of their work center on the publication of data from patients.
Protection of Human and Animal Subjects: The authors declare that the 
procedures followed were in accordance with the regulations of the 
relevant clinical research ethics committee and with those of the Code 
of Ethics of the World Medical Association (Declaration of Helsinki as 
revised in 2013).
Provenance and Peer Review: Not commissioned; externally peer reviewed. 

Corresponding Author:
Danilo Lemes Naves Gonçalves, MD PGCert MSc 
Faculty of Medicine, Federal University of Uberlândia,
1720, Pará Avenue, Block 2U, Campus Umuarama 
38400-902 Uberlândia, Minas Gerais, Brazil
Email: danilolng@hotmail.com

Danilo Lemes Naves Gonçalves, Luciana Saraiva da Silva

https://orcid.org/0000-0001-8264-5440
mailto:danilolng%40hotmail.com?subject=

