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Objective: To explore the effects of different blood uric acid levels in gout patients on the two- 
dimensional image of the kidney and the risk factors for gout-related kidney damage for providing 
clinical evidence to enable early prevention and treatment of gout-related kidney damage.
Methods: We obtained information of 227 patients with primary gout and estimated the 
association between two-dimensional kidney images and clinical indicators using binary 
logistic regression.
Results: Our study showed that different uric acid levels, age, disease course, cystatin C (CysC) 
level, and γ-glutamyl transpeptidase level were correlated with echo of the renal medulla (P < 
0.05). CysC level was correlated with the renal cortex thickness and kidney stones in different 
uric acid-level groups (P < 0.05). Disease course, aspartate transaminase (AST) level, creatinine 
(CREA) level, and tophi were risk factors for renal cortex thinning in gout patients (P = 0.045, 
0.026, 0.004, 0.006, respectively). The disease course, platelet (PLT) count, and high-density 
lipoprotein (HDL-C) level were risk factors for kidney stone formation in gout patients (P = 
0.037, 0.022, 0.023, respectively), while CysC level and C-reactive protein (CRP) level were risk 
factors for increased renal medulla echo in these patients (P = 0.022, 0.028, respectively).
Conclusion: Our study revealed disease course, AST level, CREA level, tophi, PLT count, 
HDL-C level, CysC level and CRP level may be important predictors of renal image changes.
Keywords: gout, two-dimensional ultrasound, renal medulla, renal cortex, kidney stones

Introduction
Gouty arthritis is currently one of the most common types of inflammatory arthritis 
across the world.1 It is a metabolic and inflammatory immune disease caused by 
impaired purine metabolism and/or decreased excretion of uric acid. With contin-
uous increase in the blood uric acid level, the precipitation of monosodium urate 
(MSU) crystals and deposition is observed in the tissues or organs, and then cause 
a series of pathological processes, such as: activate the NLRP3 inflammasome, and 
this activation involves several molecular mechanisms including xanthine oxidase 
up-regulation and mitochondrial dysfunction.2 Urate is the degradation product of 
purines, the main sources of which are cell turnover, dietary intake and de novo 
synthesis.3 The synthesis of uric acid (UA) primarily occurs in liver. Xanthine 
oxidase (XO) are the key enzymes responsible for the synthesis of UA in purine 
metabolism.4 It is a crucial enzyme in purine metabolism, catalyzes the oxidation 
of hypoxanthine and xanthine to UA. XO catalyzes the oxidation of xanthine and 
hypoxanthine into UA. In addition, during such oxidation process XO generates 
reactive oxygen species (ROS) and hydrogen peroxide leading to oxidative stress. 
The hyperuricemia and oxidative stress caused by XO are considered as important 
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factors that results in gout.5 Hence, Some studies investi-
gate xanthine oxidase (XO) inhibitory activity in order to 
contribute to antihyperuricemic effect.6 Studies have con-
firmed that gout independently increases the risk of 
advanced kidney disease, and the degree of kidney 
damage in gout patients is 57% higher than that in the 
general population.1 Many studies have shown that gout 
patients can experience kidney damage with disease pro-
gression and that kidney damage can reduce the excretion 
of uric acid and accelerate the formation of tophi.7,8 

Studies have confirmed that high levels of serum uric 
acid (SUA) can activate the renin-angiotensin system, 
causing renal vasoconstriction; further, it can induce 
renal interstitial inflammation. Elevated uric acid levels 
induce a decrease in NO synthesis and an increase in 
blood pressure via the stimulation of the renin–angiotensin 
system. Indeed, one experimental studies have shown that 
UA can stimulate oxidative stress, reduce NO bioavail-
ability, and stimulate the intracellular renin-angiotensin 
system in human endothelial cells; Ko J etc. have also 
reported that a decrease in NO production, an activation of 
renin production, and a rarefaction of peritubular capil-
laries (PTCs) preceded the development of interstitial 
fibrosis. Both the hemodynamic and structural changes 
could play a role in how UA may cause kidney disease.9 

Therefore, the assessment of renal function in patients 
with gout is very important for predicting renal 
damage.10–12 Ultrasonography (US) has good diagnostic 
accuracy and high specificity in the diagnosis of gout. It 
can accurately detect the hyperechoic crystal deposition in 
the renal medulla of gout patients13 and can visually 
observe the shape, size, and echo of the kidney to assess 
the condition of the kidney.14,15 However, the influence of 
different blood uric acid levels in patients with gout on the 
two-dimensional kidney images and the related clinical 
indicators remains unclear. Therefore, we aimed to 
explore the impact of different blood uric acid levels in 
patients with gout on the two-dimensional kidney images 
and the related clinical indicators, to explore the risk 
factors for kidney damage in these patients, and to provide 
clinical evidence for the early prevention and treatment of 
gout-related kidney damage.

Materials and Methods
Participants
A total of 227 patients with primary gout in the intermittent 
period were enrolled (Figure 1). As per the inclusion criteria, 

patients with primary gout that was diagnosed as per the 
2015 American Academy of Rheumatology/European Anti- 
Rheumatism Alliance Gout Classification Diagnostic 
Criteria16 and those who had not been given uric acid- 
reducing treatment or other related treatments in the pre-
vious 3 months were included (Patients with hypertension, 
diabetes and hyperlipidemia did not receive drug interven-
tion). Primary gout is caused by congenital purine metabo-
lism disorder and (or) uric acid excretion disorder on the 
basis of excluding other diseases, rather than secondary to 
kidney disease or some drugs caused by decreased uric acid 
excretions, myeloproliferative disease and tumor chemother-
apy resulting in increased uric acid production. Based on the 
exclusion criteria, patients with severe diseases, such as 
diseases of the heart, liver, kidney, lung, and endocrine 
system; patients with rheumatoid arthritis, systemic lupus 
erythematosus, or other autoimmune diseases (These 
immune disorders were ruled out by testing for rheumatoid 
factor and anti-citrullinated peptide autoantibodies and other 
immune-related indicators); patients with bone tumors, bone 
tuberculosis, and systemic infectious diseases; patients with 
secondary gout caused by radiotherapy, chemotherapy, 
drugs, and blood diseases; patients with pseudogouty arthri-
tis; patients undergoing long-term hormone therapy; patients 
with a serious illness that might affect the results of this 
study; previous diseases such as diabetes, hypertension and 
chronic nephritis can cause kidney damage; and those who 
refused to provide informed consent for study participation 
were excluded from the trial. The study population included 
219 men and 8 women, aged 20–90 years, with an average 
age of 46.352 ± 14.94 years. The study subjects were 
grouped as per the quartile of SUA level, as follows: Q1 
was SUA ≤ 436 μmol/L, Q2 was 436 μmol/L < SUA ≤ 513 
μmol/L, Q3 was 513 μmol/L < SUA ≤ 611 μmol/L, and Q4 
was SUA > 611 μmol/L. This study was approved by the 
Medical Ethics Committee of the First Affiliated Hospital of 
Chengdu Medical College, and informed consent was 
obtained from all the subjects.

Methods
Medical History Taking
Information about the patients’ medical history was col-
lected in detail; we recorded the following details: sex, 
age, disease course, presence or absence of tophi, and the 
disease was secondary to hypertension and/or diabetes. 
Moreover, a unified standard method was used to measure 
the height and weight of the patients, using which their 
body mass index (BMI) values were calculated. The 
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formation of tophi in the corresponding joints was 
observed and recorded by the investigator.

Sample Collection of Routine Blood and Biochemical 
Tests
Venous blood was collected after an overnight fast from 
the patients. The patients did not consume any food or 
drink for at least 8 hours before the sample collection. On 
the day of sample collection, early in the morning, 5 mL of 
cubital venous blood was collected from each patient and 
placed in heparin anticoagulation tubes. After centrifuga-
tion at 3000 rpm for 5 min, the plasma was separated from 
each sample, sealed in individual EP tubes, and stored in 
a refrigerator at −20°C for testing various indicators. The 
measurement of liver function metabolism-related indica-
tors, kidney function-related indicators, electrolytes, urin-
ary uric acid (UUA), and C-reactive protein (CRP) level 
was performed using 7600 automatic biochemical analyzer 
(Hitachi Limited, Tokyo, Japan). The erythrocyte sedimen-
tation rate (ESR) was measured with the MONITOR-100 
erythrocyte sedimentation rate analyzer (Vital Diagnostics 

S.r.l., Balzella, Italy). The complete blood routine was 
tested using the XN-9000 whole blood automatic analyzer 
(Sysmex Corporation, Kobe, Japan), and the complete 
urine routine was tested using the UF-4000 automatic 
urine analyzer (Sysmex Corporation, Kobe, Japan). In 
addition, the MORD formula was used to calculate the 
estimated glomerular filtration rate (eGFR).

Ultrasonography
The EPIQ7c ultrasonic imaging instrument (PHILIPS, 
Washington, USA) with convex array probe was used. The 
probe frequency was 1–5 MHz, and the abdominal kidney 
mode was selected. The subject was made to lie on his/her 
back or side, with the probe at the posterior axillary line, 
directing the sound beam inside and forward, for longitudinal 
scanning. The liver and spleen were taken as the acoustic 
window to obtain the largest coronal surface of the kidney. 
The kidney under the coronal plane was broad bean-shaped 
convex and concave, and the middle part of the kidney was 
the hilar structure. The longitudinal section of the kidney of 
a healthy person is elliptical or flat oval, with a smooth and 

Figure 1 CONSORT flow diagram. 
Abbreviation: ACR/EULAR, American Academy of Rheumatology/European Anti-Rheumatism Alliance.
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clear capsule. Compared with the echo of the liver parench-
yma, the renal cortex had a uniform mid-to-low echo, and the 
renal medulla was composed of renal cones.17 The renal 
cones were round or triangular with weak echo, as depicted 
in (Figure 2C). The tip of the vertebral body was blunt and 
round, extending to the renal sinus, called the renal papilla. In 
the early stage of gout, the stones were small, distributed in 
the papilla of the kidney, and there was generally no sound in 
the back. US has high sensitivity and specificity for large 
calculi (≥5 mm); therefore, this test defined the intrarenal 
hyperechoic light mass ≥ 5 mm as having calculus,18 as 
shown in (Figure 2B). With disease progression, strong 
echoic light clusters were visible throughout the renal cone 
and were arranged in a radial pattern, followed by sound and 

shadow,19 as shown in (Figure 2A). The anteroposterior, left- 
right, and up-and-down diameters of the left and right kid-
neys of 227 patients with primary gout were measured, and 
the average of the left and right kidney volumes were calcu-
lated. Meanwhile, the cortical thickness and parenchymal 
thickness of the left and right kidneys were measured, and 
the average value was determined. Moreover, we confirmed 
whether the renal medulla echo was higher (radial) than the 
adjacent cortex echo and whether kidney stones were 
present.14

Statistical Analyses
SPSS22.0 software (IBM, Armonk, NY, USA) was used 
for performing all the statistical analyses. Normally 

Figure 2 Ultrasound examination of the kidney in a patient with gout. (A) The largest coronal surface of the kidney in the patient’s lateral position shows that the right renal 
medulla of the patient with gout has increased echo (indicated by the yellow arrow). (B) The largest coronal view of the kidney from a patient in lateral decubulation, 
showing a pyramidal stone in a patient with gout (indicated by the yellow arrow). (C) Maximum coronal view of ultrasonography kidney image of a normal patient in lateral 
decubitus position.
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distributed data are expressed as mean ± standard devia-
tion (x ± s) values. Spearman correlation analysis was used 
to evaluate the relationship between variables, and the 
Mann–Whitney U-test was used to test whether the differ-
ence between the analysis groups was significant. Two- 
class logistic regression analysis was performed, and the 
results were considered statistically significant at P < 0.05.

Results
Clinical Characteristics and 
Ultrasonography Index Statistics
This study involved 227 patients, including 8 women (3.5%) 
and 219 men (96.5%); 42 patients (18.5%) had hypertension, 
while 185 (81.5%) did not have hypertension. Twenty-eight 
patients (12.3%) had diabetes, while 199 (87.7%) did not; 
172 patients (75.6%) had tophi, while 55 (24.4%) did not 
have tophi (Table 1). (Hypertension, diabetes patients are 
secondary to gout, rather than the primary).

The Correlation Between SUA Level and 
Laboratory Indicators in Patients with 
Gout
Serum uric acid (SUA) levels were positively correlated 
with basophil (BA), alanine aminotransferase (ALT), 
aspartate transaminase (AST), UREA (urea), CREA, esti-
mated glomerular filtration rate (eGFR), CysC, 
β2-microglobulin (β2-MG), triglycerides (TG), total pro-
tein (TP) and albumin (ALB). The serum uric acid (SUA) 
level was negatively correlated with pH and fasting plasma 
glucose (FPG) (P < 0.05) (Table 2).

The Correlation of Ultrasonography 
Indicators with General Condition and 
Laboratory Indicators in Patients with 
Gout
Kidney volume was positively correlated with height, 
weight, BMI, red blood cell (RBC) count, hemoglobin 
(HGB) level, platelet (PLT), ALT, GGT, UAA, TP, TG, 
and low-density lipoprotein cholesterol (LDL-C), while it 
was negatively correlated with age, disease course, urea 
level, creatinine (CREA) level, eGFR, cystatin C (CysC), 
β2-microglobulin (β2-MG), high-density lipoprotein cho-
lesterol (HDL-C) level, apolipoprotein A-I/apolipopro-
tein B (ApoA-I/ApoB) ratio, and ESR (P < 0.05) 
(Table 2).

The thickness of the renal cortex was positively corre-
lated with height, weight, BMI, RBC, HGB level, lympho-
cytes percentage (LY%), ALT, TP, albumin, and white 
sphere ratio A:G, while it was negatively correlated with 
age, disease course, neutrophil percentage (NE%) count, 
urea level, CREA level, eGFR, CysC level, β2-MG level, 
homocysteine (Hcy) level, and ESR (P < 0.05) (Table 2).

The parenchymal thickness of the kidney was posi-
tively correlated with the height, weight, BMI, RBC 
count, HGB level, PLT count, LY%, mononuclear cells 
(MO), ALT level, GGT level, albumin level, and white 
sphere ratio, while it was negatively correlated with age, 
disease course, NE%, urea level, CREA level, eGFR, 
CysC level, β2-MG level, and ESR (P < 0.05) (Table 2).

The echo of the renal medulla was positively correlated 
with age, disease course, urea level, CREA level, CsyC 
level, β2-MG level, and ESR, and it was negatively corre-
lated with height, weight, RBC count, HGB level, BA, 
ALT level, GGT level, ALB level, and UUA level (P < 
0.05) (Table 2).

Kidney stones were positively correlated with disease 
course, urea level, CREA level, HDL-C level, and lipo-
protein A level, and it was negatively correlated with 
height, weight, BMI, HGB level, ALT level, GGT level, 
and PH value (P < 0.05) (Table 2).

Intra-Group Correlation Analysis 
Between the Groups with Different 
Levels of Blood Uric Acid
Patients were grouped as per the quartile of the SUA 
level, as follows: Q1 was SUA ≤ 436 μmol/L, Q2 was 
436 μmol/L < SUA ≤ 513 μmol/L, Q3 was 513 μmol/L 
< SUA ≤ 611 μmol/L, and Q4 was SUA > 611 μmol/L.

Table 1 Analysis of Clinical Characteristics and Ultrasonic 
Indicators of Patients with Gout

n x±s

Male/Female 219/8
Age (year) 227 46.352±14.94

Disease duration (year) 227 5.013±5.685

Height (cm) 227 167.41±6.662
Weight (kg) 227 73.419±12.432

BMI (kg/m2) 227 26.156±3.716

Kidney volume (cm^3) 227 236.616±59.418
Renal cortex thickness (cm) 221 0.812±0.129

Renal parenchyma (cm) 227 1.794±0.260

The medulla of the kidney echoes 227 1.322±0.408
Number of kidney stones 227 1.648±1.879

Abbreviation: BMI, body mass index.
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When the SUA level was in the range of 436 μmol 
to 513 μmol/L and 513 μmol/L to 611 μmol/L, the 
thickness of the renal cortex was negatively correlated 
with the CysC level (r = −0.446, P = 0.001; r = −0.409, 
P = 0.002). When the range of SUA was > 611 μmol/L, 
the renal medulla echo was positively correlated with 
the CysC level (r = 0.292, P = 0.034). When the SUA 
level was 513–611 μmol/L, the renal medulla echo was 
negatively correlated with the GGT level (r = −0.460, 
P < 0.001); further, there was a positive correlation 
between kidney stones and the CysC level (r = 0.367, 
P = 0.005).

Binary Logistic Regression Analyses
With the thickness of the renal cortex set as the dependent 
variable Y and adjusting for confounding factors such as 
height, weight, BMI, CREA level, CysC level, and β2-MG 
level etc., binary logistic regression analysis was performed. 
The results showed that the disease course [OR = 0.872 
(0.762, 0.997)], AST level [OR = 0.911 (0.84, 0.989)], 
CREA level [OR = 0.345 (0.167, 0.713)], and tophi [OR = 
0.12 (0.026, 0.551)] were risk factors for the thinning of the 
renal cortex in gout patients (Figure 3A).

With the renal medulla echo set as the dependent vari-
able Y and adjusting for confounding factors such as 

Table 2 Correlation Analysis of SUA and Ultrasonic Indexes with Laboratory Indexes

SUA (μmol/L) Kidney 
Volume 
(cm^3)

Renal Cortex 
Thickness (cm)

Renal 
Parenchyma 
(cm)

The Medulla of 
the Kidney 
Echoes

Kidney Stones

r P r P r P r P r P r P

Disease duration (year) 0.122 0.07 −0.227 0.001 −0.213 0.001 −0.179 0.007 0.28 <0.001 0.141 0.033

Height (cm) 0.168 0.012 0.315 <0.001 0.174 0.009 0.199 0.003 −0.219 0.001 −0.184 0.006

Weight (kg) 0.076 0.262 0.629 <0.001 0.242 <0.001 0.323 <0.001 −0.158 0.017 −0.324 <0.001
BMI (kg/m2) 0.018 0.788 0.562 <0.001 0.211 0.002 0.275 <0.001 −0.079 0.236 −0.25 <0.001

RBC (10^12/L) 0.073 0.28 0.349 <0.001 0.282 <0.001 0.279 <0.001 −0.203 0.003 −0.113 0.095

HGB (g/L) 0.116 0.089 0.267 <0.001 0.276 <0.001 0.290 <0.001 −0.190 0.005 −0.145 0.033
PLT (10^9/L) −0.05 0.464 0.321 <0.001 0.11 0.108 0.153 0.023 −0.046 0.496 −0.048 0.481

NE (%) −0.081 0.234 −0.113 0.094 −0.151 0.028 −0.227 0.001 0.087 0.199 0.113 0.096

LY (%) 0.082 0.23 0.12 0.076 0.183 0.007 0.219 0.001 −0.074 0.273 −0.126 0.062
ALT (U/L) 0.147 0.029 0.222 0.001 0.148 0.031 0.187 0.005 −0.147 0.029 −0.139 0.04

GGT (U/L) 0.103 0.132 0.320 <0.001 0.135 0.052 0.137 0.044 −0.242 <0.001 −0.199 0.003

UREA (mmol/L) 0.143 0.034 −0.173 0.01 −0.227 0.001 −0.176 0.009 0.228 0.001 0.161 0.017
CREA (μmol/L) 0.197 0.003 −0.308 <0.001 −0.317 <0.001 −0.360 <0.001 0.207 0.002 0.144 0.133

eGFR (mL/min) 0.259 <0.001 −0.176 0.009 −0.168 0.014 −0.180 0.008 0.112 0.096 0.032 0.633

CysC (mg/L) 0.175 0.01 −0.257 <0.001 −0.391 <0.001 −0.361 <0.001 0.255 <0.001 0.073 0.283
Hcy (μmol/L) 0.13 0.073 −0.132 0.069 −0.210 0.004 −0.174 0.016 0.071 0.328 0.086 0.237

β2-MG (mg/L) 0.146 0.032 −0.365 <0.001 −0.382 <0.001 −0.389 <0.001 0.247 <0.001 0.098 0.15

TP (g/L) 0.155 0.022 0.137 0.043 0.138 0.044 0.109 0.107 −0.117 0.084 −0.037 0.591
ALB (g/L) 0.152 0.025 0.128 0.058 0.243 <0.001 0.265 <0.001 −0.166 0.014 −0.043 0.531

A:G 0.076 0.262 0.049 0.474 0.216 0.001 0.226 0.001 −0.128 0.058 −0.062 0.363

TG (mmol/L) 0.240 0.001 0.206 0.004 0.025 0.734 0.02 0.777 −0.132 0.063 −0.076 0.285
HDLC (mmol/L) −0.018 0.805 −0.149 0.036 0.057 0.428 −0.082 0.25 0.032 0.655 0.142 0.046

LDLC (mmol/L) 0.061 0.394 0.141 0.047 0.056 0.437 0.068 0.34 −0.06 0.405 0.033 0.649
Lp(a) mg/L −0.092 0.205 −0.075 0.304 −0.037 0.618 −0.085 0.241 0.141 0.053 0.200 0.006

ApoA-I/ApoB −0.008 0.906 −0.145 0.043 −0.032 0.663 −0.01 0.891 −0.002 0.977 −0.054 0.448

ESR (mm/h) −0.129 0.07 −0.159 0.025 −0.198 0.006 −0.258 <0.001 0.221 0.002 0.13 0.068
UUA (umol/L) 0.124 0.08 0.278 <0.001 0.036 0.613 0.13 0.063 −0.140 0.046 −0.08 0.257

PH −0.244 <0.001 −0.002 0.979 0 0.995 0.065 0.345 −0.099 0.155 −0.251 <0.001

FPG (mmol/L) −0.221 0.003 −0.048 0.521 0.031 0.683 −0.014 0.847 −0.052 0.486 −0.023 0.76

Note: P < 0.05: statistically significant. 
Abbreviations: SUA, serum uric acid; BMI, body mass index; RBC, red blood cell; HGB, hemoglobin; PLT, platelet; NE%, neutrophils percentage; LY%, lymphocytes 
percentage; BA, basophil; ALT, alanine aminotransferase; GGT, gamma-glutamyl transpeptidase; UREA, urea; CREA, creatinine; eGFR, estimated glomerular filtration rate; 
CysC, cystatin C; Hcy, homocysteine; β2-MG, β2-microglobulin; TP, total protein; ALB, albumin; A:G, albumin/globulin ratio; TG, triglycerides; HDLC, high-density 
lipoprotein cholesterol; LDLC, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); ApoA-I/ApoB, apolipoprotein A-I/apolipoprotein B ratio; ESR, erythrocyte 
sedimentation rate; UUA, urine uric acid; FPG, fasting plasma glucose.
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disease duration, height, weight, BMI, urea level, CREA 
level and β2-MG level etc., binary logistic regression 
analysis was performed. The results showed that PH 
value [OR = 0.259 (0.096, 0.702)], GGT [OR = 0.969 
(0.952, 0.9896)] were the protective factors for hypere-
choic renal medulla in gout patients, while CysC level [OR 
= 234.172 (2.218, 24725.903)] and CRP level [OR = 1.029 

(1.003, 1.055)] were risk factors for high echo of the renal 
medulla in gout patients (Figure 3B and C).

Binary logistic regression analysis was performed 
using the number of kidney stones as the dependent vari-
able Y and adjusting for confounding factors such as age, 
height, weight, BMI, WBC count, RBC count, HGB level, 
NE%, LY% etc., The results showed that the disease 

Figure 3 Logistic regression analysis of renal ultrasound parameters and laboratory indexes in patients with gout. P < 0.05: statistically significant. (A) Risk factors for renal 
cortical thickness, showing that disease duration, AST, CREA and tophi were risk factors of renal cortical thinning in patients with gout. [OR (95% CI) were respectively 
0.872 (0.762, 0.997), 0.911 (0.84, 0.989), 0.345 (0.167, 0.713), 0.12 (0.026, 0.551)]. (B and C) Risk factors for renal medulla echo, showing that CRP and CysC are risk 
factors of renal hyperechogenicity of renal medulla in patients with gout [OR (95% CI) were respectively 1.029 (1.003, 1.055), 234.172 (2.218, 24725.903)].PH and GGT are 
protective factors of renal hyperechogenicity of renal medulla in patients with gout [OR (95% CI) were respectively 0.259 (0.096, 0.702), 0.969 (0.952, 0.986)], Among them, 
GGT protection factor is weak. (D and E) Risk factors for the presence of renal stones, showing that disease duration, PLT and HDL-C are the risk factors for gout patients 
with nephrolithiasis [OR (95% CI) were respectively 1.192 (1.01, 1.406), 1.014 (1.002, 1.027), 230.115 (2.116, 25024.194)], PH and GGT are protective factors of kidney 
stone formation in patients with gout [OR (95% CI) were respectively 0.185 (0.06, 0.574), 0.964 (0.946, 0.983)], Among them, GGT protection factor is weak. 
Abbreviations: CREA, creatinine; AST, aspartate transaminase; GGT, gamma-glutamyl transpeptidase; CRP, C reactive protein; CysC, cystatin C; PLT, platelet; HDL-C, 
high-density lipoprotein cholesterol.
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course [OR = 1.192 (1.01, 1.406)] and PLT count 
[OR=1.014 (1.002, 1.027)] were risk factors for a larger 
number of kidney stones in gout patients, and PH value 
[OR = 0.185 (0.06, 0.998)] was a protective factor for 
kidney stones (Figure 3D and E).

Discussion
Gouty arthritis is one of the most common inflammatory 
arthritis worldwide. The global prevalence of this disorder 
is about 1% to 6.8%,20 and the incidence is about 0.58– 
2.89/1000 people/year. Gout is more common in men than 
in women. Despite the increasing prevalence and inci-
dence of gout, it is poorly managed in many countries. 
Kidney damage is a common complication in patients with 
primary gout20 with a high incidence. It is one of the main 
reasons for the decline in the quality of life and an increase 
in the mortality rate of patients with primary gout. Current 
studies have shown that the main cause of kidney damage 
in gout may be closely related to the deposition of urate in 
the kidney tissue21 that leads to chronic progressive inter-
stitial inflammation of the kidneys, renal tubular atrophy, 
degeneration, fibrosis, and sclerosis. Patients with chronic 
kidney disease (CKD) have a high prevalence of acceler-
ated inflammation and endothelial dysfunction. 
Hyperuricaemia is associated with endothelial dysfunction. 
Decreased nitric oxide bioavailability may be the main 
reason.22 Studies have shown that,23 especially for gout 
patients with initial symptoms of related kidney diseases 
before the age of 30 y, early detection and timely inter-
vention can alleviate renal damage, improve renal func-
tion, and resolve primary gout. Moreover, it is noteworthy 
that such management can improve the life quality and 
reduce the mortality rate in gout patients.

Our research found that the development of tophi, 
disease course, CREA level, and AST level of joint tophi 
were risk factors for the thinning of the renal cortex in 
gout patients. Studies have shown that in comparison to 
patients without tophi, early gout patients with tophi tend 
to show significantly higher BMI and SUA levels at an 
early stage, with lower eGFR. Moreover, it is known that 
high SUA levels and gout duration are the main determi-
nants of tophi formation.24 In the clinical diagnosis and 
treatment process, US can enable early detection of the 
deposition of urate crystals in the joints and kidneys of 
patients and facilitate early identification of patients with 
asymptomatic hyperuricemia.25,26 Our study found an 
increased risk of renal cortex thinning in patients with 
gout combined with articular tophi. This result indicated 

the possibility of performing early renal US in patients 
with articular tophi for the early detection of renal damage. 
Moreover, we found that the longer the course of gout 
patients, the higher the risk of thinning of the renal cortex. 
This result further suggested that early detection and early 
intervention of gout patients were extremely important to 
prevent gout-induced kidney damage. It is known that 
CREA is a product of muscle metabolism in the human 
body and is mainly filtered by the glomerulus and excreted 
from the body. If the glomerular filtration capacity 
decreases, the serum CREA concentration rises proportio-
nately. If the blood creatinine value is higher than the 
normal value, it indicates kidney damage; therefore, the 
blood CREA level can more accurately reflect renal par-
enchymal damage.27,28 Our research found that the higher 
the CREA level, the higher the risk of renal cortex thin-
ning in gout patients, suggesting that in the clinical diag-
nosis and treatment process, we could indirectly predict 
renal function impairment through the US changes in the 
renal cortex. In contrast, we could also use the blood 
CREA level to predict the related changes in the renal 
cortex indirectly. Moreover, our research showed that the 
higher the AST, the higher the risk of renal cortex thinning 
in gout patients. Although the AST level is an indicator of 
liver metabolism and appears to exert limited influence on 
the kidneys, genome-wide association studies29,30 have 
confirmed that the kidneys, intestines, and liver are related 
sites for uric acid regulation. Therefore, changes in AST 
may be an indirect risk factor for the thinning of the renal 
cortex in gout patients.

Our study found that the echo of the renal medulla in 
gout patients tended to be increased. Our results showed 
that when the uric acid level was 436–611 μmol/L, the 
thickness of the renal cortex was negatively correlated 
with the CysC level; when the range of the SUA level 
was > 611 μmol/L, the echo of the renal medulla was 
positively correlated with the CysC level. In addition, 
when the range of SUA level was 513–611 μmol/L, there 
was a positive correlation between the presence of kidney 
stones and CysC level. It could be inferred that the higher 
the level of uric acid in gout patients, the more severe the 
damage to the renal cortex and the medulla. Therefore, 
CysC and kidney stones are closely related to the renal 
damage caused by high uric acid levels. Moreover, logistic 
regression analysis showed that CysC and CRP levels 
were risk factors for increased renal medulla echo in 
gout patients. Previous studies have found that CysC 
level can reflect the changes in renal function more 
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sensitively in patients with hydronephrosis caused by uret-
eral stones.31 Meanwhile, as per previous studies, in 
patients with acute kidney injury, the CysC level could 
predict the recovery of the kidney earlier than creatinine 
level.32 CysC level can detect the changes in renal func-
tion earlier and more sensitively; Research work has 
demonstrated that CysC is a sensitive indicator for the 
diagnosis of early renal damage.33 Previous studies have 
suggested that UA-induced endothelial dysfunction in the 
kidney is a major mechanism of renal disease via induc-
tion of impaired vasodilatation and hemodynamic altera-
tion. Vascular diseases might be associated with 
hyperuricemia, which leads to endothelial cell damage 
and vascular smooth muscle cell proliferation. CysC 
might be a marker for renal function damage and inflam-
mation. Hyperuricemia is the risk factor of renal disorder 
in gout patients.34 Therefore, dynamic monitoring of CysC 
has important clinical significance in the assessment of the 
degree of kidney damage.35,36 Our results further sug-
gested that CysC had important significance in the assess-
ment of early renal damage in gout patients. It is known 
that the serum CRP concentration is increased during the 
acute phase of gout. Studies have confirmed that CRP is 
the main MSU binding protein,37 and CRP can enhance 
the binding of C1qB and MSU crystals in human serum. 
However, it is unclear whether the combination of CRP 
and MSU crystals will regulate inflammation in the acute 
phase or whether this is an ineffective attempt by the 
immune system to clear the crystals. Our research showed 
that the increased combination of CRP and MSU crystals 
might accelerate the deposition of MSU crystals in the 
kidney that increases the echo of the renal medulla under 
ultrasonography. Our research also found that when the 
uric acid level was 513–611 μmol/L, the renal medulla 
echo was negatively correlated with the GGT level. 
Furthermore, the logistic regression analysis showed that 
GGT was a weak protective factor for the elevation of 
kidney stones and renal medulla echo in gout patients. It 
is known that GGT is an enzyme located outside the cell 
membrane and is widely distributed in human tissues, with 
the highest proportion being present in the kidneys.38 

Increased GGT activity is an important sign of increased 
oxidative stress and insufficient anti-oxidation. Research 
has shown that increased GGT activity is associated with 
an increased risk of cardiovascular disease.39 Moreover, 
elevated serum GGT level can predict the occurrence of 
metabolic syndrome and cardiovascular disease.39–42 The 
results of our study contradicted those reported by 

previous studies. The mechanism might be related to the 
enhancement of GGT activity to compensate for oxidative 
stress, and its increase could be an early marker of early 
kidney damage. However, the present results need to be 
confirmed in future studies on larger samples.

The prevalence of kidney stones in gout patients is 
very high.43 Our study found that the disease course, 
PLT count, and HDL-C level were risk factors for kidney 
stones in gout patients. Previous studies have shown that 
patients with gout tend to show hyperactivity of 
platelets.44 It is known that glycoprotein VI (GPVI) recep-
tors exist on platelets and are proteolytically cleaved after 
platelet activation. During the occurrence and develop-
ment of gout, especially in the acute phase, platelet activa-
tion increases. Therefore, the mechanism by which 
elevated PLT increases kidney stones in patients with 
gout may be closely related to the changes in the renal 
vascular blood flow caused by enhanced platelet activa-
tion. This result is crucial for predicting the occurrence of 
kidney stones in gout patients. However, this result needs 
to be confirmed by a large number of clinical studies. 
Previous studies have reported that 61% of gout patients 
have hyperlipidemia.45 Owing to the composition and 
biological complexity of HDL, HDL may promote RCT, 
anti-oxidation, anti-inflammatory, anti-apoptosis, and anti- 
thrombosis functions. According to the Third National 
Health and Nutrition Examination Survey Report in the 
United States, after adjusting for age and sex, elevated 
high-density lipoproteins in gout patients can lower the 
risk of gout. Studies have shown46–48 that serum urate- 
mediated effect between HDL-C and gout, suggesting that 
elevated HDL-C can reduce serum urate, thus directly 
affecting gout and indirectly lowering the risk of gout. 
Our research showed that HDL-C is a risk factor for 
kidney stone formation in gout patients, and its mechanism 
might be related to its impaired anti-inflammatory activity. 
However, this result needs to be confirmed by a large 
number of clinical studies.

In sum, our study showed that the disease course, AST 
level, CREA level, and tophi were risk factors for renal 
cortex thinning in gout patients. Disease course, PLT 
count, and HDL-C level were risk factors for kidney stone 
formation in gout patients, and CysC and CRP levels were 
risk factors for increased renal medulla echo in gout patients. 
These findings suggested that we should pay attention to the 
above-mentioned laboratory indicators early in the clinical 
diagnosis and treatment process to enable early identification 
and timely intervention of renal changes in patients with 
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gout. To a certain extent, it can early detect the occurrence of 
kidney damage in gout patients. Our results also showed that 
in the clinical diagnosis and treatment process, the assess-
ment of renal function in gout patients should focus on the 
indicator of the CysC level. The increase in this index posed 
a very high risk for an increase in the renal medulla echo; 
therefore, it might be an independent risk factor for the 
increase of renal medulla echo, and early evaluation and 
intervention of this indicator might be crucial for preventing 
kidney damage caused by gout. However, owing to the 
limitation of the sample size, further research on a larger 
sample is needed.
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