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and outcomes of anti-neutrophil
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renal vasculitis with hyperuricemia:
a retrospective case-control study
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The objective of the study was to evaluate the clinicopathological characteristics and investigate

the clinical determinants of patient and renal survival in the first 12 months after diagnosis in
anti-neutrophil cytoplasmic antibody (ANCA)-associated renal vasculitis (AAV) patients with
hyperuricemia. This was a retrospective case-control study in patients with AAV-related renal injury
in the First Affiliated Hospital of Zhengzhou University from January 2014 to April 2019. Patients
who met the study criteria were divided into two groups: patients without hyperuricemia (n=92) and
patients with hyperuricemia (n=55). Participants were followed-up for 12 months, and progressing
to end-stage renal disease (ESRD) and death was treated as the endpoint event. We found that the
level of serum creatinine was an independent risk factor for hyperuricemia, and the level of serum uric
acid was an independent risk factors for renal survival and patient survival in ANCA-associated renal
vasculitis patients. The crescents formation and the proportion of fibrous crescent likely contributed
to severe clinical characteristics and renal pathological changes in ANCA-associated renal vasculitis
patients with hyperuricemia. Hyperuricemia has an important influence on the progression of ANCA-
associated renal vasculitis. A good control of serum uric acid may improve the prognosis.

Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is a small-vessel vasculitis character-
ized by necrotizing inflammation of small vessels (including small arteries, arterioles, capillaries and venules) in
conjunction with ANCA. AAV is also a chronic autoimmune disease associated with multisystem dysfunction,
and renal involvement is one of the most common manifestations which are closely associated with the outcomes.
AAV patients with renal injury are increasingly recognized as a life-threatening disease, with about 20-25% of
patients progressing to the end-stage renal disease (ESRD) within several years!.

Serum uric acid (SUA) is the final enzymatic product of purine metabolism of bodies. Abnormal nucleic acid
metabolism and/or dysuric acid excretion in vivo caused by any reason can affect the level of blood uric acid,
leading to the prevalence of hyperuricemia. Hyperuricemia has been found to be associated with damage of
impartment organs and results in many diseases such as hypertension?, metabolic syndrome?, atherosclerosis?,
myocardial infarction®, diabetes mellitus®, stroke” and so on. Studies have shown that hyperuricemia is an inde-
pendent risk factor in the progression of IgA nephropathy®®. Hyperuricemia plays an important role in the
development or progression of acute kidney injury (AKI) and chronic kidney disease (CKD) although there is
no clear cutoff uric acid value associated to the risk for kidney damage'®!". However, few studies were reported
about the detailed characteristics of ANCA-associated renal vasculitis patients with hyperuricemia. In this single-
center retrospective study, we investigated the clinicopathological characteristics and the clinical determinants
of patient and renal survival in ANCA-associated renal vasculitis patients.
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Parameter Without HUA (n=92) | With HUA (n=55) P value

Age (years) 60.17 £ 11.14 58.36 +12.51 0.364
Gender (male/female, n)

Male 49 (53.26) 27 (49.09) 0.626
Female 43 (46.74) 28 (59.91)

Hypertension, n (%)

No 51 (55.43) 24 (43.64) 0.168
Yes 41 (44.57) 31 (56.36)

Diabetes mellitus, n (%)

No 82 (89.13) 53 (96.36) 0.122
Yes 10 (10.87) 2(3.64)

Cardiovascular diseases, n (%)

No 85 (92.39) 52 (94.55) 0.617
Yes 7(7.61) 3(5.45)

Systolic BP (mmHg) 142.43 +28.63 154.35 + 26.82 0.014
Diastolic BP (mmHg) 89.41 £ 10.15 93.20 +10.08 0.030
Uric acid (pmol/L) 276.35 £ 68.81 459.33 +77.43 <0.001
Serum creatinine (umol/L) 227.08 + 152.68 330.64 + 175.37 <0.001
eGFR (ml/min/1.73 m2) 36.80 (16.02-49.27) 25.27 (9.91, 34.00) <0.001
Hemoglobin (g/L) 90.29 + 16.08 93.14 £ 20.68 0.353
Serum albumin (g/L) 34.65 + 35.38 33.81 £4.84 0.861
24 h-proteinuria (g) 2.01 (0.91-2.41) 2.18 (1.04-2.29) 0.139
Urine RBC counts (RBCs/HPF) 249.11 (14.25-354.50) 240.82 (38.00, 322.00) 0.421
CRP (mg/L) 56.17 (5.05-99.50) 33.98 (2.40, 54.70) 0.038
ESR (mm/h) 74.32 £ 40.53 75.15 + 36.69 0.901
Complement C3 (mg/L) 1.07 (0.89-1.29) 1.10 (0.92-1.26) 0.917
Complement C4 (mg/L) 0.27 (0.22-0.31) 0.30 (0.24, 0.35) 0.121
Total cholesterol (mmol/L) 4.17 £ 1.14 4.76 £ 1.39 0.006
Triglycerides (mmol/L) 1.22 (0.90-1.49) 1.50 (1.05-1.70) 0.024
HDL-C (mmol/L) 1.13 (0.81-1.40) 1.41 (0.85-1.30) 0.895
LDL-C (mmol/L) 2.69+1.19 2.84 £ 1.06 0.438
Anti-MPO (U/mL) 791.14 + 172.40 584.89 + 450.74 0.387
Anti-PR3 (U/mL) 49.68 (3.00-10.75) 72.36 (5.00-14.00) 0.146
BVAS 17.80 (15.00-21.00) 17.95 (15.00-20.00) 0.717

Table 1. Demographics and clinical characteristics of 147 ANCA-associated renal vasculitis patients with

and without hyperuricemia. Values for continuous variables were given as the mean + standard deviation (for
normally distributed data) or median (interquartile range [IQR]; for nonnormally distributed data). Values

for categorical variables were given as number or number (percentage). HUA hyperuricemia, eGFR estimated
glomerular filtration rate, BP blood pressure, RBC red blood cell, ESR erythrocyte sedimentation rate ,CRP C
reactive protein, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, Anti-
MPO myeloperoxidase antibody, Anti-PR3 protease 3 antibody, BVAS Birmingham Vasculitis Activity Score. P
value: comparison between two groups. P<0.05 was considered significant.

Results

Demographic and clinical characteristics. A total of 147 ANCA-associated renal vasculitis patients
(92 without hyperuricemia and 55 with hyperuricemia) were enrolled. There were 72 (48.98%) with hyperten-
sion, 12 (8.16%) with diabetes mellitus and 10 (6.80%) with cardiovascular diseases at diagnosis. Among 55
patients with hyperuricemia, there were 27 (49.09%) males and 28 (50.91%) females. No significant difference
was observed between genders. Table 1 shows the baseline clinical characteristics and laboratory parameters at
diagnosis in the two groups. Compared with the patients without hyperuricemia, the levels of estimated glo-
merular filtration rate (eGFR) and C-reaction protein (CRP) were significantly lower in patients with hyper-
uricemia, while the level of systolic blood pressure, diastolic blood pressure, serum creatinine, total cholesterol
and triglycerides were significantly higher.

There were no significant differences in age, patients with hypertension at diagnosis, patients with diabetes
mellitus at diagnosis, patients with diabetes mellitus at diagnosis, patients with cardiovascular diseases at diag-
nosis, ESR, hemoglobin, serum albumin, 24 h-proteinuria, urine RBC counts, complement C3, complement C4,
HDL-C, LDL-C, anti-MPO, anti-PR3 and BVAS between the patients in two groups (Table 1).
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Figure 1. Proportion of patients with HUA for each CKD stage. The proportion of patients with HUA was
14.29% in CKD stage G1, 18.75% in CKD stage G2, 25.00% in CKD stage G3a, 26.92% in CKD stage G3b, and

CKD G3b

CKD G4-5
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51.35% in CKD stage G4-5. This was a significant difference among the CKD stages (P=0.013).

Parameter Without HUA (n=92) | With HUA (n=55) Pvalue
Total number of glomeruli (n) 24.03+12.34 26.65+13.19 0.226
Normal glomeruli (%, (mean +SD)) 45.02% +27.40% 31.20%+21.81% 0.001
Crescent (%, (mean+SD)) 46.22%+27.91% 55.12% +22.73% 0.047
Cellular crescent (%, (median, IQR)) 17.27% (0.00, 26.24%) 12.82% (0.00, 21.05%) | 0.437
Fibrocellular crescent (%, (median, IQR)) 9.30% (0.00, 15.52%) 8.54% (0.00, 12.00) 0.713
Fibrous crescent (%, (mean +SD)) 19.97% +24.29% 33.75% +26.06 0.001
Fibrinoid necrosis (%, (mean +SD)) 2.23%+11.32% 0.23%+0.98% 0.096
Global glomerulosclerosis (%, (median, IQR)) 8.89% (0.00, 11.71%) 13.69% (0.00, 21.05%) | 0.057
Destruction of Bowman’s BM (%, (mean +SD)) 22.94% +19.40% 24.83%+17.14% 0.552
Tubular atrophy integral 0.41 (0.00, 1.00) 0.67 (0.00, 1.00) 0.031
Interstitial fibrosis integral 1.09 (0.00, 2.00) 1.51 (1.00, 3.00) 0.020
Interstitial inflammatory cell infiltration integral 2.11 (2.00, 3.00) 2.20 (1.00, 3.00) 0.582
Microangiopathic lesions, n (%)

No 81 (88.04) 51 (92.73) 0.364
Yes 11 (11.96) 4(7.27)

Table 2. Pathologic characteristics of AAV-related renal involvement patients with or without hyperuricemia
at the time of biopsy. Values for continuous variables were given as the mean + standard deviation (for
normally distributed data) or median (interquartile range [IQR]; for nonnormally distributed data). The semi-
quantitative scoring system was used to analyze tubulointerstitial lesions. Values for categorical variables were
given as number or number (percentage). P value: comparison between two groups. P<0.05 was considered as
significant. HUA, hyperuricemia; BM, basement membrane.

Proportion of patients with hyperuricemia for each CKD stage. The proportion of patients with
hyperuricemia was 14.29% (1/7 patients) in CKD stage G1, and increased significantly with increasing CKD
stage (Fig. 1). There was a significant difference among the CKD stages (P=0.013).

Pathological characteristics. The proportion of normal glomeruli (31.20%+21.81% vs.
45.02%+27.40%, P=0.001) was worse in patients with hyperuricemia than patients without hyperuricemia,
while the proportion of crescent (55.12% +22.73% vs. 46.22% +27.91%, P=0.047), the proportion of fibrous
crescent (33.75% £26.06% vs. 19.97% +24.29%, P=0.001), tubular atrophy integral (0.67 (0.00, 1.00 vs. 0.41
(0.00, 1.00), P=0.031 ) and interstitial fibrosis integral (1.51 (1.00, 3.00) vs. 1.09 (0.00, 2.00), P=0.020) were
more severe. No difference was observed in cellular crescent, fibrocellular crescent, fibrinoid necrosis, global
glomerulosclerosis, destruction of Bowman’s BM and microangiopathic lesions between two groups (Table 2).

Hyperuricemia-associated influencing factors in patients with AAV-related renal vasculi-
tis. The influencing factors were analyzed in patients with AAV-related renal vasculitis. Results of uni-
variate logistic regression analysis showed that systolic blood pressure (OR=1.015, 95% CI=1.003-1.027,
P=0.015), diastolic blood pressure (OR=1.037, 95% CI=1.003-1.072, P=0.033), serum creatinine (OR=1.004,
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Univariate analysis Multivariate analysis
Parameter OR (95%CI) Pvalue | OR (95%CI) Pvalue
Systolic BP (mmHg) 1.015 (1.003-1.027) |0.015 | 0.999 (0.979-1.019) | 0.902
Diastolic BP (mmHg) 1.037 (1.003-1.072) | 0.033 1.035 (0.982-1.091) |0.194
Serum creatinine (umol/L) 1.004 (1.002-1.006) | 0.001 1.005 (1.001-1.009) | 0.008
eGFR (ml/min/1.73 m2) 0.977 (0.961-0.994) | 0.007 1.017 (0.987-1.047) | 0.273
Total cholesterol (mmol/L) 1.457 (1.104-1.923) | 0.008 1.354 (0.941-1.935) | 0.096
Triglycerides (mmol/L) 1.943 (1.091-3.460) | 0.024 1.334 (0.290-2.580) | 0.391
CRP (mg/L) 0.990 (0.983-0.998) | 0.012 0.994 (0.985-1.003) | 0.159
Normal glomeruli (%) 0.978 (0.964-0.992) |0.003 | 0.975 (0.948-1.002) | 0.074
Crescent (%) 1.013 (1.000-1.027) | 0.049 0.975 (0.947-1.003) | 0.082
Fibrous crescent (%) 1.021 (1.008-1.035) | 0.002 1.020 (0.997-1.043) | 0.083
Tubular atrophy integral 1.555 (1.003-2.409) | 0.048 0.955 (0.500-1.824) | 0.888
Interstitial fibrosis integral 1.428 (1.046-1.948) | 0.025 0.943 (0.609-1.459) | 0.791

Table 3. Logistic regression analysis of factors related to a clinical diagnosis of ANCA-related renal vasculitis
patients with hyperuricemia.

95% CI=1.002-1.006, P=0.001), total cholesterol (OR=1.457, 95% CI=1.104-1923, P=0.008), triglycerides
(OR=1.943, 95% CI=1.091-3.460, P=0.024) , the proportion of crescent (OR=1.013, 95% CI=1.000-1.027,
P=0.049), the proportion of fibrous crescent (OR=1.021, 95% CI=1.008-1.035, P=0.002), tubular atro-
phy integral (OR=1.555, 95% CI=1.003-2.409, P=0.048 ) and interstitial fibrosis integral (OR=1.428, 95%
CI=1.046-1.948, P=0.025) were positively correlated with hyperuricemia. eGFR (OR=0.977, 95% CI=0.961-
0.994, P=0.007), CRP (OR=0.990,95% CI=0.983-0.998, P=0.012) and normal glomeruli (OR=0.978, 95%
CI=0.964-0.992, P=0.003) were negatively correlated with hyperuricemia. By multivariate logistic regression
analysis, only serum creatinine (OR=1.005, 95% CI=1.001-1.009, P=0.008) remained to be significantly associ-
ated with hyperuricemia (Table 3).

Predictors of patient outcome of ANCA-related renal vasculitis patients with hyperurice-
mia. Over the follow-up 12 months, 26/147 patients (17.69%) were lost to follow-up, and entered the survival
analysis as censored dates. 19/142 (12.93%) patients died during the follow-up period, including 7 (36.84%)
cases without hyperuricemia and 12 (63.16%) with hyperuricemia. The common causes of death in patients
without hyperuricemia were pulmonary infection (3/7, 42.86%), acute cerebral infarction (3/11, 28.57%), ali-
mentary tract hemorrhage (1/7, 14.26%) and lung hemorrhage (1/7, 14.26%), respectively. The common causes
of death in patients with hyperuricemia were pulmonary infection (6/12, 50.00%), lung hemorrhage (3/12,
25.00%), acute cerebral infarction (1/12, 0.83%), alimentary tract hemorrhage (1/12, 0.83%) and encephalor-
rhagia (1/17, 5.88%), respectively. The Kaplan-Meier survival curve in Fig. 2 indicated that hyperuricemia was
a predictor of poor prognosis (P=0.017).

Univariate Cox proportional hazard regression model analysis showed that systolic blood pressure (HR=1.017,
95% CI=1.002-1.032, P=0.031), diastolic blood pressure (HR=1.043, 95% CI=1.002-1.087, P=0.041), serum
uric acid (HR=1.008, 95%CI=1.004-1.012, P<0.001), the proportion of fibrous crescent (HR=1.016, 95%
CI=1.000-1.032, P=0.050) and interstitial fibrosis integral (HR=1.535, 95% CI=1.025-2.300, P=0.038) were
associated with mortality. Multivariate Cox proportional hazard regression model analysis revealed that only
serum uric acid (HR=1.007, 95%CI=1.002-1.011, P=0.002) was an independent risk factor for patient survival
in ANCA-related renal vasculitis patients (Table 4).

Predictors of renal outcome of ANCA-related renal vasculitis patients with hyperurice-
mia. Among the 147 patients for analysis, 3/92 (3.26%) patients without hyperuricemia and 10/55 (18.18%)
with hyperuricemia progressed to ERSD, respectively. Furthermore, 16 patients died before entering ESRD,
including 6 cases without hyperuricemia and 10 cases with hyperuricemia. The Kaplan-Meier survival curve in
Fig. 3 indicated that the hyperuricemia was a predictor of poor renal survival (P=0.001).

Univariate Cox proportional hazard regression model analysis revealed that serum uric acid (HR=1.009, 95%
CI=1.004-1.013, P=0.001), serum creatinine (HR=1.004, 95% CI=1.002-1.006, P<0.001), eGFR (HR=0.927,
95% CI=0.879-0.978, P=0.005), the proportion of normal glomeruli (HR=0.959, 95% CI=0.931-0.988,
P=0.006), the proportion of fibrous crescent (HR=1.029, 95% CI=1.012-1.045, P=0.001) and tubular atrophy
integral (HR=2.524, 95% CI=1.507-4.228, P<0.001) were associated with ESRD. Multivariate Cox proportional
hazard regression model analysis showed that serum uric acid (HR=1.007, 95% CI=1.001-1.013, P=0.016)
was an independent risk factors for renal survival in ANCA-related renal vasculitis patients. The proportion
of normal glomeruli (HR=0.944, 95% CI=0.896-0.996, P=0.034) was a protective factor as shown in Table 5.
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Figure 2. Kaplan-Meier survival curve for ANCA-related renal vasculitis patients.

Univariate analysis Multivariate analysis

Parameter HR (95%CI) Pvalue | HR (95%CI) P value
Systolic BP (mmHg) 1.017 (1.002-1.032) 0.031 | 1.003 (0.982-1.024) | 0.812
Diastolic BP (mmHg) 1.043 (1.002-1.087) 0.041 | 1.019 (0.967-1.073) | 0.478
Serum creatinine (umol/L) 1.002 (0.999-1.004) 0.138

eGFR (ml/min/1.73 m?) 0.984 (0.961-1.007) 0.179

Uric acid (umol/L) 1.008 (1.004-1.012) <0.001 | 1.007 (1.002-1.011) | 0.002
Total cholesterol (mmol/L) 1.357 (0.977-1.887) 0.069 | 1.153 (0.818-1.626) | 0.417
Triglycerides (mmol/L) 1.136 (0.600-2.152) 0.695

CRP (mg/L) 0.995 (0.985-1.005) 0.343

Normal glomeruli (%) 0.980 (0.959-1.001) 0.062 | 0.988 (0.961-1.016) | 0.411
Crescent (%) 1.008 (0.990-1.026) 0.393

Fibrous crescent (%) 1.016 (1.000-1.032) 0.050 | 1.005 (0.987-1.023) | 0.596
Tubular atrophy integral 1.205 (0.691-2.101) 0.510

Interstitial fibrosis integral 1.535 (1.025-2.300) 0.038 | 1.220 (0.741-2.009) | 0.435

Table 4. Cox proportional hazard regression model describing long-term risk of death of ANCA-related renal

vasculitis patients.

Discussion

This study investigated the clinicopathological characteristics and prognostic factors of 147 AAV patients with
renal involvement. Epidemiological studies had shown that the prevalence of hyperuricemia in the general
population was 13.3% (19.4% in male and 7.9% in female) in Mainland China'% But the prevalence varied greatly
according to demographic, socioeconomic, and geographic factors. In our study, the hyperuricemia prevalence in
ANCA-associated renal vasculitis was 37.41% (49.09% in male and 50.01% in female). In accordance with previ-
ous studies, age was confirmed as a significant risk factor for hyperuricemia, and the prevalence of hyperuricemia
increased from the age of 60 years'>!*. The population susceptible to AAV is elderly patients, so the prevalence of
hyperuricemia in ANCA-associated renal vasculitis patients was higher than general population. However, there
was no significant difference between genders even if the prevalence of hyperuricemia was lower in male than
female. Whether gender affects the incidence of hyperuricemia with ANCA-associated renal vasculitis remains
uncertain, and more clinical research is needed.
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Figure 3. Kaplan-Meier renal survival for ANCA-related renal vasculitis patients.

Univariate analysis Multivariate analysis

Parameter HR (95%CI) Pvalue | HR (95%CI) P value
Systolic BP (mmHg) 1.010 (0.994-1.027) 0.214

Diastolic BP (mmHg) 1.014 (0.967-1.063) 0.563

Serum creatinine(umol/L) 1.004 (1.002-1.006) <0.001 | 1.000 (0.995-1.005) | 0.987
eGFR (ml/min/1.73 m?) 0.927 (0.879-0.978) 0.005 | 0.951 (0.879-1.029) | 0.212
Uric acid (umol/L) 1.009 (1.004-1.013) 0.001 | 1.007 (1.001-1.013) | 0.016
Total cholesterol (mmol/L) 0.933 (0.624-1.397) 0.737

Triglycerides (mmol/L) 1.280 (0.648-2.526) 0.477

CRP (mg/L) 0.992 (0.980-1.004) 0.169

Normal glomeruli (%) 0.959 (0.931-0.988) 0.006 | 0.944 (0.896-0.996) | 0.034
Crescent (%) 1.021 (1.000-1.042) 0.052 | 0.977 (0.939-1.016) | 0.242
Fibrous crescent (%) 1.029 (1.012-1.045) 0.001 | 1.015 (0.983-1.048) | 0.350
Tubular atrophy integral 2.524 (1.507-4.228) <0.001 | 1.267 (0.595-2.697) | 0.540
Interstitial fibrosis integral 1.537 (0.991-2.384) 0.055 | 1.037 (0.630-1.707) | 0.888

Table 5. Cox proportional hazard regression model describing long-term risk of ESRD of ANCA-related renal
vasculitis patients.

Renal disease in AAV is common, occurring in over 80% of patients during the disease course and has been
identified as a predictor of mortailty of AAV patients'. Meanwhile, there is an increasing attention on the relation-
ship between hyperuricemia and kidney diseases'. In our study, the level of serum creatinine was much higher
and the eGFR was lower in patients with hyperuricemia than those without hyperuricemia, and the prevalence
of hyperuricemia rose in accordance with elevation of CKD stage with 51.35% in CKD G4-5. The serum creati-
nine was an independent risk factor for hyperuricemia. We also found that hyperuricemia was an independent
predictor of poor patients and renal survival over a follow-up 12 months, even after adjustment for the covariates
including systolic blood pressure, diastolic blood pressure, serum creatinine, eGFR, total cholesterol, triglycer-
ides, CRP, the proportion of normal glomeruli, crescent, fibrous crescent and so on. Higher level of serum uric
acid was significantly associated with a higher risk of progressing to ESRD, and was also an independent risk
factor for death. It was probably that ANCA-associated renal vasculitis and high level of serum uric acid led to
renal function impairment by directly mechanical damage or indirectly inflammation and cell phenotype inver-
sion, resulting in the reduction of uric acid excretion and the formation of a vicious cycle.
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As shown in a previous study, hyperuricemia was associated with hypertension, and was also related to the
endothelial dysfunction and development of cardiovascular and kidney disease'®. In our study, the prevalence
of hypertension in the 147 AAV patients was 48.98%. It was also observed that both systolic and diastolic blood
pressures were significantly higher in ANCA-associated renal vasculitis patients with hyperuricemia. It is likely
explained by following mechanisms: hyperuricemia reduced the synthesis and bioavailability of nitric oxide,
and induced oxidative stress and inflammation. Oxidative stress contributed to the increase of the inflammatory
response in turn, thus resulting in the development of hypertension!’.

In this study, the level of total cholesterol and triglycerides was also significantly higher in patients with
hyperuricemia in comparison to the patients without hyperuricemia. The possible mechanism was that lipid
accumulation and lipotoxicity in the kidney lead to lysosomal dysfunction, impaired autophagic flux, inflam-
mation, and oxidative stress'®. Elevations in lipid level and uric acid level interacted with each other, leading to
the impairment of renal structure and function in AAV patients. Consequently, many factors have been involved
in the development of hyperuricemia in ANCA-associated renal vasculitis patients, such as hypertension and
hyperlipidemia.

C-reactive protein was an acute-phase protein that raised sharply during the inflammatory response, and
was a sensitive indicator of AAV activity and infection". Elevated CRP in AAV patients in remission often indi-
cates disease relapse. However, CRP level varies greatly among different patients at the first diagnosis of AAVZ.
C-reactive protein to serum albumin ratio (CAR) may predict all-cause mortality in AAV patients®'. In this
study, both the levels of CRP in two groups were higher than normal level. We separately performed multivari-
able analysis with CRP, serum creatinine, systolic blood pressure, diastolic blood pressure, total cholesterol and
patients with cardiovascular diseases along with other variables with significance in univariable analysis. Only
serum creatinine remained to be significantly associated with hyperuricemia. The level of CRP was much lower
in patients with hyperuricemia in comparison to the patients without hyperuricemia. The reason was probably
that serum uric acid played an antioxidant and anti-inflammatory role as a powerful oxygen radical scavenger?>>.
Therefore, high serum uric acid levels led to attenuated inflammatory response, the decreased CRP production
and the accelerated plasma clearance in ANCA-associated renal vasculitis patients with hyperuricemia. Due
to the interaction between inflammatory response and complement system'?, raised CRP levels might inhibit
alternative complement pathway activation, which played a complex role in the progression of ANCA-associated
renal vasculitis with hyperuricemia.

Our study showed that there was no significant differences in age, gender, patients with hypertension at diag-
nosis, patients with diabetes mellitus at diagnosis, patients with cardiovascular diseases at diagnosis, the level
of ESR, hemoglobin, serum albumin, 24 h-proteinuria, urine RBC, complement C3, complement C4, HDL-C,
LDL-C, anti-MPO, anti-PR3 and BVAS between patients with and without hyperuricemia. It was likely because
patients with different demographic, socioeconomic, and geographic factors were included in this study and
the sample size was small.

In clinical work, some patients are unable to undergo kidney biopsy, while biopsy is important for diagnosis
and prognosis in AAV. Histologically, pauci-immune necrotizing crescentic glomerulonephritis is the most typi-
cal pathological characteristics in ANCA-associated renal vasculitis. Previous studies indicated that severe dam-
age and rupture of the glomerular capillary wall often led to the crescent formation, which was associated with
higher risk of renal function and renal progression*. Recent study demonstrated that patients developed ESRD
directly when the percentage of fibrous crescent + global glomerulosclerosis exceeded 32.6%?. Our results showed
that the proportion of crescents, fibrous crescents, tubular atrophy integral and interstitial fibrosis integral was
higher in ANCA-associated renal vasculitis patients with hyperuricemia than patients without hyperuricemia,
and all of them were associated with hyperuricemia occurrence in ANCA-associated renal vasculitis patients.
Besides, the proportion of fibrous crescents was associated with patient and renal survival in this study. Tubular
atrophy was positively correlated with poor renal outcome, and interstitial fibrosis was associated with poor
patient survival. They were not independent predictors. Therefore, they could be used as monitoring indexes
for identifying patients at increased risk of developing hyperuricemia, progressing to ESRD and death. We also
found that the proportion of normal glomeruli was higher in ANCA-associated renal vasculitis patients without
hyperuricemia than patients with hyperuricemia. The proportion of normal glomeruli was a protective factor
for hyperuricemia in ANCA-associated renal vasculitis patients, as well as an independent protective factor for
renal survival. We concluded that early detection and intervention of hyperuricemia in ANCA-associated renal
vasculitis patients may preserve more normal glomeruli and residual renal function. There were no differences
in cellular crescent, fibrocellular crescent, fibrinoid necrosis, global glomerulosclerosis, destruction of the base-
ment membrane of Bowman’s capsule, interstitial inflammatory cell infiltration integral and microangiopathic
lesions between two groups, which may be due to the small size of the above pathological types in this study.

The limitations of this study were summarized. Firstly, the follow-up period was short and the sample size was
also limited. The patients enrolled in this study may not be representative of all ANCA-associated renal vasculitis
patients. Secondly, the patients taking antigout drugs within 3 months before admission were excluded, and the
effect of therapy on hyperuricemia could not be analyzed.

Conclusions

In conclusion, ANCA-associated renal vasculitis patients with hyperuricemia presented more severe clinical
characteristics and renal pathological features. The level of serum creatinine was an independent risk factor for
hyperuricemia. The level of serum uric acid was an independent risk factors for patients and renal survival in
ANCA-associated renal vasculitis patients. The proportion of normal glomeruli was an independent protec-
tive factor for renal survival. The crescents formation, the proportion of fibrous crescent, tubular atrophy and
interstitial fibrosis were likely contributed to severe clinical characteristics and renal pathological changes in
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ANCA-associated renal vasculitis patients with hyperuricemia. Hyperuricemia has an important influence on the
progression of ANCA-associated renal vasculitis. A good control of serum uric acid may improve the prognosis.
Randomized controlled studies are needed for this purpose.

Methods

Study participants and data collection. Participants of ANCA-associated renal vasculitis receiving
renal biopsy were screened in the First Affiliated Hospital of Zhengzhou University from January 2014 to April
2019. The inclusion criteria were (1) renal impairment with proteinuria (> 300 mg/day) and/or haematuria (> 10/
mm?); (2) a positive ANCA assay (indirect immunofluorescence and/or an antigen-specific immunoassay); (3)
a renal biopsy confirming the presence of pauci-immune glomerulonephritis, and > 10 glomeruli were observed
in pathological sections; (4) patients did not take antigout drugs within 3 months before admission. The time
of diagnosis was defined as the date of the first ANCA-positive assay. The exclusion criteria included systemic
diseases involving the kidneys, such as systemic lupus erythematosus, Sjogren’s syndrome, hepatitis B virus asso-
ciated glomerulonephritis, Henoch-Schonlein purpura nephritis and diabetic nephropathy, other primary glo-
merular diseases, such as IgA nephropathy, membranous nephropathy, etc. Patients needed dialysis on admission
were also excluded. 147 patients with ANCA-associated renal vasculitis were enrolled in this study, including 76
males and 71 females. The average age was 59.50 + 11.66 years old. Participants were followed-up for 12 months,
and progressing to the ESRD and death was treated as the endpoint event. This study was approved by the Ethics
Committee of the First Affiliated Hospital of Zhengzhou University (Henan, China, No.2019-KY-015) (Fig. 4).

Statement.  All methods were performed in accordance with the relevant guidelines and regulations.

Clinical and laboratory findings. Clinical data included the following: gender, age, hypertension, dia-
betes mellitus, cardiovascular diseases, serum creatinine, serum uric acid, estimated glomerular filtration rate
(eGFR), systolic blood pressure, diastolic blood pressure, hemoglobin, serum albumin, 24 h-proteinuria, urine
RBC counts, CRP, ESR, complement C3, complement C4, total cholesterol, triglycerides, high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), myeloperoxidase antibody (anti-MPO),
protease 3 antibody(anti-PR3), Birmingham Vasculitis Activity Score (BVAS). Blood samples were taken for
laboratory test. eGFR was calculated with the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation®. The diagnosis criteria for hyperuricemia are defined as serum uric acid levels, male >420 pmol/L
(7 mg/dL), female > 357 umol/L (6 mg/dL)*". Referring to the 2009 U.S. KDIGO guidelines, CKD is clinically
divided into 5 stages according to eGFR level®®. Hypertension referred to a blood pressure>140/90 mmHg.
The blood pressure measurements were repeated twice in a patient in a sitting position and in the patient’s
right arm?. Diabetes mellitus was defined by the American Diabetes Association (ADA) "Standards of Medi-
cal Care in Diabetes-2019". Participants were identified as having diabetes mellitus if they had FPG =126 mg/
dL (7.0 mmol/L) or 2-h PG=200 mg/dL (11.1 mmol/L) during a 75-g oral glucose tolerance test (OGTT) or
HbA1c>6.5% (48 mmol/mol) or a random plasma glucose >200 mg/dL (11.1 mmol/L) in a patient with classic
symptoms of hyperglycemia or hyperglycemic crisis. Cardiovascular diseases are mostly caused by atheroscle-
rosis, and the most common are coronary artery disease and hypertensive heart disease. Coronary artery disease
refers to typical angina symptoms, ischemic ST-T changes in electrocardiograms, or a history of myocardial
infarction. Asymptomatic patients are identified as having coronary artery disease if they have ischemic ST-T
changes in electrocardiograms or are positive in exercise tests®!. The diagnostic criteria for high heart disease are
defined as left ventricular high voltage or ST-T changes in electrocardiogram or left ventricular hypertrophy in
echocardiogram™.

Histological examination of renal biopsy specimens. Renal specimens were obtained by percu-
taneous needle biopsy and were routinely examined by light microscopy, immunofluorescence and electron
microscopy. The presence of crescent, cellular crescent, fibrocellular crescent, fibrous crescent, fibrinoid necro-
sis, global glomerulosclerosis and destruction the basement membrane of Bowman’s capsule of each glomerulus
was recorded and calculated as the percentage of the total number of glomeruli. The semi-quantitative scoring
system was used to analyze tubulointerstitial lesions. The semi-quantitative criteria for interstitial inflammation
is evaluated according to the extent of inflammatory cells in the cortex: 0=no or trivial interstitial inflammation
(<10% of unscarred parenchyma), 1=10-25% of parenchyma inflamed, 2=26-50% of parenchyma inflamed,
3 =more than 50% of parenchyma inflamed. Interstitial fibrosis and tubular atrophy are evaluated according to
the extent of interstitial fibrosis with tubular atrophy in the cortex: 0=no or trivial interstitial fibrosis (<5% of
unscarred parenchyma), 1 =6-25% of interstitial fibrosis, 2 =26-50% of interstitial fibrosis, 3 = more than 50% of
interstitial fibrosis. The presence of microangiopathic lesions was calculated as the percentage of the number of
renal specimens in two groups, respectively®. (1) Normal glomeruli are defined as the presence of mild changes
due to ischemia or a small amount of inflammatory cell infiltration (less than four neutrophils, lymphocytes or
monocytes) while the absence of vasculitis lesions and bulbar sclerosis. (2) Global glomerulosclerosis is defined
as a sclerotic area with scarring involving more than 50% glomerular tuft. Cellular crescent is defined when more
than 50% crescent is occupied by the cells. (3) Fibrous crescent is defined when more than 90% crescent is occu-
pied by the extracellular matrix. (4) The fibrocellular crescent is defined when less than 50% crescent is occupied
by cells and less than 90% of the crescent is occupied by the extracellular matrix. (5) Tubular atrophy is defined
by a thick irregular TBM with decreased diameter of the tubules. (6) Interstitial inflammatory cell infiltration
is defined as an excess of inflammatory cells within the cortical interstitium, excluding the subcapsular area
and the area of surrounding global glomerulosclerosis. (7) Interstitial fibrosis is defined as increased extracel-
lular matrix separating tubules in the cortical area, excluding the subcapsular area. (8) Microangiopathic lesions
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368 patients with AAV were diagnosed

5 patients had taken antigout drugs within
3 months before admission

363 patients had not taken antigout
drugs before within 3 months before

2 patients without kidney involvement

148 patients without kidney biopsy

13 patients with IgA nephropathy, 8
patients with membranous nephropathy,
and 1 natient with diabetic nenhronathv

J

V

361 patients with kidney involvement
\ 4

213 patients with kidney biopsy
Vv

191 AAV patients were remained

37 patients needed dialysis at
presentation

154 patients were dialysis independent
on admission

7 patients with less than 10 glomeruli in
pathological sections

147 patients were included

Figure 4. Patients selection flowchart. A total of 368 patients with AAV were diagnosed. 5 patients had taken
antigout drugs within 3 months before admission and 2 patients without kidney involvement were excluded.

Among remaining 361 patients, 148 patients did not receive kidney biopsy. 13 patients with IgA nephropathy, 8
patients with membranous nephropathy, and 1 patient with diabetic nephropathy were excluded, too. 7 patients
whose glomeruli less than 10 glomeruli in pathological sections and 37 patients needed dialysis at presentation

were also excluded. At last, 147 patients were included in this study.
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including endothelial cell swelling and subintimal edema and arteriolar thrombosis and/or fibrinoid necrosis
were considered acute. The arterial “onion-skin” lesions (fibrous intimal thickening with concentric lamination)
were considered chronic®.

Statistical analyses. Consecutive variables were expressed as the mean +standard deviation or median
(interquartile range [IQR]). Categorical variables were presented as frequency and percentages and tested with
Fisher and ? test. The logistic regression model was used for analyzing the influencing factors of hyperurice-
mia in AAV with renal injury patients. Kaplan-Meier analysis was used to analyze patient and renal survival.
Univariate and multivariate cox regression models were used for identifying the predictors of patient and renal
outcomes. The results were expressed as hazard ratios (HRs) (with 95% confidence interval [CI]). P<0.05 was
considered as statistical significance. SPSS 23.0 (IBM Corp., Armonk, NY, USA) was used for all the statistical
analyses. GraphPad Prism 8.0.2 (GraphPad Software, Inc., San Diego, CA, USA) was used to plot survival curves.

Informed consent. The informed consent was obtained from all subjects (above 18 years old) and the
informed consent was also obtained from parent and/or legal guardian of participants less than 18 years old.

Received: 26 September 2020; Accepted: 29 December 2020
Published online: 21 January 2021

References

1. Hruskova, Z., Tesar, V. & Geetha, D. Renal transplantation in antineutrophil cytoplasmic antibody-associated vasculitis: current
perspectives. Kidney Blood Press. Res. 45, 157-165 (2020).

2. Ali, N. et al. Relationship between serum uric acid and hypertension: a cross-sectional study in Bangladeshi adults. Sci. Rep. 9,
9061 (2019).

3. Chen, J. et al. Association between hyperuricemia and metabolic syndrome in patients suffering from bipolar disorder. BMC
Psychiatry 18, 390 (2018).

4. Zhao, J. et al. Role of Hyperhomocysteinemia and hyperuricemia in pathogenesis of atherosclerosis. J. Stroke Cerebrovasc. Dis. 26,
2695-2699 (2017).

5. Ranjith, N., Myeni, N. N., Sartorius, B. & Mayise, C. Association between hyperuricemia and major adverse cardiac events in
patients with acute myocardial infarction. Metab. Syndr. Relat. Disord. 15, 18-25 (2017).

6. Woyesa, S. B., Hirigo, A. T. & Wube, T. B. Hyperuricemia and metabolic syndrome in type 2 diabetes mellitus patients at Hawassa
university comprehensive specialized hospital, South West Ethiopia. BMC Endocr. Disord. 17,76 (2017).

7. Tu, W. et al. Asymptomatic hyperuricemia and incident stroke in elderly Chinese patients without comorbidities. Eur. J. Clin. Nutr.
73, 1392-1402 (2019).

8. Ruan, Y. et al. Clinicopathological characteristics, role of immunosuppressive therapy and progression in IgA nephropathy with
hyperuricemia. Kidney Blood Press. Res. 43, 1131-1140 (2018).

9. Zhu, B. et al. Uric acid as a predictor of immunoglobulin a nephropathy progression: a cohort study of 1965 cases. Am. J. Nephrol.
48,127-136 (2018).

10. Kang, M. W. et al. Hyperuricemia is associated with acute kidney injury and all-cause mortality in hospitalized patients. Nephrology
(Carlton) 24, 718-724 (2019).

11. Srivastava, A., Kaze, A. D., McMullan, C. J., Isakova, T. & Waikar, S. S. Uric acid and the risks of kidney failure and death in indi-
viduals with CKD. Am. J. Kidney Dis. 71, 362-370 (2018).

12. Liu, R. et al. Prevalence of hyperuricemia and gout in Mainland China from 2000 to 2014: a systematic review and meta-analysis.
Biomed Res Int. 2015, 762820 (2015).

13. Liu, H., Zhang, X. M., Wang, Y. L. & Liu, B. C. Prevalence of hyperuricemia among Chinese adults: a national cross-sectional
survey using multistage, stratified sampling. J. Nephrol. 27, 653-658 (2014).

14. Kuo, C. E, Grainge, M. J., Zhang, W. & Doherty, M. Global epidemiology of gout: prevalence, incidence and risk factors. Nat. Rev.
Rheumatol. 11, 649-662 (2015).

15. Domrongkitchaiporn, S. et al. Risk factors for development of decreased kidney function in a southeast Asian population: a 12-year
cohort study. J. Am. Soc. Nephrol. 16, 791-799 (2005).

16. Bakan, A. et al. Hyperuricemia is associated with progression of IgA nephropathy. Int. Urol. Nephrol. 47, 673-678 (2015).

17. Cristobal-Garcia, M. et al. Renal oxidative stress induced by long-term hyperuricemia alters mitochondrial function and maintains
systemic hypertension. Oxid. Med. Cell. Longev. 2015, 535686 (2015).

18. Yamamoto, T. et al. High-fat diet-induced lysosomal dysfunction and impaired autophagic flux contribute to lipotoxicity in the
kidney. J. Am. Soc. Nephrol. 28, 1534-1551 (2017).

19. Wu, Y., Potempa, L. A., El Kebir, D. & Filep, J. G. C-reactive protein and inflammation: conformational changes affect function.
Biol. Chem. 396, 1181-1197 (2015).

20. Monach, P. A. et al. Serum proteins reflecting inflammation, injury and repair as biomarkers of disease activity in ANCA-associated
vasculitis. Ann. Rheum. Dis. 72, 1342-1350 (2013).

21. Moon, J. S., Ahn, S. S., Park, Y. B., Lee, S. K. & Lee, S. W. C-Reactive protein to serum albumin ratio is an independent predictor
of all-cause mortality in patients with ANCA-associated vasculitis. Yonsei Med. J. 59, 865-871 (2018).

22. Ames, B. N, Cathcart, R., Schwiers, E. & Hochstein, P. Uric acid provides an antioxidant defense in humans against oxidant- and
radical-caused aging and cancer: a hypothesis. Proc. Natl. Acad. Sci. U. S. A. 78, 6858-6862 (1981).

23. Schreiner, O., Wandel, E., Himmelsbach, E, Galle, P. R. & Marker-Hermann, E. Reduced secretion of proinflammatory cytokines of
monosodium urate crystal-stimulated monocytes in chronic renal failure: an explanation for infrequent gout episodes in chronic
renal failure patients?. Nephrol. Dial. Transplant. 15, 644-649 (2000).

24. Anguiano, L., Kain, R. & Anders, H. J. The glomerular crescent: triggers, evolution, resolution, and implications for therapy. Curr.
Opin. Nephrol. Hypertens. 29, 302-309 (2020).

25. Xu, P. C. et al. Pathological severity determines the renal recovery for anti-myeloperoxidase antibody-associated vasculitis requir-
ing dialysis at disease onset: a retrospective study. BMC Nephrol. 20, 287 (2019).

26. Levey, A. S. et al. A new equation to estimate glomerular filtration rate. Ann Intern Med. 150, 604-612 (2009).

27. Fan, S. et al. Hyperuricemia and its related histopathological features on renal biopsy. BMC Nephrol. 20, 95 (2019).

28. Eckardt, K.-U. & Kasiske, B. L. Kidney disease: improving global outcomes. Nat. Rev. Nephrol. 5, 650-657 (2009).

29. Emrich, I. E., Bohm, M. & Mahfoud, F. The 2018 ESC/ESH Guidelines for the management of arterial hypertension: a German
point of view. Eur. Heart ]. 40, 1830-1831 (2019).

Scientific Reports |

(2021) 11:2002 https://doi.org/10.1038/s41598-021-81664-z nature research



www.nature.com/scientificreports/

30. American Diabetes Association. 2. Classification and diagnosis of diabetes: standards of medical care in diabetes-2019. Diabetes
Care. 42, S13-528 (2019).

31. Jia, S., Liu, Y. & Yuan, J. Evidence in guidelines for treatment of coronary artery disease. Adv. Exp. Med. Biol. 1177, 37-73 (2020).

32. Diamond, J. A. & Phillips, R. A. Hypertensive heart disease. Hypertens. Res. 28, 191-202 (2005).

33. Joh, K. et al. Renal pathology of ANCA-related vasculitis: proposal for standardization of pathological diagnosis in Japan. Clin.
Exp. Nephrol. 12,277-291 (2008).

Acknowledgements
This work was supported by 2016 Key science and technology plan Project of Henan province (162102310198).

Author contributions
W.R. and T.L. wrote the main manuscript text, A. D. and W. Y. prepared tables, and M.P. and G.Y. prepared
figures. All authors reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to R-W. or L.T.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:2002 https://doi.org/10.1038/s41598-021-81664-z nature research


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Clinicopathological characteristics and outcomes of anti-neutrophil cytoplasmic autoantibody-related renal vasculitis with hyperuricemia: a retrospective case-control study
	Results
	Demographic and clinical characteristics. 
	Proportion of patients with hyperuricemia for each CKD stage. 
	Pathological characteristics. 
	Hyperuricemia-associated influencing factors in patients with AAV-related renal vasculitis. 
	Predictors of patient outcome of ANCA-related renal vasculitis patients with hyperuricemia. 
	Predictors of renal outcome of ANCA-related renal vasculitis patients with hyperuricemia. 

	Discussion
	Conclusions
	Methods
	Study participants and data collection. 
	Statement. 

	Clinical and laboratory findings. 
	Histological examination of renal biopsy specimens. 
	Statistical analyses. 
	Informed consent. 

	References
	Acknowledgements


