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[ Abstract] Objective To investigate the effect of uric acid on the clinicopathological characteristics and
prognosis of immunoglobulin A nephropathy (IgAN) in patients with stage 3-4 chronic kidney disease (CKD).
Methods The clinical and pathological data of 263 IgAN patients who had stage 3-4 CKD and who had confrimed
diagosis through renal biopsy at the First Affiliated Hospital of Air Force Medical University between December 2008 and
January 2020 were retrospectively collected. According to the levels of uric acid, the patients were divided into a
hyperuricemia group (n=102) and a normal uric acid group (n=161), and the clinicopathological characteristics of the two
groups were compared accordingly. With progression to end-stage renal disease or death as the endpoint event, the renal
survival rate of the two groups was compared by the Kaplan-Meier method and the relationship between uric acid and the
prognosis was analyzed by Cox regression and LASSO regression. Results Compared with the normal uric acid group,
the hyperuricemia group had a significantly higher proportion of male patients and patients with a history of
hypertension, a significantly higher level of blood urea nitrogen, and lower levels of estimated glomerular filtration rate
and high-density lipoprotein. In terms of pathology, patients in the hyperuricemia group had significantly higher
proportion of glomerulosclerosis, higher mesangial hypercellularity, and higher tubular atrophy/interstitial fibrosis
(P<0.05). Kaplan-Meier curve showed that there was a significant difference in renal survival rate between the two groups
(P<0.0001). LASSO regression showed that high uric acid was a risk factor for the prognosis of IgAN patients with stage
3-4 CKD. Further multivariate Cox analysis showed that, compared with the normal uric acid group, the hyperuricemia
group had a higher risk of incurring composite outcomes (hazard ratio [HR]=1.61, 95% confidence interval [CI]: 1.10-
2.34). When uric acid was used as a continuous variable, the increase of 1 mg/dL in uric acid concentration was associated
with an increased HR of 1.18 (95% CI: 1.08-1.29) for the composite outcome. Conclusion High uric acid is a risk factor
for poor renal prognosis in IgAN patients with stage 3-4 CKD and reducing uric acid levels may effectively improve the

prognosis of high-risk IgAN patients.
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Table 1 Baseline characteristics of the subjects

Characteristic All patients (n=263) ?K;T;ielr:; aci(il\glt‘)r:ll;l(lrllliiél) P
Agel/yr., median (P,, P;;) 36.00 (29.00, 47.00) 33.00 (28.00, 43.75) 41.00 (31.00, 49.00) 0.001
Male/case (%) 180 (68.4) 86 (84) 94 (58) <0.001
BMI/(kg/m?), median (P, P,,) 24.02 (21.48, 26.64) 24.36 (21.62, 27.25) 23.88 (21.47, 26.08) 0.257
RAAS blockade before biopsy/case (%) 91 (34.6) 35(34.3) 56 (34.8) 0.938
Glucocorticoid before biopsy/case (%) 36 (13.7) 15 (14.7) 21 (13.0) 0.702
Hypertension/case (%) 183 (69.6) 80 (78.4) 103 (63.9) 0.013
MAP/mmHg, median (P, P,.) 102.67 (93.00, 113.67) 105.67 (96.33, 116.33) 102.00 (90.67, 112.66) 0.066
UTP/(mg/d), median (P, P,;) 1912 (1372.00, 2998.00) 1869 (1345.00, 2894.50) 1930 (1390.00, 3041.00) 0.846
WBC/(10°L™"), median (P, P, 7.19 (6.08, 8.76) 7.19 (5.88, 8.53) 7.17 (6.15, 8.95) 0.541
eGFR/(mL/[min-1.73 m’]), median (P, P;) 41.64 (30.17, 49.98) 35.95 (26.79, 46.49) 44.34 (35.18, 52.59) <0.001
Blood urea nitrogen/(mmol/L), median (P,;, P;;) 8.31 (6.80, 11.49) 10.24 (7.60, 13.46) 7.54 (6.07, 10.10) <0.001
Serum uric acid/(mg/dL), median(P,;, P;;) 6.52 (5.66, 7.88) 8.39 (7.60, 10.71) 5.87(5.06, 6.41) <0.001
Serum glucose/(mmol/L), median (P,,, P;;) 4.77 (4.38, 5.20) 4.77 (4.37, 5.16) 4.80 (4.39, 5.27) 0.459
Serum potassium/(mmol/L), X + s 4.27+0.51 4.33+0.49 4.23+0.51 0.120
Glomeruli sclerosis ratio (median [P,s, P,;]) 36.36 (16.00, 55.55) 41.67 (27.12,57.70) 29.00 (12.50, 50.00) <0.001
Total protein/(g/L), median (P, P,;) 62.80 (55.70, 68.30) 63.45 (56.20, 68.30) 62.20 (54.50, 68.40) 0.320
HDL/(mmol/L), median (P,;, P,;) 1.08 (0.88, 1.35) 1.00 (0.87, 1.25) 1.17 (0.90, 1.39) 0.007
Triglyceride/(mmol/L), median (P,;, P;;) 2.14 (1.45, 3.09) 2.35(1.54, 3.29) 2.03 (1.38,2.95) 0.124
AST/(U/L), median (P,;, P;;) 17.00 (15.00, 22.00) 18.00 (15.00, 22.00) 17.00 (15.00, 22.00) 0.782
Indirect bilirubin/(pmol/L), median (P,;, P;;) 5.80 (4.30,7.90) 5.80 (4.19,7.85) 5.90 (4.30, 7.90) 0.491
Hemoglobin/(g/L), X+ s 128.06+23.11 127.12424.25 128.65+22.42 0.640
Treatment/case (%)’ <0.001

Only supportive treatment 128 (48.6) 54 (52.9) 74 (45.9)

Immunosuppressants 135 (51.3) 48 (47.1) 87 (54.0)
CKD stage/case (%)

Stage 3 199 (75.6) 64 (62.7) 135 (83.9)

Stage 4 64 (24.3) 38 (37.3) 26 (16.1)
Oxford classification/case (%)”

M1 166 (63.1) 74 (72.5) 92 (57.1) 0.012

El 55 (20.9) 20 (19.6) 35(21.7) 0.679

S1 233 (88.6) 92 (90.2) 141 (87.6) 0.515

Tl 91 (34.6) 39 (38.2) 52 (32.3) 0.001

T2 113 (42.9) 52 (50.9) 61 (37.9) 0.001

Cl1 95 (36.1) 35(34.3) 60 (37.3) 0.689

Cc2 26 (9.8) 12 (11.8) 14 (8.7) 0.692

Follow-up/month, median (P,;, P;;)
Combined event/case (%)

ESKD

Death

57.32 (32.05, 82.96)
124 (47.1)
110 (41.8)
14 (5.3)

41.62 (15.79, 61.22)
60 (58.8)
53 (51.9)
7(6.9)

66.51 (45.82, 96.29)
64 (39.8)
57 (35.4)
7 (4.3)

BMI: body mass index; RAAS: renin-angiotensin system; MAP: mean arterial pressure; UTP: urinary total protein; WBC: white blood cell; eGFR: estimated
glomerular filtration rate; HDL: high-density lipoprotein; AST: aspartate aminotransferase. ' All patients received supportive treatment if they can tolerate it.
*The Oxford classification: mesangial hypercellularity (M0, mesangial score<<0.5; M1, mesangial score>0.5), endocapillary hypercellularity (EO, absent; E1,
present), segmental glomerulosclerosis (S0, absent; S1, present), tubular atrophy/interstitial fibrosis (T0, <25%; T1, 26%-50 %; T2, >50%), and cellular or
fibrocellular crescents (C0, absent; C1, <25%; and C2, =25% of the glomeruli).
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Table 2 Univariate and multivariate Cox analyses of IAN patients with stage 3-4 CKD

Univariate Cox

Multivariate Cox
(UA as dichotomous variables)

Multivariate Cox
(UA as continuous variable)

Characteristic
HR (95% CI) P HR (95% CI) P HR (95% CI) P
Age 0.96 (0.95-0.98) <0.001 0.97 (0.95-0.99) 0.002 0.97 (0.95-0.99) <0.001
BMI 0.94 (0.90-0.99) 0.026
WBC 1.07 (1.00-1.15) 0.044
Hb 0.98 (0.98-0.99) <0.001
AST 0.97 (0.95-1.00) 0.048
1B 0.91 (0.85-0.97) 0.005
Blood urea nitrogen 1.15 (1.11-1.20) <0.001
HUA (as dichotomous variables) 2.42 (1.69-3.46) <0.001 1.61 (1.10-2.34) 0.013
HUA (as continuous variable) 1.28 (1.17-1.40) <0.001 1.18 (1.08-1.29) <0.001
Serum potassium 2.21 (1.59-3.07) <0.001 1.46 (1.04-2.06) 0.03
eGFR 0.93 (0.91-0.95) <0.001 0.93 (0.91-0.95) <0.001 0.92 (0.90-0.94) <0.001
Glomeruli sclerosis ratio 1.02 (1.01-1.03) <0.001
Hypertension 1.97 (1.3-2.99) 0.002
Treatment immunosuppressants 0.66 (0.46-0.95) 0.024
Oxford classification'
M1 2.17 (1.46-3.23) <0.001 1.71 (1.11, 2.64) 0.015 1.83 (1.19, 2.80) 0.006
S1 2.92 (1.36-6.27) 0.006
T1 3.28 (1.65-6.53) 0.001 2.78 (1.36, 5.68) 0.005 2.79 (1.37,5.68) 0.005
T2 5.69 (2.93-11.08) <0.001 1.96 (0.95, 4.02) 0.067 1.88(0.92, 3.84) 0.083

BMI: body mass index; NLR: neutrophil to lymphocyte ratio; Hb: hemoglobin; IB: indirect bilirubin; HUA: high uric acid; AST: aspartate aminotransferase.

" The Oxford classification denotes the same as that in Table 1.
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Fig 2 LASSO regression analysis of IgAN patients with stage 3-4 CKD
AST, BMI, eGFR and WBC denote the same as those in Table 1; Hb, IB, M, S and T denote the same as those in Table 2. A, The selection process of variables fitted by
the LASSO regression model after univariate Cox regression selection. Each colored line represents a variable, and the abscissa below is the Log value corresponding to the
best penalty parameter A. B, The process of screening the variables in the dataset with the change of the value of the penalty parameter A. The ordinate is the minimum

mean square error, the upper ordinate is the number of independent variables, the lower ordinate is the Log value corresponding to the A value, and the first dashed line

(left) represents the optimal solution of the A value.
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