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Is serum uric acid a predictor of long-term renal outcome
in lupus nephritis?
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Abstract
Background/objective Recent studies observed an association between increased serum uric acid (SUA) levels and renal
damage in lupus. However, the predictive value of UA for the development of long-term renal dysfunction in lupus
nephritis (LN) is still unknown. The aim of this study was to evaluate if SUA may be a predictor of long-term renal
outcome in LN.
Methods Eighty biopsy-proven LN patients > 7 years of follow-up were selected. SUA levels were measured in sera stored
at − 70 °C. All patients had serum stored from LN baseline, and 32 also had stored serum from 6 and 12 months after LN.
Renal outcome was addressed after 7 years of follow-up to determine if SUA could be a predictor of long-term renal
outcome. A good long-term renal outcome in 7 years was defined as a creatinine clearance (CrCl) ≥ 90.0 mL/min/1.73 m2,
and poor if CrCl < 90 mL/min/1.73 m2. Patients were divided in two groups according to the renal outcome to assess
whether SUA levels at different time points of follow-up could differentiate such groups. An ROC curve was plotted to
assess accuracy.
Results SUA levels at baseline and 6 months were not able to differentiate good from poor long-term renal outcomes in LN
(respectively p = 0.37, p = 0.28), but at 12 months (p = 0.02), they could clearly differentiate the two groups. ROC curve
(12 months) accuracy was 0.76. SUA cutoff was 6.05 mg/dL (sensitivity = 0.67, specificity = 0.89, positive predictive value =
0.85, negative predictive value = 0.73).
Conclusion SUA levels < 6.05 mg/dL at 12 months of follow-up is a predictor of good long-term renal outcome in lupus
nephritis.
Key Points • Previous studies reported an association between increased serum uric acid level and short-term renal damage in
lupus patients.

• The predictive value of serum uric acid for the development of long-term renal dysfunction in lupus nephritis was never
assessed.

•At 12 months of follow-up serum uric acid clearly differentiated good from poor long-term renal outcome in lupus nephritis.
• SUA level < 6.05 mg/dL at 12 months of follow-up was a predictor of good long-term renal outcome in lupus nephritis.
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Introduction

Hyperuricemia has been reported to be associated with chron-
ic kidney disease (CKD) in several clinical conditions, and
recent studies also observed an association between increased
serum uric acid (SUA) levels and renal damage in lupus [1, 2].
Previous cross-sectional studies detected that higher levels of
SUA in systemic lupus erythematosus (SLE) patients were
closely related to renal involvement [3–5]. In fact, Liu et al.
showed a higher prevalence of increased uric acid (UA) in
lupus nephritis (LN) patients with CKD (stages 1–3) mostly
due to renal under-excretion [3].

Lupus nephritis is a critical condition that affects up to 60%
of SLE patients, and despite recent treatment improvements,
30% of patients still experience some degree of renal impair-
ment in the long-term follow-up [2, 6]. Good predictors of
long-term outcome are therefore needed to better assess the
severity and provide an accurate treatment guidance [6]. In
fact, the effectiveness of treat-to-target strategies in rheuma-
toid arthritis [7] and SLE [8] have driven the search for these
prognostic parameters for other rheumatic diseases.

Until now, 24 h proteinuria (24 h PTU) has been considered
the best single predictor of long-term (7 years) renal outcome
in lupus patients [9, 10]. Recently, our group extended this
observation demonstrating that 24 h PTU is also valid for an
ethnically diverse group of SLE patients and for those with
more severe LN [11]. Importantly, these studies also showed
that the addition of other variables commonly used in LN
response criteria, such as creatinine and hematuria, did not
improve the predictive value of 24 h PTU [9–11].

Regarding SUA, one previous study in SLE patients report-
ed an association between increased SUA levels and short-term
renal damage [1], but there are no data concerning the predic-
tive value of SUA for the development of long-term renal dys-
function in LN. Therefore, the aim of the present study was to
evaluate if SUA levels could be considered a predictor of long-
term renal outcome in patients with lupus nephritis.

Methods

Patient selection and study design

A total of 108 biopsy-proven LN patients with at least 7 years
of available longitudinal follow-up data at the Rheumatology
Division of our tertiary University Hospital were consecutive-
ly selected for this study. All enrolled patients had biopsy-
proven LN and met ACR criteria for the diagnosis of SLE
[12]. Data were obtained in a 3-month interval using a stan-
dardized electronic database protocol established in 2000 that
included data on demographics, clinical and laboratory find-
ings, and treatments. Serum UA at biopsy and follow-up was

measured using a − 70 °C stored biorepository sera that was
previously validated.

Twenty-seven patients were excluded: seven due to miss-
ing relevant data, six due to the development of early end-
stage renal disease (ESRD) that required dialysis in the first
year after the nephritis onset, and 14 due to lack of stored sera
during nephritis flare. Patients who were diagnosed with
ESRD at any time after the first year of follow-up were in-
cluded. Eighty patients with biopsy-proven LN were enrolled
for this study.

All persons gave their informed consent prior to their in-
clusion in the study. No patient data was included in this
manuscript. The study was performed in accordance with
the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments and was approved by the
Local Ethics committee.

Validation of stored serum UA

The serum UA analysis was performed using a biorepository
serum stored at − 70 °C. Since samples were stored for several
years, we performed a laboratorial validation analysis with
five frozen samples that had SUA assessed at the same time
of biorepository blood collection. A high correlation was ob-
served between SUA results obtained at the time of blood
collection and in − 70 °C stored sera (r = 0.99 p < 0.05), with
a variation coefficient of 12% which allowed us to use these
frozen samples in the present evaluation.

Definition of long-term renal outcome

A good long-term renal outcome was defined as a creatinine
clearance (CrCl) ≥ 90mL/min/1.73m2, and conversely, a poor
long-term renal outcome was defined as a CrCl < 90 mL/min/
1.73 m2 in 7 years. Creatinine clearance was estimated using
the Modification of Diet in Renal Disease (MDRD) index that
defines normal renal function as a MDRD CrCl ≥ 90.0 mL/
min/1.73 m2 and defines mild decrease of renal function as a
MDRD CrCl between 60 and 89 mL/min/1.73 m2 [2, 13].

Statistical analysis

SUA and creatinine clearance were evaluated at baseline, after
6 months, 12 months, and at 7 years of follow-up. Anti-
dsDNA antibodies, serum albumin and Systemic Lupus
Erythematosus Disease Activity Index (SLEDAI) score were
assessed only at baseline. Renal flares were defined as signif-
icant increase in PTU levels (PTU > 500mg/24 h if previously
negative or PTU > 3 g if previously > 500 mg/24 h). Absolute
values were used for PTU, CrCl, and albumin. Anti-dsDNA
was considered only as present or absent. The ability of SUA
at these different time points to predict a good long-term renal
outcome (defined as CrCl ≥ 90 mL/min/1.73 m2) at 7 years
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was assessed. The same analysis was also performed with
CrCl ≥ 60 mL/min/1.73 m2 cutoff. A multivariate analysis
(multiple logistic regression) was also performed to under-
stand the independence of variables (only variables with
p < 0.05 were imported into the model).

The patients were divided in two groups according to the
renal outcome: good outcome (CrCl ≥ 90.0 mL/min/1.73 m2

in 7 years) and poor outcome (CrCl < 90 mL/min/1.73 m2 in
7 years) to assess whether SUA levels at different time points
of follow-up were able to differentiate such groups. Mann–
Whitney, Student’s t test, and Fisher test were used for the
comparisons. Correlations between SUA and CrCl at different
set time points were calculated with Spearman test.

A receiver operating characteristic (ROC) curve of SUAwas
plotted to assess its accuracy (AUC), sensitivity, specificity, pos-
itive predictive value (PPV), negative predictive value (NPV),
and confidence interval 95% (CI) in predicting long-term out-
come. The SUA cutoff was defined using the Youden index.

All analyses were performed using SigmaStat software.
Statistical significance was set as p < 0.05.

Results

Demographic, clinical, and histological features

Of the total LN patients (n = 80), 71 patients (88.75%) were
women and 35 patients (43.75%) were non-Caucasian. The
mean age was 29.85 ± 9.37 years old. At baseline, LN patients
had a mean SCr of 1.75 ± 1.3 mg/dL, MDRDCrCl of 68.16 ±
43.4 mL/min/1.73 m2, PTU of 5.7 ± 4.7 g/24 h, albumin con-
centration of 2.4 ± 0.8 g/dL, and a mean SLEDAI of 9.5 ± 4.2.
Almost two thirds had positive anti-dsDNA (n = 53, 66.25%),
58 SLE patients (72.50%) had CrCl < 90mL/min/1.73 m2,
and 38 SLE patients (47.50%) had CrCl < 60 mL/min/
1.73 m2, inferring a severe subset of patients. The distribution
of histological classes among studied patients was as follows:
class II (6.25%), class III–IV (56.25%), and pure class V
(36.25%) (Table 1).

At the end of the 7 years follow-up, a total of 33 patients
(41.25%) had a good long-term outcome of a CrCl ≥ 90 mL/
min/1.73 m2, 31 patients (38.75%) had a CrCl < 60 mL/min/
1.73 m2, 18 patients (22.5%) were on dialysis, and 7 patients
(8.75%) died (primarily due to infections).

Baseline data and long-term renal outcome

To investigate if long-term renal outcome could be predicted
by baseline data, LN patients were divided into two groups
(CrCl at 7 years ≥ 90.0 mL/min/1.73 m2 and < 90 mL/min/
1.73 m2). Most of the baseline data were comparable between
groups: serum UA (7.25 ± 4.75 vs. 6.43 ± 2.92 mg/dL; p =
0.35), 24-h PTU (6.70 ± 5.7 vs. 5.06 ± 3.85; p = 0.13), serum

albumin (2.23 ± 0.80 vs. 2.52 ± 0.92 g/dL; p = 0.13), comple-
ment C3 (78.44 ± 35.3 vs. 65.5 ± 26.2 mg/dL; p = 0.08), pos-
itive anti-dsDNA (66% vs. 66%; p = 0.94), and SLEDAI
scores (9.06 ± 3.91 vs. 9.85 ± 5.39; p = 0.43). Only serum cre-
atinine (1.29 ± 0.81 vs. 2.06 ± 1.60 mg/dL; p = 0.013) and
ClCr (83.44 ± 47.26 vs. 57.42 ± 37.36 mg/min; p = 0.007)
were statistically different at baseline among groups (Table 2).

Assessing renal flares

The analysis of renal flares revealed that both groups (CrCl at
7 years ≥ 90.0 and < 90 mL/min/1.73 m2) exhibited a similar
number of flares during follow-up (1.60 ± 0.92 vs. 1.47 ±
0.61, p = 0.45).

Performance of SUA levels at baseline, 6 months,
and 12 months

SUA levels within the first year of follow-up were assessed in
both groups (CrCl at 7 years ≥ 90.0 and < 90 mL/min/
1.73 m2). Figure 1 shows that SUA levels were not able to
differentiate long-term renal outcomes at baseline (7.25 ± 4.75
vs. 6.43 ± 2.92 mg/dL; p = 0.37), nor at 6 months (4.97 ± 2.12
vs. 5.86 ± 2.35 mg/dL; p = 0.28). However, at 12 months,
SUAwas able to differentiate good from poor long-term renal
outcomes (4.66 ± 2.12 vs. 6.51 ± 2.45 mg/dL; p = 0.02).

The same analysis was performed using a less stringent
CrCl cutoff at 7 years of ≥ 60.0 and < 60 mL/min/1.73 m2.
Using this less stringent cutoff, SUA levels were not able to
differentiate good from poor long-term renal outcomes at
baseline (6.68 ± 4.22 vs. 6.88 ± 3.04 mg/dL; p = 0.82), nor at
6 months (5.21 ± 1.98 vs. 5.91 ± 2.72 mg/dL; p = 0.42).
However, at 12 months, SUA was able to differentiate good

Table 1 Baseline features of patients with lupus nephritis

Baseline features Total n = 80

Female, n (%) 71 (88.75)

Caucasian, n (%) 45 (56.25)

Age (mean ± SD) 29.85 ± 9.37

Creatinine serum (mg/dL) (mean ± SD) 1.75 ± 1.3

Creatinine clearance (mL/min/1.73 m2) (mean ± SD) 68.16 ± 43.4

Proteinuria (g/24 h) (mean ± SD) 5.7 ± 4.7

Serum albumin (g/dL) (mean ± SD) 2.4 ± 0.8

Complement C3 (mg/dL) (mean ± SD) 83.5 ± 9.1

SLEDAI score (mean ± SD) 9.5 ± 4.2

Anti-dsDNA positive, n (%) 53 (66.25)

WHO class II, n (%) 5 (6.25)

WHO class III/IV, n (%) 45 (56.25)

WHO pure class V, n (%) 29 (36.25)

SD standard deviation, n number, SLEDAI Systemic Lupus
Erythematosus Disease Activity Index,WHOWorld Health Organization
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from poor long-term renal outcomes (5.01 ± 2.19 vs. 6.83 ±
2.61 mg/dL; p = 0.03).

The multivariate analysis could not demonstrate indepen-
dency of any variable pointed in the univariate analysis. Due
to the sample size, the power of this analysis is low.

ROC curve at 12 months

The ROC curve with the higher AUC (the 12 months curve)
demonstrated a good accuracy (AUC = 0.76, p < 0.05) in
predicting long-term renal outcome, Fig. 2. The cutoff for
SUA was 6.05 mg/dL, with a sensitivity of 0.67 (CI 95% =

0.44–0.84, p < 0.05), specificity of 0.89 (CI 95% = 0.68–0.97,
p < 0.05), positive predictive value of 0.85, and negative pre-
dictive value of 0.73. The cutoff that maximized the sensitivity
and specificity was 6.05 mg/dL.

Correlations between SUA and current CrCl

The SUA is inversely correlated with the current CrCl at
12 months of follow-up (r = − 0.46, p = 0.004). However, the
same analysis did not show correlation between SUA and
CrCl at baseline (r = − 0.19, p = 0.23) and 6 months of
follow-up (r = − 0.19, p = 0.90).

Table 2 Comparison of clinical
and laboratorial features between
good (MDRD ≥ 90 mL/min/
1.73 m2) and poor (MDRD<
90 mL/min/1.73 m2) long-term
renal outcome groups

Features Good long-term outcome Poor long-term outcome p

At baseline n = 44 n = 36

Female, n (%) 41 (93) 30 (83) 0.16

Caucasian, n (%) 28 (64) 18 (47) 0.14

Age at LN (mean ± SD) 29.54 ± 10.95 29.77 ± 8.69 0.83

SLEDAI (mean ± SD) 9.06 ± 3.91 9.85 ± 5.39 0.43

1st LN episode 30 (68) 20 (55) 0.25

Creatinine serum (mg/dL) (mean ± SD) 1.29 ± 0.81 2.06 ± 1.60 0.013*

Creatinine clearance (mean ± SD) 83.44 ± 47.26 57.42 ± 37.36 0.007*

Proteinuria (g/24 h) (mean ± SD) 6.70 ± 5.7 5.06 ± 3.85 0.13

Serum albumin (g/dL) (mean ± SD) 2.23 ± 0.80 2.52 ± 0.92 0.13

Anti-dsDNA positive, n (%) 29 (66) 24 (67) 0.94

Complement C3 (mg/dL) (mean ± SD) 78.44 ± 35.3 65.5 ± 26.2 0.08

SUA (mg/dL) (mean ± SD) 7.25 ± 4.75 6.43 ± 2.92 0.37

Proliferative classes (III or IV) 22 (50) 24 (66) 0.14

Pure membranous classes (V) 19 (43) 9 (25) 0.09

At 6 months follow-up n = 15 n = 17

Female, n (%) 14 (93) 13 (76) 0.20

Caucasian, n (%) 7 (46) 11 (64) 0.32

Induction with cyclophosphamide 9 (60) 7 (47) 0.48

Induction with mycophenolate mofetil 5 (33) 7 (41) 0.66

Creatinine serum (mg/dL) (mean ± SD) 0.85 ± 0.23 1.58 ± 1.09 0.01*

Creatinine clearance (mean ± SD) 105.95 ± 42.78 73.08 ± 43.76 0.04*

Proteinuria (g/24 h) (mean ± SD) 0.68 ± 0.90 1.65 ± 1.67 0.06

SUA (mg/dL) (mean ± SD) 4.97 ± 2.12 5.86 ± 2.35 0.28

At 12 months follow-up n = 19 n = 18

Female, n (%) 18 (94) 15 (83) 0.28

Caucasian, n (%) 10 (61) 11 (61) 0.61

Maintenance with mycophenolate mofetil 9 (47) 11 (61) 0.41

Maintenance with other IS 7 (37) 6 (33) 0.51

Creatinine serum (mg/dL) (mean ± SD) 0.79 ± 0.22 1.62 ± 1.08 0.002*

Creatinine clearance (mean ± SD) 126.59 ± 55.15 67.11 ± 33.99 0.0004*

Proteinuria (g/24 h) (mean ± SD) 0.66 ± 1.22 2.83 ± 4.54 0.04*

SUA (mg/dL) (mean ± SD) 4.66 ± 2.12 6.51 ± 2.45 0.02*

LN lupus nephritis, SD standard deviation, n number, SUA serum uric acid, SLEDAI Systemic Lupus
Erythematosus Disease Activity Index, IS immunosuppressive drugs

*P < 0.05
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Using the SUA cutoff of 6.05 mg/dL

Dividing the patients into two groups using the SUA cutoff of
6.05 mg/dL at 12 months, it was possible to differentiate in a
long term (7 years of follow-up): the creatinine levels (1.24 ±
2.20 vs. 4.48 ± 3.88 mg/dL, p = 0.007), the CrCl (117.10 ±
55.95 vs. 41.63 ± 41.65 mL/min/1.73 m2, p = 0.00004), the
creatinine increase (delta − 0.08 ± 2.41 vs. 2.94 ± 4.20, p =
0.02), and SLICC damage index (1.28 ± 1.27 vs. 2.46 ±
1.45, p = 0.02) at the end of follow-up.

AsSUAwasmoderately correlatedwith theCrCl at 12months
of follow-up, we performed a separated analysis excluding pa-
tients with moderate/severe CrCl reduction (MDRD CrCl <
60 mL/min/1.73 m2) to understand if this elevated SUA was
not only predicting patients who were already in CKD at
12 months. In this separated analysis, SUA at 12 months
remained a good predictor of long-term CrCl (120.16 ± 55.2 vs.
75.65 ± 34.60 mL/min/1.73 m2, p = 0.02) in the subgroup of
patients with normal/mild decrease in MDRD.

Discussion

This is the first study to demonstrate that serum uric acid at
12 months of follow-up can predict long-term renal outcome
in lupus nephritis.

In the present study, biopsy-proven LN was an inclusion
criterion allowing a more accurate definition of renal involve-
ment related to disease and not to other conditions [14], which
were not considered in previous reports [1–3]. In addition, a
long-term follow-up is required to define predictors of CKD
[9, 15] since short-term assessment is not reliable to define
renal survival, as demonstrated in the original National
Institute of Health trial [16].

The balanced representation of severe and non-severe ne-
phritis histological classes was important to assure a more
precise calculation of predictive values. In fact, previous re-
ports have demonstrated that proliferative classes had worse
outcome [9, 15, 17]. Of note, the possible influence of nephri-
tis flares during follow-up on renal outcome [18] was mini-
mized herein by the fact that patients with poor and good
outcomes exhibited comparable number of nephritic flares.

The results of our study indicate that uric acid is stable after
years of storage at − 70 °C, with a high correlation between

Fig. 1 Comparisons between
serum uric acid (mg/dL) at
baseline, 6 months, and
12 months follow-up of lupus
nephritis in patients with good
and poor long-term renal outcome

Fig. 2 Receiver operating characteristic curve of uric acid at 12months of
follow-up. ROC receiver operating characteristic curve. Area under the
curve (AUC) = 0.76, sensitivity = 0.67 (confidence interval 95% = 0.44–
0.84, p < 0.05), specificity = 0.89 (confidence interval 95% = 0.68–0.97,
p < 0.05), positive predictive value (PPV) = 0.85, and negative predictive
value (NPV) = 0.73

Clin Rheumatol (2019) 38:2777–2783 2781



SUA results obtained at the time of blood collection and in
stored sera (r = 0.99; p < 0.05). Validation was essential since
some previous studies [19, 20] demonstrated that serum uric
acid concentrations were unstable after 48 h of storage at −
4 °C, whereas others observed a minor decrease in uric acid
concentration over time which was neither statistically nor
clinically significant [21].

We confirmed previous report that baseline estimate of glo-
merular filtration rate is an important parameter associated with
long-term renal survival in lupus [22, 23]. However, in the pres-
ent study, baseline SUA and 6 months SUAwas not associated
with long-term renal outcome nor current MDRD CrCl, despite
the known association of SUA levels and renal function [24, 25].
This discrepancy may be explained by the fact that several SUA
interferences may be present during the induction treatment such
as hypertension, weight gain, and some drugs such as diuretics,
antiproteinuric, and immunosuppressive drugs.

The novel demonstration that SUA levels at 12 months is a
long-term predictor of renal outcome in SLE is in line with the
reported association between increased SUA levels and pro-
gression of chronic kidney disease in non-CKD individuals
[26–28]. In fact, a recent study in SLE has also detected an
association between increased baseline SUA levels and higher
scores of renal damage in a short-term follow-up (3 years) [1].

Experimental data have demonstrated that increased uric
acid levels can both be a marker and cause/accelerate renal
disease [29]. Whether elevated SUA is only a marker of sub-
clinical chronic kidney disease or also a risk factor for renal
dysfunction requires further studies. Notwithstanding that,
persistence of hyperuricemia seems to be more relevant in
the long run than in the initial presentation, suggesting that
irreversible subclinical renal damage may underlie hyperuri-
cemia at 1-year follow-up.

Reinforcing this possibility, a retrospective study analyzing
177 renal biopsy-proven LN showed that the hyperuricemic
group had higher pathological kidney scores (including activ-
ity, chronicity, and tubulointerstitial impairment) than those
without hyperuricemia [30]. Accordingly, in vitro and exper-
imental studies have demonstrated that SUA can lead to tubu-
lar injury, endothelial dysfunction, oxidative stress, and
intrarenal inflammation [31].

The retrospective study design is a limitation and may have
hampered the accurate evaluation of some confounding factors
such as diet, alcoholism, weight, drugs, and clinical conditions
(hypertension, diabetes, and dyslipidemia) that may interfere in
SUA levels [32]. The small sample size also precluded us from
having a definitive conclusion whether SUA is independently
related to the long-term renal outcome in LN patients or it is a
reflex of underlying renal damages. Hyperuricemia is a known a
risk factor for CKD, and these findings may be not only specific
for LN patients but also useful for the management of their
condition. Independent of the cause, persistent elevation of
SUA seems to be relevant for long-term renal survival.

In conclusion, SUA level < 6.05 mg/dL at 12 months is a
predictor of good long-term renal outcome in lupus nephritis.
Whether elevated SUA is only a marker of subclinical chronic
kidney disease or also an additional risk factor for renal dys-
function in lupus patients that will require intervention to de-
crease its levels remains to be determined.
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Desenvolvimento Científico e Tecnológico (#305068/2014-8 to EB and
#307226/2014-0 to EFB).
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