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Abstract The aim of the present study is to assess the
association of elevated serum uric acid (UA) with lupus
nephritis (LN) in systemic lupus erythematosus (SLE)
patients. A total of 130 SLE patients were recruited, of
whom 73 patients developed LN. Blood samples were
obtained for determination of uric acid, complement 3 (C3),
C-reactive protein (CRP) and some autoantibodies includ-
ing anti-double-stranded DNA, -Smith, -SSA, -SSB,
-U1RNP, SCL-70, and -Jo-1 antibodies. Correlations of UA
with LN were assessed. UA was an independent risk factor
for LN [odds ratio (95% CI): 1.01 (1.005–1.014);
P = 0.0000]. The best cut-oV value for UA using the ROC
curve was 330 �mol/L (sensitivity 78.1% and speciWcity
75.4%) and the area under the ROC curve was
0.803 § 0.039 (95% CI: 0.727–0.878, P = 0.000). Spear-
man’s correlation coeYcient analysis showed negative
association of UA with C3 in SLE patients with LN
(r = ¡0.356, P = 0.002), but no association in those without
LN. No correlations were found between UA and age, SLE-
DAI, CRP, IgG, IgM or IgA. Furthermore, analysis of
covariance demonstrated that anti-Sm (� = ¡0.218,
P = 0.004) and -U1RNP (� = 0.177, P = 0.008) autoanti-
bodies were independent determinants of serum UA. The

UA level is independently associated with the development
of LN in SLE patients.

Keywords Lupus nephritis · Systemic lupus 
erythematosus · Uric acid

Introduction

Systemic lupus erythematosus (SLE) is a complex autoim-
mune disease of unknown etiology, characterized by
chronic immune activation and multiple immunologic phe-
notypes [1], which predominantly aVects women between
the ages of 15 and 40 [2, 3]. SLE can involve various organ
systems, of which kidney involvement is a major concern,
aVecting »50% of patients and accounting for signiWcant
morbidity and mortality in western countries, and the 5-year
survival in SLE patients with renal involvement is very
low even with treatment [4]. However, it has been
reported that early diagnosis and prompt treatment may
dramatically modify the course of renal disease and
improve the long-term survival [5]. Therefore, early detec-
tion and diagnosis of lupus nephritis (LN) appear to be of
great importance.

Uric acid (UA) is a breakdown product of ingested and
endogenously synthesized purines, which undergoes no fur-
ther metabolism in humans and is excreted by the kidneys
and the intestinal tract. Serum UA level is inXuenced by
factors such as renal excretion function, states of high cell
turnover, ingestion of food and drinks containing purines,
etc. It is well known that UA crystals are the causative
agents of gout. Recently, it has been demonstrated that UA
is capable of activating the NLRP3 inXammasome, which
plays an important role in some inXammatory responses
including gout [6]. However, a number of epidemiologic
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studies have reported that high UA levels in serum are asso-
ciated with a wide variety of disorders, such as cardiovas-
cular disease (CVD), hypertension, diabetes, insulin
resistance, metabolic syndrome, and so on [7]. Further-
more, it has been found that although 29% of SLE patients
were hyperuricemic, gout has rarely been reported in SLE
patients [8]. On the other hand, some cases of coincidental
SLE and gout had been reported associated with nephropa-
thy, but the detailed association between elevated serum
UA level and the development of lupus nephritis in SLE
patients without gout remained unclear [9, 10]. Accord-
ingly, this study was designed to assess the relationship
between serum UA level and LN in SLE patients and the
predictive value of hyperuricemia in the development of
LN in the Chinese population.

Materials and methods

Patient population

Unrelated Chinese patients with SLE were recruited from
the Rheumatology, Dermatology, and Nephrology Clinics
of Changzheng Hospital, which is aYliated to the Second
Military Medical University. The study was approved by
the Research Ethics Board of Changzheng Hospital. All
SLE patients recruited into the study met the 1997 revised
American College of Rheumatology (ACR) SLE criteria
[11]. Of all patients, those with diabetes mellitus, hyperten-
sion, and CVD were excluded from this study, because the
UA level could be inXuenced by these diseases. After
exclusion, a total of 130 SLE patients were recruited
into this study of which 73 fulWlled the ACR criteria for
LN [12].

Methods

All patients underwent routine laboratory assessments at
their clinic visit. Blood samples were obtained for determi-
nation of serum UA, complement 3 (C3), C-reactive protein
(CRP) and some autoantibodies including anti-double-
stranded DNA (dsDNA), -Smith, -SSA, -SSB, -U1RNP,
SCL-70, and -Jo-1 antibody. The systemic lupus erythema-
tosus disease activity index (SLEDAI) score [13] was
determined for each patient at the time of the blood draw.

Serological tests included UA measured by the enzy-
matic method (Hitachi Modular P800, Roche Diagnostics,
Indianapolis, IN), C3 and CRP measured by nephelometry
(BN, Behring, Germany), antibodies to dsDNA determined
via the indirect immunoXuorescence method with Crithidia
luciliae as the substrate (EUROPIN, Germany), and antiex-
tractable nuclear antigen (ENA) antibodies determined by
immunoenzyme dot assay (EUROPIN, Germany).

Statistical analysis

All the statistical calculations were performed using SPSS
10.0 statistical software. Normally distributed variables were
summarized using the mean § SD, and non-normally dis-
tributed variables were shown by the median with interquar-
tile range (IQR). Selected characteristics of all participants
at baseline were compared using the chi-square test for cate-
gorical variables, Student’s t test for normally distributed
continuous variables and Mann–Whitney U test for non-nor-
mally distributed continuous variables. Spearman’s correla-
tion coeYcient was used for assessment of the correlation
between two non-normally continuous variables. To esti-
mate the eVects of various factors on LN, univariate logistic
regression was used to calculate odds ratios with 95% CI for
UA and other risk factors. A receiver operating characteris-
tic (ROC) curve was plotted and the area under the ROC
curve was calculated to assess the diagnostic strength of uric
acid for LN. Analysis of covariance (ANCOVA) was used
for comparisons of serum UA levels after logarithmic trans-
formation between the groups, with age as covariate. P val-
ues less than 0.05 were considered signiWcant.

Results

Clinical and laboratory characteristics of SLE patients with
or without LN are shown in Table 1. The SLE patients with
LN were signiWcantly younger than those without LN
(P = 0.003). The SLEDAI scores and the levels of serum
UA were signiWcantly higher in SLE patients with LN than
in those without (P = 0.000). In contrast, the levels of
serum C3 were signiWcantly lower in SLE patients with LN
than in those without (P = 0.000). The positive rate of anti-
dsDNA antibody was signiWcantly higher in SLE patients
with LN than in those without (P = 0.04). However, there
were no diVerences in other factors in Table 1 between
patients with or without LN.

Considering the eVects of LN on the associations
between UA and other factors, the patients were divided
into LN group and non-LN group. Negative association
between UA and C3 was only found in LN group
(r = ¡0.356, P = 0.002), but no association was found in
non-LN group. In addition, no correlations were found
between UA and age, SLEDAI, CRP, IgG, IgM or IgA (see
Table 2). In univariate logistic regression analyses, serum
UA and intake of cyclophosphamide (odds ratio = 5.09)
were independent risk factors for LN in SLE. An increment
of 1 �mol/L in serum UA concentration was associated
with a 1.01 increase in the odds for risk of LN (see
Table 3).

The cut-oV value was calculated for serum UA associ-
ated with increase in the development of LN. The best
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cut-oV value for UA using the ROC curve was 330 �mol/L
(sensitivity 78.1% and speciWcity 75.4%) and the area
under the ROC curve was 0.803 § 0.039 with 95% CI of
0.727–0.878 and P = 0.000 (Fig. 1). Finally, ANCOVA
with age as covariate demonstrated that anti-Sm (� = ¡0.218,
P = 0.004) and -U1RNP (� = 0.177, P = 0.008) autoanti-
bodies were independent determinants of serum UA. There
were signiWcantly higher UA levels in SLE patients with
positive anti-U1RNP antibodies (2.61 § 0.05) than in
those with negative ones (2.44 § 0.05) (P = 0.008). In
contrast, there were signiWcantly lower UA levels in SLE
patients with positive anti-Sm antibodies (2.42 § 0.06)
than in those with negative ones (2.63 § 0.05) (P = 0.004)
(Fig. 2).

Discussion

It has been demonstrated, in animal model studies, that
induced hyperuricemia shows a close association with renal
disease [14, 15]. In humans, it has been reported that hyper-
uricemia is associated with initiation and progression of
renal disease, including diabetic nephropathy [16, 17].
However, so far, no studies have reported the association of
elevated serum UA with development of LN in SLE. In our
present study of 130 SLE patients, it was demonstrated that
serum UA showed a close association with development of
LN in SLE. To our knowledge, this is the Wrst description
for correlation of UA with LN.

It has been reported that anti-dsDNA antibodies play an
important role in the pathogenesis of LN in SLE [18]. Some
studies in animal models demonstrated that extracellular

Table 1 Baseline characteristics of SLE patients according to whether or not LN occurred

SLE with LN (n = 73) SLE without LN (n = 57) P value

Female/male 61/12 53/4 NS

Mean (SD) age in years 32 (14) 40 (14) 0.003

Currently taking prednisone (%) 58 (79.5) 38 (66.7) NS

Currently taking cyclophosphamide (%) 15(20.5) 5 (0.9) NS

Anti-dsDNA antibody (%) 40(54.8) 21(36.8) 0.04

Anti-SSA antibody (%) 39(53.4) 33(57.9) NS

Anti-SSB antibody (%) 10(13.7) 8(14.0) NS

Anti-U1RNP antibody (%) 23(31.5) 11(19.3) NS

Anti-Sm antibody (%) 17(23.3) 8(14.0) NS

SLEDAI [Mean (SD)] 18 (6) 9 (5) 0.000

C3 [Median (interquartile range, IQR)] g/L 0.39 (0.26–0.54) 0.76 (0.51–0.90) 0.000

IgG [Median (IQR)] g/L 13.4 (8.9–19.8) 14.3 (10.2–18.0) NS

IgM (Median [IQR]) g/L 0.46 (0.19–0.61) 1.01 (0.62–1.53) NS

IgA [Median (IQR)] g/L 2.35 (1.73–3.00) 2.10 (1.54–2.81) NS

Uric acid [Median (IQR)] �mol/L 416 (338–561) 279 (217–329) 0.000

CRP [Median (IQR)] mg/L 3.19 (3.08–7.14) 3.20 (3.08–12.56) NS

Table 2 Correlations between UA and other variables in LN or
non-LN groups

SLE with LN SLE without LN

r P r P

SLEDAI 0.037 0.757 0.247 0.064

C3 ¡0.356 0.002 ¡0.127 0.347

IgG 0.094 0.43 0.062 0.645

IgM ¡0.068 0.569 ¡0.073 0.588

IgA 0.008 0.945 ¡0.069 0.611

CRP 0.077 0.519 ¡.0.002 0.988

Table 3 Univariate analysis of risk factors for LN

Risk factors Odds ratio (95%) P value

Age per year 0.97 (0.94–1.01) 0.102

Male sex 2.08 (0.48–9.00) 0.326

Currently taking prednisone 
(Yes = 1, No = 0)

0.83 (0.28–2.44) 0.729

Currently taking 
cyclophosphamide 
(Yes = 1, No = 0)

5.09 (1.24–20.85) 0.024

Anti-dsDNA antibody 1.51 (0.55–4.16) 0.425

Anti-SSA antibody 1.03 (0.37–2.88) 0.951

Anti-SSB antibody 0.78 (0.19–3.12) 0.725

Anti-U1RNP antibody 0.63 (0.09–4.33) 0.642

Anti-Sm antibody 3.49 (0.42–29.00) 0.246

C3 per g/L 0.69 (0.18–2.59) 0.578

CRP per mg/L 1.01 (0.99–1.02) 0.489

UA per �mol/L 1.01 (1.005–1.014) 0.000
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dsDNA occurs mainly in the form of nucleosomes and
pathogenic anti-dsDNA in SLE patients could form com-
plexes by binding to these nucleosomes, which settle in the
renal glomerular basement membrane to activate comple-
ment, initiating LN [19, 20]. In the current study, although
we found there were signiWcant diVerences in age, positive
rate of anti-dsDNA antibody and C3 between SLE patients

with and without LN, on the other hand, after univariate
logistic regression analyses, the above factors were not
independent risk factors of LN. This suggests that a com-
plex interaction between various known or unknown fac-
tors underlies their roles in development of LN.
Interestingly and noticeably, among these factors, serum
UA actually is an independent risk factor for development
of LN in SLE, as well as its signiWcant diVerence between
SLE patients with and without LN. These results support
the idea that UA may also be involved in the pathogenesis
of nephropathy in SLE. Furthermore, intake of cyclophos-
phamide could be associated with the development of LN
in SLE by univariate logistic regression analyses. This
result seems to be inconsistent with previous reports, which
reported that cyclophosphamide can be used for treatment
of LN [21, 22]. However, according to the history of the
patients, since most SLE patients did not take cyclophos-
phamide until LN occurred in China, we speculated that
taking cyclophosphamide was just a therapeutic method
after development of LN in SLE, but actually not a risk fac-
tor for development of LN.

In our study, serum UA showed a close association with
C3 in SLE patients with LN, but not in those without LN.
However, serum UA showed no associations with IgG,
IgM, IgA, or CRP in both groups. The explanation might
be that C3 can be activated through classical and alterna-
tive pathways by elevated UA in LN, as described in previ-
ous studies, which demonstrated that monosodium urate
could induce activation of not only classical but also alter-
native pathway of complement in vitro [23, 24]. The depo-
sition of complement activation products, in turn,
contributes to renal tissue injury and development of LN
[25]. The classical complement activation process does not
require immunoglobulin, but is ampliWed by both CRP and
IgG [26, 27]. Therefore, there might be no direct relation-
ships between UA and CRP and Ig’s, as described in the
present study. In addition, there were no associations
between UA and SLEDAI in both the groups, which indi-
cated that increased serum UA had no association with
SLE activity. After univariate logistic regression analyses,
serum UA remained an independent risk factor of LN in
patients with SLE. The size of this eVect was substantial:
an increase of 1 �mol/L of serum UA led to a 1.01-fold
increase in the risk of LN. Furthermore, the ROC curve of
serum UA and LN from our study showed that the cut-oV
value for the prediction of LN was 330 �mol/L in SLE
patients, which was lower than the cut-oV points used for
deWnition of hyperuricemia (416 �mol/L in western coun-
tries and 420 �mol/L in China). This suggested that hyper-
uricemia may be deWned as ¸330 �mol/L in Chinese
population in the context of SLE, diVerent from that in Chi-
nese people without SLE, if it is used as a useful predictor
for development of LN. Accordingly, in China, if LN is

Fig. 1 ROC curve for concentrations of UA and LN

Fig. 2 Log UA levels in various SLE patients. M male, F female;
Y yes, N no; P positive, N negative; White bar for male, yes or positive;
Black bar for female, no or negative; Asterisk for P < 0.01 versus SLE
patients with positive autoantibodies
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estimated in SLE patients by hyperuricemia, the hyperuri-
cemia might not be deWned as that in general population,
which should merit more attention.

In ANCONA analyses, unexpectedly, we found that
serum UA was associated with the presence of serum
anti-Smith and -U1RNP antibodies, but not with sex,
medication (prednisone or cyclophosphamide), anti-dsDNA,
-SSA, -SSB antibodies in SLE patients. Furthermore,
surprisingly, SLE patients with positive anti-U1RNP
antibodies showed signiWcantly higher serum concentra-
tion of UA than the ones with negative anti-U1RNP
antibodies, while SLE patients with positive anti-Smith
antibodies showed signiWcantly lower serum concentration
of UA than the ones with negative anti-Smith antibodies.
These novel Wndings provide a possible link between
UA and various snRNPs, which are target antigens
recognized by anti-Sm and -U1RNP autoantibodies,
although the detailed mechanisms remain to be explored
in future.

In conclusion, serum UA concentration can be measured
easily in the clinical laboratory and applied in medical prac-
tice, and elevated serum UA level would be useful as a pro-
visional new risk factor of LN in SLE patients. Since early
diagnosis and treatment are of great importance for
improvement of clinical outcome of LN [28], we propose
that measurement of serum UA concentration should be
used as a routine test to predict early development of LN
for SLE patients. We hope that these results can provide a
useful clue for further studies, although it remains to be
clariWed whether these Wndings are due to a pathogenetic
role of serum UA or if this is just due to kidney damage
caused by LN.
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