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Introduction: The aim of the present study was to investigate serum phosphate and uric acid levels (UA) in juvenile sys-
temic lupus erythematosus (jSLE) and to ascertain their relationship, if any, with disease activity and lupus nephritis.
Methods: Included in the study were 18 children with jSLE who were investigated retrospectively during the active phase 
(AP) and remission phase (RP) of jSLE.
Results: Serum phosphate and UA levels were found to be significantly lower in AP than in the RP (2.5±0.3/4.2±0.08 mg/dL, 
p=0.0001 and 2.9±0.3/5±0.2 mg/dL, p=0.0001, respectively). Serum phosphate levels were strongly correlated with serum 
albumin levels (r=0.772, p=0.0001) and platelet count (r=0.735, p=0.001) and negative associated with D-dimer (r=−0.750, 
p=0.0001) in AP. No correlation was identified between serum phosphate and UA or creatinine levels in patients with AP, 
while serum phosphate and UA levels were similar in children with and without nephritis (p>0.05). Serum phosphate lev-
els were correlated with platelet count and UA levels and were inversely related with D-dimer levels in jSLE patients with 
nephritis (p<0.05).
Discussion and Conclusion: Serum phosphate and UA levels can reflect the activation and low serum levels may be useful 
biomarkers for the detection of AP in jSLE patients with and without nephritis.
Keywords: Childhood; hypophosphatemia; hypouricemia; juvenile systemic lupus erythematosus; nephritis.

Juvenile systemic lupus erythematosus (jSLE) is a chronic 
inflammatory disease that affects many systems in the 

body, although its etiology is unknown. It is characterized 
by circulating self-reactive antibodies that deposit in tis-
sues and organs[1]. jSLE also affects laboratory findings, 
such as blood leukocyte and thrombocyte counts; erythro-
cyte sedimentation rate (ESR); and hemoglobin, comple-
ment, creatinine, C-reactive protein (CRP), and Vitamin D 
levels[2-4]. Data on the role of autoantibodies and inflam-
mation in jSLE are increasing[5]. On the other hand, studies 

of electrolyte abnormalities, including phosphate and uric 
acid (UA), are limited in literature in SLE. UA is a catabolite 
of the purines derived from DNA and RNA, and has been 
identified as an endogenous adjuvant that drives immune 
response[6]. The overproduction of UA has been proven to 
play an emerging role in human diseases such as cardiovas-
cular disease and gout. On the other hand, low serum UA 
levels might be related with some autoimmune diseases[7]. 
Moreover, in some studies, low serum UA level has been 
shown due to the use of UA in inflammatory conditions[8,9].
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Phosphate plays a key role in several biological processes, 
regulating gene transcription, enzyme activation, bone-
kidney-intestine interaction, etc[10]. Although hyper-
phosphatemia is common, especially in kidney diseases, 
low serum phosphate is a rare condition. Hypophos-
phatemia may be seen in neurologic, cardiopulmonary, 
musculoskeletal, hematological, and metabolic dysfunc-
tions[11,12]. Da Chunha et al.[13] suggested that hypophos-
phatemia is probably secondary to rapid shifts of extracel-
lular phosphate into the intracellular compartment as an 
acute-phase response in inflammatory diseases.

In this retrospective study, we investigate the relationship 
between phosphate and uric acid levels in the active phase 
(AP) and remission phase (RP) of jSLE in the same patients. 
Acute-phase reactants (albumin, CRP, fibrinogen, and ESR) 
and other laboratory parameters (serum anti-dsDNA, crea-
tinine, D-Dimer, thrombocyte counts, urine protein/creati-
nine ratio, and complements C3 and C4) were also evalu-
ated in patients with or without lupus nephritis.

Materials and Methods 
The data of children with jSLE who presented to our pe-
diatric nephrology department were analyzed retrospec-
tively over a 6-year period. This study was reviewed and 
approved by Ethics Committee (This study was reviewed 
and approved by Ethics Committee (Düzce University Ethic 
Committee, Report number: 2021/18). Written informed 
consent of the families was obtained. All patients were 
diagnosed with jSLE based on the American College of 
Rheumatology criteria[14]. At the time of diagnosis, clinical 
findings and biochemical parameters were used for the 
SLE disease activity scores. Patients with mild (new-onset 
low-grade fevers, malar rash, arthralgia, and increasing fa-
tigue), moderate (pleuritic chest pain or pleurisy, swollen 
elbow, and elevation of the acute-phase reactants), and 
severe (new onset renal insufficiency, significant protein-
uria due to lupus nephritis, decreased complement C3 and 
C4 levels, elevated anti-dsDNA, and acute-phase reactants 
levels) flares of jSLE were defined as being at the AP of the 
disease[5]. Complete absence of clinical disease activity, 
normal acute-phase reactant levels, and normocomple-
mentemic for the past 1 year was defined as remission. On 
the other hand, activity categories have been also defined 
based on SLEDAI score (no activity [SLEDAI = 0], mild activ-
ity [SLEDAI = 1–5], moderate activity [SLEDAI= 6–10], high 
activity [SLEDAI= 11–19], and very high activity [SLEDAI 
≥20])[15]. Blood samples were obtained in the morning and 
serum biochemistry was performed using routine labora-
tory techniques on jSLE patients in the AP and RP. Antin-

uclear antibody was measured using indirect immunoflu-
orescence method and anti-dsDNA levels were measured 
using an ELISA kit.

Renal biopsies were performed on patients who have an 
acute increase in serum creatinine, proteinuria, hema-
turia in the presence of any level of proteinuria, and ac-
tive sediment/cellular casts, and were evaluated based on 
ACR criteria. Of the total sample, eight patients had lupus 
nephritis, and all cases with lupus nephritis ISN Class IV or 
Class III were treated with intravenous methylprednisolone 
and monthly intravenous cyclophosphamide, with main-
tenance therapy of mycophenolate mofetil and oral 
prednisolone. Of the total, 16 (88.8%) patients were also 
treated with hydroxychloroquine. Patients who used in-
testinal phosphate-binding drugs and those with elevated 
parathyroid hormone (PTH) levels, systemic or local infec-
tion, or metabolic disease were excluded from the study.

Statistical analysis was performed using SPSS for Windows 
(Version 11.0. Chicago, SPSS Inc.). All values were stated as 
the mean±SD. Mean values were compared with a Mann–
Whitney U and t tests. Pearson’s and Spearman’s rho corre-
lation tests were used to identify the relationship between 
the measured and assayed parameters. P<0.05 was ac-
cepted as statistically significant. 

Results
Included in the present study were 18 jSLE patients (1 male 
[5.5%]; 17 female [94.5%]), whose clinical features are sum-
marized in Table 1. Arthritis was the most common symp-
tom (Table 1). Biopsy-proven jSLE nephritis was identified 
in eight of the 18 patients. The WHO Class IV nephritis was 
identified in 5 (27.7%) patients; 2 patients (11.1%) exhib-
ited typical FSGS lesions on renal biopsy; and only 1 (5.5%) 
patient had Class V nephritis.

The antinuclear antibody positivity ratio was 88.9% while 
anti-dsDNA (anti-double-stranded DNA) positivity ratio 
was 61% (Table 1). Lupus anticoagulants positivity was 
found in 10 (55.6%) patients; and 5 patients (29.4%) had 
positive ANCA immunofluorescence test. The biochemical 
findings in AP and RP are presented in Table 2. SLEDAI score 
was 15.3±5.7 in patients with AP. Serum phosphate and UA 
levels were significantly lower in AP than in RP (2.5±0.3 vs. 
4.2±0.08 mg/dL, p=0.0001 and 2.9±0.3 vs. 5±0.2 mg/dL, 
p=0.0001, respectively) (Fig. 1a, b). On the other hand, serum 
phosphate levels were strongly correlated with serum albu-
min levels (r=0.772, p=0.0001) and platelet count (r=0.735, 
p=0.001) in AP (Table 3), and were also strongly negatively 
correlated with D-dimer levels (r=−0.750, p=0.0001). Serum 
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UA levels were weakly correlated with platelet counts and 
inversely correlated with D-dimer levels (r=0.513, p=0.029 
and r=−0.584, p=0.011, respectively, [Table 3]). There was a 
weak correlation between serum phosphate and UA levels 

in AP (r=0.558, p=0.016).

Serum anti-dsDNA levels were found not to be associated 
with such acute-phase markers as CRP, D-dimer, fibrinogen, 
creatinine, and spot urine protein/creatinine ratio (p>0.05), 
while anti-dsDNA levels were correlated with ESR (ESR: 
r=0.628, p=0.005).

Patients were also divided into groups according to severe 
hypophosphatemia and hypouricemia. Of the total, six pa-
tients developed marked hypouricemia (<2 mg/dL), and 
eight patients developed marked hypophosphatemia (<2.5 
mg/dL) during AP, and all those with marked hypophos-
phatemia also had concurrent hypouricemia. Serum com-
plement C3, albumin levels, and blood platelet counts were 
decreased significantly in children who developed marked 
hypophosphatemia (Table 4), and serum creatinine, D-
dimer levels, and ESR were high in these patients (Table 
4). There was an inverse correlation with phosphate levels 
and D-dimer in patients with marked hypophosphatemia 
(r=−0.756, p=0.030) (Fig. 2). It should be noted that two 
patients with marked hypophosphatemia were found to 
be resistant to immunosuppressive treatment, and these 
patients were treated successfully with eculizumab and rit-
uximab.

Platelet count was decreased statistically significant in the 
patients who developed marked hypouricemia (Table 4). 
Although serum D-Dimer level was high, serum albumin 
levels and platelet count were low in these patients (Table 
4). An inverse correlation with UA levels and CRP was noted 
(r=−0.837, p=0.038) (Fig. 3).

Eight patients had biopsy proven nephritis. The laboratory 
findings of patients with and without nephritis are pre-
sented in Table 5. Notably, 6 of the 8 (75%) patients with 
marked hypophosphatemia had nephritis. Serum phos-

Table 1. Clinical and laboratory features of the patients (n=18)

Sex (girls/boys; n) 17/1
Age (years) 14±2.65

  (n/%)

Symptoms
 Arthritis  15 (83.3)
 Fever 4 (22.2)
 Aphthous ulceration 7 (38.9)
 Malar rash 11 (61.1)
 Photosensitivity 9 (50)
 Pericarditis 3 (16.6)
 Central nervous involvement  1 (6.25)
 Pleural effusion 4 (22.2)

  (n/%)

Laboratory
 ANA positivity 16 (88.9)
 Elevated anti-dsDNA 11 (61)
 Lupus anticoagulants antibodies positivity 10 (55.6)
 Anti-RNP positivity 5 (27.7)
 Anti-Smith positivity 4 (22.2)
 ANCA positivity 4 (22.2)
 Low complement C3 13 (72.2)
 Low complement C4 11 (61)
 C-reactive protein positivity 9 (50)
 Elevated ESR (>30 mm/h) 13 (72.2)

ANA: Anti-nuclear antibody; dsDNA: Double-stranded DNA; ANCA: 
Antineutrophilic cytoplasmic antibody; RNP: Ribonucleoprotein particle; 
ESR: Erythrocyte sedimentation rate.

Table 2. Biochemical findings of the patients

  Active stage Remission stage p
  (Mean±SEM) (Mean±SEM)

Anti-double-stranded DNA (U/mL) 4.21±1.16 1.3±0.5 0.001
C-reactive protein (mg/dL) 7.0±2.28 0.3±0.02 0.006
Complement C3 (mg/dL) 66.4±8.7 114.9±5.71 0.0001
Fibrinogen (mg/dL) 461.2±38.6 252.4±16 0.0001
Hemoglobin (g/dL) 10.1±0.77 13.5±0.3 0.001
Platelet count (mm3) 149.944.4±20.137.5 301.222.2±15.249.5 0.0001
Erythrocyte sedimentation rate (mm/h)  71.4±9.45 9.7±2.3 0.0001
Creatinine (mg/dL) 1.34±0.34 0.42±0.03 0.0001
Albumin (gr/dL) 3.21±0.22 4.47±0.12 0.0001
D-dimer (mg/L) 10.07±2.51 1.53±0.4 0.004
Urine protein/creatinine ratio 0.99±0.34 0.42±0.03 0.016



310 Sav et al., Decreased Uric Acid and Phosphorus Levels in Active Juvenile Systemic Lupus Erythematosus / doi: 10.14744/hnhj.2022.16779

phate and UA levels were similar in patients with and with-
out lupus nephritis (1.9±0.3/3±0.4 mg/dL, p=0.633 and 
2.5±0.4/3±0.3 mg/dL, p=0.573, respectively) (Fig. 4a, b).

Serum phosphate levels were found to be significantly cor-
related with platelet count in children with jSLE nephritis 
(r=0.755, p=0.031, respectively) (Fig. 5), while serum UA lev-
els are strongly inversely correlated with D-dimer (r=−850, 
p=0.007) in these patients. Neither phosphate nor UA lev-
els were correlated with serum creatinine levels or urine 
protein/creatinine ratios (p>0.05).

Discussion
Recent studies of jSLE have identified several promising 
biomarkers to aid in the monitoring of patients, while a sin-
gle reliable, easily measureable biochemical marker is lack-
ing for the determination of jSLE patients with AP and/or 
nephritis. Hence, pediatric studies of non-invasive biomark-

ers are of utmost importance. In this paper, we found the 
classical follow-up parameters to be higher in children at 
the AP of jSLE than those at RP (Table 1). It is worthy of note 
that serum phosphate and UA levels were more signifi-
cantly decreased in the AP than in the RP. To the best of our 
knowledge, there has been only one study of jSLE and hy-
pophosphatemia, while the relationship between UA and 
jSLE has yet to be ascertained in literature. The alterations 
to the phosphate and UA metabolism during the AP of jSLE 
are still unclear. Classically, hypophosphatemia may be 

Figure 1. (a, b) The serum phosphate and uric acid levels in AS and RS.

Figure 2. The phosphate and D-dimer correlations in patients with 
marked hypophosphatemia.

Table 3. Correlations between serum phosphate or uric acid levels 
and other parameters in children with active stage of juvenile 
systemic lupus erythematosus

   Phosphate   Uric acid

  r  p r  p

Albumin (gr/dL) 0.772  0.0001 0.293  >0.05
Platelet count (mm3) 0.735  0.001 0.513  0.029
D-dimer (mg/L) −0.750  0.0001 −0.584  0.011
Phosphate (mg/dL)   - 0.558  0.016
Uric acid (mg/dL) 0.558  0.016
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caused by the decreased intestinal absorption, increased 
renal excretion, or internal redistribution of inorganic 
phosphate[16]. Similarly, hypouricemia may be associated 

with defects in the production of UA or defects during the 
proximal tubular transport of UA[17]. Our findings suggest 
that reduced serum phosphate and UA levels will lead to an 
unusual metabolism in jSLE. A significant correlation was 
identified between phosphate levels and albumin, D-dimer 
and platelet count in our jSLE patients with AP, and similar 
relationships were also noted for UA. Moreover, the inverse 
correlation between phosphate and D-dimer persisted in 
patients with marked hypophosphatemia in AP, indicating 
that albumin, D-dimer, and platelet count could be indi-
cators of inflammation and/or disease activity. This led us 
to believe that hypophosphatemia and hypouricemia may 
be related with acute inflammation and disease activity in 
jSLE patients. Inflammatory cytokines may lead to an inter-
nal redistribution of phosphate and UA. In a previous study, 
lipopolysaccharide and TNF-alpha induced the iPTH and 
downregulated the renal type IIa sodium-dependent phos-
phate cotransporter gene expression in mice, and the re-
searchers reported an increase in phosphate excretion[18]. 
Barak et al.[19] also reported serum phosphate levels to be 
negatively correlated to inflammatory cytokines including 
interleukin-6 and TNF-alpha.

Table 4. Laboratory results of the patients according to the phosphate and uric acid levels

  Serum phosphate Serum phosphate Serum Uric acid Serum uric acid p
  (<2.5 mg/dL) (>2.5 mg/dL) (<2 mg/dL) (>2 mg/dL)
  (n=8) (n=10) (n=6) (n=12)

Anti-double-stranded DNA (U/mL) 4.1±1.3 4.3±1.9 4.2±1.8 4.2±1.5 P1. P2=NS
C-reactive protein (mg/dL) 9.1±2.7 5.4±3.5 9±3.7 6±3 NS
Complement C3 (mg/dL) 42±7.5 86±11.4 44.1±10 77.6±11 P1=0.008
      P2=NS
Fibrinogen (mg/dL) 504.6±78 426.5±31.3 429±82 477.3±43.1 NS
Hemoglobin (g/dL) 9.2±1.5 10.9±0.7 9.7±2 10.3±0.7 P1. P2=NS
Platelet count (mm3) 88,750±20,982.9 198,900±22,486.8 77,000±26,460 186,416.7±20,448.9 P1=0.003
      P2=0.013
Erythrocyte sedimentation rate (mm/h) 97.6±11.3 50.4±10.7 87.5±11.2 63.3±12.7 P1=0.008
      P2=NS
Creatinine (mg/dL) 2.21±0.7 0.6±0.06 2.5±0.9 0.8±0.1 P1=0.04
      P2=NS
Albumin (gr/dL) 2.4±0.2 3.9±0.2 2.3±0.3 3.7±0.3 P1=0.018
      P2=0.002
D-dimer (mg/L) 16.5± 4.8 5±0.8 20.2±5.6 5±0.7 P1=0.034
      P2=0.001
Phosphate (mg/dL) - - 1.3±0.1 3.1±0.2 P2=0.0001
      P2=NS
Uric acid (mg/dL) 2±0.4 3.4±0.1 - - NS
Urine protein/creatinine ratio 1.4±0.5 0.6±0.2 1.4±0.6 0.8±0.3 P1.P2=NS

P1=Serum phosphate (<2.5 mg/dL) versus serum phosphate (>2.5 mg/dL), P2=Serum uric acid (<2 mg/dL) versus serum uric acid (>2 mg/dL), P3=With 
nephritis versus without nephritis.

Figure 3. The uric acid and CRP correlations in patients with marked 
hypophosphatemia.
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Oxidative stress plays an important role in the pathogen-
esis of SLE,[20,21] while UA is an important component of 
the plasma antioxidant capacity in the body. To the best of 
our knowledge, the relationship between UA and SLE has 
not been studied to date. In addition, it has been reported 
that serum UA levels were decreased in such inflammatory 
statuses as severe sepsis and are correlated with albumin, 
tocopherol-carrying lipoproteins, and transferrin which ac-
count for most of the antioxidant capacity of plasma[22]. In 
the present study, hypouricemia may be a reflection of the 
deterioration in plasma antioxidant capacity in AP.

Anti-dsDNA antibody levels often correlate with lupus ac-

tivity and could be elevated in the inactive period in some 
patients[23]. We found anti-dsDNA antibodies to be ele-
vated in 11 patients with AP, while anti-dsDNA levels were 
not correlated with any biochemical parameters including 
phosphate and UA levels, which may be due to heterogene-
ity in the pathogenic nature of anti-dsDNA. This marker is 
associated with their poly-reactivity and their ability to bind 
directly to non-DNA cross-reactive tissue antigens[23,24]. In 
contrast to the anti-dsDNA-related correlations, phosphate 
and UA levels were correlated with acute-phase markers in 
jSLE patients with AP. Our findings suggest that the serum 
phosphate and UA levels may be a better indicator than an-

Figure 4. (a, b) Serum phosphate and uric acid levels in patients with and without lupus nephritis.

Figure 5. Serum phosphate and platelet correlations in patients with 
nephritis.

Table 5. Laboratory results in patients with nephritis

   Nephritis 
   (Mean±SEM) 

  +  − p
  (n=8)  (n=10)

Anti-dsDNA(U/mL) 7.2±2.1  1.8±0.5 0.04
C-reactive protein (mg/dL) 6.8±2.2  7.3±3.8 NS
Complement C3 (mg/dL) 49.3±10.9  80.2±11.8 NS
Fibrinogen (mg/dL) 469.1±68.9  454.9±45.9 NS
Hemoglobin (g/dL) 8.3±1.3  11.5±0.6 0.04
Platelet count (mm3) 122,375±26,740.7  172,000±28,499.5 NS
ESR (mm/h) 89±11.1  57.3±13.2 NS
Creatinine (mg/dL) 2.3±0.6  0.6±0.04 0.0001
Albumin (gr/dL) 2.6±0.3  3.7±0.2 0.01
D-dimer (mg/L) 12.8±4  7.9±3.1 NS
Urine protein/creatinine  1.76±0.4  0.4±0.2 0.009

Anti-dsDNA: Anti-double-stranded DNA; ESR: Erythrocyte sedimentation rate.
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ti-dsDNA for the determination of AP in jSLE patients. Fur-
ther studies are needed to determine the value of serum 
phosphate and UA levels as a sign and/or disease activity 
marker of jSLE.

Renal disease, referred to as lupus nephritis, occurs in 50–
75% of all jSLE patients,[25] and can result in damage to the 
tubulointerstitial area, as well as to the glomerular and vas-
cular compartments of the kidney[26]. In the present study, 
eight of the 18 patients had biopsy-proven nephritis, and 
so a possible mechanism behind hypophosphatemia and 
hypouricemia in jSLE may be their loss from renal tubules 
in AP. In Fujiwara et al.’s [27] study of four moderately and 
two markedly low hypophosphatemia jSLE patients, it was 
concluded that both TNF-α and IL-6 levels could be related 
to hypophosphatemia in jSLE patients, and that waste 
phosphate from renal tubules could feature in the mecha-
nism of hypophosphatemia in SLE. We did not calculate the 
tubular phosphate reabsorption ratio or fractional UA ex-
cretion of the patients in the present study, but the lack of 
any correlation between phosphate and/or UA levels and 
serum creatinine and urine protein/creatinine ratios in pa-
tients with and without nephritis suggests that hypophos-
phatemia and hypouricemia are not associated with the 
increased excretion of these molecules in jSLE nephritis.

There are some limitations in our study that include the 
higher frequency of females in our groups, the relatively 
small number of the patients. Moreover, long-term follow-
up results of the patients could not be obtained.

Serum phosphate and UA levels may be considered two 
useful indicators of SLE activation. Prospective studies are 
needed to clarify whether serum phosphate and UA levels 
could be predictors of AP in jSLE patients.

Ethics Committee Approval: This study was approved by the Ethics 
and Research Committee of the Duzce University (2021/No:18). 

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: N.M.S.; Design: N.M.S., B.Y.; 
Data Collection or Processing: N.M.S., N.Ç.; Analysis or Interpreta-
tion: N.M.S., N.Ç., B.Y.; Literature Search: N.M.S.; Writing: N.M.S., B.Y.

Conflict of Interest: None declared.
Financial Disclosure: The authors declared that this study re-
ceived no financial support.

References
1. Gottschalk TA, Tsantikos E, Hibbs ML. Pathogenic inflamma-

tion and its therapeutic targeting in systemic lupus erythe-
matosus. Front Immunol 2015;6:550. [CrossRef ]

2. Hesselink DA, Aarden LA, Swaak AJ. Profiles of the acute-phase 
reactants C-reactive protein and ferritin related to the disease 

course of patients with systemic lupus erythematosus. Scand 
J Rheumatol 2003;32:151–5. [CrossRef ]

3. Abdel Galil SM, Edrees AM, Ajeeb AK, Aldoobi GS, El-Boshy M, 
Hussain W. Prognostic significance of platelet count in SLE pa-
tients. Platelets 2017;28:203–7. [CrossRef ]

4. Gordon C, Emery P. Cytokines and the acute phase response in 
SLE. Lupus 1993;2:345–7. [CrossRef ]

5. Isenberg DA, Allen E, Farewell V, D'Cruz D, Alarcón GS, Aranow 
C, Bruce IN, et al. An assessment of disease flare in patients 
with systemic lupus erythematosus: A comparison of BI-
LAG 2004 and the flare version of SELENA. Ann Rheum Dis 
2011;70:54–9. [CrossRef ]

6. Ghaemi-Oskouie F, Shi Y. The role of uric acid as an endoge-
nous danger signal in immunity and inflammation. Curr Rheu-
matol Rep 2011;13:160–6. [CrossRef ]

7. Hooper DC, Spitsin S, Kean RB, Champion JM, Dickson GM, 
Chaudhry I, et al. Uric acid, a natural scavenger of peroxyni-
trite, in experimental allergic encephalomyelitis and multiple 
sclerosis. Proc Natl Acad Sci U S A 1998;95:675–80. [CrossRef ]

8. Morato-Conceicao YT, Alves-Junior ER, Arruda TA, Lopes JC, 
Fontes CJ. Serum uric acid levels during leprosy reaction epi-
sodes. PeerJ 2016;4:e1799. [CrossRef ]

9. Bairaktari ET, Kakafika AI, Pritsivelis N, Hatzidimou KG, Tsianos 
EV, Seferiadis KI, et al. Hypouricemia in individuals admit-
ted to an inpatient hospital-based facility. Am J Kidney Dis 
2003;41:1225–32. [CrossRef ]

10. Hu MC, Shiizaki K, Kuro-o M, Moe OW. Fibroblast growth fac-
tor 23 and Klotho: Physiology and pathophysiology of an 
endocrine network of mineral metabolism. Annu Rev Physiol 
2013;75:50333. [CrossRef ]

11. Gaasbeek A, Meinders AE. Hypophosphatemia: An update on 
its etiology and treatment. Am J Med 2005;118:1094–101.

12. Knochel JP. The pathophysiology and clinical characteristics 
of severe hypophosphatemia. Arch Intern Med 1977;137:203–
20. [CrossRef ]

13. da Cunha DF, dos Santos VM, Monterio JP, de Carvalho da 
Cunha SF. Hypophosphatemia in acute-phase response syn-
drome patients. Preliminary data. Miner Electrolyte Metab 
1998;24:337–40. [CrossRef ]

14. Smith EL, Shmerling RH. The American College of rheumatol-
ogy criteria for the classification of systemic lupus erythema-
tosus: Strengths, weaknesses, and opportunities for improve-
ment. Lupus 1999;8:586–95. [CrossRef ]

15. Lam GK, Petri M. Assessment of systemic lupus erythemato-
sus. Clin Exp Rheumatol 2005;23(Suppl 39):S120–32.

16. Amanzadeh J, Reilly RF Jr. Hypophosphatemia: An evi-
dence-based approach to its clinical consequences and man-
agement. Nat Clin Pract Nephrol 2006;2:136–48. [CrossRef ]

17. Martín NE, Nieto VG. Hypouricemia and tubular transport of 
uric acid. Nefrologie 2011;31:44–50. 

18. Ikeda S, Yamamoto H, Masuda M, Takei Y, Nakahashi O, 
Kozai M, et al. Downregulation of renal type IIa sodium-de-
pendent phosphate cotransporter during lipopolysaccha-
ride-induced acute inflammation. Am J Physiol Renal Physiol 

https://doi.org/10.3389/fimmu.2015.00550
https://doi.org/10.1080/03009740310002489
https://doi.org/10.1080/09537104.2016.1214253
https://doi.org/10.1177/096120339300200601
https://doi.org/10.1136/ard.2010.132068
https://doi.org/10.1007/s11926-011-0162-1
https://doi.org/10.1073/pnas.95.2.675
https://doi.org/10.7717/peerj.1799
https://doi.org/10.1016/S0272-6386(03)00355-X
https://doi.org/10.1146/annurev-physiol-030212-183727
https://doi.org/10.1016/j.amjmed.2005.02.014
https://doi.org/10.1001/archinte.1977.03630140051013
https://doi.org/10.1159/000057393
https://doi.org/10.1191/096120399680411317
https://doi.org/10.1038/ncpneph0124


314 Sav et al., Decreased Uric Acid and Phosphorus Levels in Active Juvenile Systemic Lupus Erythematosus / doi: 10.14744/hnhj.2022.16779

2014;306:F744–50. [CrossRef ]

19. Barak V, Schwartz A, Kalickman I, Nisman B, Gurman G, Shoen-
feld Y. Prevalence of hypophosphatemia in sepsis and infec-
tion: The role of cytokines. Am J Med 1998;104:40–7. [CrossRef ]

20. Yang J, Yang X, Zou H, Li M. Oxidative stress and treg and Th17 
dysfunction in systemic lupus erythematosus. Oxid Med Cell 
Longev 2016;2016:2526174. [CrossRef ]

21. Li Y, Gorelik G, Strickland FM, Richardson BC. Oxidative stress, 
T cell DNA methylation, and lupus. Arthritis Rheumatol 
2014;66:1574–82. [CrossRef ]

22. Giovannini I, Chiarla C, Giuliante F, Vellone M, Ardito F, Pallavi-
cini F, et al. Biochemical and clinical correlates of hypourice-
mia in surgical and critically ill patients. Clin Chem Lab Med 
2007;45:1207–10. [CrossRef ]

23. Yung S, Chan TM. Mechanisms of kidney injury in lupus ne-

phritis - the role of anti-dsDNA antibodies. Front Immunol 
2015;6:475. [CrossRef ]

24. Yung S, Cheung KF, Zhang Q, Chan TM. Anti-dsDNA antibod-
ies bind to mesangial annexin II in lupus nephritis. J Am Soc 
Nephrol 2010;21:1912–27. [CrossRef ]

25. Levy DM, Kamphuis S. Systemic lupus erythematosus in chil-
dren and adolescents. Pediatr Clin North Am 2012;59:345–64.

26. Dhingra S, Qureshi R, Abdellatif A, Gaber LW, Truong LD. 
Tubulointerstitial nephritis in systemic lupus erythematosus: 
Innocent bystander or ominous presage. Histol Histopathol 
2014;29:553–65.

27. Fujiwara I, Ogawa E, Kondo Y, Ohura T, Iinuma K. Hypophos-
phatemia in juvenile patients with systemic lupus erythema-
tosus. Pediatr Int 2003;45:23–30. [CrossRef ]

https://doi.org/10.1152/ajprenal.00474.2013
https://doi.org/10.1016/S0002-9343(97)00275-1
https://doi.org/10.1155/2016/2526174
https://doi.org/10.1002/art.38427
https://doi.org/10.1515/CCLM.2007.502
https://doi.org/10.3389/fimmu.2015.00475
https://doi.org/10.1681/ASN.2009080805
https://doi.org/10.1016/j.pcl.2012.03.007
https://doi.org/10.1046/j.1442-200X.2003.01665.x



