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Random spot urine protein to creatinine ratio is a reliable 
measure of proteinuria in lupus nephritis in Koreans
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Abstract
Objectives

The accurate assessment of proteinuria is critical for the management of lupus nephritis. Measuring the protein to 
creatinine (P/C) ratio in random spot urine (RSU) samples has been introduced as an alternative to the 24-hour (24h) 
urine collection method. However, it remains unclear as to whether the RSU P/C ratio is reliable for assessing lupus 

nephritis (LN) in routine clinical practice. 

Methods
In total, 275 pairs of 24h urine and RSU samples from 102 patients with biopsy-proven LN were analysed. The correlation 
and concordance between the P/C ratios in the two sample types were assessed by Pearson or Spearman correlation and 

intra-class correlation coefficient (ICC) using mixed models for repeated measurements, respectively.

Results
The mean 24h urine P/C ratio was 3.2 ± 4.9. Overall, RSU P/C ratio correlated strongly with the 24h urine P/C ratio 
(r=0.944, p<0.001) with an excellent agreement (ICC=0.949, 95% confidence interval [CI]: 0.69–1.00). Subgroup 
analyses revealed that the correlation remained high in class II, III, IV, and V LN (rho=0.868, p<0.001; rho=0.649, 

p=0.007; r=0.945, p<0.001; and rho=0.900, p=0.001, respectively). The correlation between the 24h urine and RSU 
P/C ratio in the range of 0.5 to 3 was good (r=0.720, p<0.001) with ICC of 0.659 (95%CI 0.554–0.812). RSU P/C 
ratio ≥0.5 could predict 24h PCR ≥0.5 with 91.7% sensitivity and 70.2% specificity, whereas RSU P/C ratio ≥1.0 

increased specificity up to 94.7%.

Conclusion
The RSU P/C ratio is an excellent alternative to the 24 hour P/C ratio for assessing the presence of clinically significant 
proteinuria in LN. RSU P/C ratio >1.0 may prompt directly to a renal biopsy, whereas RSU P/C ratio between 0.5–1.0 

should be followed by a confirmatory 24h urine collection.
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Introduction
Systemic lupus erythematosus (SLE) is 
characterised by a wide range of clini-
cal manifestations (1). Proteinuria is a 
hallmark of renal diseases and reflects 
the degree of damage to the glomeru-
lar filter system of various aetiologies 
(2). In systemic lupus erythematosus 
(SLE), proteinuria correlates with glo-
merulonephritis activity and thus can 
help guide diagnostic and therapeutic 
decisions such as whether to perform 
a renal biopsy or change the intensity 
of immunosuppressive treatment (3). 
Therefore, for the management of lu-
pus nephritis (LN), it is essential that 
proteinuria is measured accurately.
The gold standard for measuring pro-
teinuria per day, which reflects the 
damage to glomeruli, is to measure the 
amount of protein in a 24-hour (24h) 
urine collection. However, collect-
ing all their urine during a 24h period 
is a laborious chore for patients. As a 
result, this method is associated with 
frequent collection errors that compro-
mise its diagnostic value. To compen-
sate for these errors, the protein lev-
els in 24h samples are now expressed 
relatively to the creatinine levels, thus 
yielding the P/C ratio. In the last dec-
ade, an alternative to this method was 
used, namely determination of the P/C 
ratio in random spot urine (RSU) sam-
ples. While this method has been used 
in various kidney diseases (4, 5), its ac-
curacy in SLE remains unclear (6-9). 
Our clinical experience over the last 
two decades suggests that the RSU P/C 
ratio is a reliable tool that can be used 
to make clinical decisions, including 
whether to perform a renal biopsy. To 
test this notion systematically, a cohort 
of Korean patients with LN was en-
rolled and the validity of the RSU P/C 
ratio as an alternative to 24h urine P/C 
ratio was examined.

Methods
Patients and sample collections
A total of 275 pairs of 24h urine and 
RSU samples from 102 Korean patients 
with a history of biopsy-proven LN 
who underwent clinical care in Seoul 
National University Hospital between 
May, 2004 and August, 2011 were ana-
lysed. The study was approved by the 

Seoul National University Institutional 
Review Board.
Creatinine (mg/dL) and protein (mg/
dL) levels in the urine samples were 
measured with a Tochiba-120FR auto-
analyser (Toshiba Medical Systems, 
Tokyo, Japan) and the urine P/C ratio 
was calculated. The glomerular filtra-
tion rate (GFR) was estimated by using 
the modification of diet in renal disease 
(MDRD) formula (10). Completeness 
of the 24h urine collection was as-
sessed by M/E ratio, which compares 
the total measured creatinine in the 
samples (M) with the expected creati-
nine (E). Of note, P/C ratio of 24-hour 
urine was considered a reliable esti-
mate of 24-hour proteinuria when M/E 
was 0.5 or more.

Statistical analyses
The normality of continuous variables 
was assessed by Shapiro-Wilk tests. 
The correlation between 24h urine P/C 
ratio and RSU P/C ratio was assessed 
by Pearson or Spearman correlation, as 
appropriate. The agreement between 
RSU and 24h urine P/C ratio was ex-
pressed as intra-class correlation coef-
ficient (ICC) using mixed model for 
repeated measurements. Excellent, 
good and poor reproducibility were 
defined as ICC >0.75, 0.4–0.75, or 
<0.4, respectively (11). All reported p-
values were two-sided and p≤0.05 was 
considered to indicate statistical sig-
nificance. Analyses were performed by 
using IBM SPSS statistics version 19.0 
(Chicago, IL, USA) and SAS software 
(version 9.2; SAS Institute, Cary, NC, 
USA). 

Results 
Patient demographics
On average, 2.7 urine samples were ob-
tained from each of 102 patients with 
a biopsy-proven LN, resulting in 275 
pairs of 24h urine and RSU samples. As 
summarised in Table I, the majority of 
the patients were women (79.4%). The 
mean age was 34.0±14.0 years and the 
mean GFR was 59.3±28.9 mL/min. The 
mean M/E ratio of 275 collections was 
0.99 (±0.36, mean±SD) and 252 (92%) 
of 275 24-hour urine collections had 
M/E ratio >0.5. Of the RSU samples, 
56 (20.4%) were from the first morning 
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urine. The remaining 219 RSU samples 
(79.6%) were from urines produced af-
ter the first morning urine. 

Strong correlation between 24h urine 
P/C ratio and RSU P/C ratio
RSU P/C ratio correlated strongly 
with the 24h urine P/C ratio (r=0.944, 
p<0.001) with an excellent agreement 

(ICC=0.949, 95% confidence interval 
[CI]: 0.69–1.00) (Fig. 1A). The corre-
lation between the 24h urine and RSU 
P/C ratios in the range of 0.5 to 3 was 
good (r=0.720, p<0.001) with ICC of 
0.659 (95%CI 0.554–0.812) (Fig.1B).
A RSU P/C ratio ≥0.5 could predict 
24h PCR ≥0.5 with 91.7% sensitivity 
and 70.2% specificity, whereas RSU 
P/C ratio ≥1.0 detected 24h P/C ratio 
≥0.5 with 78.9% sensitivity and 94.7% 
specificity.

Correlation between RSU and 24h 
urine P/C ratios in different LN classes
The correlation between the RSU 
and 24h urine P/C ratios in different 
LN classes was then examined (11). 
There were 1 class I (0.3%), 16 class II 
(5.8%), 16 class III (5.8%), 187 class IV 
(68%), 9 class V (3.2%), 28 class III+V 
(10.2%), and 9 class IV+V (3.2%) 
cases (Table I). Subgroup analyses 
showed that all LN classes except class 
III had strong correlations between the 
RSU and 24h urine P/C ratios (Fig. 2): 
in class III, the correlation was less 
robust (rho=0.649, p=0.007), whereas 
the correlation remained strong in LN 
class II (rho=0.868, p<0.001) and class 
IV (r=0.945, p<0.001). The correlation 
was also strong in class V (rho=0.900, 
p=0.001). This was also true for class 
V LN with or without proliferative 

changes (rho=0.963, p<0.001 for class 
III+V; rho=0.917, p<0.001 for class 
IV+V).

Stable correlation in a longitudinal 
follow-up
The stability of these correlations over 
time was investigated by examining 
P/C ratios from 46 patients who pro-
vided two or more pairs of urine sam-
ples at longitudinal follow-up visits. 
ICC of the 219 pairs was 0.978 (95%CI 
0.848–1.0). Among 46 patients, 20 pa-
tients had flares. ICC of 134 sample 
pairs in these 20 patients was 0.904 
(95%CI 0.846–0.970) (Fig. 3).

Discussion
The present study showed a strong cor-
relation between the 24h urine P/C ra-
tio and the RSU P/C ratio in LN. These 
correlations remained robust in differ-
ent LN classes and over time. LN man-
ifests by proteinuria, active urine sedi-
ments, and/or decreased GFR (3) and is 
the result of damage to the glomerular 
basement membrane, which regulates 
glomerular filtration as a highly sensi-
tive and selective filter. However, de-
pending on the extent of damage, pro-
teinuria may be the only sign of active 
LN (12). Consequently, it is of para-
mount interest to detect any clinically 
significant (“threshold”) proteinuria 

Table I. Characteristics and renal pathol-
ogy of 102 patients. 

Characteristic Value

Age in years, mean (SD) 34.0 (14.0)
Gender, female  81 (79.4%)
Mean 24h urine P/C ratio (SD) 4.9 (5.1)
GFR (mL/min/1.73m2) (SD) 59.3 (28.9)

Sample collection 
  RSU following the 1st morning 156 (56.7%) 
    urine 
  RSU collected at PM 63 (22.9%)
  First morning urine 56 (20.4%)
  Total 275

Renal pathology, urine sample, n. (%) 
  Class I 1 (0.3 )
  Class II 16 (5.8)
  Class III 16 (5.8)
  Class III + IV 9 (3.2)
  Class III + V 28 (10.2)
  Class IV 187 (68.0)
  Class IV + V 9 (3.2)
  Class V 9 (3.2)

SD: standard deviation; P/C ratio: protein to 
creatinine ratio; GFR: glomerular filtration rate; 
RSU: random spot urine. 

Fig. 1. Correlation between the random spot urine P/C ratio and the 24 hour urine P/C ratio. There was a strong correlation between the 24h urine P/C ratio 
and the RSU P/C ratio (n=275, r=0.944, p<0.001) with excellent reproducibility (ICC=0.949, 95% confidence interval 0.69–1.00) (A). In the low proteinuria 
range of 0.5–3.0, this correlation became more moderate (r=0.720, p<0.001) with good reproducibility (ICC=0.659, 95% confidence interval 0.554–0.812) 
(B). Solid lines indicate the linear regression; dotted lines indicate the 95% confidence intervals. 
RSU: random spot urine; P/C ratio: protein to creatinine ratio.
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≥0.5 g per 24h, as this indicates the 
need for a renal biopsy for the accurate 
diagnosis and treatment of active LN 
(13, 14). Since it is nearly impossible 
to use 24h urine collection as a routine 

screening tool in all SLE patients, lab-
oratory assessment such as complete 
blood count, erythrocyte sedimenta-
tion rate, albumin, serum creatinine or 
GFR, urinalysis and protein/creatinine 

ratio (or 24h proteinuria), C3 and C4 
are recommended in clinical practice 
(15, 16). Urine dipstick test detects 
proteinuria ≥0.5 g/day with a sensitiv-
ity of 60% or less (17), the RSU P/C 

Fig. 2. Correlations between random spot urine P/C ratio and 24 hour urine P/C ratio in different lupus nephritis pathological classes. Class II (n=16) showed 
a strong correlation (rho=0.868, p<0.001) (A) but class III (n=16) showed a less robust correlation (rho=0.649, p=0.007) (B). Class IV (n=187) showed 
a strong correlation (r=0.945, p<0.001) (C). These strong correlations were also seen in membranous disease, including in class III+V (n=28, rho=0.963, 
p<0.001) (D), class IV+V (n=9, rho=0.917 p<0.001) (E), and class V (n=9, rho=0.900, p=0.001) (F). Solid lines indicate the linear regressions; dotted lines 
indicate the 95% confidence intervals. r, Pearson’s correlation coefficient; rho, Spearman’s correlation coefficient; P/C ratio, protein to creatinine ratio.

Fig. 3. Correlation between random spot urine P/C ratio 
and 24-hour urine P/C ratio over time in a representative 
patient. Patients who provided repeated measures includ-
ing this representative patient, there was excellent repro-
ducibility (ICC 0.978, 95% confidence interval 0.848–1.0) 
during the longitudinal follow-up.
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ratio seems to be an ideal screening 
tool, as it combines the accuracy of 
24h urine P/C ratio with the practica-
bility of an urine dipstick. The results 
of the present study, which examined 
275 pairs of 24h and RSU samples, 
were consistent with those of the stud-
ies of Matar et al. and Leung et al. that 
found a high agreement between the 
P/C ratios in 137 and 165 pairs of 24h 
and RSU samples from patients with 
LN, respectively (6, 9). However, Bir-
mingham et al. reported that spot and 
24h urine P/C ratios correlated weakly 
when the P/C ratios fell into the range 
of 0.5 to 3.0 (7). Partly consistent with 
this, the correlation and the concord-
ance were less robust in the P/C ratios 
range (r=0.720, p<0.001; ICC=0.659, 
95%CI 0.554–0.812) (Fig. 1B). 
In a subtle glomerular abnormality, 
haemodynamic variations during nor-
mal daily activity may affect the total 
amounts of filtered protein; indeed, the 
proteinuria levels in diverse glomeru-
lopathy and orthostatic proteinuria 
exhibit circadian variations (18, 19). 
RSU, which represents a relatively 
short collection time, is a snap shot and 
its protein levels may over- or under-
estimate the average proteinuria over 
a 24h period. Collection over a longer 
period of time would smooth those 
variations out. Supporting this is the 
report of Fine et al., who found that the 
P/C ratio of 6-hour timed collections 
correlated excellently with the P/C 
ratio of 24h collections and showed 
high concordance, especially when the 
urine was collected 0–6 hours after the 
first voiding urine (20). As above, the 
RSU P/C ratio >0.5 had a specificity of 
about 70.2%, i.e. overestimating 24h 
proteinuria in about 30% of cases. The 

specificity was increased up to 94.7% 
when using RSU P/C ratio ≥1.0 as the 
cuff off. As such, we suggest that RSU 
P/C ratio 0.5–1.0 be followed by a con-
firmatory 24h urine collection, whereas 
RSU P/C ratio >1.0 may prompt direct-
ly to a renal biopsy.
In conclusion, the RSU P/C ratio is a 
reliable screening and monitoring tool 
that can be used to detect clinically sig-
nificant proteinuria in Korean LN.
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