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Correlation of spot urine protein-creatinine ratio with 24-hour urinary protein 

in type 2 diabetes mellitus patients: a cross sectional study  
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Abstract 
BACKGROUND:  Diabetic nephropathy is the major cause for chronic renal failure (CRF) and proteinuria is an independ-
ent risk factor for end stage renal disease. Hence, early identification and quantification of proteinuria is of prime im-
portance in the diagnosis and management. 

METHODS:  This study was conducted amongst 42 diabetic subjects from HSK hospital, Bagalkot. Twenty four-hour 
urine protein and random urine protein to creatinine ratio (P:C) was determined. Pearson’s correlation, sensitivity, spe-
cificity, positive and negative predictive values were determined using 24-hour urinary protein as a gold standard for 
spot urine P:C ratio. ROC curve and area under curve was also determined using SPSS (11.5) software. All the results 
were expressed in mean±SD. 

RESULTS: Forty two diabetes mellitus patients participated in this study. The average of 24 hour urinary protein was 1.6 
± 1.7 gm/day. The spot urine P:C ratio was 1.27 ± 1.55. There was a positive correlation between 24 hours urinary pro-
tein and spot urine P:C ratio (r = 0.925, p < 0.0001). The area under the ROC curve for urine P:C ratio at various cutoff 
was 0.947 (95% confidence interval: 0.831-0.992, p < 0.0001). The sensitivity and specificity was 80.65% and 100% 
respectively at P:C ratio cutoff of 0.3. 

CONCLUSIONS: The random urine P:C ratio predicts the amount of 24-hour urinary protein excretion with high accu-
racy. Hence it can be used as a faster diagnostic substitute for 24-hour urinary protein estimation. 
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roteinuria is an independent risk factor 
for renal diseases and a predictor of end 
stage renal disease (ESRD).1 Accurate 

identification and quantification of proteinuria 
is of prime importance in the diagnosis and 
management of chronic renal disease. An in-
creased proteinuria is associated with an in-
creased risk of progressive renal failure, car-
diovascular diseases and death, and is used as 
both diagnostic and prognostic values in detec-
tion and confirmation of renal diseases, or re-
sponse to therapy.2     

 The increase in incidence of type 2 diabetes 
mellitus worldwide is mainly attributable to 
the interaction between risk factors like genetic 
predisposition, behavioral and environmental 
factors.3 Diabetic nephropathy accounts for 
about 20% of cases of chronic renal failure and 
is the single most common cause of ESRD in 
many countries.4 It is generally said that dia-
betic nephropathy is viewed as a descending 
path from normoalbuminuria to ESRD which 
is marked by intermediate stage microalbu-
minuria and overt proteinuria.5 

P 
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 For quantification of proteinuria, timed 
urine collections (usually performed over 24 
hours) were considered as gold standard, but 
have major limitations like time consumption 
and error in sample collection. Estimation of 
total protein in spot urine sample, avoids the 
24-hour urine collection, but is largely influ-
enced by the body hydration. This variation 
can be eliminated by factoring the spot urine 
total protein concentration by urine creatinine 
concentration, i.e. the urine protein to creati-
nine ratio (P:C ratio).6 Random urine sampling 
for P:C ratio would be more acceptable and 
less time consuming.7,8 The P:C ratio takes 
into account the fact that creatinine excretion 
remains fairly constant in presence of a stable 
GFR. The protein excretion would also be 
fairly stable. Therefore, the ratio of the two in 
a single voided sample would reflect the cu-
mulative protein excretion over the day, as 
the two stable rates would cancel out the time 

factor.
9
 Measurement of total protein to creati-

nine ratio (TPCR) on random (spot) urine 
sample correlates well with 24 hours total pro-
tein excretion.2 
 In this context, the present study was un-
dertaken to evaluate the diagnostic value of 
P:C ratio in spot voided urine sample for de-
tection of proteinuria as compared to those of 
24 hours sample in patients with type 2 diabe-
tes mellitus, and also to determine the optimal 
cut-off value of P:C ratio with best sensitivity 
and specificity for the prediction of significant 
proteinuria. 

Methods 
The study was conducted in diabetic subjects 
from Hanagal Shri Kumareshwara hospital, 
Bagalkot. Informed consent was obtained. The 
study was approved by S.Nijalingappa Medi-
cal College ethical committee (Ref No: 
SNMC/09-10/602). The study was conducted 
from Jun 2009 to February 2010. The diabetes 
mellitus type 2 patients attending outpatient 
department and diagnosed based on American 
diabetes association, National diabetes data 
and World health organization diagnostic cri-
teria, were selected for the study.10 Detailed 

history and clinical examination was carried 
out by physician. Patients with urinary tract 
infection, chronic renal failure, glomerular 
nephritis due to other systemic conditions and 
hypertensives were excluded from the study. 
Pregnant women were also excluded from the 
study. A total number of 74 patients were se-
lected for the study but 24 patients did not 
turn-up and 50 subjects participated in the 
present study. Eight participants were ex-
cluded from the study, because of improper 
collection of 24- hour urine, and finally 42 
type 2 diabetic patients were studied. Twenty-
four hour urine sample was collected by in-
structing subjects to begin collection immedi-
ately after completion of first voiding in 
morning and to collect all urine into same 
container having 5mL of 10% thymol in iso-
propanol as a preservative for 24 hours, in-
cluding final void at completion of 24 hour 
period.11 This was thoroughly mixed and a 
sample of 2mL was taken for evaluation of 
proteins. Total volume was noted and calcula-
tion was done for 24 hours. The proteinuria ≥ 
300mg/dl in 24-hour urine sample was consid-
ered as significant proteinuria.6 A random 
urine sample of 5mL was collected on next 
day any time just before the analysis and after 
completion of 24 hour collection. The fasting 
blood glucose, glycated hemoglobin, urine 
creatinine, and urine protein were estimated 
by kit method using semiautomatic analyzer 
Statfax 3300. The fasting blood glucose and 
glycated hemoglobin were estimated to know 
the diabetic status of the patient. P:C ratio was 
calculated by dividing the urinary protein 
concentration by urinary creatinine concentra-
tion. 
 Statistical analysis: Statistical package for 
social science (SPSS for window version; 
SPSS, 11.5 Inc, Chicago IL) software was used 
for statistical analysis. Pearson’s correlation 
coefficient was used to show the correlation 
between the spot urine P:C ratio and 24 hours 
urine total protein. Sensitivity, specificity, 
predictive values of random urine P:C ratio at 
various cut-off values were evaluated using 24 
hours urine total protein level as the gold 
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standard. A receiver operator characteristics 
(ROC) curve was determined. All the results 
were expressed as mean±SD. 

Results 
The characteristics of subjects are shown in Ta-
ble 1. Forty two diabetes mellitus patients were 
involved in this study, among which 30 were 
males and 12 were females. The average age 
was 52.92 ± 12.8 years and the duration of dia-
betes mellitus was 6.22 ± 4.16 years. The fast-
ing blood glucose was 183.14 ± 75.14 mg/dl 
and the average glycosylated hemoglobin was 
8.25 ± 1.33 percent. 
 
Table 1. Characteristics of type 2 diabetes 

mellitus subjects. 

Particulars 
Mean ± SD 

n = 22 
Age  (Years) 52.92 ± 12.8 

Duration (Years) 6.22 ± 4.16 
FBS (mg/dl) 183.14 ± 75.14 
Gly HB% 8.25 ± 1.33 

24 hr u. protein(gm/day) 1.6 ± 1.7 
P:C ratio 1.27 ± 1.55 

FBS: Fasting blood sugar. 
Gly Hb: Glycosylated hemoglobin. 
24 hr u. protein: 24 Hours urinary protein. 
 
P:C ratio: Urine protein creatinine ratio. 
 The mean 24-hour urinary protein was  
1.6 ± 1.7 gm/day. The mean of spot urine P:C 
ratio was 1.27 ± 1.55. There was a positive cor-
relation between 24-hour urinary protein and 
spot urine P:C ratio (r = 0.925) (Figure 1). 
 The area under the ROC curve for random 

urine P:C ratio at various cut-off was 0.947 
(95% confidence interval, 0.831-0.992 ;  
p < 0.0001) as shown in figure 2. Sensitivity 
and specificity of P:C ratio to detect proteinu-
ria at various cut-off values is shown in table 2. 
A sensitivity of 80.65% and specificity of 100% 
were achieved to detect proteinuria at the P:C 
ratio greater than 0.3. 
 At cut-off value of greater than 0.05, sensi-
tivity was 100% but specificity reduced to 
45.45%, whereas for more than 6.3, specificity 
was 100% but sensitivity fell to 0.00%. 

Discussion 
The present study showed a positive correla-
tion between the random urine P:C ratio and 
24-hour urinary protein in type 2 diabetes mel-
litus patients. Yadav BK et al have also shown 
the similar results.5 However, the urinary pro-
tein excretion over a 24-hour period is the gold 
standard method. Most of the times, it appears 
impracticable, especially in outpatient depart-
ment and female patients to collect 24-hour 
urine. The high degree of variation in the uri-
nary protein concentration during the day can 
be attributed to variation in intake of water, 
rate of diuresis, exercise, recumbency and di-
et.1 Proteinuria is a cardinal manifestation of 
glomerular or tubular disease that requires me-
ticulously timed (usually 24 hours) urine col-
lection for its evaluation. Complete collection 
can be assured by indwelling Foley’s catheter 
or extreme awareness of the completeness of 
urine collection.  

 
Table 2. Criterion values and coordinates of the ROC curve. 

 

Criterion Sensitivity Specificity +P Value -P Value 
≥ 0.01 100.00 0.00 73.8  
> 0.05 100.00 45.45 83.8 100.0 
> 0.1 96.77 45.45 83.3 83.3 
> 0.13 96.77 72.73 90.9 88.9 
> 0.15 93.55 72.73 90.6 80.0 
> 0.16 87.10 81.82 93.1 69.2 
> 0.25 80.65 81.82 92.6 60.0 
> 0.3 * 80.65 100.00 100.0 64.7 
> 6.3 0.00 100.00  26.2 

ROC: Receiver operating characteristics  
+PV: Positive predictive value. 
-PV: Negative predictive value. 
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Figure 1. Correlation between 24-hour urinary protein and spot urine P:C ratio in type 2 diabetes 

mellitus subjects.  
P:C ratio: Spot urinary protein to creatinine ratio. 
24 hours urinary protein values are in gm/day. 
R2= 0.856: coefficient of determination 
r = Square root of R2= 0.925 pearson’s correlation co efficient (showing  
positive correlation). 

 

 

Figure 2. ROC curve at various cutoff points for the spot random urinary protein creatinine ratio. 

 
 The plasma levels of endothelin -1, an im-
portant vasoconstrictor, progressively in-
creases with the severity of diabetic nephropa-
thy. This early defect in autoregulation of renal 
perfusion makes it easier for albumin to leak 
from capillaries of renal glomerulus. Albumin 
activates various inflammatory pathways. In 
addition, the mechanical stress resulting from 
renal hyperperfusion induces the release of 

cytokines, growth factors, cholesterol and 
triglycerides that induce the accumulation of 
proteins from extracellular matrix leading to 
glomerulosclerosis.12 
 The increased expression of vascular endo-
thelial growth factors due to hyperglycemia in 
podocytes causes increased vascular perme-
ability. The non enzymatic glycation of pro-
teins is also influenced by hyperglycemia, 
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which bind to collagen and proteins that con-
stitute glomerular basement membrane and 
make glomerular barrier more permeable to 
proteins.12 The independent risk factor such as 
hypertension, together with intrinsic renal tox-
icity caused due to proteins filtered through 
glomerular vessels, may contribute to the pro-
gression of renal damage.13 
 Ruggenenti P et al 13 showed that P:C ratio 
predicted the rate of decline even more accu-
rately than 24-hour urinary protein excretion, 
which suggests that the random urine P:C ratio 
is more accurate index of kidney traffic of 
plasma proteins compared to 24-hour urinary 
total proteins. The spot morning urine P:C ra-
tio is independent of errors and it is also very 
minimally affected by wide variations in uri-
nary protein excretion rate which is associated 
with changes in posture, physical activity and 
hemodynamic factors.13 
 Significance of P:C ratio was shown in vari-
ous conditions like type 1 diabetes mellitus14, 
non diabetic renal failure15, pregnancy16, pree-
clampsia 17,18, renal transplantation19, lupus ne-
phritis 20 etc. Seyed-Ali and Navin Jaipaul 21 
found that the random urine P:C ratio is a reli-
able and practical way of estimating and follow-
ing proteinuria, but its precision and accuracy 
may be affected by the level of patient physical 
activity. Jiunn–Min Wang et al 22 concluded that 
P:C ratio or albumin to Creatinine ratio, which 
was obtained by dipstick, can be used to moni-
tor the potential risk of renal diseases in out-
patients, hypertensive and diabetic patients. 
Ayman M. Wohbeh et al 23 reported that P:C 

ratio in spot urine specimens is a more precise, 
accurate, convenient and reliable method to 
evaluate proteinuria. However, only when pro-
tein is at reasonably low levels, the P:C ratio is 
likely to be within acceptable limits. 
 In the present study, the ROC curve analy-
sis showed an area under the curve of 0.947 
indicating that the urinary P:C ratio is suffi-
ciently acceptable to predict significant pro-
teinuria. At the optimal cut-off point of 0.3, the 
sensitivity was 80.65 % and specificity was 100 
%. Hence, the random P:C ratio is a good pre-
dictor of significant proteinuria in diabetic 
nephropathy. In concordance with our find-
ings, B K Yadav et al 5 found that area under 
the ROC curve was 0.88. Price et al1 reviewed 
16 studies and the area under the curve was in 
the range of 0.70 to 0.90, suggesting that the 
P:C ratio can predict the amount of protein ex-
creted in the urine. Hence, it is important for 
each laboratory to determine the cut-off value 
of P:C ratio which has maximum sensitivity 
and specificity to be used in those settings. 
 The limitations of the present study were 
the low sample size, and the difficulties in col-
lection of 24 hours urine sample in the female 
patients. Further study is required with large 
sample size to emphasize the hypothesis. 
 In conclusion, the present study suggests 
that a random urine P:C ratio predicts the 
amount of 24-hour urine protein excretion with 
high accuracy. This test could be the reason-
able alternative to the 24-hour urine sample 
collection for the detection of significant pro-
teinuria in type 2 diabetes mellitus patients. 
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