
Introduction
Proteinuria is a common �nding in patients with kidney disease and 
its presence suggests a poor prognosis. The detection and accuarte 
Quanti�cation of protein excretion are key diagnostic and 
prognostic tools for management of many renal disorders. Patients 
with 2 or more positive spot urine tests temporarily spaced by 2 
weeks should be diagnosed as having persistent proteinuria and 
should undergo further evaluation and management for chronic 
kidney disease.
                                 
Protein excretion in urine varies with stress, exercise, hydration 

2status, posture and also diurnally . Hence, the gold standard test is 
quantitative estimation of protein done on urine collected over 24 

2hours . Urine protein estimation by 24 hr collection is a cumbersome 
3task with many errors  including incomplete collection, bacterial 

growth, incorrect timings and incomplete bladder emptying. These 
errors far exceed those caused by diurnal variation in protein 
excretion. It also requires hospital admission and causes inconve-
nience, especially for repeated follow up. As creatinine excretion is 
�xed and its concentration in urine varies with hydration status, the 
random (spot) urine protein creatinine ratio (UP/C ratio) nulli�es the 

3effect of hydration on protein estimation . 

Random urine sample collection is simple procedure and can be 
done at any time of the day, though few studies recommend 
morning samples4. There have been some studies supporting the 

6,7,8use of UP/C Ratio .   The cutoff threshold value of UP/C ratio to 
determine pathologic proteinuria provided by different studies is 

7,8,11variable . This study was done to evaluate and standardize the 
method of UP/C ratio to determine proteinuria.
 
Evaluation of proteinuria should be done in renal diseases including 
Diabetic nephropathy, nephritic syndrome, malignant hyperten-
sion, collagen diseases, toxemia of pregnancy, drug nephrotoxicity, 
SLE, autoimmune diseases, Post transplant rejection.

Subjects and Methods
This was a prospective study done in Government General Hospital 
,Kurnool from July 2017 to December 2017. The inpatient and out 

patients of hospital who were advised 24 hour urine protein 
estimation within the age group 18-65 years were included in the 
study. A group of 100 normal volunteers of the same age group with 
no risk factors for renal impairment on history and examination 
were taken as controls. 

Exclusion Criteria: Inadequate samples were excluded as 
12adjudged by history of incomplete 24 hour collection.  Also, 

patients with urinary tract infection and excretion of abnormal 
amount of leucocytes in urine- adjudged by presence of > 5 
leucocytes/ high power �eld on urine sediment examination by 
microscopy13 were not included in the study. Haematuria and 
excretion of abnormal amounts of RBC’s in urine- more than 3 RBC/ 
high power �eld on urine sediment examination by microscopy�� 
and contaminated samples were excluded.

Sample Collection: The 24 hour urine sample was collected for 
protein estimation with collection starting from 8 am on �rst day 
excluding the �rst morning urine sample, completing on second 
day at 8 am including the �rst morning urine sample. The container 
was kept in the refrigerator in between the urine collections. 
Random urine sample was taken either before starting or after 
completion of the 24 hour collection. Preferably morning sample 
was collected or sample was taken at any other time of the day. 
Repeat random urine samples of 100 patients were obtained on the 
same day or the next day.

Samples were processed as early as possible after collection and 
were stored in refrigerator in cases of inevitable delays in 
processing. Urine microscopy was done on random urine samples 
by sediment preparation. Urine protein analysis was done by 
Sulphosalicylic acid method and creatinine estimation was done by 
modi�ed Jaffe’s method on a colorimeter provided by ERBACHEM 
5Xsemi autoanalyzer. The 24 hr urine samples were evaluated for 
volume, colour and protein levels. Random urine samples were 
evaluated for colour, microscopy, protein and creatinine levels. UP/C 
ratio in random urine samples was calculated by dividing protein in 
g/L by creatinine in g/L.
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Statistical Analysis: The statistical test used for correlation was 
Pearson’s correlation. Chi Square test was used to determine any 
association of risk factors to proteinuria. Paired t test was used to 
compare difference between the mean protein excretion of cases 
and normal volunteers; and to assess repeatability of UP/C ratio. 
Regression analysis was done to �nd out the regression formula 
connecting 24 hr urine protein estimation and UP/C ratio. Data 
processing was done with statistical software PASW statistics 18 
from SPSS for Windows, (Chicago: SPSS Inc). Receiver Operating 
Characteristic (ROC) analysis done using statistical software 
Medcalc for Windows, (version 11.4.2.0 MedCalc Software, 
Mariakerke, Belgium) was used to determine sensitivity, speci�city 
and likelihood ratios of UP/C ratio cutoff values to predict non-
nephrotic and nephrotic range proteinuria.

Results
A total of 200 study participants inclusive of 100 cases and 100 
normal volunteers were included in the study 

The 100 cases when analysed for disease subgroups, 36 subjects had 
diabetes mellitus (DM), 41 subjects had hypertension (HT), 8 
subjects had both diabetes mellitus and hypertension (DMHT), 7 
subjects had nephrotic syndrome (NS), and 8 subjects had 
pregnancy induced hypertension (PIH). Out Of 100 total cases 
36(36%) were females and 64(64%) were males. Of 100 normal 
volunteers 24(24%) were females and 76(76%) were males. In 100 
patients, 51(51%) had protein ≤ 0.15 g in 24 hours which was within 
the normal range and 49(49%) had proteinuria more than 0.15 g 
(macro) which was in pathologic range. All normal volunteers had 
urine proteins in the normal range.

No signi�cant correlation was found between gender of the 
subjects and proteinuria. The p value 0.185 (>0.05) was not 
signi�cant.

Signi�cant association was found between risk factors (diabetes, 
hypertension and pregnancy induced hypertension) and abnormal 
24 hr protein excretion levels at a p < 0.05.

The mean protein excretion in g/24 hr of cases was found to be 
0.8207 g (±1.3364) whereas in normal volunteers it was 0.0337 g 
(±0.0357) as seen in Table 1. There was signi�cant difference in mean 
24 hour protein excretion of cases and normal volunteers with a p 
0.001 (<0.05).

The mean protein excretion of the 8 cases with two risk factors 
diabetes and hypertension was more than the mean excretion of 
those with only one of these risk factors. The mean UP/C ratio of 
cases was 0.7155 (±1.1151) and of normal volunteers was 0.0269 
(±0.0269) as seen in Table 1. The difference between the mean UP/C 
ratio of cases and normal volunteers was signi�cant with a p 0.001 
(<0.05).

The UP/C ratio showed excellent correlation with the 24 hour urine 
protein values, p < 0.05 and correlation coefficient (r) of 0.98. The 
correlation between 24 hour urine protein and UP/C ratio was 
signi�cant in all the disease subgroups with p values < 0.05. The 
value of r was 0.99, 0.96, 0.97, 0.96 and 0.99 in groups DM, DMHT, HT, 
NS and PIH respectively.

The mean UP/C ratio of �rst samples was 0.8280 and that of repeat 
random samples was 0.9078. The difference between means of UP/C 
ratio of �rst and repeat samples was not statistically signi�cant with 
a p value of 0.191 (>0.05). Area under the curve of ROC analysis in 
Table 2 represents accuracy of the test: a value close to 1 indicates a 
good test.

The regression coefficient in Figure 1 is 0.94, p < 0.05. The formula 
connecting UP/C ratio (y) to 24 hr urine protein (x) is y = 1.005x + 
0.078.

Discussion
The National Kidney Foundation (USA),14 the Australasian Society 
for the Study of Hypertension in Pregnancy and the International 
Society for the Study of Hypertension in Pregnancy have recom-
mended use of the urinary spot UP/C ratio as an alternative to 24 

15,16hour urine collection for urine protein estimation .

Table 1 : Mean and standard deviation of protein excretion in 
g/24 hr and in UP/C ratio between cases and normal volunteers

17Normal urine albumin excretion is less than 20 mg in 24 hours . 
Microalbuminuria is de�ned as albumin excretion more than 30 
mg/24hr but below 300 mg/24hr. In diseases like diabetes and 
hypertension diagnosis of microalbuminuria is important to initiate 
appropriate treatment. If treatment is not given in time progressive 
renal failure can develop. Often due to cost constraints patients do 
not undergo testing for microalbuminuria for diagnosis as well as 
follow up. Therefore we have taken proteinuria of more than 150 

18mg/day as abnormal  in order to detect >150 mg/24hr of protein 
which will include microalbuminuria of more than 150 mg/24hr.

Fig. 1 : Relationship between UP/C Ratio and 24 hr Protein. The 
regression line and regression equation for UP/C ratio (x) and 24 
hr urine protein in g/24 hr (y)
 
Table 2 : Receiver operating characteristic (ROC) analysis results 
depicting the sensitivity, speci�city and likelihood ratios of 
various UP/C ratio cutoffs to determine abnormal proteinuria 
>150 mg/24 hr and nephrotic range proteinuria >3.5 g/24 hr are 
shown

1 ROC Data for ROC Data for 100 Cases at Proteinuria > 150 
mg/24 hr

2  ROC Data for 100 Cases at Proteinuria > 3.5 g/24 hr

Area under the 
ROC curve 0.9

p<0.05

UP/C 
Ratio

Sensitivity 95% CI Speci�city 95% CI +LR -LR

>0.1171 100 96.4 - 
100.0

98.1 93.4 - 
99.7

53.5 0

>0.1481 96 90.2 - 
98.9

99.1 94.9 - 
99.8

102.76 0.04

>0.1604 95 88.8 - 
98.4

100 96.6 - 
100

>101.7 0.05

Area under the ROC 
curve 0.9

p < 0.05

UP/C 
Ratio

Sensitivity 95% CI Speci�city 95% CI +LR -LR

>2.5624 100 78.0 - 
100.0

96.4 92.7 - 
98.5

27.57 0

>2.867 93.3 68.0 - 
98.9

98.4 95.5 - 
99.7

60.04 0.07

>3.2318 80 51.9 - 
95.4

100 98.1 - 
100.0

>154.4 0.2

Group Number Mean in
g/24 hr

Std. 
Deviation  

Mean in 
UP/C ratio

Standard 
Deviation

Cases 100 0.8207 1.3364 0.7155 1.1551
Normal 100 0.0337 0.0357 0.0269 0.0269
Paired t Test P value 0.001 P value 0.001
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The excellent correlation between UP/C ratio and 24 hr urinary 
protein is corroborated by other studies. Chitalia et al7 studying 
patients with glomerular diseases found correlation between UP/C 
ratio and 24 hr urine protein was good at p < 0.05 and correlation 
coefficient of 0.97. High correlation coefficients (r=0.91, 0.95 and 
0.98) were observed in patients with normal, reduced and severely 
reduced renal function in a study done by Antunes et al.8

Statistics from Table 2 show UP/C ratio threshold 0.1171 to 
distinguish normal from abnormal proteinuria is very good for a 
screening test with sensitivity 100% and 5% false positives. 
Convincing absence of proteinuria by a good test is important 
considering the increasing costs involved in treatment of patients 
with end stage renal diseases, caused by delayed presentation and 
diagnosis of disease.

UP/C ratio cutoff 0.1604 to distinguish normal from abnormal 
proteinuria having sensitivity 95% and speci�city 100 % (no false 
positives) can be used when the clinical suspicion of the patient 
having renal disease is low.

As seen in Table 2 UP/C ratio cutoff 2.5624 is a good criterion to 
screen for nephrotic proteinuria with sensitivity of 100% and 
speci�city of 96.4%. UP/C ratio 3.2318 when considered compared 
to other cutoffs has speci�city of 100% and sensitivity of 80%. It is 
recommended as the criterion for determining nephrotic range 
proteinuria when clinical suspicion is low.

Other studies mention UP/C ratio cutoff values for abnormal 
proteinuria ranging from 0.2 to 0.3 because the reference threshold 
of abnormal proteinuria varies ranging from > 0.2 g/24 hr to > 0.3 
g/24 hr, in different studies. Authors Ginsberg et al19 and Chitalia et 
al7 have recommended a cutoff UP/C ratio of 0.2 and 0.26 
respectively for abnormal proteinuria; 3.5 and 3.2 respectively for 
nephrotic proteinuria. Kristal et al11 in their study on 51 patients 
being followed at the renal and hypertension clinic with stable renal 
function, have recommended a UP/C ratio threshold of 0.2 and 3.5 
for abnormal and nephrotic proteinuria respectively.

The regression formula could be used to predict an approximation 
of 24 hr protein values from UP/C ratio values. Protein 24 hr g/24 hr = 
[1.005 × (UP/C Ratio g/g)] + 0.078.

The formula should be used keeping in mind the wide scatter 
between the values of UP/C ratio and 24 hr urine protein at 
moderate and high degrees of proteinuria as seen in Figure 1.

Since albumin creatinine ratio is much expensive UP/C ratio can be 
used as substitute when albumin to creatinine ratio is more than 0.5 
as mentioned in guideline �ve of NKF K/DOQI guidelines⁹ Factors 
which affect creatinine excretion in urine like age, sex, muscle mass 
also affect the UP/C ratio, should be borne in mind while 
interpreting the results. The reproducibility of UP/C ratio is 
important so that it can be used for follow-up.8 Reproducibility is 
shown in our analysis as there is no signi�cant difference between 
means of repeat sample testing.

Reduction in UP/C ratio indicates reduction in proteinuria though 
the absolute value cannot be gauged⁹ UP/C ratio is a simple random 
test, re�ects changes in proteinuria over time, also supported by 
Antunes et al.8 The progressive changes in UP/C ratio can be used to 
determine therapeutic response and prognosis on follow up. This is 
supported by the study of authors Ruggenenti et al6 who evaluated 
glomerular �ltration rate in addition to 24 hr urine protein in 
comparison with UP/C ratio.

Conclusion
UP/C ratio is a simple and convenient test for detecting proteins in 
urine >150 mg/24 hr and overcomes the pitfalls of 24 hr urine 
protein estimation. Therefore UP/C ratio estimation should be 
introduced and adopted in practice in testing for proteinuria.
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