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Abstract
BACKGROUND
Proteinuria is an important and well-known biomarker of many forms of kidney injury. Its quantitation is of particular importance in the diagnosis and management of glomerular diseases. Its quantification can be done by several methods. Among these, the measurement of 24-h urinary protein excretion is the gold standard method. However, it is cumbersome, time-consuming, and inconvenient for patients and is not completely foolproof. Many alternative methods have been tested over time albeit with conflicting results. Among the latter, the measurement of urine protein-to-creatinine ratio (uPCR) in single-voided urinary samples is widely used. The majority of studies found a good correlation between uPCR in single urine samples with 24-h urinary protein estimation, whereas others did not.

AIM
To investigate the correlation of spot uPCR with 24-h urinary protein estimation in patients suffering from different forms of glomerulopathies at a single large-volume nephrological center in Pakistan.

METHODS
This cross-sectional, observational study was conducted at the Department of Nephrology, Sindh Institute of Urology and Transplantation, Karachi, Pakistan from September 2017 to March 2018. All newly presenting adult patients with proteinuria who were being investigated for suspected glomerulonephritis and persistent proteinuria with ages between 18 to 60 years were enrolled. All patients were given detailed advice regarding 24-h urine collection starting at 7:00 AM for total protein and creatinine excretion estimations. A spot urine sample was collected the next day at the time of submission of a 24-h urine sample for measuring uPCR along with a blood sample. The data of patients were collected in a proforma. SPSS version 20.0 was used for statistical analysis.

RESULTS
A total of 157 patients were included. Their mean age was 30.45 ± 12.11 years. There were 94 (59.8%) males and 63 (40.2%) females. The mean 24-h urinary protein excretion was 3192.78 ± 1959.79 mg and the mean spot uPCR was 3.16 ± 1.52 in all patients. A weak but significant correlation was observed between spot uPCR and 24-h urinary protein excretion (r = 0.342, P = 0.01) among all patients. On subgroup analysis, a slightly better correlation was found in patients older than 47 years (r = 0.78), and those with body mass index > 25 kg/m2 (r = 0.45). The Bland and Altman's plot analysis comparing the differences between spot uPCR and 24-h protein measurement also showed a wide range of the limits of agreement between the two methods.

CONCLUSION
Overall, the results from this study showed a significant and weakly positive correlation between spot uPCR and 24-h urinary protein estimation in different forms of glomerulopathies. The agreement between the two methods was also poor. Hence, there is a need for careful interpretation of the ratio in an unselected group of patients with kidney disease.
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Core Tip: The quantitation of proteinuria is of particular importance in the diagnosis and management of glomerulonephritides. The measurement of 24-h urinary protein excretion is the gold standard. However, it is cumbersome, time-consuming, and inconvenient for patients. The measurement of urine protein-to-creatinine ratio (uPCR) is the most popular alternative. Numerous studies have been conducted on the correlation of these two methods with conflicting results. We assessed the correlation and the degree of agreement between the two methods. We conclude that uPCR shows poor correlation and poor agreement with 24-h proteinuria. It must be interpreted with caution in an unselected group of glomerulopathies.

INTRODUCTION
Proteinuria is an early sign of glomerular diseases and its quantification for the initial evaluation and follow-up of patients with glomerulonephritis (GN) is routine in clinical practice. It is not only indispensable in making a diagnosis but is also used in monitoring the treatment response of kidney diseases. In fact, remission of proteinuria in some glomerular diseases represents the most powerful predictive factor for ultimate clinical outcomes[1,2]. In some clinical settings, such as nephrotic syndrome, its magnitude directly reflects the disease activity. As protein excretion varies during the course of a day, its estimation in 24-h urine collection is the gold standard method for the evaluation of proteinuria, but this method is cumbersome, time-consuming, more expensive, uncomfortable to the patient, and prone to errors due to under-collection or over-collection of multiple voided samples in a time-dependent manner. Moreover, it cannot be performed in some groups of patients such as children, the elderly, and physically and mentally disabled patients[3-5]. Since 1983, when Ginsberg et al[6] used the ratio as an alternative to 24-h proteinuria, many studies have been carried out using protein-to-creatinine ratios (PCRs) in spot or single-voided urine samples in different clinical settings to correlate these results with 24-h proteinuria, with a correlation ranging from 0.6-0.9 in different studies[7-10]. However, urinary PCR (uPCR) is also influenced by certain features like age, sex, race, muscle mass, and the timing of the urine sample. A sole reliance on uPCR to start or defer specific immunosuppressive treatment without considering these features may be inappropriate. Low muscle mass in the South Asian population has been shown to be an important determinant of low creatinine excretion[11-17]. This is particularly true in elderly, females, and malnourished patients. All these conditions will cause a relatively high uPCR for the same degree of proteinuria.
The correlation between the above two methods of estimation of proteinuria is also influenced by types of renal disease, degree of deterioration in kidney function and degree of proteinuria. Weak correlation is observed in cases of severe kidney failure, interstitial nephritis or severe proteinuria[3-5].
There are very few studies from Pakistan comparing uPCR with 24-h urine protein excretion and only one was done in patients with normal glomerular filtration rate[13,14]. An excellent correlation (r = 0.96) was found between random uPCR and standard 24-h urinary protein excretion in these patients (P < 0.001)[13]. However, the difference between uPCR and 24-h protein excretion was not reported.
The objective of this study was to compare estimated protein excretion by uPCR with measured 24-h urine protein excretion in patients with different types of glomerulopathies at a single center in Pakistan.

MATERIALS AND METHODS
This cross-sectional and observational study was conducted at the outpatient clinic of the Department of Nephrology, Sindh Institute of Urology and Transplantation between 28th September 2017 and 28th March 2018. Eligibility for the study were adult subjects with the suspected glomerular disease with dipstick-positive proteinuria on the day of recruitment. Consecutive patients who agreed to submit a 24-h urine sample, who were more than 18 years old, and who were not diabetic were included. Exclusion criteria were chronic kidney disease stage 5 based on the Cockcroft-Gault formula, urinary tract infection, and those deemed incapable of collecting 24-h urine.
All patients were informed about the study’s purpose and written consent was obtained. Patients were given detailed advice regarding 24-h urine collection from morning to the next morning. A wide-mouthed container was provided to every patient for collecting the 24-h urine. Patients were asked to collect the 24-h urine of their most convenient day and bring it on the day of completion. A spot urine sample was taken on the submission day for measuring the uPCR. A blood sample was taken at the same time. All samples were transported to the laboratory immediately. Serum creatinine and urinary creatinine (mg/dL) concentrations were determined using the modified Jaffe’s method on an auto-analyzer. Creatinine clearance was calculated by the standard formula. Urinary protein concentration was determined with the colorimetric method using pyrogallol red. To assess the completeness of the collection, creatinine excretion in a 24-h urine sample was used. Specimens with creatinine excretion of 15-25 mg/kg in males, and 12-20 mg/kg in females, were considered adequate. Patients with creatinine excretion outside these ranges were excluded from the study.
The statistical analysis for this research was done by using SPSS version 22.0 (IBM Corp, Armonk, NY, United States). Mean ± SD were evaluated for continuous data such as age, weight, height, body mass index (BMI), 24-h urinary volume, urinary protein excretion, serum creatinine, creatinine clearance, and spot uPCR. For categorical data such as gender, the frequency and percentages were calculated. Correlation between spot uPCR and 24-h urinary protein excretion was carried out using Pearson’s correlation coefficient (r). P-value ≤ 0.05 was taken as significant. Bland and Altman plot was drawn using the average of protein excretion by both the methods on the X-axis and the difference between 24-h urinary protein and spot uPCR on the Y-axis. Mean bias and 95% confidence limits for the degree of agreement between the two methods were also calculated.

RESULTS
The main demographic, clinical and laboratory characteristics of the study population (n = 157) are shown in Table 1. The mean age of all patients was 30.45 ± 12.11 years. There were 94 (59.8%) males and 63 (40.2%) females. The majority of the patients (n = 133, 74.53 %) had a BMI of < 25 kg/m2. The mean values of urinary protein excretion by both methods were similar to each other, with maximum values of protein excretion by both being less than 10 g/24 h. The mean 24-h urinary creatinine excretion was 834.96 ± 391.43 mg/24 h. The histopathological results of kidney biopsies in these patients are also shown in Table 1. It is apparent that focal segmental glomerulosclerosis and membranous GN were the two most common lesions followed by a variety of less common other pathological lesions. A positive, fair, and significant correlation between spot uPCR and 24-h urinary protein excretion (r = 0.342, P-value < 0.001) in the entire group (Figure 1). On subgroup analysis, a slightly better correlation was found in patients older than 47 years, and those with BMI > 25 kg/m2 (Table 2).
Bland and Altman's plot comparing the differences between spot uPCR and 24-h protein measurement is depicted in Figure 2. The mean bias was 373 mg; however, the limits of agreement were fairly wide (from -3682 to 4069 mg). The scatter of differences increased as the amount of proteinuria increased. The mean bias and limits of agreement in the groups with less than and more than 3000 mg protein excretion are shown in Figures 3 and 4, respectively. Briefly, the mean bias was -93.64 mg and the limits of agreement were -2861.53 to 2674.25 mg in the group of patients with less than 3000 mg of proteinuria. These values were 158.36 and -4738.46 to 5035.18 mg in the group of patients with more than 3000 mg of proteinuria. As is obvious, the limits are wider with increasing levels of proteinuria.

DISCUSSION
The quantification of proteinuria is an important investigation in patients with various glomerular diseases. It not only helps in making a diagnosis but also helps in follow-up to monitor disease progression, and often, important therapeutic decisions are made based on its exact value. The traditional reference method, 24-h urine protein measurement, is a cumbersome and tedious test, and therefore spot uPCR has replaced it in clinical practice due to its simplicity, convenience, and presumed accuracy. Initial studies focused more on the correlation between the two methods and not surprisingly a moderate to strong correlation (0.57 to 0.9) was reported in different studies[1-5].
In the present study, a fair correlation of spot uPCR with 24-h urinary protein measurement was observed. Although this was statistically significant, it is lower than the previously described correlation in many other studies[1-5,7-10,18-21]. These results are not entirely explained on the basis of extremes of proteinuria in our population. The median protein excretion in our population was 2970 mg in 24 h, and we, therefore, stratified them according to proteinuria above and below 3000 mg to see if the correlation changes, as most of the therapeutic decisions are taken when proteinuria is above 3000 mg. There was an equal number of patients in the two groups (79 in < 3000 mg group, and 78 in ≥ 3000 mg group). The correlation was much weaker in the group with protein excretion of less than 3000 mg and failed to reach statistical significance. In the group with protein excretion of more than 3000 mg in 24 h, the correlation with spot uPCR was just significant (P = 0.058). There were 13 patients in our group who had protein excretion in excess of 6000 mg and after excluding them from the group of 78 patients with protein excretion ≥ 3000 mg, the correlation with spot uPCR (r = 0.295) became significant (P = 0.02). Similarly, there were 12 patients in the group with protein excretion < 3000 mg who had proteinuria of less than 1000 mg, and after excluding them from this group, when we recalculated the correlation with spot uPCR it remained weak (r = 0.21).
As is well known, uPCR is also influenced by gender, as females have lower creatinine excretion due to lower muscle mass and this can give rise to a higher ratio compared to males for a similar degree of proteinuria. However, the correlation was not much different when we stratified the entire group according to gender. Besides the degree of proteinuria and gender, uPCR is also influenced by renal function, the timing of random (spot) urine specimens, and the handling of urine samples[10,11]. The mean creatinine clearance in this study population was 75 mL/minute, and 75% of the population had serum creatinine less than 1.23 mg/dL; therefore it is unlikely that the ratio was influenced by compromised renal functions. Patients were asked to submit spot urine samples on the following day of 24-h urine collection, but this sample was taken at different times of day in individual patients and physical activity may have influenced protein excretion in some patients who had come late for submitting their specimens.
One possible explanation for the poor correlation between uPCR and 24-h urinary protein measurement is that the latter assumes a creatinine excretion of 1000 mg/d which may be incorrect in some populations[6]. Around 50% of our population had a BMI of < 21.5 kg/m2 suggesting low muscle mass and hence low creatinine excretion. Indeed, when we analyzed the correlation between spot uPCR and 24-h urine protein excretion in the group of patients with BMI >25 kg/m2, we observed a much stronger correlation than patients with lower BMI (r = 0.45, P = 0.003).
More important than correlation from the clinical perspective is the degree of agreement or the difference between two measurements. To replace 24-h measurement with uPCR in spot urine samples for clinical decision-making, it is prudent to see whether the two techniques agree sufficiently. In this study, the limits of agreement were fairly wide, more so with higher grades of proteinuria. Irrespective of the fact that whether proteinuria was sub-nephrotic or in the nephrotic range, these differences are unacceptable. In an earlier study of 170 proteinuric patients, good agreement between the two methods was reported in the range between 200 mg and 3.5 g protein excretion[22]. A meta-analysis of 13 studies in patients with systemic lupus erythematosus showed poor agreement between the two methods[23]. In a study using NEPTUNE cohort of patients, there was modest correlation between the two methods, and both correlation and predictability improved on Log10 transformation of values[24]. Only 25% of patients in NEPTUNE cohort had nephrotic syndrome, making it difficult to generalize it for higher grades of proteinuria. Lately, in a single center study of 142 proteinuric patients, a poor agreement was reported between 24-h urine protein excretion and uPCR from different timed spot samples. The limits of agreement were widest when protein excretion exceeded 3.5 g in 24 h (-3.2 to 8.2)[25].
Our study has certain limitations. It is a single center and single laboratory-based study. We used uPCR rather than albumin: Creatinine ratio, which is more reliable compared to uPCR. Spot urine samples were taken at different times of day in individual patients which may have affected protein excretion and hence its concentration. Some patients were already on steroids, which causes sarcopenia and decreases creatinine excretion resulting in higher uPCR. Moreover, specific disease diagnoses were not recorded in this study. Some of the patients might have had non-glomerular pathology. The main strength of our study is the broad range of proteinuria used for comparison, with a nearly equal number of patients below and above the nephrotic threshold of proteinuria. The spot urine sample was collected on the very next day of 24-h urine collection so that both represented similar pathophysiology. Although 24-h urine protein excretion is considered the gold standard test for accurate estimation of proteinuria, over-collection and under-collection of urine sample affects its accuracy[26-28]. We tried to mitigate this issue by excluding patients who had creatinine excretion outside the expected range based on their weight.

CONCLUSION
In conclusion, considering the overall poor correlation and the wide limits of agreement between 24-h urine protein excretion and uPCR, the latter should be used with great caution to predict protein excretion in patients with glomerular disease. This is more so when important therapeutic decisions are being made based on the degree of proteinuria.

ARTICLE HIGHLIGHTS
Research background
There are a number of methods by which the quantification of protein excretion in urine is done to inform clinical decisions. Among these, the estimation of protein excretion in the 24-h urinary sample is the traditional and gold standard method. However, it is cumbersome, time-consuming, and prone to errors. The alternative method of measuring urine protein-to-creatinine ratio (uPCR) is used widely in clinical practice as it is quick, patient-friendly, and reliable. The available data on the correlation between the above two methods is controversial.

Research motivation
We also heavily rely on uPCR for our routine patient care. However, we do not know how it correlates with 24-h urinary protein excretion. This motivated us to determine the correlation and degree of agreement between the two tests, so that we should use uPCR results accordingly.

Research objectives
The objectives of this study were to determine the correlation of spot uPCR with 24-h urinary protein excretion test and in particular, the degree of agreement between the two tests, in patients suffering from various forms of glomerulopathies so that we may use this test with caution in future.

Research methods
This was a cross-sectional, observational study conducted on all newly presenting adult patients (age: 18 to 60 years) with proteinuria who were being investigated for suspected glomerulonephritis (GN). All patients were counseled regarding 24-h urine collection. A spot urine sample was collected the next day at the time of submission of a 24-h urine sample for measuring uPCR along with a blood sample. SPSS version 20.0 was used for statistical analysis.

Research results
A total of 157 patients with a mean age of 30.45 ± 12.11 years were included. There were 94 (59.8%) males and 63 (40.2%) females. The mean 24-h urinary protein excretion was 3192.78 ± 1959.79 mg and the mean spot uPCR was 3.16 ± 1.52 in all patients. A significant but poor correlation was observed between spot uPCR and 24-h urinary protein excretion (r = 0.342, P = 0.01) among all patients. On subgroup analysis, a slightly better correlation was found in patients older than 47 years (r = 0.78), and those with body mass index > 25 kg/m2 (r = 0.45). Bland and Altman's plot analysis of the two tests also showed a wide range of the limits of agreement between the two methods.

Research conclusions
The results from this study show a significant, positive but poor correlation between spot uPCR and 24-h urinary protein estimation in various types of glomerular diseases. The agreement between the two methods was also poor. Hence, there is a need for careful interpretation of the ratio in an unselected group of patients with glomerular diseases.

Research perspectives
There is a need to conduct a well-planned, international, multi-center study to resolve the controversy of correlation and agreement between the two most widely used methods of proteinuria estimation in clinical practice.
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Figure Legends
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Figure 1 Correlation between spot urine protein-to-creatinine ratio and 24-h urinary protein excretion in all patients (n = 157).
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Figure 2 Bland and Altman plot comparing the differences between spot urine protein-to-creatinine ratio and 24-h protein measurement against the mean of the measurement by the two methods. The mean bias is 373 mg; however, the limits of agreement are fairly wide (from -3682 to 4069 mg), particularly as the mean of the two methods rises.
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Figure 3 The mean bias and limits of agreement in the group of patients with protein excretion of less than 3000 mg. The mean bias is -93.64 mg and the limits of agreement are -2861.53 to 2674.25 mg in this group of patients.
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Figure 4 The mean bias and limits of agreement in the group of patients with more than 3000 mg protein excretion. The mean bias is 158.36 mg and the limits of agreement are -4738.46 to 5035.18 mg in this group of patients.

Table 1 The main demographic, clinical, laboratory, and pathology characteristics of the study population (157)
	Parameters
	Values

	Age (yr)	
	30.45 ± 12.108

	Weight (kg)
	59.70 ± 15.067

	Height (cm)					
	163.98 ± 11.476

	Body mass index (kg/m2)
	22.30 ± 5.65

	Serum creatinine (mg/dL)	
	1.00 ± 0.54

	24-h urinary creatinine (mg/24-h)
	834.12 ± 391.43

	Creatinine clearance (ml/min)
	75.05 ± 33.55

	Spot urine protein (mg/dL)	
	296.04 ± 159.65

	Spot urine creatinine (mg/dL)
	108.83 ± 58.01

	24-h urine protein excretion (mg/24-h)
	3192.78 ± 1959.79

	Spot urine protein to creatinine ratio (mg/mg)
	3.15 ± 1.52

	24-h urine volume
	1711.40 ± 882.03

	Histopathological diagnosis, n (%)
	

	Focal segmental glomerulosclerosis
	52 (33.12)

	Membranous glomerulonephritis
	44 (28)	

	Mesangiocapillary glomerulonephritis
	28 (17.83)

	IgM nephropathy
	11 (7)	

	Lupus nephritis
	10 (6.36)

	Minimal change disease
	4 (2.54)

	Others	
	8 (5.09)


All values are in mean ± SD, unless otherwise specified.

Table 2 Correlation of spot urine protein-to-creatinine ratio with 24-h urinary protein estimation stratified according to age and body mass index
	Parameters
	No of patients (n)
	Correlation coefficient (r)
	P value

	Age (yr) groups
	
	
	

	34-46
	35
	0.475
	0.004

	> 47
	21
	0.780
	0.001

	BMI (kg/m2) ranges
	
	
	

	23-25
	24
	0.411
	0.046

	> 25
	40
	0.459
	0.00

	Proteinuria
	
	
	

	< 3000 mg/d
	79
	0.021
	0.28

	≥ 3000 mg/d
	78
	0.216
	0.058


BMI: Body mass index.
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