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Introduction 

Proteinuria is a marker of kidney disease that can be detected 

at an early stage. Additionally, it is an independent risk factor 

for a decline in kidney function, cardiovascular morbidity, and 

mortality [1]. Determining the degree of proteinuria is import-

ant for early diagnosis and management of kidney disease. 

Several methods are available for measuring urinary protein 

levels. There is a difference in how urine and urinary protein 

are collected and measured. We must understand their mean-

ing, advantages, and disadvantages to anticipate the status and 

pathophysiology of pediatric patients with proteinuria and pro-

ceed with further evaluation. This review discusses the advan-

tages and limitations of several urinary protein measurement 

methods. 
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Urine dipstick test 

The urine dipstick test is the most convenient method to assess 

proteinuria.	It	is	inexpensive	and	can	be	easily	performed	using	

a single urine sample. The procedure can be quickly performed 

without any apparatus. The dipstick test has a high negative 

predictive value [2]. It is recommended to screen for protein-

uria in pediatric low-risk groups [3]. 

The urine dipstick test involves colorimetric chemical reac-

tions. The principle is that the presence of negatively charged 

proteins in a solution alters the color of acid-base indicators. 

The dipstick is a strip impregnated with buffer and the indica-

tor, tetrabromophenol [4]. The pH of the urine remains con-

stant by means of a buffer, so that the presence of protein is 

indicated by any change in the color of the indicator. When the 

dipstick is dipped in urine, the strip can change its color from 

yellow through green to blue according to the concentration of 

protein in the urine. Depending on the color, it is reported as 
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negative, trace (10–29 mg/dL), 1+ (30–100 mg/dL), 2+ (100–300 

mg/dL), 3+ (300–1,000 mg/dL), or 4+ (>1,000 mg/ dL), to give an 

approximate	urinary	protein	concentration.	Reading	the	re-

sults manually rather than using an automated urine dipstick 

analyzer can lead to overestimation or underestimation. 

The urine dipstick method is semiquantitative because it 

does	not	consider	the	kidney	filtration	rate.	It	is	graded	based	

on the urinary protein concentration and cannot represent the 

amount of urinary protein per day, which is the true diagnostic 

criterion for proteinuria. Proteinuria has occasionally been de-

fined	as	≥1+	[5]. This is equivalent to 300–1,000 mg/m2/day of 

urinary protein, assuming an average daily urine volume of  

1 L/m2. This is higher than the diagnostic criterion for protein-

uria (100 mg/m2/day).	However,	the	urine	concentration	ex-

pressed	by	urine	specific	gravity	should	be	taken	into	consider-

ation [6]. A urine dipstick test for protein is considered positive 

if	there	is	≥trace	in	a	urine	sample	in	which	the	specific	gravity	

is	<1.010.	A	dipstick	must	be	≥1+	to	be	considered	clinically	sig-

nificant	if	the	specific	gravity	is	>1.015	[7]. Furthermore, the re-

agent on the dipstick is sensitive to albumin but may not detect 

low concentrations of other types of proteinuria, such as tubu-

lar proteinuria and Bence Jones proteins in the urine [8]. It is 

referred	to	by	its	brand	name,	Albustix.	Considering	these	lim-

itations, there are several conditions under which the dipstick 

results should be interpreted carefully. False-positive results 

can occur with highly concentrated urine, a very high urine pH 

(>7.0), contamination with blood, pus, semen, or vaginal secre-

tions in adolescents, pyuria, or prolonged dipstick immersion 

[9]. False-negative test results can occur in patients with dilute 

urine, low urine pH (<4.5), or in disease states in which albumin 

is not the predominant urinary protein [7]. 

24-Hour urinary protein excretion method 

The gold standard method for the assessment of proteinuria 

is to measure the amount of protein in a 24-hour urine collec-

tion [10]. This is consistent with the diagnostic criteria unit of 

proteinuria, the amount of urinary protein per day. Variations 

were	quantified	using	the	body	surface	area.	In	children	over	

6	months	of	age,	proteinuria	is	defined	as	>4	mg/m2/hr or 150 

mg/day [7].	In	children	under	6	months	of	age,	it	is	defined	as	>8	

mg/m2/hr [11].	Protein	excretion	>40	mg/m2/hr is indicative of 

nephrotic-range proteinuria [11]. 

However, this is inconvenient, time-consuming, and cum-

bersome.	This	is	especially	difficult	for	young	children	who	are	

incontinent and may be unfeasible. Its accuracy depends on the 

correct collection. Patients were required to empty the bladder 

and	collect	all	urine	for	the	next	24	hours.	At	the	end	of	this	pe-

riod, they empty the bladders and save them. It can start at any 

time; however, it is common to start collection immediately af-

ter waking up because the bladder is emptied at a certain time. 

All the urine samples were stored in a refrigerator. Poor storage 

results in the growth of alkalizing bacteria in urine samples, 

which can interfere with the protein evaluation method [11]. To 

determine whether the specimen was collected for 24 hours 

properly, the amount of urine creatinine was measured simul-

taneously. The amount of urine creatinine was estimated as 

follows: males, 20–25 mg/kg/day; females, 15–20 mg/kg/day [7]. 

The spot urine protein-to-creatinine ratio (UPCR) described 

below	has	largely	replaced	the	24-hour	urinary	protein	excre-

tion	method.	However,	the	24-hour	urinary	protein	excretion	

method is still recommended for assessing proteinuria in 

doubtful situations. It averages any changes in proteinuria ac-

cording to the circadian rhythm, physical activity, and posture 

[12]. 

Urine protein-to-creatinine ratio 

UPCR is a fast and simple method for quantitative evaluation 

of	urinary	protein	excretion.	It	is	useful	to	screen	for	children	

at high risk of proteinuria and to monitor urinary protein lev-

els over time [3]. It is obtained by dividing the urinary protein 

concentration by the urine creatinine concentration in a spot 

urine sample. There is no need to consider body surface area in 

the diagnostic criteria for proteinuria in children because urine 

creatinine is related to body size [13]. A ratio of <0.2 (mg/ mg), the 

same criteria as adults, is referred to as normal urinary protein 

excretion	in	children	>2	years	of	age.	Children	under	the	age	of	

2 years are more likely to lose urinary protein owing to reduced 

proximal	tubule	reabsorption	[11]. In children 6 to 24 months 

of age, a ratio of <0.5 is referred to as normal [7]. For infants less 

than	6	months	of	age,	the	normal	UPCR	is	not	clearly	defined,	

although	a	ratio	≥0.8–1.0	is	generally	considered	abnormal	[14]. 

A UPCR of >2 suggests nephrotic-range proteinuria. 

Excellent	reliability,	as	well	as	convenience,	makes	UPCR	an	

alternative	to	the	24-hour	urinary	protein	excretion	method,	

which is the gold standard method. It is closely correlated with 

the amount of protein in 24-hour urine collection in children 

[15,16]. The log regression analysis of UPCR and the amount of 

protein	in	24-hour	urine	collection	is	highly	significant	from	the	
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normal range to nephrotic-range proteinuria [15,16]. Huang 

et al. [16] showed that a UPCR 0.18 mg/mg, which is close to 

the	cutoff	value	of	0.2,	had	high	sensitivity	and	specificity	rel-

ative to the amount of protein in 24-hour urine collection at  

100 mg/m2/day. 

However, the UPCR has several limitations. UPCR may not 

always	reflect	the	24-hour	urinary	protein	excretion	method	

because	protein	excretion	changes	with	the	time	of	the	day,	de-

gree	of	exercise,	and	stress	level	[5]. In addition, it does not con-

sider the deviation of inter-individual differences in daily creat-

inine	excretion.	The	muscle	mass	of	an	individual	significantly	

affects test results. The amount of proteinuria is underesti-

mated in children with high urinary creatinine concentrations, 

such as athletes. In contrast, it may be overestimated for chil-

dren with low urinary creatinine concentrations, such as those 

with muscular dystrophy or severe malnutrition. The degree of 

dilution also affects UPCR results [17]. It is more likely to overes-

timate	the	actual	urinary	protein	excretion	in	a	low-urine-spe-

cific	gravity	sample.	Conversely,	the	UPCR	of	concentrated	

urine is likely to be underestimated [17]. The results should be 

interpreted with caution in newborns and children with poly-

uria	whose	urine	is	not	concentrated.	If	creatinine	excretion	is	

not constant, such as in acute kidney injury, UPCR is not useful 

for	estimating	the	24-hour	excretion	rate	[18]. 

Measurement of urinary albumin 

Albuminuria	is	urinary	leakage	of	the	specific	serum	protein,	

albumin.	Only	a	small	fraction	of	albumin	can	get	filtered	in	a	

healthy	glomerulus,	and	most	filtered	albumin	is	reabsorbed	

by	the	proximal	tubules	[19]. The compromised integrity of the 

glomerular	filtration	barrier	is	an	important	etiology	of	albu-

minuria [20]. It is independently associated with a higher risk 

of chronic kidney disease (CKD) progression, cardiovascular 

events, and death in adults, including diabetes [21]. Many inter-

national guidelines now recommend measuring albumin rath-

er than total protein in adults with CKD [22,23]. 

The measurement of urinary albumin levels has many sim-

ilarities	with	urinary	protein	measurement.	Quantification	of	

urinary albumin can be performed using either timed or spot 

urine collection. The 24-hour urine collection is considered the 

gold standard method for urinary albumin measurement [24]; 

however, it is cumbersome, especially in children. Urine albu-

min-to-creatinine ratio (ACR) is a good alternative. The ACR is 

consistent with the 24-hour timed urine albumin collection in 

the pediatric population [25]. Generally, the normal range of 

albuminuria in children is <30 mg of albumin in the urine per 

day,	or	ACR	of	<30	mg/g	in	a	first-morning	urine	collection.	

Moderately	increased	albuminuria	(urinary	albumin	excretion	

rate of 30–300 mg/day in 24-hour urine collection, or ACR of 

30–300	mg/g	in	a	first-morning	urine	collection)	is	usually	

termed microalbuminuria [26].	Microalbuminuria	is	defined	

as an albumin level above the normal level in urine; however, 

it is below the detectable range in conventional urine dipstick 

methods [7]. Severely increased albuminuria (urinary albumin 

excretion	rate	of	>300	mg	in	a	24-hour	urine	collection,	or	

ACR	>300	mg/g	in	a	first-morning	urine	collection)	is	usually	

termed macroalbuminuria. 

In children, proteinuria, rather than albuminuria, is com-

monly used as a screening tool. However, albuminuria has 

also been used in some diseases. These include type I diabe-

tes, some parts of Alport syndrome, and autosomal dominant 

polycystic kidney disease. Pediatric type I diabetes guidelines 

recommend assessment of albuminuria for CKD screening 

[27]. In children with Alport syndrome, the onset of microalbu-

minuria is recommended as a starting treatment for females 

with X-linked Alport syndrome and for males and females 

with autosomal dominant Alport syndrome [28]. Children with 

autosomal dominant polycystic kidney disease and those at 

risk should be monitored for albuminuria [29]. Some studies 

have shown that albuminuria in childhood is associated with 

CKD [30,31]. The 2021 National Institute for Health and Care 

Excellence	guidelines	recommend	the	use	of	ACR	rather	than	

UPCR in children with CKD because ACR has greater sensitivity 

for low levels of proteinuria than UPCR [22]. Albuminuria mea-

surement is likely to be used more frequently in children.  

The timing of the urine sample collection 

Most proteinuria in children is transient [7]. Several factors are 

responsible	for	transient	proteinuria.	These	include	fever,	ex-

ercise,	dehydration,	seizures,	cold	exposure,	and/or	stress	[7]. 

The amount of urinary protein cannot be measured accurately 

even when gross hematuria, menstrual contents, or sperm are 

present in the urine. When these factors are present, physicians 

should postpone the measurement of urinary protein. If not, 

we focus on the interpretation of the results. Orthostatic pro-

teinuria is the most common cause of persistent proteinuria 

in school-aged children and adolescents [7]. Orthostatic pro-

teinuria can occur in preschool children [32]. In children with 
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persistent proteinuria, samples must be collected from their 

first-morning	urine.	Children	should	completely	empty	their	

bladder	before	going	to	bed	and	collect	the	first	urine	sample	as	

soon as they wake up in the morning. If the results are ambigu-

ous,	the	examination	should	be	repeated.	

Conclusion 

Several methods are available for the assessment of protein-

uria. They have different normal levels depending on age in 

children (Table 1). Each method has its strengths and limitations 

regarding accuracy and convenience (Table 2). These methods 

should be correctly performed, their limitations should be rec-

ognized,	and	the	findings	should	be	interpreted	accurately.	

Conflicts of interest 

Myung Hyun Cho is an editorial board member of the journal 

but was not involved in the peer reviewer selection, evaluation, 

or decision process of this article. No other potential conflict of 

interest relevant to this article was reported. 

Funding 

None. 

Author contributions 

All the work was done by MHC. 

References 

1. Currie G, Delles C. Proteinuria and its relation to cardiovascular dis-

ease. Int J Nephrol Renovasc Dis 2013;7:13-24. 

2. White SL, Yu R, Craig JC, Polkinghorne KR, Atkins RC, Chadban SJ. 

Diagnostic accuracy of urine dipsticks for detection of albuminuria 

in the general community. Am J Kidney Dis 2011;58:19-28. 

3. Ariceta G. Clinical practice: proteinuria. Eur J Pediatr 2011;170:15-20. 

4. Aukland	K,	Lygren	T.	Albustix	for	testing	proteinuria	a	comparison	

with Heller’s test judged by quantitative determination of protein. 

Scand J Clin Lab Invest 1959;11:172-6. 

5. Lamb EJ, MacKenzie F, Stevens PE. How should proteinuria be de-

tected and measured? Ann Clin Biochem 2009;46(Pt 3):205-17. 

6. Larkins	NG,	Teixeira-Pinto	A,	Craig	JC.	A	narrative	review	of	protein-

uria and albuminuria as clinical biomarkers in children. J Paediatr 

Child Health 2019;55:136-42. 

7. Kliegman RM, St. Geme JW, Blum NJ, Shah SS, Tasker RC, Wilson KM, 

et	al.	Nelson	textbook	of	pediatrics.	2nd	ed.	Philadelphia:	Elsevier;	

2020. 

8. Simerville	JA,	Maxted	WC,	Pahira	JJ.	Urinalysis:	a	comprehensive	re-

view. Am Fam Physician 2005;71:1153-62. 

9. Utsch B, Klaus G. Urinalysis in children and adolescents. Dtsch Arz-

tebl Int 2014;111:617-26.  

10. Filler G, Huang SS. Spot urine protein to creatinine ratio. Pediatr 

Table 1.	Thresholds	to	define	proteinuria	or	albuminuria	in	children

Measurement methods Age Normal range
Urine dipstick test - Negative	if	the	specific	gravity	is	<1.010

Negative	or	trace	if	the	specific	gravity	is	>1.015
24-hr	urinary	protein	excretion	method ≥6	mo ≤4	mg/m2/hr or 150 mg/day

<6 mo ≤8	mg/m2/hr
Urine protein-to-creatinine ratio >2 yr <0.2 mg/mg

6–24 mo <0.5 mg/mg
<6 mo <0.8–1.0 mg/mg

24-hr	urinary	albumin	excretion	method - <30 mg/day
Urine albumin-to-creatinine ratio - <30 mg/g

Table 2. Advantages and disadvantages among urinary protein measurements in children

Measurement method Advantage Disadvantage
Urine dipstick test Simple,	rapid,	inexpensive,	and	instrument-free Inaccurate
24-hr	urinary	protein	excretion	method Accurate Difficult	to	collect	properly,	and	time	consumed
Urine protein-to-creatinine ratio Simple, rapid, and quite accurate Results may vary depending on the collection 

time

https://doi.org/10.3339/ckd.22.030
https://doi.org/10.2147/ijnrd.s40522
https://doi.org/10.2147/ijnrd.s40522
https://doi.org/10.1053/j.ajkd.2010.12.026
https://doi.org/10.1053/j.ajkd.2010.12.026
https://doi.org/10.1053/j.ajkd.2010.12.026
https://doi.org/10.1007/s00431-010-1334-0
https://doi.org/10.3109/00365515909060429
https://doi.org/10.3109/00365515909060429
https://doi.org/10.3109/00365515909060429
https://doi.org/10.1258/acb.2009.009007
https://doi.org/10.1258/acb.2009.009007
https://doi.org/10.1111/jpc.14293
https://doi.org/10.1111/jpc.14293
https://doi.org/10.1111/jpc.14293
https://www.ncbi.nlm.nih.gov/pubmed/15791892
https://www.ncbi.nlm.nih.gov/pubmed/15791892
https://doi.org/10.3238/arztebl.2014.0617
https://doi.org/10.3238/arztebl.2014.0617
https://doi.org/10.1007/s00467-017-3605-8


Cho. Measurement of proteinuria

www.chikd.org 73https://doi.org/10.3339/ckd.22.030

Nephrol 2017;32:917-9.  

11. Kaminska J, Dymicka-Piekarska V, Tomaszewska J, Matowicka-Karna 

J, Koper-Lenkiewicz OM. Diagnostic utility of protein to creatinine 

ratio (P/C ratio) in spot urine sample within routine clinical practice. 

Crit Rev Clin Lab Sci 2020;57:345-64. 

12. Kidney Disease: Improving Global Outcomes (KDIGO) Glomerular 

Diseases Work Group. KDIGO 2021 clinical practice guideline for the 

management of glomerular diseases. Kidney Int 2021;100(4S):S1-

276. 

13. Ginsberg JM, Chang BS, Matarese RA, Garella S. Use of single voided 

urine samples to estimate quantitative proteinuria. N Engl J Med 

1983;309:1543-6. 

14. Jang KM, Cho MH. Clinical approach to children with proteinuria. 

Child Kidney Dis 2017;21:53-60. 

15. Abitbol C, Zilleruelo G, Freundlich M, Strauss J. Quantitation of pro-

teinuria with urinary protein/creatinine ratios and random testing 

with dipsticks in nephrotic children. J Pediatr 1990;116:243-7. 

16. Huang Y, Yang X, Zhang Y, Yue S, Mei X, Bi L, et al. Correlation of urine 

protein/creatinine ratios to 24-h urinary protein for quantitating 

proteinuria in children. Pediatr Nephrol 2020;35:463-8. 

17. Yang CY, Chen FA, Chen CF, Liu WS, Shih CJ, Ou SM, et al. Diagnostic 

accuracy of urine protein/creatinine ratio is influenced by urine 

concentration. PLoS One 2015;10:e0137460. 

18. Viswanathan G, Upadhyay A. Assessment of proteinuria. Adv Chron-

ic Kidney Dis 2011;18:243-8. 

19. Yaribeygi H, Atkin SL, Katsiki N, Sahebkar A. Narrative review of 

the effects of antidiabetic drugs on albuminuria. J Cell Physiol 

2019;234:5786-97. 

20. Castrop H, Schießl IM. Novel routes of albumin passage across the 

glomerular	filtration	barrier.	Acta	Physiol	(Oxf)	2017;219:544-53. 

21. Stephen R, Jolly SE, Nally JV Jr, Navaneethan SD. Albuminuria: when 

urine predicts kidney and cardiovascular disease. Cleve Clin J Med 

2014;81:41-50. 

22.	National	Institute	for	Health	and	Care	Excellence	(NICE).	Chronic	

kidney disease: assessment and management [Internet]. London: 

NICE; c2021 [cited 2022 Sep 29]. Available from: https://www.nice.

org.uk/guidance/ng203.

23. Levin A, Stevens PE, Bilous RW, Coresh J, De Francisco AL, De Jong 

PE, et al. Kidney Disease: Improving Global Outcomes (KDIGO) CKD 

Work Group. KDIGO 2012 clinical practice guideline for the evalua-

tion and management of chronic kidney disease. Kidney Int Suppl 

[Internet]. 2013 [cited 2022 Sep 29];3:1-150. Available from: https://

jhu.pure.elsevier.com/en/publications/kidney-disease-improving-

global-outcomes-kdigo-ckd-work-group-kdi-4.

24. van den Belt SM, Gracchi V, de Zeeuw D, Heerspink HJ. How to 

measure and monitor albuminuria in healthy toddlers? PLoS One 

2018;13:e0199309. 

25. Chae HW, Shin JI, Kwon AR, Kim HS, Kim DH. Spot urine albumin to 

creatinine ratio and serum cystatin C are effective for detection of 

diabetic nephropathy in childhood diabetic patients. J Korean Med 

Sci 2012;27:784-7. 

26. Tsioufis	C,	Mazaraki	A,	Dimitriadis	K,	Stefanidis	CJ,	Stefanadis	C.	

Microalbuminuria in the paediatric age: current knowledge and 

emerging questions. Acta Paediatr 2011;100:1180-4. 

27. Chiang JL, Maahs DM, Garvey KC, Hood KK, Laffel LM, Weinzimer 

SA, et al. Type 1 diabetes in children and adolescents: a position 

statement by the American Diabetes Association. Diabetes Care 

2018;41:2026-44. 

28. Kashtan CE, Gross O. Clinical practice recommendations for the 

diagnosis and management of Alport syndrome in children, ad-

olescents, and young adults: an update for 2020. Pediatr Nephrol 

2021;36:711-9. 

29. Gimpel C, Bergmann C, Bockenhauer D, Breysem L, Cadnapaphorn-

chai MA, Cetiner M, et al. International consensus statement on 

the diagnosis and management of autosomal dominant polycystic 

kidney disease in children and young people. Nat Rev Nephrol 

2019;15:713-26. 

30. Fuhrman DY, Schneider MF, Dell KM, Blydt-Hansen TD, Mak R, 

Saland JM, et al. Albuminuria, proteinuria, and renal disease pro-

gression in children with CKD. Clin J Am Soc Nephrol 2017;12:912-20. 

31. Lin CY, Huang SM. Childhood albuminuria and chronic kidney dis-

ease is associated with mortality and end-stage renal disease. Pedi-

atr Neonatol 2016;57:280-7. 

32. el Hag AI, el Seed AM, Mustafa MD. Proteinuria in Sudanese children. 

Ann Trop Paediatr 1984;4:99-102. 

https://doi.org/10.3339/ckd.22.030
https://doi.org/10.1007/s00467-017-3605-8
https://doi.org/10.1080/10408363.2020.1723487
https://doi.org/10.1080/10408363.2020.1723487
https://doi.org/10.1080/10408363.2020.1723487
https://doi.org/10.1080/10408363.2020.1723487
https://www.ncbi.nlm.nih.gov/pubmed/34556256
https://www.ncbi.nlm.nih.gov/pubmed/34556256
https://www.ncbi.nlm.nih.gov/pubmed/34556256
https://www.ncbi.nlm.nih.gov/pubmed/34556256
https://doi.org/10.1056/nejm198312223092503
https://doi.org/10.1056/nejm198312223092503
https://doi.org/10.1056/nejm198312223092503
https://doi.org/10.3339/jkspn.2017.21.2.53
https://doi.org/10.3339/jkspn.2017.21.2.53
https://doi.org/10.1016/s0022-3476(05)82881-1
https://doi.org/10.1016/s0022-3476(05)82881-1
https://doi.org/10.1016/s0022-3476(05)82881-1
https://doi.org/10.1007/s00467-019-04405-5
https://doi.org/10.1007/s00467-019-04405-5
https://doi.org/10.1007/s00467-019-04405-5
https://doi.org/10.1371/journal.pone.0137460
https://doi.org/10.1371/journal.pone.0137460
https://doi.org/10.1371/journal.pone.0137460
https://doi.org/10.1053/j.ackd.2011.03.002
https://doi.org/10.1053/j.ackd.2011.03.002
https://doi.org/10.1002/jcp.27503
https://doi.org/10.1002/jcp.27503
https://doi.org/10.1002/jcp.27503
https://doi.org/10.1111/apha.12760
https://doi.org/10.1111/apha.12760
https://doi.org/10.3949/ccjm.81a.13040
https://doi.org/10.3949/ccjm.81a.13040
https://doi.org/10.3949/ccjm.81a.13040
https://www.nice.org.uk/guidance/ng203
https://www.nice.org.uk/guidance/ng203
https://doi.org/10.1371/journal.pone.0199309
https://doi.org/10.1371/journal.pone.0199309
https://doi.org/10.1371/journal.pone.0199309
https://doi.org/10.3346/jkms.2012.27.7.784
https://doi.org/10.3346/jkms.2012.27.7.784
https://doi.org/10.3346/jkms.2012.27.7.784
https://doi.org/10.3346/jkms.2012.27.7.784
https://doi.org/10.1111/j.1651-2227.2011.02291.x
https://doi.org/10.1111/j.1651-2227.2011.02291.x
https://doi.org/10.1111/j.1651-2227.2011.02291.x
https://doi.org/10.2337/dci18-0023
https://doi.org/10.2337/dci18-0023
https://doi.org/10.2337/dci18-0023
https://doi.org/10.2337/dci18-0023
https://doi.org/10.1007/s00467-020-04819-6
https://doi.org/10.1007/s00467-020-04819-6
https://doi.org/10.1007/s00467-020-04819-6
https://doi.org/10.1007/s00467-020-04819-6
https://doi.org/10.1038/s41581-019-0155-2
https://doi.org/10.1038/s41581-019-0155-2
https://doi.org/10.1038/s41581-019-0155-2
https://doi.org/10.1038/s41581-019-0155-2
https://doi.org/10.2215/cjn.11971116
https://doi.org/10.2215/cjn.11971116
https://doi.org/10.2215/cjn.11971116
https://doi.org/10.1016/j.pedneo.2015.09.013
https://doi.org/10.1016/j.pedneo.2015.09.013
https://doi.org/10.1016/j.pedneo.2015.09.013
https://doi.org/10.1080/02724936.1984.11748317
https://doi.org/10.1080/02724936.1984.11748317

