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Abstract

Albuminuria is the gold standard for the screening of microalbuminuria, a biomarker of early onset of nephropathy during sickle
cell anemia (SCA). Nephropathy increase morbidity and mortality of SCA in the absence of appropriate treatment. However,
albuminuria is not readily available or affordable in resource-limited countries, so in 2012 Kidney Diseases Improving Global
Outcomes (KDIGO) proposed using proteinuria at a threshold of 150 mg/g urine creatinine to screen for microalbuminuria in
these settings. The aim of this study was therefore to assess the performance of proteinuria in screening microalbuminuria in
sub-Saharan Senegalese sickle cell patients. Albuminuria in recruited SS sickle cell patients was expressed as a urine
albumin-to-creatinine ratio (UACR) and proteinuria as a urine proteins-to-creatinine ratio (UPCR). The prevalence of
microalbuminuria, Cohen's kappa coefficient and areas under the curve (AUC) were then determined to assess the performance
of proteinuria in detecting microalbuminuria. A total of 150 patients with a median age of 20 years [minimum-maximum: 4-57]
and a female proportion of 51.33% were included in the study. Microalbuminuria was present in 42.38% (n=64) of subjects
according to the UPCR. The Cohen's kappa coefficient was 0.41 [IC95%: 0.27-0.56] and the AUC 0.71 [IC95%: 0.64 - 0.81] with
UPCR 150mg/g. The best Cohen's kappa coefficient and AUC were observed with an UPCR threshold of 135 mg/g. Our results
confirm that proteinuria is useful in screening for microalbuminuria and show that RPCU 135 mg/g would be the optimal cut-off
for detecting microalbuminuria in Senegalese sickle cell anemia patients.

“Corresponding author: elhadjimalickndour@yahoo.fr (El Hadji Malick Ndour)
Received: 14 May 2024; Accepted: 30 May 2024; Published: 13 June 2024

@ Copyright: © The Author(s), 2024. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/ab
http://www.sciencepg.com/journal/110/archive/1101202
http://www.sciencepg.com/
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X
https://orcid.org/0000-0002-0290-8675
https://orcid.org/0009-0005-9729-5021
https://orcid.org/0000-0001-8384-5794
https://orcid.org/0009-0004-4206-4341
https://orcid.org/0000-0002-4119-808X
https://orcid.org/0000-0002-0561-6707
https://orcid.org/0000-0003-0355-604X
https://orcid.org/0009-0001-8200-7112
https://orcid.org/0009-0003-2348-6111
https://orcid.org/0009-0005-6311-7841
https://orcid.org/0009-0009-4631-2118
https://orcid.org/0009-0000-9524-7476
https://orcid.org/0009-0009-5324-1047
https://orcid.org/0009-0009-0063-5763
ttps://orcid.org/0000-0003-0598-7281
https://orcid.org/0000-0002-2354-3839
https://orcid.org/0000-0002-9177-0224
https://orcid.org/0009-0001-1038-260X

Advances in Biochemistry

http://www.sciencepg.com/journal/ab

Keywords

Sickle Cell Anemia, Kidney Disease, Albuminuria, Proteinuria

1. Introduction

Sickle cell anaemia (SCA) is an autosomal recessive in-
herited disease [1]. It is due to a point variation in the B globin
gene on chromosome 11 [1]. The variation confers a
polymerization property on the haemoglobin S thus formed,
promoting red blood cell sickle-shaped formation, which
leads to the obstruction of small-caliber vessels, resulting in
hypoxia and acute tissue damage and chronic organ dysfunc-
tion [2]. It is estimated that, every year, 300 000 births are
affected by sickle cell disease (SCD), the three quarters of
which are recorded in Sub-Saharan Africa and, in the coming
decades, this number is expected to considerably rise [3].

Sickle cell nephropathy (SCN) is a serious chronic com-
plication of the disease [4-6]. It starts in infancy and may lead
to an end-stage renal failure (ESRD) which, among chronic
complications, is the first cause of death among Senegalese
sickle-cell patients [7-9]. ESRD requiring a dialysis and/or a
renal transplant occurs among 4 to 18% of the sickle cell
patients and its occurrence shortens the patients’ longevity
with a 4-year survival time and a median age of death of 27
years [7, 10]. It is therefore important to detect sickle cell
nephropathy (SCN) early so as to slow down or hinder its
progress towards kidney failure by notably using hydroxyurea
and converting enzyme inhibitors [11].

Monitoring renal function in subjects at particular risk of
developing chronic kidney disease, notably SCD patients,
involves screening for microalbuminuria (grade A2 albumi-
nuria), which is carried out by measuring urinary albumin
using a method based on a monoclonal antibody specifically
directed against albumin [12]. This method being relatively
expensive and poorly accessible in countries with limited
financial resources, the Kidney Disease Improving Global
Outcomes (KDIGO) suggests using proteinuria as an alterna-
tive for want of having albuminuria to screen out pathological
albuminuria (microalbuminuria and macroalbuminuria or
grade A2 and grade A3 albuminuria respectively) [12, 13].
According to KDIGO indeed, a proteinuria > 150 mg/g of
urinary creatinine does not only indicate a pathological pro-
teinuria but also the presence of, at least, a grade A2 albu-
minuria [12, 13]. Several other thresholds for defining
pathological proteinuria, including 130 mg/g, 180 mg/g and
200 mg/g can be found in the literature [14-17]. It is in that
context that the present study is carried out in view of evalu-
ating the performance of proteinuria in screening for patho-
logical albuminuria among patients living with sickle cell
anaemia in Senegal.

2. Design and Methods

2.1. Ethical Considerations

The study followed a protocol that complied with the eth-
ical guidelines of the Declaration of Helsinki and was ap-
proved by the ethics committee of Cheikh Anta Diop Uni-
versity in Dakar (0312/2018/CER/UCAD). A free and in-
formed consent form was obtained from all adult participants
prior to enrolment. Parental or guardian approval was re-
quired for the participation of minors.

2.2. Type of Study and Framework

The study was a cross-sectional observational-analytic
study. Patients were recruited systematically at random during
their follow-up medical visit. Recruitment took place at the
clinical unit of the National Blood Transfusion Center (CNTS)
and the Ambulatory Care Unit for Children and Adolescents
with Sickle Cell Disease (USAD) located at the Albert Royer
National Children’s Hospital (CHNEAR).

2.3. Study Population and Recruitment Criteria

The study population consisted of adult and children aged
at least 4 years living with sickle cell anaemia in an inter-
critical state and regularly followed at the CNTS or USAD.
Patients known to be diabetic or suffering from other pa-
thologies likely to induce chronic renal disease, pregnant or
breast-feeding women and children under 4 years of age were
not included in the study.

2.4. Determination of Anthropometric
Parameters

Patients' age and sex were recorded during the clinical
history, height measured with a wall chart, weight determined
using a scale and body mass index (BMI) calculated using
Quetelet formula, BMI = weight (kg)/height® (m?). Any sub-
ject under the age of 20 years was considered a youth, oth-
erwise an adult. Systolic and diastolic blood pressures were
measured using a blood pressure monitor.

2.5. Determination of Biological Parameters

All subjects included in the study had a random midstream
urine specimens collected in a sterile urinary pot. Quantitative
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determination of biological indices was carried out using Bio-
systems reagents (Biosystems reagents & instruments; Barce-
lona, Spain) on a Mindray-BS-380 Biochemistry analyzer
(Mindray, Créeil, France) in CHNEAR core laboratory. Cre-
atininuria, albuminuria and proteinuria were determined spec-
trophotometrically. Creatininuria was determined by an enzy-
matic method using the creatininase/creatinase/sarcosine oxi-
dase/peroxidase system. The intensity of the pink-red colora-
tion, read in the visible wavelength A =500 nm, is proportional
to the quantity of hydrogen peroxide formed and therefore to
the initial concentration of creatinine present in the test sample.
Urinary determination was performed on urine diluted 1:50,
then the diluted creatinine concentration was multiplied by the
inverse of the dilution to obtain the creatinine concentration of
the undiluted urine. Dilution was not used to determine urine
protein or albumin concentrations. Urinary proteins were as-
sayed using the pyrogallol red colorimetric method in the
presence of molybdate, based on the reaction of proteins, in an
acid medium, with pyrogallol red combined with molybdate to
form a blue-colored complex. The intensity of this blue color-
ation, measured at wavelength A = 600 nm, is directly propor-
tional to protein concentration in the urine. Urinary albumin
was determined by the immunoturbidimetric method using
latex particles coated with albumin-specific antibodies. This
method is based on the agglutination reaction between albumin
present in the urine and latex particles coated with specific
antibodies directed against albumin. The intensity of turbidity
induced by immuno-agglutination of the particles, quantifiable
at wavelength A =535 nm, is proportional to the concentration
of albumin in the urine.

Following the assays, the urine protein-to-creatinine ratio
(UPCR) and the urine albumin-to-creatinine ratio (UACR)
were calculated for each patient by dividing the urine protein or
albumin concentration in mg/l by the urine creatinine concen-
tration in g/l, respectively. UPCR and UACR were then ex-
pressed in mg/g. UACR < 30mg/g or UPCR < 150mg/g de-
fined grade Al albuminuria, formerly known as normoalbu-
minuria [12, 13]. A 30 < UACR < 300 mg/g or 150 < UPCR <
500 mg corresponded to grade A2 albuminuria or microalbu-
minuria [12, 13]. A UACR > 300 mg/g or a UPCR > 500 mg/g
indicated grade A3 albuminuria or macroalbuminuria [12, 13].

3. Results

This interpretation proposed by the KDIGO enabled two
groups of subjects to be defined: a first group presenting normal
albuminuria with a UACR < 30 mg/g or a UPCR <150 mg/g,
and a second group presenting pathological albuminuria with a
UACR >30 mg/g ora UPCR > 150 mg/g [12, 13]. Pathological
albuminuria’s threshold definition value according to the
UPCR was then displaced as per literature data from 150 to 130
then to 180 and to 200 mg/g [14-17]. Pathological albuminu-
ria’s optimal threshold definition value of our own series was
134 mg/g according to the Liu method and 135 mg/g according
to the Area Under the Curve method (AUC) (supplemental data)
[18, 19]. The pathological albuminuria’s optimal threshold
definition of our own series represented the UPCR value for
which the UPCR’s sensitivity and specificity sum was maximal
[18].

2.6. Statistical Analyses

The prevalences of pathological albuminuria in the series
were then determined using the UPCR at various thresholds
then compared to the one obtained with the UACR deemed to
be the reference method. The comparison was made with the
khi-deux test and the meaningfulness threshold of the test was
set ata p < 0.05. The performance of the UPCR at the various
pathological albuminuria definition thresholds in relation to
the UACR were assessed thanks to areas under the curve
(AUC) obtained with receiver-operating curve (ROC curve)
analysis, the coefficient of agreement and the Cohen’s kappa
coefficient [18, 20-23]. The UPCR was deemed to be
non-informative if AUC was equal to 0.50; less accurate if
0.50 < AUC <0.70; moderately accurate if 0.70 < AUC <0.9;
highly accurate, if 0.9 < AUC < 1, and perfect tests in relation
to the UACR if AUC =1 [24]. The match between the UPCR
and the UACR was deemed to be poor if the kappa coefficient
(x) was kappa < 0; slight if 0 < kappa < 0.20; fair if 0.20 <
kappa < 0,40; moderate if 0.40 < kappa < 0.60; substantial if
0.60 < kappa < 0,80; almost perfect if 0.80 < kappa < 1 [25,
26]. The statistical analysis was made with Software STATA
version 2015 from data collected on Microsoft Excel version
2013.

3.1. Anthropometric and Biological Characteristics of the Study Population

Table 1. Base-line anthropometric and biological parameters.

Median (Min — Max)

Age 20 (4-57)

Age <20 years, % (n) 54% (81)

78

25— 75" percentiles Observations

12-25
150

XXX
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Median (Min — Max)

Female sex, % (n) 51,33% (77)
SBP, mmHg 110 (80 — 140)
DBP, mmHg 70 (40 — 110)
UACR, mg/g 26 (3 -329)
UPCR, mg/g 157 (17 — 2958)

SBP, mmHg. DBP, mmHg. Hb, g/dl (x 0.6206 mmol/I).

UACR, mg/g (x 0.113 mg/mmol). UPCR, mg/g (x 0.113 mg/mmol).
Min: minimum. Max: maximum. BMI: body mass index.

SBP: systolic blood pressure. DBP: diastolic blood pressure.

25 — 75" percentiles Observations

XXX
110 - 100
70-70
16 - 49
71 - 304

UACR: urinary albumin/creatinine ratio. UPCR: urinary protein /creatinine ratio.

A total of 150 patients living with SCA were recruited. The
median age was 20 years (4 years minimum; 57 years maxi-
mum). Young subjects (54%, n = 81) and female (51.33%, n =
77) were mostly represented (Table 1).

m Normal albuminuria

B Pathological albuminuria

UPCR 200 mg/g

UPCR 180 mg/g

UPCR 150 mg/g

UPCR 135 mg/g

UPCR 134 mg/g

UPCR 130 mglg

UACR 30 mglg

Figure 1. Prevalence of microalbuminuria according to UACR and
UPCR at various thresholds.

UPCR: Urinary Protein / Creatinine Ratio. UACR: Urinary Albumin
/ Creatinine Ratio.

3.2. Prevalences of Pathological Alouminuria

The prevalences of pathological albuminuria according to
the UACR, the reference method, and according to the UPCR
with various thresholds are shown in Figure 1. The pathological

albuminuria’s prevalence obtained with the UACR was 42.67%.

This prevalence was superimposable to the one obtained with
the UPCR threshold = 180 mg/g which was 43.33%. The
prevalence of pathological albuminuria determined by the
thresholds of 130, 134, 135 or 150 mg/g of UPCR was higher
than the one obtained with the UACR. On the other hand, the
prevalence was lower than that determined by the UACR when
the UPCR threshold was set at 200 mg/g. The prevalence of

pathological albuminuria obtained with thresholds of 134 and
135 mg/g of UPCR were identical.

3.3. Comparison of Proteinuria and
Albuminuria Using AUC and Kappa
Coefficients

The UPCR ROC curve as compared with the reference
method for screening pathological albuminuria (UACR) is
exhibited in Figure 2. Curve analysis showed an area under
the curve (AUC) of 78.60% (95%CI: 71.46% - 85.73%).
Sensitivity-specificity pairs sum have suggested that the
threshold UPCR = 135 mg/g was the optimal cut-off for our
series (supplemental data). Applying the Liu method has
indicated that the threshold UPCR = 134 mg/g was rather the
optimal cut-off of the series (supplemental data).

0.50 0.75 1.00
! ! L

Sensitivity

0.25
L

0.00

T T T T
0.00 0.25 0.75 1.00

1-Sg§gﬁcity
Figure 2. Receiver operating curve (ROC curve) of UPCR in
screening for microalbuminuria with UACR as a gold standard.
Curve analysis showed an area under the curve (AUC) of 78.60%
(95%Cl: 71.46% - 85.73%).

UPCR: Urinary Protein / Creatinine Ratio. UACR: Urinary Albumin
/ Creatinine Ratio.
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UPCR: Urinary Protein / Creatinine Ratio. UACR: Urinary Albumin / Creatinine Ratio.

Figure 3. Receiver operating curve (ROC curve) of UPCR at various thresholds with UACR as a gold standard. Sensitivity, specificity and area

under the curve (AUC) values are shown in Table 2.

Table 2. Sensitivity, specificity and area under the curve at various UPCR thresholds with UACR as a gold standard.

UPCR cut-offs (mg/g) Frequency Sensitivity (%)
130 84,38
134 84,38
135 84,38
150
150 75,0
180 65,63
200 57,81

Specificity (%) AUC (95% CI)

62,79 0,736 (0,668-0,804)
63,95 0,742 (0,674-0,810)
63,95 0,742 (0,674-0,810)
67,44 0,712 (0,639-0,785)
73,26 0,694 (0,619-0,770)
74,42 0,661 (0,585-0,738)

UPCR: Urinary Protein / Creatinine Ratio. UACR: Urinary Albumin / Creatinine Ratio.

AUC: Area Under the Curve. Cl: Confidence Interval

The ROC curves of the UPCR to the thresholds of 134 and
135 mg/g but also to the thresholds reported in the literature
(130, 150, 180 and 200 mg/g) are presented in Figure 3. The
results of the UPCR sensitivity, specificity and the AUC to the
various threshold values as compared with the UACR are
summed up in Table 2. Analyzing the results of Figure 2 and
Table 2 has helped note that the threshold values of UPCR of
180 and 200 mg/g showed greater specificity (73.26% and
74.42% ) associated to lesser sensitivity (65.63% and 57.81%)
and the lowest AUC 0.694 [95%CI: 0.619-0.770] and 0.661

[95%CI: 0.585-0.738]. On the other hand, the thresholds of
UPCR 134 and 135 mg/g indicated the best compromise in
terms of sensitivity and specificity, that is the best sums of
sensitivity (84.38%) and specificity (63.95%) but also the best
AUC 0.742 [95%CI: 0.674-0.810] giving thereby more ac-
curate results in adequacy with the UACR. The AUC obtained
with the threshold of UPCR 150 mg/g was 0.712
[0.639-0.785], the sensitivity, 75% and the specificity,
67.44%.
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Table 3. Agreement between UPCR and UACR at various UPCR thresholds.

UPCR cut-offs (mg/g) Frequency Agreement coefficient (%)  Cohen’s kappa coefficient (95 % CI) p-value
130 72,00 0,452 [0,317-0,587] <0,001
134 72,67 0,464 [0,329-0,599] <0,001
135 72,67 0,464 [0,329-0,599] <0,001
150 150 70,67 0,414 [0,271-0,558] < 0,001
180 70,00 0,388 [0,239-0,537] < 0,001
200 67,33 0,326 [0,173-0,479] <0,001

UPCR: Urinary Protein / Creatinine Ratio. AUC: Area Under the Curve.

Cl: Confidence Interval

Table 3 shows that the thresholds of UPCR 134 and 135
mg/g had the best agreement (72.67%) and kappa (0.464)
coefficients as compared with the other thresholds notably the
threshold of UPCR 150 mg/g the agreement and kappa coef-
ficients of which were respectively 70.67% and 0.414.

4. Discussion

Since 2012, KDIGO has been proposing the use of pro-
teinuria (UPCR) as an alternative to alouminuria (UACR) to
screen for pathological albuminuria (grade A2 or grade A3
albuminuria) in countries with limited financial resources,
where albuminuria can be relatively expensive and not widely
available [12, 13]. Indeed, according to the KDIGO, a UPCR >
150 mg/g creatinine indicates at least grade A2 albuminuria [12,
13]. However, we are not aware of any study that has assessed
the validity of this KDIGO proposal in Africa, particularly in
Senegal, a country with particularly limited financial resources.
Consequently, the present work was carried out with the aim of
evaluating the performance of UPCR in detecting pathological
albuminuria (grade A2 and grade A3 albuminuria) in the con-
text of the sickle cell anaemia, using UACR as the gold stand-
ard.

To that purpose, urinary albumin has been measured by an
immunoturbidimetric assay using an antibody specifically
directed against the albumin in the urine. The prevalence of
the pathological albuminuria found was 42.67% (Figure 1).
Such non negligible prevalence was superimposable to the
one described and already discussed in the Article [27]. Pro-
teinuria, for its part, was determined by the pyrogallol red -
molybdate method, a non-specific colorimetric method that
measures all proteins present in urine, including albumin. By
expressing this proteinuria in the form of UPCR, a patholog-
ical albuminuria prevalence of 43.33% superimposed on that
determined by UACR was obtained with a UPCR threshold
not of 150 mg/g as proposed by KDIGO, but rather with a
threshold of 180 mg/g (Figure 1). This could be explained by
the results of the study by Ndour and coworkers who found

81

that the upper limit of the reference interval for proteinuria in
a supposedly healthy Senegalese population should be 180
mg/g [27]. This threshold of 180 mg/g also appears to be the
one adopted by B&kenkamp in his review of the literature [15].
The prevalence of pathological albuminuria became lower
than that determined by UACR if the UPCR threshold was set
at 200 mg/g (Figure 1). In contrast, the prevalence of patho-
logical albuminuria determined by a UPRC threshold of 130,
134, 135 or 150 mg/g was higher than that obtained with
UACR (Figure 1). This could be explained by a higher num-
ber of false positives if the UPCR threshold was set at these
cut-offs values. The increase in the number of false positives
could be explained not only by the low threshold values, but
also probably by the high prevalence of proteinuria of tubular
origin in the Senegalese sickle cell population described in the
study by Ndour and coworkers [27]. Indeed, the tubular pro-
teinuria is a proteinuria where albumin is in the minority as
compared with proteins of low-molecular weight [15, 28]. As
a consequence, the UACR measuring specifically albumin is
deemed not to be as sensitive, in this context, as the UPCR
which measures all the proteins found in the urine.

The UPCR cut-offs values of 180 and 200 mg/g showed the
highest specificity, but also the lowest sensitivity and AUC
(Figure 3, Table 2). Their use could therefore delay early
detection of pathological albuminuria and increase the pro-
portion of false negatives. Adopting 180 mg/g or 200 mg/g as
cut-offs values could therefore result in a delay in the man-
agement of renal impairment in sickle cell patients. On the
other hand, the best compromise in terms of sensitivity and
specificity, i.e. the best sum of sensitivity and specificity as
well as the best AUC were observed with the UPCR cut-offs
of 134 and 135 mg/g which were determined using Liu's
method and the AUC method respectively (Figure 2). These
UPCR cut-offs offered more results in line with the UACR. In
view of these observations these two cut-offs which lead to
exactly identical results would be more appropriate in sickle
cell populations than the 150 mg/g cut-off proposed by
KDIGO (Figure 3, Table 2) [12]. This reduction of the cut-off
from 150 mg/g to 135 mg/g in the Senegalese sickle cell
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population could be explained by the fact that loss of urine
concentration ability is very common in this group of patients
[27]. This loss of urine concentration ability would result in
the emission of diluted urine reducing the concentration of
proteins in the urine leading in turn to a reduction in the
UPCR cut-off.

In addition, the best coefficient of agreement between
UACR and UPCR (72.67%) was obtained with UPCR cut-off
of 134 and 135 mg/g (Table 3). This coefficient of agreement
was superimposed on that (72%) obtained with the UPCR
cut-off of 130 mg/g (Table 3) [14]. The coefficient of
agreement observed with the UPCR cut-off of 134 and 135
mg/g is thus better than those obtained with the UPCR
threshold of 150 mg/g proposed by the KDIGO or with the
UPCR threshold of 180 mg/g found in the study of Ndour and
coworkers and proposed by Békenkamp [12, 15, 27]. The
lowest coefficient of agreement of our series was observed
with the UPCR threshold of 200 mg/g, the cut-off value for
defining pathological proteinuria according to Hogg as well as
Viteri and coworkers [16, 17].

The kappa coefficient of 0.464 obtained with the UPCR
thresholds of 134 and 135 mg/g was to be considered moder-
ate given that it was between 0.40 and 0.60 [25, 26]. However,
it represented the highest kappa coefficient observed with the
different UPCR thresholds considered in this study. It was still
comparable to those obtained with the UPCR threshold of 130
mg/g, which was 0.452, or with the UPCR threshold of 150
mg/g, which was equal to 0.414 (Table 3). Fair kappa coeffi-
cients in the range 0.20 - 0.40 were found when the UPCR
cut-off was set at 180 or 200 mg/g (Table 3) [25, 26].

From these observations concerning the AUC and the
kappa coefficient, it could be deduced that UPCR showed
modest performances to replace UACR in the screening for
pathological albuminuria in Senegalese patients living with
SCA. Nevertheless, it would be possible to improve the per-
formance of UPCR as a reliable screening tool for patholog-
ical albuminuria in this group of patients by using not the
cut-off proposed by KDIGO but the threshold of 135 mg/g
[12].

The limitations of this study include the fact that the assays
were based on a single urine sample instead of at least two
samples taken three months apart.

5. Conclusion

Our results have shown a high prevalence of pathological
albuminuria among patients living with SCA in Senegal. They
also highlighted a match between the UACR results and those
of the UPCR at the threshold of 135 mg/g, which is moderate
but accurate according to AUC and the kappa coefficient
analysis. The UPCR with a threshold of 135 mg/g may then be
used as an alternative in screening for pathological albumi-
nuria in particular for want of having the UACR in the coun-
tries where albuminuria determination is relatively onerous
and not widely available. However, when the UPCR reveals a
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pathological albuminuria, it would be necessary to have the
UACR confirm it before proceeding with any therapeutic
management.

Abbreviations

AUC Area Under the Curve Method

BMI Body Mass Index

CHNEAR Albert Royer National Children’s Hospital
CNTS National Blood Transfusion Center

DBP Diastolic Blood Pressure

ESRD End-Stage Renal Failure

KDIGO Kidney Disease Improving Global Outcomes
Max Maximum

Min Minimum

ROC Receiver Operating Curve

SBP Systolic Blood Pressure

SCA SICKLE Cell Anaemia

SCD Sickle Cell Disease

SCN Sickle Cell Nephropathy

UACR Urine Albumin-to-Creatinine Ratio

UPCR Urine Protein-To-Creatinine Ratio

USAD Ambulatory Care Unit for Children
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