REVIEW ARTICLE
https://doi.org/10.1590/1806-9282.67.02.20200676

Predictors associated with sickle cell
nephropathy: a systematic review
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SUMMARY

INTRODUCTION: Sickle cell anemia affects more than 30 million people worldwide. Chronic kidney disease develops in 40% of
individuals. The death rate of patients with sickle nephropathy is still high, with little known predictors related to its development. To
answer the question “What predictors are associated with the onset of chronic kidney disease in patients with sickle cell anemia?”, this
article seeks to contribute to a better understanding of sickle nephropathy, making possible a new look at the sickle cell anemia and its
kidney complications.

METHODS: A systematic review was developed, using the PRISMA recommendation, for cohort studies on predictors related to the
outcome of sickle nephropathy in patients with sickle cell anemia.

RESULTS: Initially 321 studies were identified in Pubmed, of which six were selected to compose this systematic review. Lower hemoglobin
levels, increased ages and albuminuria were the most pointed predictors associated with chronic kidney disease.

CONCLUSION: The main predictors associated with the development of chronic kidney disease in individuals with sickle cell anemia were
lower hemoglobin levels, increased ages, and albuminuria. New studies evaluating predictors for the development of chronic kidney

disease in sickle cell anemia are needed to better understand its installation and prevent its progression.
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INTRODUCTION

Sickle cell anemia (SCA) was presented by Linus Pauling in 1949
as an autosomal recessive disease in which multiple organs are
affected' and ever since it has become a prevalent genetic disease
in the world: more than 30 million people are affected world-
wide?. A meta-analysis published in 2018 estimated the preva-
lence of patients with SCA to be 111.91 for every 100,000 live
births®. In Brazil, between 25,000 and 50,000 cases of SCA are
estimated, according to the Ministry of Health*. Chronic kidney
disease (CKD) develops in 40% of individuals, and 15-30%
die due to kidney complications’. Among individuals who reach

the fourth decade of life, half have end-stage kidney damage®.

In the last decades, the average life expectancy of patients
with SCA has increased thanks to better management of the
numerous complications of the disease, including sickle nephrop-
athy (SN)”. However, the death rate of patients with SN is still
high, with little known predictors related to its development®.
To answer the question “What predictors are associated with
the onset of CKD in patients with SCA?”, this article seeks
to contribute towards a better understanding of SN, making
possible a new look at the SCA and its kidney complications,
which will contribute towards early detection, better manage-
ment and, consequently, an improvement in the prognosis of

the disease.
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METHODS

A systematic review was developed, using the PRISMA? rec-
ommendation, for cohort studies on predictors related to the
outcome of SN in patients with SCA.

Through 4 strategies with the keywords “sickle cell ane-
mia”, “renal insufficiencies” and “chronic renal insufficiencies”,
as well as their synonyms, with the interlocutors AND or OR,
through PubMed database (http://www.pubmed.gov.), original
full text articles were searched, as the example: {(“renal insuffi-
ciency, chronic” [ MeSH Terms] OR (“renal” [All Fields] AND
“insufficiency” [All Fields] AND “chronic” [All Fields]) OR
“chronic renal insufficiency” [All Fields] OR (“chronic” [All
Fields] AND “ renal “[All Fields] AND” insufficiencies “[All
Fields]) OR” chronic renal insufficiencies “[All Fields]) AND (*
sickle cell anemia “[All Fields] OR” anemia, sickle cell “[MeSH
Terms] OR ( “anemia” [All Fields] AND “sickle” [All Fields]
AND “cell” [All Fields]) OR “sickle cell anemia” [All Fields]
OR (“sickle” [All Fields] AND “cell” [All Fields ] AND “ane-
mia” [All Fields])) AND (“2009/10/28” [PDat]: “2019/10/25”
[PDat] AND “humans” [MeSH Terms]).

Two researchers (LVSM and SMSR) independently
and blindly analyzed the titles and abstracts of the articles
found. The divergences were analyzed by a third researcher
(LRS). After that, a full-text reading was done applying the
inclusion criteria: articles published in the period between
10/27/2009 and 10/25/2019; cohort original articles; stud-
ies in which measures of creatinine clearance have been
obtained by previously validated means; studies carried out
in humans. The exclusion criteria were: articles which only
address patients with sickle cell trait/other hemoglobinop-
athies and those that do not address predictors in patients
with kidney injury.

Table 1. Results of analyzed articles.

Age

For each full text selected, the CASP' questionnaire was
applied to assess the methodological quality and possible bias.
A manual search was performed on the references of the selected
articles, to select an article that had not been included in our
search key. Then, the predictors cited by the articles that had
a p-value less than 0.05 were extracted and arranged in a table
according to the highest frequency.

RESULTS
Initially, 321 studies were identified in PubMed, of which six were
selected to compose this systematic review, as shown in Figure 1.
Of the six selected studies, five were developed in the United
States''""® and one in Brazil'. Table 1 summarizes the main

Search result (n=321)
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Figure 1. Flow of phases of the research.

Risk factors (p<0.05)

NCETTIGEED)

Lebensburger, 20113 144 - Lower Hb levels, lower HbF levels and incresead LDH.
Increased cystatin C levels, higher systolic blood pressure, decreased
11
YR, 0 Zel <0 leukocytes count and decreased absolute neutrophil counts.
McPherson Yee, 2011" | 261 2-21 Increased age, lower Hb levels.
silva Junior, 201216 98 19-67 Lower Hb levels, |ovyer hemgto;rlt Ieveils, lower platelet levels,
leukocyturia, proteinuria and increased age.
Higher mean arterial pressure, lower Hb levels, macroalbuminuria,
Saraf, 201414 = ZAS haemoglobinuria, increased age, AST, incresead LDH.
CosiiEewE, AET4R 98 21-42 Increased age, higher systollc'and' diastolic blood pressure,
albuminuria.

CKD: chronic kidney disease; AKI: acute kidney injury; Hb: hemoglobin; HbF: fetal hemoblogin; CRP: C-reactive protein; AST: aspartate transaminase;
LDH: lactate dehydrogenase; NGAL: urine neutrophil gelatinase-associated lipocalin; BMI: body mass index.
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characteristics of the six studies and the respective predictors
associated with CKD in patients with SCA.

Lower levels of hemoglobin, albuminuria and increased age
were the main predictors shown in the studies. Other important
predictors presented were increased LDH (lactate dehydroge-
nase), higher blood pressure, lower levels of fetal hemoglobin,
among others listed in Table 2.

DISCUSSION

Lower levels of hemoglobin were suggested as important pre-
dictors for CKD. However, CKD caused by other diseases can
also lead to anemia, which raises the question: is CKD linked
to anemia or is anemia a predictor of SN? Naik et al. described
the pathophysiology of SN, correlating with anemia. The red
blood cells of patients with AF when in vessels with lower
oxygen tension or lower pH polymerize, taking the form of a
sickle, occluding small diameter vessels and leading to ischemic
lesions in multiple organs, including the kidney. This also leads
to glomerular microinfarctions and apoptosis of epithelial cells,
which can decrease the glomerular filtration rate".

Patients that developed CKD had greater ages when com-
pared to patients without kidney injury. These data are consistent

Table 2. Risk factors associated with SN (n=7).

Risk factors CKD
Lower Hb levels 4
Increased age 4
Albuminuria 3
Increased LDH 2
Higher systolic blood pressure 2
Higher diastolic blood pressure 1
Lower HbF levels 1
Lower Hematocrit levels 1
Decreased leukocytes count 1
Decreased absolute neutrophil count 1
Lower platelet levels 1
Haemoglobinuria 1
Leukocyturia 1
AST 1
Higher MAP 1
Increased cystatin C levels 1

SN: sickle nephropathy; Hb: hemoglobin; HbF: fetal hemoglobin; CRP:
C-reactive protein; LDH: lactate dehydrogenase; MAP: mean arterial
pressure; NA: not assessed.
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with a 4 decades study developed with 1056 patients, which
demonstrated that renal injury tends to occur later, around the
third to fourth decades of life®.

Albuminuria and proteinuria were also prevalent predic-
tors. The literature points to other studies that demonstrate
albuminuria as a predictor linked to the pathogenesis of podo-
cyte loss and disruption of the glomerular filtration barrier®”.
Podocytes are the epithelial cells that line the glomerular cap-
illaries through their foot processes and are responsible for the
composition of the glomerular filtration membrane, together
with the porous endothelial cells and the glomerular basement
membrane. They serve as a barrier by holding proteins through
size and load-dependent blocking. As podocytes have their own
metabolism, ischemic lesions, toxins, complement deposition,
among other situations, lead to the production of reactive oxygen
species that induce apoptosis and podocyte processes effacement,
through the destruction of the actin cytoskeleton, changes in the
negative podocyte surface and failure of calcium metabolism.
Vasooclusive episodes occur in SCA patient’s vessels, culminat-
ing with ischemic lesions to the kidneys. All of these result in
the failure of the filtration barrier and trigger proteinuria®?'.

Arterial hypertension was positively correlated with the
development of CKD in individuals with SCA, through higher
systolic and diastolic blood pressure seen in CKD patients.
Corroborating these findings, a cohort of 158 patients with
SCA showed a 50% increase in creatinine levels in patients
with systolic blood pressure levels above 140 mmHg or dia-
stolic blood pressure above 90 mmHg*.

Urinary and serum markers such as lactic dehydrogenase,
AST, cystatin C, leukocyturia, and hemoglobinuria were related
to the development of renal injury, which suggests that hemoly-
sis and inflammation are present in the pathophysiology of the
nephropathy. Fetal hemoglobin was shown as a protective factor
as it prevents red blood cells from acquiring the sickle shape!.

A small sample study demonstrated a decrease in lactic
dehydrogenase in patients with SCA who were treated with
hydroxyurea. Also, the same study reported lower reticulocyte
counts and higher levels of fetal hemoglobin, findings that sug-
gest a reduction in hemolysis in patients receiving hydroxyurea
and also show that hemolysis is an important feature in patients
with SCA. A larger cohort also demonstrated that lactic dehy-
drogenase is associated with higher mortality in individuals with
SCA, reaffirming that hemolysis is a predictor of poor prognosis
in these patients®?.

Higher levels of AST were pointed in the studies of this
review as predictors of SCA, but other articles in the literature
have correlated higher levels of AST, as well as bilirubin and
alanine aminotransferase, with another organ failure in SCA:
the sickle cell hepatopathy, as demonstrated in the cohort
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developed with more than 1100 subjects. On the other hand,
this study does not present any parameter related to kidney
function, which provides the missing information of whether
AST is related or not with SN%. However, Madu et al. cor-
related AST levels and proteinuria, without statistical signif-
icance, which also indicates a poor correlation between this
predictor and kidney injury®.

A study published in 1985 with patients with renal dysfunc-
tion caused by multiple diseases, associated decreased glomerular
filtration rate with increased levels of cystatin C*’. Our study
also demonstrated an association between this marker and
reduced renal function in patients with SCA, but recent stud-
ies have conflicted with these findings. Unal et al. for exam-
ple, showed no difference in cystatin C levels between SCA
patients and healthy controls?®. On the other hand, a Greece
study developed with 87 patients found an inverse correlation
between glomerular filtration rate and cystatin C levels, corrob-
orating with the previous findings of the 1985 study®. All this
controversy raises the need for further research on this marker.

Regarding urinary markers, leukocyturia and hemoglo-
binuria did not correlate with proteinuria in a cross-sectional
study conducted in Africa, which differs from our findings®.
However, other reports have shown that hemoglobinuria is
related to SN as a sign of papillary necrosis, congestion of the
renal vasculature, and even renal medullary carcinoma®->.

Our study has some limitations. Few cohort studies evalu-
ating the development of kidney injury in patients with SCA

have been found in the databases, which demonstrates the need
for further studies on this topic. In addition, there is high het-
erogeneity among the articles, with several measures of creati-

nine clearance and different criteria of albuminuria.

CONCLUSION

In conclusion, the main predictors associated with the develop-
ment of CKD in individuals with SCA were lower hemoglobin
levels, albuminuria, and increased age. New studies evaluating
the pathophysiology of kidney injury in SCA are needed to
better understand its installation and prevent its progression.
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